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The current &phasis on reliability and hardware des%gn integrity. k

resulted in an increased potential for providing a basically sound and

inherently reliable design. AS this potential has increased, so has the ‘.;,

complexity snd density of packaging of contemporary electronic equipment.

TTIiS complexity and density smplifies the ever present problems of cie-

tecting and correcting latent manufacturiniz defects. The occurrence of a

malfunction due to poor workmanship incurs extremely high maintenance costs

after the equipment has been deployed. The fact that the unit had been

fully qualified and demonstrated a contractual mean time between failures

@
in the laboratory becomes meaningless when such a failure results in loss

of life or mission.

specifications, standards and guidelines currently exist fOr develop-

ment, and qualification testing. No similar documentation exists for

tl)e Environmental Stress Screening (E-55) Process; consequently, 8r0ss

inco~sistencfes in approach, cOupled with test ineffectivene$s~ result ‘n

latent defects causing failures in delivered equip=ent. his stsndard

defines the approach and method to be used for tiVirO~ental Stress

Screening of electronic equipment so thst latent defects msY be 10cated and

eliminated before the equipment is accepted.
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ENVIROkNENTAL STRESS SCREENING (ESS) TESTING

1. SCOPE

1.’1 Purpose. This standard defines the requirements for
ESS of electronic equipment , including environmental test conditions,
durations of exposure, procedures, equipment operation, actions taken upon
detection of defects, and test documentation. The standard provides for a
uniform ESS to be utilized for effectively disclosing manufacturing defects
in electronic eqcipnent .

1.’2 Application to products. The process described herein
shall be applied to electronic assemblies, equipment and systems, in six
broad categories as distinguished acccrding co their field service appli-
cation:

Category Service Application

1

?,-

3
3A
“3B

b

5

6

1.2.1

Fixed ground equl.pment

Mobile ground vehicle equipment

Shipboard equipment
o .Sheltered
o Exposed to atmospheric environments

Jet aircraft equipment

Turbo-propeller and rotary-wing aircraft equipment

Air launched weapons and assembled external stores

Large, heavy items. When applying this standard to
large, heavy items, the following shall be considered:

c ?otential fatigue
0 Adequate environmental inputs
0 Availability of suitable environmental .generstion facilities
0 Technical validity of testing at lower assembly levels, i.e. ,

drawers, chassis, etc.

2
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2. REFERENCED DOCUMENTS

2.1 Government documents.

2.1.1 Issues of documents. Unless othewise specified , the

following specifications and standards of the issue listed in that issue of
the Defense Index of Specifications and Standards (DODISS) specified in the
solicitation, form a part of this standard to the extent specified herein:

SPECIFICATIONS

Military

MIL-E-5400.

MIL-E-16400

STANDARDS

Military

MIL-S-109

?fIL-STD-A54

MIL-STD-721

MIL-STD-785

MIL-sm-12?5

MIL-STD-45662

Electronic Equipment , Airborne, General
Specification for

Electronic, Interior Communication and
Navigation Equipment , Naval Ship and Shore:
General Specification for

e

Quality Assurance Terms and Definitions

Standard General Requirements for Eleccronfc
Equipment

Definitions of Terms for Reliability and
Maintainability

Reliability Program for Systems and Equipment
Development and Product ion

Single and Multl-Level Continuous Sampling
Procedures and Tables for Inspection by
Attributes Functional Curves of the Con-
tinuous Sampling Plans

Calibration System Requirements

3
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2.2 Order of precedence. In the event of a conflict
between the text of this standard and the references cited herein, the text
of this standard shall take precedence.

(Copies of speci.fications, standards and publications required by manu-
facturers in connection with specific acquisition functions shOuld be
obtained from the contacting accivi.cv or as directed by the contracting
officer. )

10
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3. DEFINITIONS

3.1
accordance with the

3.2
product are as spec

General. Meanings of terms not defined herein are in
definitions in MIL-STD-109 and MIL-STD-721 .

Levels of product. Definitions relating to levels of
ified:

a. Electronic Unit. An item which can be removed and replaced
within the end item, such as a weapon replaceable assembly
and line replaceable unit (LRU).

b. m. A group of electronic units, interconnect eti,
provide a specific function, for example , radar system,
gation system, and so forth.

(WRA)

vhiC.h
nax.i-

3.3 Failure. A shortcoming, imperfection or operational
nonconformance , including a one-time non-repeatable anomaly , either sudden m
or gradual in nature , which causes the equipment performance to deviate
from specified limits without adjustment of controls other than nOrmal
operating controls.

3.3.1 ESS failures. All failuzes occur:ing in che defect-
free test that cannot be classified as non-ESS (see 3.3.2). ESS failures
include those due to:

a. Poor workmanship in the equipment.

b. Defective manufacturing processes.

c. Defective components.

NOTE : In the event that several
type fail during the test ,

component parts of the same
each one shall be considered

a separate ESS fz:lcre, UTIIQSS i: :ac.he sh.ct.-r.cb.s::nne
failure caused one or more of the others.

3.3.2 ~on-ESS failures. The following failures are non-ESS
failures:

a. Failures directly attributable to improper jnstallat~cn in the
test facility.

*

5
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3.3.2 (Continued)

b.

c.

d.

e.

f.

i3.

3.4

a.

b.

c.

3.5

Failures of test instrumentation or monitoring equipment (other
than the BIT function), except where it is part of the delivered
itam.

Failures resulting from test operator error in Setting up, Or iII
testing the equipment.

Failures attributable to an error in or interpretation of the
test procedures.

Dependent failures.

Failures occurring during repair.

Failures clearly attributable to the environmental generation
test equipment overstress condition.

Supplementary definitions.

Defect - The causative element chat results in a fai!.ure.

Defect-free - That -portion of the “ESS sequence which must be
completed without the disclosure of a defect (fafl”re) .

Pre-defect free - That portion of the ESS sequence which i6
dedicated to the disclosure of defects.

Procuring activity. Procuring activity, as used in
this standard, refers to the Government agency responsible for the procure-
ment.

3.6 Contractor. Contractor includes governmental or
industrial activi ties developing or producing military systems and equlp-
.ir.rots.

