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METHOD 517.3
PYROSHOCK

NOTE: Tailoring is essential. Select methods, procedures, and parameter legdlsése
tailoring process described in Part One, paragraph 4.2.2, and Annex C. tApgegneral
guidelines for laboratory test methods described in Part One, pardgodiis Standard.

1. SCOPE.
1.1 Purpose.
Pyroshock tests involving pyrotechnic (explosige propellariactivated) devices are performed to:

a. Provide a degree of confidence that materiel can structurally and fungtiauithlétand the infrequent shoc
effects caused by the detonation of a pyrotechnic device on a structuralicatidig to which the materiel
is mounted.

b. Experimentally estimate the materiel's fragility level in relation tmglyock in order that shock mitigation
procedures may bemployed to protect the materiel’s structural and functional integrity.

1.2 Application.
1.2.1 Pyroshock.

Pyroshock is often referred to as pyrotechnic shock. For the purpose dbthiment, initiation of a pyrotechnic
device will result in an effecthat is referred to as a “pyroshock.” “Pyroshock” refers to the localized intense
mechanical transient response of materiel caused by the detonation dieglyicodevice on adjacent structures. A
number of devices are capable of transmitting such intense transients toial mategeneral, the sources may be
described in terms of their spatial distributiopoint sources, line sources and combined point and line sources
(paragraph 6.1, reference a). Point sources include explosive bolts,isapautd, pin pullers and pushers, bolt and
cable cutters and pwactivated operational hardware. Line sources include flexible linear shape cffr§€3,

mild detonating fuzes (MDF), and explosive transfer lines. Combpwdt and line sources includé-band
(Marmon) clamps. The loading from the pyrotechnic device may be accompgrtieel release of structural strain
energy from structure preload or impact among structural elementsessilt of the activation of the pyrotechnic
device. Use this Mbod to evaluate materiel likely to be exposed to one or more pyroshockslifetitse.
Pyroshocks are generally within a frequency range between 100 Hz anddQ@@6{2, and at a duration from 50
microseconds to not more than 20 milliseconds. Acdiberaesponse amplitudes to pyroshock may range from 300
g's to 200,000 g's The acceleration response time history to pyroshock will, in geberakry oscillatory and have

a substantial rise time, approaching 10 microseconds. In generahpgks gnerate material stress waves that will
excite materiel to respond to very high frequencies with wavelengttiseoorder of sizes ahicro-electronic chip
configurations. Because of the limited velocity change in the strubtorgght about by firing othe pyrotechnic
device, and the localized nature of the pyrotechnic device, structural resonamoateiél below 500 Hz will
normally not be excited and the system will undergo very small disp&us with small overall structural/mechanical
damage. Te pyroshock acceleration environment in the neighborhood of the ehatdlti usually be highly
dependent upon the configuration of the materiel and the interveningistru@the materiel or its parts may be in the
nearfield, mid-field or farfield of the pyrotechnic device with the pyroshock environment in thefreddrbeing the
most severe, and that in the riield or farfield less severe. In general, some structure intervenes betheen
materiel and location of the pyrotechnic device that tegukhe “midfield,” and “far-field.” There is now agreement
on classifying pyroshock intensity according to the characteristitseaf-field,” “mid-field,” and “far-field.” This
document reflects the current consensus for three regions according tatisimtdchniques as “neéield,” “mid-
field,” and “farfield” for which the definitions are provided in paragraph 1.2.4.
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1.2.2 Pyroshock Momentum Exchange.

Pyroshock usually exhibits no momentum exchange between two bodies (agp@ssigtions the transfer of strain
energy from stress wave propagation from a device through strtetheemateriel). Pyroshock results in essentially
no velocity change in the materiel support structure. Frequencies bédddzlfie never of concern. Thegnéude

of a pyroshock response at a given point reasonably far from thegynit source is, among other things, a function
of the size of the pyrotechnic charge. Pyroshock is a result of linear elagitamaaves propagating in the support
structue to the materiel without plastic deformation of large portions of the steueitcept at the charge point or
line. In general, joints and bolted connections representingtwteudiscontinuities tend to greatly attenuate the
pyroshock amplitudes. Ryshock is “designed” into the materiel by placement of pyroshock defdcspecific use.
Because to a great extent the pyroshock environment is clearly definedgepthetrical configuration and the charge
or the activating device, pyroshock response of materiel in the field nragderately predictable and repeatable for
materiel (paragraph 6.1, reference a).