3.7 Seller. The equipment manufacturer.
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L. GENERAL REQUIREMENTS

4.1 ESS requirements. ESS tests shall be accomplished in
accordance with cask 301 of MIL-STD-785 on all deliverable equipment and
also those assigned for formal development and environmental qualification
testing, to ensure that hardware is free of manufacturing defects. The
seller shall furnish all test equipment and shall be responsible for
accomplishing the ESS tests. When required by the contract, all inspection
and testing shall be under the supervision of the procuring
activity lcontractor.

4.2 Test conditions . The following conditions shall apply
to all ESS tests.

a.

b.

c.

d.

e.

f,

g.

All testing shall be accomplished in accordance with the appljc-
able requiramenta specified herein.

There shall be evidence of quality control acceptance of all
required inspection or test activity prior to the start of any
contractual testing, and at each time maintenance is performed.

All conditions shall be imposed on the equipment in the un-
packaged stare.

The conditions specified shall be applied in the sequence in-
dicated in Figure 1.

Equipment shall be installed initially in or on the environmental
generation equipment and then operated to assure satisfactory
performance of both the equipment under test and the test
facility. The time to verify the facility compatibility with the
equipment siuill not be counted .as test time.

.After a failure has occurred and the defect isolated and cor-
rected, tbe equipmsnr shall be operated and its per{ecmence
.mnitored to ensure proper diagnosis and correction. Replacement
of or adjustment to any item during this action shall be reported
to the contractor.

Unless otherwise stated, the equipment’ s performance shall he
verified before and after each environmental test . Cantinuous
functional monitoring shall be performed in accordance with Notes

1 and 2 of Figure 1. ●
i
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4.2

h.

i.

j.

k.

MI1.-STD-’2164(EC)

(Continued)

During all equipment operation, functional parameters, such
voltage and current , shall be maintained at nominal values.

The BIT capabilities of the equipment shall be utilized to the
maximum extent to aid in the performance monitoring. BIT shall
not be the sole means of monitoring performance.

Anticipation of failure shall not be justification for main-
tenance; for example, if an output is observed, by crew acces-
sible means, to be degrading but is still within specification
limits, no replacement or adjustment shall be permitted unless
such adjustments are normally made by means of crew-operated
concrols.

Failures detected durinz the final functional test shall be
counted as if chev occu-rred in the defect-free period if the
equipment used to monitor the performance characteristics during ●
the test was not capable of detecting that failure. Refer to
Figure 1, Notes I and 2.

4.2.1 General environmental requirements. Unless otherwise

specified herein or in the equipment specification, measurements and tests
shell be made at the conditions in 4.2.1.1 through 4.2.1.5.

6.2.1.1 Standard ambient. ~bient measurements and checks
(e.g., pre- and post-test) are conducted at room ambient conditions as
follows:

Temperature 25°C t 10”C (77°F f 18”F)

Relative humidity: Uncontrolled room ambient

Atmospheric pressure: Site pressure
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—

a

●

1

4.2. 1.2 Controlled ambient. When the ambienr
be closely controlled, the following shall be maintained:

conditions must

Temperature 23°C t 2°c (73°F I 3.6°F)

Relative humidity: 50 percent t 5 percent

Atmospheric Pressure: 96.45 ~f~-OkPa

(725 y~~ urcdig)

+2.0
‘28”5 -3.0

inHg)

4.2. 1.3 Thermal testing tolerances. The test item shall be
totally surrounded by an envelope of air except at necessary support
points. The temperature gradient throughout this envelope, which is
measured close to the test item, shall be within t 2°C (t3.6”F) of the test
temperature and shall not exceed 1°C per meter or a maximum of 2.2°C total
with equipment nonoperating.

4.2. 1.4 Vibration testing tolerances. Tne acceleration power
spectral density of the test control signal shall not deviate from the
specified requirements by more than *3 dB over the entire test frequency
range between 20 Hz and 1,000 HZ and shall nor deviate by more than f6 dB
in the test frequency range between 1,000 and 2,000 Hz. However, devia-
tions of -5 dB in the test control signal may be granted for frequencies
greater than 500 Hz due to fixture resonance , test item resonance , or
facility limitations. The cumulative bandwidth over which the reductions
shall be allowed cannot be greater than 100 Hz between 500 Hz and 1,000 Hz
and 300 Hz between 1,000 Hz and 2,000 Hz. In no case shall the accelera-
tion pnwer spectral density be more than -6 dB below the specified re-
auiremencs. No deviation shall be ~ranted for frequencies below 50(!Hz.. .-
Tolerance levels in terms of dB are defined as:
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4.2.1.4 (Continued)

where

WI = measured acceleration power spectral density in ga/llzunits

WO = specified level in g2/Hz units

Confirmation of these tolerances shall be made by the use of an
analysis system with the following characteristics:

Frequencv Rsnge tlaximum Filter Bandwidth

20 tc 200 Hz 25 HZ
200 to 1000 Hz 50 Hz
1000 to 2000 Hz 100 Hz

4.2. 1.5 Time. Elapsed time shall be measured with an accuracy
of 11 percent .

4.2.2 Accuracv of test instrumentation calibration. The
accuracy of instruments and test equlpmenr used to control or monitor the
test parameters shall be verified prior to and following each test and then
calibrated in predecezmined intervals and shall meet the requirements of
MIL-sT&L5662. All Instruments and test equipment used in conducting the
tests specified herein shall be calibrated to laboratory standards, whose
calibration is traceable to the National Bureau of Standards, and have an
accuracy of at least one-third the tolerance for the variable to be
measured.

4.3 Test facilities. Test facilities and apparatus used in
conducting the tests contained in this standard shall be capable of meeting
the conditions spectfied.

L.3.1 Test chamber. The test chamber shall conform to the
following requiremenc~:

a. The test item shall be totally surrounded by sn envelope of air
(excspt at -.ecessary support points) as specified in 4.2.1.3.

b. The heat source of the test facility shall be so located that
radiant heat from the source will not fall directly on the test
item.

11
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4.3.1 (Centinued)

c.

d.