1.2.3 Pyroshock Physical Phenomenon.

Pyroshock is a physical phenomenon characterized by the overall materialeahdnical response asstaucture
point from either (a) an explosive device, or (b) a propellant activated devich. aSlevice may produce extreme
local pressure (with perhaps heat and electromagnetic emission) at a jabdmgoa line. The device provides a near
instantaneus generation of local, highagnitude, nonlinear material strain rates with subsequent trarmmafsi
high-magnitude/high frequency material stress waves producingdugéleration/low velocity and short duration
response at distances from the poinliree source. The characteristics of pyroshock are:

a. Nearthe-source stress waves in the structure caused by high material straifncaténear material region)
propagate into the neéield and beyond.

b. High frequency (100 Hz to 1,000,000 Hz) and very broadband frequency input.

c. High acceleration (300 g's to 200,000 g’s) lmw structural velocity and displacement response.

d. Shorttime duration (< 20 msec).

e. High residual structure acceleration response (after the event).

f. Caused byl) an explosive device or (2) a propellant activated device (releasing stare@sergy) coupled

directly into the structure; (for clarification, a propellant activated devidedas items such as a clamp that
releases strain energy causing a structure response greater than that &btaitieel propellant detonation
alone).

Highly localized point source input or line source input.

h. Very high structural driving point impedance (P/v, where P is the lagmdtion force or pressure, and v,
the structural velocity, is very small). At the pyrotechnic source, théndripoint impedance can be
substantially less if the structure material particle velocity is high.

i. Response time histories that are random in nature, providing little rbjpiéatand substantial dependency
on the materiel configuration details.

j-  Response at points on the structure that are greatly affected byrstrdctcontinuities

k. Materiel and structural response that may be accompanied by substantiaichefeaomagnetic emission
(from ionization of gases during explosion).

1.2.4 Classification of Pyroshock Zones.

The nature of the response to pyroshock suggests that the materiel opitseats may be classified as being in the
nearfield, mid-field or farfield of the pyrotechnic device. The terms “néald,” “mid-field,” and “far-field” relate

to the shock intensity at the response point, and such intensity is a furi¢tierdistance from the pyrotechnic source
and the structural configuration betwdbe source and the response point. The definitions that follow are based on
simulation techniques consistent with paragraph 6.1, reference b.

a. Nearfield. In the neatfield of the pyrotechnic device, the structure material stress wave prapagtécts
govern the response. A nd@ld pyroshock test requires frequency control up to and above 10,000 Hz for
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amplitudes greater than 10,000g’s. A pyrotechihjcexcited simulation technique is usually appropriate,
although in some cases a mechanically excited simulation techniqueenusgd.

b. Mid-field. Inthe midfield of the pyrotechnic device, the pyroshock response is governed by anatiombi
of matrial stress wave propagation and structural resonance response &feai$-field pyroshock test
requires frequency control from 3,000 Hz to 10,000 Hz for amplitudes less ti@93d8, A mechanically
excited simulation technique other than shakecklis usually required.

c. Farfield. Inthe faffield of the pyrotechnic device, the pyroshock response is governed by anatorbof
material stress wave propagation and structural resonance response effdeasfield pyroshock test
requires frguency control no higher than 3,000 Hz for amplitudes less than 1,000g’sakér sinock or a
mechanically excited simulation technique is appropriate.

Distances from the pyrotechnic device have been avoided in these definitionsebspacific distancegestrict
structural dimensions and imply point or line pyrotechnic sourcésspicific weights and densities. The definitions
are based on experimental capabilities, but still should be coedigdmidelines because all structures with their
corresponihg pyrotechnic devices are different.

1.3 Limitations.

Because of the highly specialized nature of pyroshock, apply it only afteg giareful consideration to information
contained in paragraph 6.1, references a, b, ¢, and d. This Method doedyntut tygpfollowing:

a. The shock effects experienced by materiel as a result of any mechaniddirahsient vibration, shipboard
shock, or EMI shock. For these types of shocks, see the appropriate niettniglsr other standards.

b. The effects experienced by fuze systems that are sensitive to shock froetyiodevices. Shock tests
for safety and operation of fuzes and fuze components may be performedrdaaceownith MI-STD-331
(paragraph 6.1, reference c).

c. Special provisions for pfarming pyroshock tests at high or low temperatures. Perform testsraambient
temperature unless otherwise specified, or if there is reason to bek¢vesting at either the high or low
operational temperature may enhance the pyroshock envirbnmen

d. Manned space vehicle testing (see paragraph 6.1, reference a).

e. Secondary effects such as induced blast, EMI, and thermal effects.

f.  Effects of hostile weapon penetration or detonation. (Refer to Method B2#li&tic Shock.)
2. TAILORING GUIDANCE.
2.1 Selecting the Pyroshock Method.

After examining requirements documents and applying the tailoring priocBast One of this Standard to determine
where pyroshock effects are foreseen in the life cycle of the materiel,eut@ldlving toconfirm the need for this
Method and to place it in sequence with other Methods.

2.1.1 Effects of Pyroshock.

In general, pyroshock has the potential for producing adverse effeatisedectronic materiel. The level of adverse
effects generally increases with the level and duration of the pylyshod decreases with the distance from the
source (pyrotechnic device) of the pyroshock. Durations for pycstimt produce material stress waves with
wavelengths that correspond with the natural frequerayelengths of microelectronic components within materiel
will enhance adverse effects. In general, the structural configuraterely transmits the elastic waves and is
unaffected by the pyroshock. Examples of problems associated with pgkdshow, but the list is not intended to
be allinclusive.

a. Materiel failure as a result of destruction of the structural integrityicforelectronic chips.
b. Materiel failure as a result of relay chatter.

c. Materiel failure as a result of circuit card malfunction, circuit card damage, ectdoglic connector failure.
On occasion, circuit card contaminants having the potential to cause stwitsainay be dislodged under
pyroshock.
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Materiel failure as a result of cracks and fracture in crystals, ceramicsegpoixglass envelopes.

2.1.2 Sequence Among Other Methods.

a.

General Use the anticipated life cycle sequence of events as a general sequence guide @ee,Part
paragraph 5.5).

Unique to this Method Unless otherwise displayed in the life cycle profile and, since Ipgeiss normally
experienced near the end of the life cycle, schedule pyroshock tests late ihgbguesace. In general, the
pyroshock tests can be considered independent of the other tests becauseamnitjtienature.

2.2 Selecting a Procedure.

NOTE: For materiel design and development, the option of tailoring of a labor
shock tesfrom field measurement informatiois superior to any of the test procedures
within this Method, and should be the firabbratory test option. This assumes that the
measurement data bandwidth and the laboratory test bandwidths ane iriglatible.

This Method includes five pyroshock test procedures:

a.

Procedure |- Nearfield with an Actual Configuration Replication of pyroshock for the nefeld
environment using the actual materiel, and the associated pyrotechnidesttatdvice configuration.

Procedure II- Nearfield with a Simulated Configuration Replication of pyroshock for the neféld
environment using the actual materiel, but with the associated pyroteshock test device isolated from
the test item, e.g., by being mounted on the back of a flat steel plate.n§fimglly will minimize testing
costs because fewer materiel configunasi and/or platforms associated with the test item will be damaged.
This can be used for repeated tests at varying pyroshock levels.)

Procedure llI- Mid-field with a MechanicalTest Device Replication of pyroshock for the mfabld
environment witha mechanical device that simulates the pyroshock peak acceleration amplitudes and
frequency content (other than an electrodynamic shaker because of frequregeyamd weight limitations

of an electrodynamic shaker).

Procedure IV- Farfield with a Mechanical Test Device Replication of pyroshock for the féield
environment with a mechanical device that simulates the pyroshock peakratioel amplitudes and
frequency content (other than an electrodynamic shaker because of frecaregeyamd weigHimitations
of an electrodynamic shaker).

Procedure V- Farfield with an ElectrodynamicShaker Replication of pyroshock for the féeld
environment using an electrodynamic shaker to simulate the compbréiw frequency structural resonant
response to the pyroshock.

2.2.1 Procedure Selection Considerations.

Based on the test data requirements, determine which test procedure is applitafmbst cases, the selection of the
procedure will be dictated by the actual materiel configuratioefwar noting any structural discontinuities that may
serve to mitigate the effects of the pyroshock on the materiel. In some bassslettion of the procedure will be
driven by test practicality. Consider all pyroshock environments antidifat¢he materiel during its life cycle, both
in its logistic and operational modes. When selecting procedures, agonside

a.

The OperationalPurpose of theMateriel From the requirements documents, determine the functions to be
performed by the materiel eghduring or after exposure to the pyroshock environment.