4.3.2 Vibration apparatus. ~Y vibration generating

machinery capable of satisfying the random vibration requirements specified
herein is acceptable. The equipment shall be capable of maintaining :he
specified input as defined herein throughout che duration of the exposure.

Unless orhetvise specified, thermocouples or equivalent tempera-
ture sensors utilized to determine or control the chamber tem-
perature shall be located centrally within the chamber, in the
supply airstream, or in the return airstream, whichever provides
the specified test conditions at the item under test. lle
thermocouples or temperature sensors shall be baffled or other-
wise protected against radiation effects.

The conditioned air flow shall be suitably baffled to provide
uniform air flow around the test item. If multiple test items
are tested, they shall be so spaced as to provide free circula-
tion between the test items and the chamber walls.

6.3.3 Qualitv of air for supplementary cooled equipment . The
-successful Implementation of the rapid thermal cycle for supplementary
cooled equipm&t is in part dependent upon the close control of CerLain
parameters associated with the cooling air. The two most critical of these
parameters are absolute moisture content and the tempera t.~ircof the air
As the air temperature is specified, the only uncontrolled parameter is the
absolute moisture content.

The chamber repreaencs the apace where the equipment is
located in the vehicle and, as such, is cycled between -54°C and +7l°C for
most electronic equipment. As the chamber is programmed to fal1 below room
.amblent (approximately +25”C), the probability cf reaching the dew Point Of
unconditioned, room ambient air is very high. This condition is entirely
unacceptable as it represents a non-identifiable damage potential which
provides no benefits in terms of detecting workmanship defects.

The air used for supplementary cooling must be

temperature conditioned and dried co the point where its dew point is below
-54” C. If this absolute humidity condition is not met, moisture will.
condense out of the cooling air and remain within the equipment as either
free water or Ice depending upon the chamber temperature. A closed 1oop
system is recommended. ‘IIIissystem recirculates the same dry air through a
temperature conditioning unit into r.heequipment .

12
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6.4 General instrumentation ground rulee. Instrumentation

shall be in accordance wfch:

a. Real time on line data shall be obtained for all critical per-
formance parameters.

b. Continuous permanent records of all environmental test conditions
shall be provided.

c. Transducer installation shall be in accordance with the fOllOw-

d.

lng:

(1)

(2)

(3)

(4)

(5)

Al1
ing

Location shall be selected to petmit accurate measurement of
the test article environment.

The transducer characteristics shall not affect the test
article.

Control accelerometers shall be mounted using mechanical ●
means.

Response accelerometer attachment method shall be compatible
with the maximum levels and frequencies expected during the
cesc.

Unless otherwige specified, thermocouples or equivalent
temperature sensors utilized to determine or control the
specified chamber temperature shall be centrally located
within the test chamber in the supply air stream, or in the
return air stream, whichever provides the specified test
conditions at the item under tsst. The thermocouples or
temperature sensors shall be baffled or otherwise protectsd
against radiation effects.

instrumentation shal1 be calibrated, operational and record-
prior to supplying power to environmental test equipman:.

e. To permit as complete an evaluation as possible of specific test
item performance under the various specified test conditions, all
relevant critical test signals shall be recorded on magnetic tape
or by other suitable means. This will permit post-test analysis
to supplement the real-time monitoring and can allow the mechan-
i?.ed accumulation of trend data on critical test parameters. in
addition, the operator shall monf-tOr equipment OPeratiOn. a

13
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4.4 (Centinued)

a

f. Test records shall be maintained for the test item. All dis-
crepancies, including those attributed to test equipment, input
power, and procedural errors, including their disposition, shall
be included in the records.

6.5 Vibration test ground rules. Except where otherwise
specified herein, the following rules, test requirements, tolerance and
data handling techniques shall apply to all vibration tests,

4.5.1 Test fIxture. Test fixtures shall be designed to
eliminate or minimiz~ fixture resonances in the frequency range up to 2000
Hz. The fixture characteristics shall be verified using sinusoidal vibra-
tion to establish resonance and transmissibility factors. only one such
evaluation is necessary for a given fixture and equipment combination.
Sinusoidal transmissibility shall be such that the vibration input in the
axis of applied vibration at any specimen mounting point shall be within
plus or minus 3.0 dB of that specified over the entire frequency band from
10 to 2000 Hz. Sinusoidal crosstalk (vibration input in either axis
orthogonal to the axis of applied vibration) shall not exceed the input.
Resonances ,.~hosetotal accumulative bandwidth do not exceed 300 Hz may be
allowed in the band from 50CJ to 2000 HZ provided they do not deviate more
than plus or minus 6 dB from the input level.

4.5.1.1 Fixture checkout. During fixture checkout a dynamic
mockup should be u%ed to avoid accumulation of stres!. cycles on the

equipnent. If the test specimen is used, the vibration input shall be
limited to low levels.

6.5.2 Control excitation. The vibration input shall be
controlled at one or more points by accelerometers located on the test
fixture at a point or points as riear as :possible to the fixture and
equipment or fixture and support structure interface. The control
accelerometer(s) should be attached with positive fastening (bolt or stud) .
p-~~ using cercer.talone. The accelerometer’s sensitive axis shall be
directed parallel to the direction of excicarion.

14
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●

4.6 Performance monitoring requirements. .The overall

effectiveness of ESS testing is dependent upon the completeness of the
performance monitoring before, during and after the environmental ex-
posures. Prior to the environmental exposure, all functional parameter
shall be verified and, to the extent possible , quantified. This informa-
tion shall be utilized throughout the subsequent test phases to identify
failures or degraded performance. The successful application of this
technique depends upon the accurate assessment of equipment performance in
terms of both permanent and intermittent failuras; therefore , the seller
shall monitor all of the operational parameters of the equipment under
test.

4.7 Failure reporting, analysis, and corrective action
svstem (FRACAS). The contractor shall utilize a closed loop system that
collects data on, analyses , and records timely corrective action for all
failures that occur during ESS tests. The contractor’ s existing data
collection, analysis, and corrective action system shall be utilized with
the minimum changes necessary to meet the requirements of MIL-STD-785 and
this standard. The system shall cover all teat items, interfaces between
test items, test instrumentation, test facilities, test pr~cedures, test o

personnel, and the handling and operating Instructions.

4.7.1 Failures during pre defect-free test. If an equipment
failure occurs during the pre defect-free test, correction may be
accomplished iumedia~ely or deferred until the end of the period, at the
seller’s option. However, if che failure should adversely affect the
ability to monitor the equipment operation, correction shall be made
immediately. As an incentive to reduce the thermal cycling test period,
all failures corrected upon their occurrence in order to enable the
accunwlation of successful operational test time. The advantage to this
option is that all consecutive defect-free test time accumulated during the
pre defect-free period shall be credited toward the 40 hour defect-free
requirement.

4.?.2 Failures during defect-free test. If a failure occurs
during the first 40 houre of the defect-free test window, action shall be
taken as specified in .4.7. However , if a failure occurs after 40 hours of
testing have elapsed, the test shall be terminated and the equipment shall
not be submitted for ESS compliance until a positive corrective action plan
is proposed and approved by the cent ractor.

4.7.3 Retest. Retest of rejected equipment shall be
initiated only after adequate investigative analyses and correction have
been accomplished by the seller and approval of the contractor has been
obtained.

o

Downloaded from http://www.everyspec.com



!41L-STD-2164(EC)

4.8 Samplin~. Unless otherwise specified, 100% of all
units produced shall be ESS tested. If sampling procedures are desired,
che seller shall obtain approval of the contractor. Sampling procedures
and plans shall be in accordance with MIL-STD- 1235 (see Appendix A).

16
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5. DETAILED ENVIRONMENTS

5.1 Environmental stresses.
defined herein have been selected based on
screening manufacturing defects. The levels

The environmental stresses
their proven effectiveness in
and durations of exposure have

been established to assure adequate stimulation without incurring fatigue
damage or degradation of good equipment.

5.1.1 Random vibration spectrum. Figure 2 depicts the random
vfDration spectrum. that shall be applied, as an input , to the equipment
under test wi th the equipment hard mounted to the test fixture and shaker
system.

In order to avoid any potential fatigue Or peak level
damage due to resonances , it may be necessary to notch the spectrum at
points of severe (Q L 10) resonant frequencies. These resonances shall be
obtained from data accumulated during development tests, or by conducting a
low level sine sweep.

5.1.1.1 Applied axis determination. Generally random vibration

applied in a single axis effectively screens workmanship defects found in
electronic equipment. Crosstalk (vibration set up in the two axes not
directly being excited) does in fact lso provide some stimulation of
defects sensitive or unique to a particular axis. In cercain cases it may
be necessary to apply vibration in more than one axis to provide adequate
screening.

The selection of a single axis or multiple axes is
dependent upon the physical construction and component layout as well as
the susceptibility or sensitivity to vibration of the hardware. The
following guidelines shall be employed in defining which axis or axes will
be selected.

0 If the electronic equipment contains printed circuit c~rds and
these cards are arranged predominantly parallel to each other,
then the vibration input shall be perpendicular to the plane of
the cards .to assure maximum deflection aad stimulation.
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5.1.1.1 (Continued)

0 Vibration tests are conducted during the development program.
The acquired data shall be reviewed to determine the axis (s) of
major resonances and transmissibilities (Q) values.

5.1.2 Temperature cyclin& In order to conduct the ESS test
thermal cycling exposure as effectively as possible, it is necessary to
obtain a high frequency of temperature reversals. It should be noted that
it is the frequency of thermally induced stress reversals (minimization of
soaks) as well as the temperature extremes which are the principal
parameters associated with disclosure of thermally sensitive manufacturing
defects. The ESS test profiles illustrated in Figure 3 have been developed
to accomplish this and shall be used when performing thermal cycling tests.
A minimum of ten thermal cycles should be performed in order to eliminate
most latent workmanship defects In complex electronic equipment. The high
and 10V temperature extremes represent chamber air temperature and shall be
those dictated by the applicable equipment specifications, both operating
and non-operat~ng.

5.1.2.1 Thermal survey. The thermal survey establi shes inputs
for the thermal cycling profile of the equipment , and varies slightly
according to the method by which the equipment is cooled.

5.1.2. 1.1 Procedure for ambient-cooled equipment. Steps a through
k shall be followed for thermal surveys of ambient cooled equipment.
(Refer to Figure 3A.)

a. Attach thermocouples to components Identified by thermal analysis
of the equipment as being representative of the various types and
locations within the equipment. Replace all equipment covers and
properly seal, if applicable.

b. Install the test item In the temperature chamber at room ambient
temperature. .Verify equipment operation and then turn the
equipment pgwer off.

19
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5.1.2.1.1 (Continued)

I

c.

d.

e..

f.

s..

h.

i.

Turn the equipment power on, set the chamber temperature to the
equipment high temperature limit (high set point - see paragraph
5.1.2), and allow the chamber air temperature tO increase tO the
high set point at an average rate of 5°C per minute. If the

chamber cannot provide the rate of temperature change required,
auxiliary heating means shall be employed. The average rate
shall be computed for the total chamber temperature excursion.

Turn off the equipment power when the chamber air reachee the
high temperature operating limit, and continue heating the
chamber air until the high temperature set point is reached. If
the operating limit is the same as the high set point , leave the
equipment power on.

Maintain the chamber temperature at the high set point until 2/3
of the thermocouples reach within IO”C of the maximum operating
temperature. Record the time between the chamber reaching the
high operating temperature set point and 2/3 of the thermocouples
reaching within I()”Cof the maximum operar.ing temperature (high
temperature dwell time).

Turn off the equipment power if left on in step d.

Set the chamher to the equipment 10V temperature limit (low set
point) (see 5.1.2) and reduce the chamber air temperature at an
average rate of 5°C per minute. If the chamber is not capable of
an average rate of 5°c per minute, auxiliary cooling means shall
be employed. The average rate shall be computed for the total
chamber temperature excursion.

Maintain the chamber air at the low set point until 2/3 of the
rhemocouples reach wi~hi~ 10”C of tbe 3.OWser.pOtat . Reccrd the
low temperature dwell time.