TheNaturalExposureCircumstances foPyroshock Determine if the materiel or portion of the materiel lies
within the neaifield, mid-field or farfield of the pyrotechnic device. Use Procesluor Il if the materiel or
a portion of the materiel lies within the ndald of the pyrotechnic device, no special isolation of the
materiel exists, or if there are no prior measured field data. Choose EeotkdlV, or V based on the
frequencycontent and amplitude of available data, as well as the limitations of thevést.dIn any case,
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one test will be considered sufficient for testing over the entire aniplénd frequency range of exposure
of the materiel. Do not break up any meadwe predicted response to pyroshock into separate frequency
ranges for the purpose of applying different testing procedures to differgnency ranges.

c. ReqguiredData The test data required to verify that the materiel will survive andifumasintended.
2.2.2 Difference Among Procedures

a. Procedure t Nearfield with Actual Configuration Procedure | is intended to test materiel in its functional
mode and actual configuration (materiel/pyrotechnic device physardlguration), and to ensure it can
survive and function as required when tested using the actual pyrotexgirdeice ints intended installed
configuration. In Procedure |, it is assumed that the materiel or arpoftihe materiel resides within the
nearfield of the pyrotechnic device.

b. Procedure lI- Nearfield with Simulated Configuration Procedure 1l is intendeto test materiel in its
functional mode, but with a simulated structural configuration, anddore it can survive and function as
required when in its actual materiel/pyrotechnic device physical cwoafign. In this procedure it is
assumed that sarpart of the materiel lies within the ndald. Make every attempt to use this procedure
to duplicate the actual platform/materiel structural configuration by wayfafl-scale test. If this is too
costly or impractical, employ scaled tests provitieat, in the process of scaling, important configuration
details are not omitted. In particular, only the structure portion diredtlyeircing the materiel may be
involved in the test, provided it can be reasonably assumed that the renwitderstucture will not
influence materiel response. On occasion, for conveniencegcégabkpyrotechnic testing device may be
employed for testing the materiel, e.g., a flat steel plate to whiaghakeriel is mounted and the pyrotechnic
charge is attached.

c. Procedure Il Mid-field with a Mechanical Test Devicd?yroshock can be applied using conventional high
acceleration amplitude/frequency test input devices. Paragraph &fenef b, provides a source of
alternative test input devices, their advantages, and limitations. In thexdpire, it is assumed that all parts
of the materiel lie in the mifleld of the pyrotechnic device. Consult paragraph 6.1, reference b, for
guidelines and considerations for such testing for frequencies e8)@@0 and 0,000 Hz. In some cases
all three axes may be obtained with one impact to mechanical test device.

d. Procedure IV Farfield Using a Mechanical Test Devic®yroshock can be applied using conventional high
acceleration amplitude/frequency test inplgvices. Paragraph 6.1, reference b provides a source of
alternative test input devices, their advantages, and limitations. In thiedpire, it is assumed that all parts
of the materiel lie in the fdfield of the pyrotechnic device. Consult paragrégdh reference b, for guidelines
and considerations for such testing for frequencies less than 3,000 Hz.

e. Procedure V Farfield Using an Electrodynamic Shake®n occasion, pyroshock response can be replicated
using conventional electrodynansbakers. In this procedure, it is assumed that all parts of the mageriel |
in the farfield of the pyrotechnic device, and the materiel is subject to the strymatferm resonant
response alone for frequencies less than 3,000 Hz.

2.3 Determine TesL evels and Conditions.

Having selected one of the fiygyroshock procedures (based on the materiel's requirements documenks and t
tailoring process), complete the tailoring process by identifying ompiate parameter levels, applicable test
conditions,and applicable test techniques for that procedure. Exercise extreme carederetiosi of the details in

the tailoring process. Base these selections on the requirements doctimeehife Cycle Environmental Profile
(LCEP), and information provided with this procedure. Consider the foitphasic information when selecting test
levels.