Repeat steps c through h, and again repeat steps c, d and e.
These steps will result in 3 high temperature dwells and 2 low
temperature dwells. The average of the last two high temperature
dwells and the average of the two 10V temperature dwells are the
required dwell periods.
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5.1.2.1.1 (Centinued)

~. Turn off the equipment power if on, and lower the chamber air
temperature to room ambient. Allow the equipment to stabilize at
xoom ambient temperature.

k. Set up the chamber automatic controls with the temperature-time
profile determined in steps c through j, Repeat two cycles to
verify repeatability of the profile. Note that the time for one
cycle should be 3 hours and 20 minutes. In the event that the
cycle duration exceeds 3-1/3 hours, the cycle time shall be
increased to four hours and the increase added to the low tem-
perature dwell time.

5.1.2.1.2 Procedure for supplementally cooled equipment . Steps a
through k shall be followed for thermal surveys of supplementally cooled
equipment (refer to Figure 3B) .

a. Attach thermocouples to components identified by thermal analysf.s
of the equipment as being representative of the various
components and their locations within the equipment . Replace all
equipment covers. properly seeled, if applicable.

b. Install the equipment in the temperature chamber at room ambient
temperature. Verify proper operation of the test article and the
supplementary cooling system. If the coolant specifications
permit, the equipment power shall remain on for the next step.

c. Set the chamber temperature to the equipment high temperature
limit (high temperature set point) and increase the chamber
ambient temperature at an average rate of 5°C per minute.
Simultaneously raiae the coolant temperature with the chamber
ambient temperature until the high temperature set point is
reached. The equipment shall be powered until the coolant
temperature reaches the coolant high temperature operating limit,
and zhec the test article ?awer shall be turned off.

d. Continue to raise the chamber -ambient and coolant temperatures
until the high temperature set point is reached. Maintain this
temperature until 2/3 of the thermocouples are within IO”C of che
equipment high temperature limit. The time period between when
the chamber reaches the high temperature set point and when 2/3
of the thermocouples indicate within 10”C of the equipment high
temperature limit is the high temperature dwell time.

22
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5.1.2.1.2 (Centinued)

e.

f.

K.

h.

i.

At the end of the high temperature dwell period, reduce both the
chamber ambient air and the coolant temperatures at 5°C per
mfnute. Continue co reduce the chamber ambient and equipment
coolant temperatures to the specification levels before turning
on the equipment power.

COntinue reducing the chamber ambient and equipment coolant
temperatures until the specified coolant minimum temperature for
equipment operation is reached. At this point, turn off
equipment power, and continue reducing both ambient and coolant
temperatures to the low temperature set point.

Maintain the low set point temperatures until 2/3 of the
thermocouples indicate within 10”C of the set point, and record
the time period betweer. when the chamber reaches the 1Ov
temperature set point and when 213 of the thermocouples indicate
within IO”C of this set point. This is the low temperature dwell
time.

At the end of the low temperature dwell period, turn on the
equipment power if permitted by equipment specification, and
increase both the chamber ambient and equipment coolant
temperatures st an avera.ce race of 5°C per minute. If the
equipment specification prohibits equipment power on below a
Riven temperature level , wait until the specified r.emperature is
reached before turning .on the equipment power. When room ambient
temperature has been reached , one thermal cycle. has been
completed.

Repeat steps c through h for a second full cycle, recording the
rime it takes to perform each step. Oue to the start-up point
being at ambient. the initial high temperature dwell period
defined in d is invalid and should be ignored.

Note: Determination of the equipment coolant high and low
temperature plateau rime periods are described in
5.1.2.2.2.
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5.1.2.1.2 (Centinued)

~. Turn off the equipment power and allow
at room temperature.

k. Set up the chamber automatic controls

the equipment to stabilize

with the temperature-time
profile determined in step i (the second cycle). Perform two
cycles to verify repeatability of the profile.

5.1.’2.2 Thermal EsS tests. The thermal cycling portion of the
ESS tests shall be applied during both, the pre defect-free and the defect
free segments of the overall test.

5.1.~,2.l Ambient cooled eauipmertt. The equipment shall be
subjected co the temperature cycles developed in paragraph 5.1.2.1.1,, as
illustrated in Figure 3A.

5.1.2.2,2 Supplementally cooled equipment . Each equipment shall
be subjected to the temperature profile cycling illustrated in Figure 3B.
Overall duration for one cycle shall be 3 hours and ’20minutes, to provide
at least 12 the?mal cycles during each pre defect-free and defect-free
tests. Using the results obtained from the thermal survey, paragraph
5.1.2.1.2, determine the duration of the high temperature operating dwell.
First , subtract the total of the up and darn excursion times and the high
and 10V temperature dwell times from the overall cycle time. Ouring the
remaining time, the equipment shall be operated for ten minutes maximum at
the equipment coolant low temperature plateau and the remainder of the time
at the equipment coolant high temperature plateau.

5.2 Total ES’Stest program. The total ESS program includes
a physical inspection, functional tests and periods of environmental
exposure designed to stimulate latent defects without incurring equipment
fatigue damage. Figure 1 presents the overall test flow which shall be
used to verify chat an equipment is resdy for operational use.

5.2.: 111.2i\-i&al tests. Each equtpmemt under test ~hall be
subjected to:

5.2.1.1 Examination 0f product. Each equipment shall be
examined during appropriate stages of manufacture and assembly to determine
compliance with Requirement 9 of MIL-STD-454 and the applicable drawings.
Any equipment which does r!otmeet this requirement shalI be rejected.
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I

●

5.2.1.2 Initial operational tes:. An equipment operational

test. ~n acr.ordance with the seller-prepared test procedure shall be

performed , and data shall be recorded to verify that the equipment fully
complies with detailed performance requirements. The test procedure shall
include measurements required for a quantitative assessment. of all

functional parameters including built-in-test (BIT) functional performance
parameters. t,erificatio” of BIT operational capability shall be included

to the extent possihl.e by external equipment adjustment and without
insertion of faults. GO/NO GO evaluation shall not be acceptable except
for BIT. The record of pretest data shall be retained for use as a
reference during subsequent ESS tests..