2.3.1 General Considerations Terminology.

Pyroshock is the most difficult of mechanical environments tosareaand, consequently, has more stringent
requirementshan other mechanical environmentis.general, response acceleration will be the experimental variable
of measurement for pyroshackdowever, this does not preclude other variables of measurement suslbaty,
displacement, or strain from being measured and processed in an anal@ymes, as long as the interpretation,
capabilities, and limitations of the measurement varialderaecasurement system are wafined. Pay particular
attention to the highrequency environment generated by the pyrotechnic device, and the iti@gabfl the
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measurement system to faithfully record the materiel’'s responsesgyréan 6.1, references a and b detail the tradeoffs
among pyoshock measurement techniquéssure the guidelines in paragraph 6.1, references b and d, are
implemented.For the purpose of this Method, tieems that follow will be helpful in the discussion relative to analysi
of response measurements from pyroshock testing. Totdseithe definition of the terms, each of the terms is
illustrated for a typical pyroshock measurement. Fidit@.31 provides an acceleration time history plot of a
measured nedfield pyroshock measured with a laser Doppler vibrometer, withirtsgumentation noise floor
displayed before the pyroshock, the pyroshock, and the subsequepyms$tock noise floor. It is important to
provide measurement data including both thegym®shock nise measurement and the ppgtoshock combined
noise, and low level residual structure response. The arrows at three disecestate used to identify a pre
pyroshock, pyroshock, and a pgstroshock response. The grgroshock time interval contaitise instrumentation
system noise floor, and serves as a measurement signal reference levpyroshock time interval includes all the
significant response energy of the event. The-pggishock time interval, the third arrow, is of a slightly longer
duration to the pr@yroshock time interval and contains the measurement system noisdtionaidsome of the
pyroshock residual noise considered inconsequential to the respamgg & the pyroshock. In cases in which the
pre-pyroshock and the peptyroshock amplitude levels are substantial compared to the pyroshe@yftdshock has
been mitigated and/or the measurement system noise is high), theddgotifof the pyroshock may be difficult, and
engineering judgment must be used relative terdahing the start and the termination of the pyroshock event. In
any case, analysis of ppgyroshock and pogtyroshock measurement information in conjunction with the pyroshock
measurement information is essential. Validate all data collected fromshpgk. Paragraph 6.1, references b and
d, provide guidelines for this. The simplest and most sensitive critésiovalidation is an integration of the signal
time history after removing any small residual offset (mean), a stapdactice for pyroshock data analysis. If the
resulting integrated signal has zero crossings and does not appear tonicatly increase, the pyroshock has passed
this validation test (net velocity is equal to zero). Fidgat@.32 provides the velocity plot for the loryration
pyroshock on Figur817.31. Further information on interpretation of the integral of the acdmlaréme history or

the velocity time history is shown in Annex A of this Method.

10
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- . > -
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&}

Time {ms)

Figure 5173-1. Full duration near-field, laser pyroshock time history (mean removed, filtered at 200 KHz).
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Figure 5173-2. Full duration near-field, laser pyroshock velocity time history.

Effective TransientDuration The "effective transient duration,'s, Tis defined in this Method to be
the minimum length of time that contains all significant amplitude tinmteryisnagnitudes beginning

at the noise floor of the instrumentation system just prior to the initial ngmsficant measurement,
and proceedingtthe point that the amplitude time history is a combination of measutemise and
substantially decayed structural response. In general, an experiencediamatysited to determine

the pertinent measurement information to define the pyroshock eVer longer the duration of the
pyroshock, the more low frequency information is preserved that maygmetant in fa#field test
considerations for the pyroshock. For néeld test considerations, in general, the effective transient
duration will ke much shorter because of the nature of the event. The amplitude criterioesréupti

the amplitude of the pogtyroshock amplitude time history envelope be no more than 12 dB above
the noise floor of the measurement system depicted in thgyppsho& amplitude time historyFrom
Figure517.31, there is a time interval for the duration of the pyroshock based onltuitywéime
history in Figureé517.32 that clearly shows that the pyroshock event is over after 4 millisecdings
"effective trangént duration," T, occurs from 4 milliseconds to 8 milliseconds when the velocity time
history in Figure517.32 effectively returns to zero. Consequently, there are 4 milliseconds-of pr
pyroshock information, 4 milliseconds of pyroshock, information, and Ssettbnds of post
pyroshock information. Figurgl7.33 has the acceleration time history for the same event shown in
Figure 517.31 (sideby-side measurements), and shows lower amplitudes than the laser Doppler
vibrometer data in Figur817.31. This will always occur because the accelerometer has a larger
measurement area than the laser Doppler vibrometer that is essentialty m@asurement. Thus,
the accelerometer acts as a spatial integrator. The initial noise floor levetisoh¢aine after the

long duration pyroshock. Figutgl7.34 contains the integral of FiguBd7.33, and has the same
time intervals as the laser Doppler vibrometer measurement. Thetnggaf the SRS at selected
natural frequencies (particularly high frequies¢ can be quite insensitive to the effective transient
duration. As Figur&17.35 demonstrates, the low frequency pyroshock SRS slope is + 9 d/octav
to + 12 dB/octave slope (or +1.5 to +2.0 on allog plot). The “knee” frequency is the dominant
frequency in a pyroshock SRS, at which the slope for the SR&eb from an approximate + 9
dB/octave to + 12 dB/octave slope to an approximately horizontal sloppeélts at the major local
structural frequencies. All pyroshock SRS have a knee frequewew if not properly measured or
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quantified. Paragraph 6.1, reference b, details the different SRS chatiastefiseasfield pyroshock
(no “knee” frequency below 10,000 Hz) and riiield and farfield pyroshock containing a “knee”
frequency in theirespective frequency ranges

Acceleration (g)

Velocity (fps)

Time (ms)

Figure 517.34. Full duration near-field, accelerometer pyroshock velocity time history.
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Figure 517.35. Acceleration maximax SRS for the pyroshock, prgyroshock and post pyroshock (laser).

()

Shock Response Spectrum analysi®aragraph 6.1, referercee and f defines the absolute

acceleration maximax Shock Response Spectrum (SRS), and providetesxaif3RS computed for
classical pulses. The SRS value at a givedamped oscillator natural frequency,i$ defined to be
the absolute value of the maximum of the positive aigétive acceleration responses of a mass for a
given base input to a damped single degree of freedom system. Thephase the measured shock
over a specified duration (the specified duration should be the effectiveetradaration, ). For
procesing of pyroshock response data, the absolute acceleration maximax SR&chme bhe
primary analysis descriptor. In this measurement descriptidregfytroshock, the maximax absolute
acceleration values are plotted on the ordinate with théanmped ntral frequency of the single
degree of freedom system, with base input plotted along the abscissare Aamplete description

of the pyroshock (and potentially more useful for pyroshock damagpar@on in the fafield) can

be obtained by determinirije maximax pseudeelocity response spectrum and plotting this on-four
coordinate paper where, in pairs of orthogonal axes, (1) the maximasopsdocity response
spectrum is represented by the ordinate with thdamped natural frequency being thecdsa, and

(2) the maximax absolute acceleration along with the maximax pshsplacement plotted in a pair
of orthogonal axes (paragraph 6.1, reference e€). The maximax psdadity at a particular
oscillator undamped natural frequency is thoughb® more representative of the damage potential
for a shock since it correlates with stress and strain in the elements gileadsgree of freedom
system (paragraph 6.1, references f, g, and h). The maximax pssadity response spectrum can
be compted either by (1) dividing the maximax absolute acceleration responseuspdstithe un
damped natural frequency of the single degree of freedom system, raul{f)lying the maximax
relative displacement by the «@lamped natural frequency of the singkegree of freedom system.
Both means of computation provide essentially the same spectra exceptypivsghe lower
frequency region, in which case the second method of computaticrébasic to the definition of
the maximax pseudeelocity response spectrum. Figus&7.35 provides the maximax absolute
acceleration SRS for the pyroshock record on Fi§de31. Figure517.36 provides the maximax
pseudevelocity for this record on foutoordinate paper. Information below 100 Hz for the maximax
acceleration SRS may reveal data anomalies not detected otherwise or cordineoes velocity
change (see Annex A of this Method). Fighf&.36 shows that maximum pseudelocity of almost

517.39

Source: http://assist.dla.mil -- Downloaded: 2019-03-04T16:12Z
Check the source to verify that this is the current version before use.



MIL-STD-810H
METHOD 517.3

500 ips occurs above 10,000 Hz. The high velocity change latfldguency is indicative of the
damage potential for electronic components. In general, conipu®RS over the pyroshock event
duration and over the same duration for theppn@shock and the peglyroshock events with twelfth
octave spacing, and a Q = 10 (Q=10 corresponds to a single degree of freedonvitistepercent
critical damping). If the testing is to be used for laboratory simulatise a second Q value of 50
(Q=50 corresponds to a singliegree of freedom system with 1 percent critgt@mping) in the
processing.lt is recommendd thathe maximax absolute acceleration SRS be the primary method of
display for the pyroshock and the maximax pseuelocity SRS be the secondary method of display.
The maximax pseudeelocity SRS is usefuh cases in which it is desirable to correlate damage of
simple systems with the pyroshock.