5.2.2 Environmental test. Equipment submitted for test shall
be subjected to a fixecl”duration pre defect-free test and defect-free test.
The equipnent ope~ation shall be continuously monitored, and all functional
parameters shall be exercised repeatedly at the highest race attainable.
The mechanization of the functional check-out and its speed of
repeatability shall represent a major task in the overall formulation Of
the ESS test pro~ram. All vibration testing shall be conducted with the
equipment hard mounted regardless of whether or not it is :0 be installed
on vibration isolators in its use environment.

5.2.2.1 Fixed duration pre defect-free (PDF) test. Each
t.quipment shall be exposed to random vibration and thermal cycling periods
as depictec! in Figure” 1. Since the purpose of this test is to el.iminace
latent manufacturing defects, all defects detected during this test shall
‘berecorded and repaired, but shall not count against the acceptance of.che
equipment.

5.2.2.1.1 Vibration. Tbe equipment in an operating mode (power
on) shall be exposed to one 5 minute burst of random vibration in the axis
deemed most susceptible to vibratory excitation. Failures occurring during
this five minute test shall be accrued (if possible) and corrected at the
conclusion of the five minute period (See Appendix B). Tbe random
vYoratio~ spectrum sliallbe:

20-80 Hz at 3 dB/octave rise

80-350 Hz at 0.04g2/Hz

350-2000 HZ at 3 dB/oct?ve rolloff

5.2.2.1.2 Thermal cycling. The equipment in an operating mode
(power on) shall l.,esubjected tc a thermal cycling test for a period of 40
hours in accordance with the appropriate cvcle depicted in Figure 3. The
requiretinumber of thermal cvcles may be interruqred for repair act?.ens.
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5.2.2.1.2 (Continued)

The thermsl limits (high and low temperature extremes of chamber air) for
cycling, shall be those values of temperature defined by the equipment
specification:

F.xample 1 - uE.ingMIL-E-5400, Class 1 equipment is required to operate
within the temperature range from -5f+°C to 55°C

Sxample 2 - using MIL-E-16400, equipment utilized in a sheltered
controlled envir&uent (ship or shore) the temperature
range O C to +50 C

Vibration and thermal cycling tests are nor co be applied concurrently , but
shall be applied in rhe sequence defined in Figure 1, that i.s, vihratlon,
then chermsl cycling, and again vibration.

5.2.2.2 Defect-free (DF) test. After completion of the fixed
duration pre defect-free tsst , each equipment shall undergo a defect-free
test under the same environmental conditions as in the pra defect-free
test. The equipment operating (power on) shall be subjected to 40
consecutive’ defect-free hours under thermal cycling conditio,ls within an
overall test period of 80 hours maximum. After completion of the 40-hour
defect-free thermal cycling requirement , the equipment shall wit.hscand 5
continuous minutes of random vibration without failure within a maximum
test time of 15 minutes. An equipment which does not successfully complete
the defect-free period within either allowable window shall not be
submitted for ESS compliance and requires corrective action as described in
4.7.2 and 4.7.3 (see Appendix” B).

5.3 Final functional operational test. Upon the successful
completion of the defect-free phase, a final functional test shall be
performed at room ambient conditions. This functional test shall fully
verify the satisfactory operation of t,he equipment in accordance with the
parameter specified in the prime item specification. Operational

measurements shall be compared with those obtained during the initial
operational and evaluated based upon the specified acceptable functional
limits.
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6 ttOTES AND CONCLUDING MATERIAL

6.1 Intended use. This standard is used to assure that
contracted production eleitronlc products equal or exceed the quality level
of the qualified equipment .

6.2 Ordering data.
the following:

.a. Title, number and date of
b. Application (see 1.2).
c. Classification (see 1.2).

Procurement documents should specify

this standard.

6.3 contractual responsibility considerations. The de-
tailed test procedures for demonstrating a contractual requirements are
used to show contractual compliance and, therefore, must receive the
concurrence of the procuring activfty. Otherwise , the requirements of the
contract could be compromised without the knowledge of the procuring
activity. Great care should be exercised in placing on contract the tasks
which will generate the information required by many of the data item
descriptions. The procuring activity must avoid telling the contractor how
to accomplish the task of attaining the required results. For , if the
Lo:-,:r.l:tar does all .:!lathe st=tes h? Vill 5:, e~~ St:ll fails c~e
EuvirOnmentaJ Stress Screening test , and the procuring activity has given
formal approval of the manufacturing methods and the manner in which they
were executed, then the procuring activity will have jeopardized its
contractual position. Then the only recourse may be to accept the
less-than-required results. AS long as the procuring activity confines
itself to performance requirements, and does not dictate the manufacturing
method, the procuring activity is on firm contractual grounds.

?reparing activity:
%4VY Er
(Project RELI-N045)
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APPENDIX A

ESS TEST DORATION , REDUCED TESTING AND SAMPLING

10. GENERAL

10.1 **

rules and assumptions used

and subsequent defect-free

TtIis appendix describes the approach, ground

to optimize the times for pre defect-free (PDF)

(DF) testing under environmental conditions, and

define ground rules and techniques for reduced testing and sampling.

10.2 Purpose. The purpose of this appendix is to present

the background that led to the test times stipulated in the main body of

the standard, and define statistical plans for reduced testing and sampling

options.

20. APPLICABLE DOCDMSNTS

MIL-STD-1235 Single and Multi-Level Continuous Sampling

Procedures and Tables for Inspection by

Attributes with Functional Curves of the

Continuous Sampling Plans
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30. ASSUMPTIONS

30.1 Environment effects. The underlying assumption is that

the environments are the primary precipitators of the manufacturing defects

independent of the inherent life characteristic of the device under test.

That is, for a constant number of defects incorporated in the device due to

improper manufacturing and processing techniques, these defects will appear

in the first “T” hours of the pre defect-free (TPDF) test at a rate which

will be constant , independent of the MTBF of the device.

30.2 Defect-free verification, The time on test after an

environmental fixed duration exposure, is the defect free portion of the

test (TDF) . The second test is designed to verify the assumption of 30.1,

and any defects thereafter become inconsequential since they become part of

the random life process.