Pseudo Velocity, ips
=
1
}vl
1
+

A

e I e
. 9.4 P % 7

- RS

Frequency, Hz

Figure 517.36. Maximax pseudevelocity response spectrum for the pyroshock (laser).

(3) Other Methods: Over the past few years, at least two t@bleniques potentially useful in processing
pyroshock data have been suggested. Paragraph 6.1, reference i, described theauderain or
temporal moments for comparing the characteristics of the Ipgtkisover different frequency bands.
The usefutess of this technique resides in the fact that if the pyroshock can bentpddsy a simple
non-stationary product model, the time domain moments must be cbrmtan selected filter
bandwidths. Thus, the pyroshock can be characterized by a motiepaténtial usefulness for
stochastic simulation. Paragraph 6.1, reference j, explores this repfonimechanical shock.
Paragraph 6.1, reference k, describes the use of wavelets for vibratioas been suggested that
wavelet processing may be f@idefor pyroshock description, particularly if a pyroshock contains
information at intervals of time over the duration of the shock at diffenmet scales, i.e., different

frequencies.

In general, for pyroshock tests, a single response record is obt#ih&ches, it may be convenient or even
necessary to combine equivalent processed responses in some appropsiétalstainner. Paragraph 6.1,
referencesa and I, and Metho®16.8 Annex B of thisStandard discuss some options in statistically
summarizing processed results from a series of tests. In generalsptbasults, either from the SRS, ESD,
or FS are logarithmically transformed in order to provide estimates thai@e normally distributed. This
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is important since often very little data are available from a test seriethyeprobability distribution of the
untransformed estimates cannot be assumed to be normally distributednetal,gthe combination of
processé results will fall under the category of small sample statistics and nedegconsidered with care.
Parametric or less powerful nonparametric methods of statistical analggiusually be effectively applied.

2.3.2 Single Pyroshock Event Measuremeystem Characterization and Basic Processing.

The following paragraphs discuss basic measurement systemitimguisaracteristics, followed by a discussion of
the correct identification of the parts of a measured pyroshock (inyar the duration of a pyroshock). Information
in Method516.8 Annex A and Annex A of this Method is essential for the processinga$uned data for a laboratory
test specification.

In this paragraph with its subdivisions, proper identification of glsipyroshock will be illustrated. Once the
pyroshock has been correctly identified, processing is generally ecatinper thedefils in paragraph 2.3.1.
Pyroshock event identification is important for deciding upon the erasfrtesting in the laboratory. Within the time
domain characterization, anticipating further digital processing,asssimed the measured data are properly signal
conditioned, and subsequently digitized with a minimum of aliasednnafiion into the bandwidth of interest (less
than five percent) and, in general, the measurement time histerppdem validated. Details for validation are
contained Paragraph 6.1, references b and d.

The following information corresponding to the time domain characteyizatiust be present for assessment by an
analyst in establishing pyroshock requirements:

a.

Signal bandwidth, i.e., DC tfmax wherefnax is the maximum frequency of interest consistent with the
analog, anthlias filter design built into thanalogsignal conditioning , i.efmax< faa wherefaais the 3dB
half-power point cubff frequency ofthe lowpass analog ardlias filter. Generally, for SRS analysis in
order to get accurate estimate$nak it is required thatheanalog anti-alias rolloffbe taken into account so
that it does nointerfere with the SRS filter estimatesasx Likewise, digital filters must be in place before
digital decimation.

Digital signal sample rate, shall be such that the aiatias filter provides a minimum attenuatias shown

in Figure517.37. The digitizing rate shall be at ledstMHz or hicheras per Paragraph 6.1, reference p
Paragraph 6.1, references b and d, recommend a minimum 60 dB/octal@arfifier, with the hatpower
point cutoff frequency set af. < 0.6* fayquiss The requirements of this section are an equivalent way t
achieve the same aliasing protection with more flexibility in other datarders. For higher rates of roll
off, fc can be increased, but must never exceedf@giisc For 10*fmax< R, resampling will be necessary
for SRS computation to preserve filtering accuracy. The final samplehedteneet or exceed ten times the

maximum frequency of interest, i.€;> 10* fnax

The data recording instrumentation shall have flat frequency respoaskést 100 kHz foall channed at

each measurement location. Attenuation of 3 dB at 100 kHz is acceptableigifihingl rate must be at
leastl MHz or higherso thatmeasurements of peak amplitude to qualify the shock Eneslaccurate.
Additional, lower frequency measurement ichels, at the same location may be used for lower frequency
response measurements.