40. ANALYSIS

40.1 Setting duration for pre defect-free (PDF) test. The

minimum number of hours of cycles are defined by the environmental profile

for the test, and shall be a given value independent of the complexity or

inherent life of the device.

40.2 Cycles vs. dwell time. Although the number .of PDF

hours ere constant , the dwell time in each cycle is .e function of *

stress loading on the device. Therefore the cycles on one device may

represent tl hours of dwell time, while it would represent tz hours on

another device. In all caaes during PDF and defect-free test, the time

dimension will always be in hours of cycling.

29
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a

40.3 Time on test derivation. Assuming that environmental

factors are adequate and we are dealing with production un!ts of known

design integrity, the ESS test duration can be described by the classical

failure

‘i
o

iii

as

.
‘PDF

‘DF

rate (“bathtub”) curve shown in Figure 40.3-1, where:

(Initial value) is the failure rate due to early manufacturing

detects

(Minimum acceptable) is the failure rate to be achieved , as a

minimum, to verify that early defect failures hzve been

eliminated.

(Specified value) is the failure rate operationally achievable.

Duration of environmental cycling necessary to achieve a percent

defective or less for lot or unit

Oefect free time (equipment must

PDF necessary to verify LH with a

30

acceptance .

operate without failure) after

probability of acceptance PA.
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Appendix A

(Continued)

!0

These parameters and the growth rate function of the

curve can be expressed by the logistics curve form:

A(t) = (A. - Aq)e-kt + is (1)

where:

K = + In -+- (growtYlrate parameter) (Ii)

AM - is
a= (percent defective

‘o - ‘s remaining after T hours)
(lB)

T- TB+FF (ESS test duration) (lC)

t = time on test.

The DF time (TDF) can be defined from the Probability

of Acceptance (PA) relationship developed in F!IL-sTll-781D (Proposed) and is

expressed as:

where P is the probability of a vr!r pasci~g E$$ ces,cin,qgjven c.},::::ke
A

desired operational MTBF (es), and the defect-free time is al.1.owablei“ a

window (W) By setting the window not to exceed 2 x “iDF reduces equation

(2) to:
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40.3 (Continued)

‘4 W’*) (3)

?he object is to establish a defect free duration to give the seller a very

high probability of passing the DF portion of the test in the order of

:90%, if the equipment has in fact been adequately corrected after PDF and

is approaching the minimum acceptable value.

The most important facets of these relationships aze

that che initial. test durations (TPDF and TDF) can be derived independent

of historical data and, by means of statistical sampling and quality ●
monitoring techniques, results can be verified against lot acceptance

criteria based on an allcwab].e percent defeccive (a) and probability of

acceptance (PA). Solving (!) in terms of TPDF and TDF provides the

proportionality

1
‘DF ln %_

‘PDF - in (eO/a)
(4)

From the expression (lC), the initial value 6J0= (l/~o) , can be expressed

as .a function of the percent defective (a):

!5)

33
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40.3 (Continued)

Expressing the minimum acceptable rate (iM) in terms of a 2:1 discrimi-

nation ratio of specified (J.S) simplifies (5) to:

as (1 + a)

‘o= c1

~uation (3) can I-IOWbe transfO~ed

(1 + a)
Ore=—

0 es a
(6)

to:

This now provides a complete correlation between the time required in PDF

to precipitate manufacturing defects at some race 9., and che probability

of accepting the device in DF.

,,
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40.6.1

it be fixed for

‘hat ‘he ‘PDF =
all cases will

equation (4) as

40..f.2

acceptance for

o

1%

3%

4X

5%

MIL-STD-2164 (EC)
Appendix A

Time on test criceria.

Test duration. The criteria for test duration is that

all devices independent of their life characteristics, and

T
DF’

TO sacisfY the assumptions of 30.1 and 30.2, 60 for

be relatively small and constant, and is estimated from

Qo = 1‘ ‘hen ‘PDF = ‘DF”

Probability of acceptance (PA). The probability of

che DF portion of the test is set at ~90Z to ensure the

seller a low probability of rejection if, in fact. che defects have been

adequately corrected after PDF. This also minimizes the chance of random

failure effects. The DF test objective Is not to verify reliability.

40.4.3 Percent defective data (a). Within the constraints of

the PA, and solving equation (7) for values Of o and TPDF establishes that

a must he in the range of 1% an~ TFDF = TDF in the range of 50 hours or

less to satisfy the criteria of 40 .4.1 and 40.4.2, as shown in Table

40.4-1.

Table 40.4-1

‘alues ‘f ‘A ‘or various a and ‘PDF = ‘DF

‘PDF
- TDF (Hours)

30 40 50

96Z 95Z 91%

88% 81% 74Z

78% 68% 577.

66% 55% 43%

58Z 43% 31%

35
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40.5 PDF Time (TPDF). From the environmental profile

requirements, paragrah 5.2.1.1, the optimum number of hours of cycling for

all devices will be on the order of TPDF - 40 hours.

40.6 DF Time (TDF). The defect free portion of the test,

set at tbe same length and environmental cycling profile as the PDF, TDF =

40 hours, which is to be obtained sequentially within an overall window of

80 hours. The probability of acceptance (PA) will be 95% for a percent

defective rate (a) of 1.0% (0.01).

It should be cautioned that, for devices whose design

MTBF (0S) is less than 25 hours, the probability of random failures

occurring significantly decreases to below 50%. This is illustrated in

Table 40.6-1 which provides the probabil.ify of rejection due to random

failure (PF) over tbe DF period for various levels of ~BF (es).

Table 40.6-1

Probability of Rejections Due to Random Failure

for Various Values of OS.

es (firs) ‘F

< 25 > 50Z

50 20%

200 2Z

500 0.3%

>1000 0%

36
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60.7 Test duration. The recommended

as follows for aLl units tested:

0 ‘(PDF)
= 40 hours of cycling

0 T (DF)
- 40 hours of cycling

o I)FWindow = 80 hours of cycling

50. REDUCED TESTING AND SAMPLING

test durations would be

50.1 Reduced testing limits. Reduced testing means a

reduction in the number of units tested or a reduction of the initial

criteria. The baseline test durations for PDF and DF will not be altered,

nor will the criteria for a ESS test, or an acceptable product. Any

reduced testing shall be in accordance with sampling plans and procedures

approved by the procuring activity. The criteria for reduced tasting comes

from the fact that , if a large number of continuous units or lots tested

have no defects during PDF, then S0 is very large and PA approaches 100Z.

50.2 Test options. The options in a through c apply.

a. 100% testing. Each unit of product shall be submitted for

ESS testing.

37
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50.2 (Conrinued)

b. Sampling plans . Sampling plans, including selections and

criteria for the samples, shall be in accordance with

f41L-STD-1235. All plans shall have been approved by the

procuring activity before being applied. In all cases, both the

PDF and DF segments of the ESS test shall be defect free to

satisfy the “criteria for instituting a sampling plan. A Single

failure in either PDF or DF portion of the test shall be cause

for rejeccion. Further , Acceptance Qiiality Levels (AQL’s) for

sample and test sequencing shall be 1.OZ or less. Within this

c“riteria, the Consumer’s Risk and Producers Risk will be 10% or

less.

c. Reduced DF accountability. In conjunction with options a or b,

and with procuring accivicy approval, should all defects be noted

during the early stages of the PDF, and provided failures are

corrected as they occur, the DF may begin before the PDF time has

elapsed; that is, the DF time may start at the beginning of the

PDF if no product operational failure occurs, or the DF may begin

after repair of a product operational failure in PDF. As a

minimum, there shall be 40 continuous hours of defect-free

testing within a msximum of 120 test hours. In order to satisfy

option (b), no failure can occur during PDF, and the DF POrti On

would be waived.

38/39
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APPENDIX B

ESS TROUBLESHOOTING PLAN

10. GENERAL

10.1 &F!.E. This appendix covers

in formulating a troubleshooting plan to address

iC1.2 ~. The purpose of this

that adequate planning is accomplished prior to ESS

environmental effects on the equipment under

defect-free and defect free periods.

?r:. TROUBLESHOOTING CONSIDERATIONS

some considerations useful

ESS failures.

aPpendlx is to ass”re

testing to minimize the

test during the pre

2(I.1 content . A detailed troubleshooting plan shall be

formtllated prior to the start of ESS testing. ~is plan may be a part of

or .? supplement to the test procedure required In 6.3. The plan shall be

coordinated with the performance monitoring procedures, utilize BIT to the

fullest extent possible, and take full advantage of all data resulting from

performance monitoring, including trend clat.a.

:rl.? Considerations. ?.r,preparing the plan -the following

fu]idclines shall be ccmsid-red.

?O.?.1 Identification. Recognizing that failures may degrade

rhe ah.iiicv to rn:>nito:-che per farmznce af the equipment , co~ventional fau~.c

;s<.>la.ti,l;lznd i<ientifi::~t~c~xtechniques nmv c<>:be a>*rO?rixCe. ~~ j.: I,e

advaIxtageuus or even necessz.~y co perform functicr.?.ltests on a module ,OT ?

Lo
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subassembly while exposing it to an environment.

●

The troubleshooting

procedures shall address this possibility, nor only in term of powering,

operating and monitoring the article, but also in terms of applying the

required environment (s).

~~.z.z Monitorin~. Equipment performance shall be monitored

to the fullest extent practical during the application of environments.

When a failure occurs which would mask other functions, the test shall be

stopped and troubleshooting procedures shall be initiated to identify and

correct the defective item.

20.2.3 Temperature cyclin~. If tbe failure is intermittent , ●
the environmental stimuli at the time of the failure shall be noted and

troubleshooting procedures relating ro the environment shall he followed.

Given that the failure is 2ssoci2ted with thermal c.yciing a>d the point in

the cycle at which ~he failure first appeared is known, -troubleshooting

shall be initiated while applying that thermal stress. If the specific

failure point is not knovn, or if the initial attempt is unsuccessful,

complete thermal cycles may be applied until the failure is reproduced and

its origin identified. It should be noted that, in practical terms, as

many additional thermal cycles as are necessary may be applied without

affecting the equipment’ s useful life.

20.2.h Vlbrstion. Unlike thermal cycling, tbe maximum time

that a unit can be expcsed to the specified spectrum of random vibration,

without significantly .~ffecting its useful life, is severely limited. With

the unit operational snd its performance monitored, it shall be exposed to

the specified spectrum of random vibration at the lowest GR?fS level which

will cause the noted failure to reappear and allow identification of its

origin. In the event that the failure cannot be duplicated st reduced ●
levels, the criticality of the failure sbail be examined and a judgement

made by the
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’20.2.4(Continued)

contractor as to the advisabilityof continuing the effort, consideringthe

risk of fatigue damage associated with the application of reasonably hish

vibration levels for extendedperiods Of time.

TO minimize the accumulation of equivalent random vibration

test time, during diagnostic testing the vibration shall be reduced to the

lowest feasible level. The total equivalent time for all acceptance and

diagnostic vibration tests shall not exceed 20 minutes at the full

(0.04G2H2) level. Equivalent test time is given by the fOll~ing

expression:

()
3

0.04G’/Hz T
~- 20

Where SQUIV is the equivalent G2/Hz level and T is the allowable time

in minut●s.

MS Level
(Gnus)

6.0
5.2
4.24
3.0

SXAf4PLE:

G2/Hz
Test Leve1

Pre Defect-Free .04
Defect-Free .04
Diagnostic .02
Diagnostic .01
Pre Defect-Free .04

PSD Level
(&/*)

0.04
0.03
0.02
0.01

Allowable
Exposure

5 minutes
k minutes
20 minutes
20 minutes

5 minutes

42

Equivalent Test
Time (minutes)

20
67
160
1280

&Icio of ALlowable
!lxposuxe

5/20 or 0.25
4120 or 0.20

20/160 or 0.125
20/1280 or 0.016

5120 or 0.25—

Totnl - 0.8Ll

Equivalent
Test Time

5.0.Inin
‘!k.oulin
2.5 uiin
0.31 min

5.0 min

16.81m.iP
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