It is imperative that a responsibly designed system to reject aliasinpleyed. Analog antalias filters
must be in place before the digitizer. The selectedadias filtering must have an attenuation of 50 dB or
greater, and a pass band flatness witt#rl.0 dB and phase linearity to within +5° across the frequency
bandwidth of interest for the measurement (see Figlive37). Subsequent resampling e.g., farposes
of decimation, must be in accordance with standard practices and congigtethhe analog antlias
configuration (e.g. digital filters must be in place before subsegeeirhdtions).
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Figure 517.37. Filter attenuation (conceptual, notfilter specific).

The end to end alias rejection of fireal digitized output must be shown to meet the requirements in FLIFe3

7. The antialias characteristics must provideaitenuatiorof 50 dB or greater for frequenciéisat will fold back
into the passbandSpectral data including SRS plots may only be presented for frequerittigstihe passband
(between 0 andqy). However, this restriction is not to constrain digital data validation procgthaerequire
assessent of digitally acquired data to the Nyquist frequency (either for tkialiliDC or subsequent resampled
sequences)lt should be noted that it is possible that certain sensor/signal conditioningsysty display
substantial “oubf-band” frequency content, i.e., greater thang put less than the Nyquist frequency, in digital
processing.For example, a Fourier spectra estimate over the duration of the shocksplay theneral signal” to
“noise” that seemingly contradicts the filter attenuation criterion displaty Figure517.37. In this case the signal
conditioninddigitizing system must be subject to the “verification of alias rejection” describ&e iparagraph to
follow. If the signal conditioning system is verified as faiasing hen the substantial frequency content between
Br ¢ @and the Nyquist frequency can be digitally filtered out if desired.

Verification of alias rejection should start by establishing the dymeange within the pass band in terms of the signal
to noise ratio (SNR). TheoltagebasedSNR 20log,, (yu”SCale/ V  Jmust be t60dB. Once sufficient SNR is

verified, establishing the alias rejection characteristics may be deg¢ernmimg an input sine wave with a magnitude
of 0.5 * full scale range and at the lowest frequency range that can impinge i.e., be iatiadgds,.sand then
confirming (using the IEEE 1057 sine wave test procedure or through ilespetthe time domain data) that the
alias rejection is sufficient at thissguency for the signal conditioning system.

For a conventional mulbit ADC such as flash or successive approximation designl imdlion sample/second
digitizing rate is used, for example, thé&; 5 ;%900 KHz. Theory says that if a signabove the Nyquist Ratio is
present, it will “fold over” into a frequency below the Nyquist ratio. €heation is:

Fa = absolute value [(Fs*B)], where

Fa = frequency of “alias”

F = frequency of input signal

Fs = sample rate

n = integer number afample rate (Fs) closest to input signal frequency (F)

Hence, the lowest frequency range that can fold back into thh&H® passband is from @KHz to 11 MHz.
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It should be noted that Sigma Delta (SD) digitizers “oversample’naligrat a rate sevdréimes faster than the
output data rate and that analog -atits filtering is still required. For illustrative purposes, consider an edfor

a SD digitizer with a bandwidth of interest up @1KHz that samples internally &~ 8 million sampla/second.
The internal analog based Nyquist frequency by definitiorM$#, hence the analog asatiias filter should attenuate
50 dB or more content that can fold back into the KBz pass band (9 MHz to 81 MHz and similar bands that are
higher in fequency). Figure 513.8illustrates sampling frequencies, Nyquist frequencies, atliéncy bands that
can fold back into the bandwidth of interest for both conventional andsawvepling digitizers, such as the Sigma
Delta. Observe that for the example SD design, there is significant bamdbinlte the 1MKHz desiredBg 5 and

the Nyquist rate that is not useable due primarily to quantization error, attaofithe single bit SD design. The
output of a SD ADC will be digitally filtered andsampled yielding a new effective sampling r&g:which in turn
yields a new Nyquist rate for the decimated signaBgof®2. Through careful selection the digital filter cutoff
frequency, the majority of noise betwe8p2 and Bis removedvhile maintaining a nearly flat frequency response
through Bg 5. The SD oversampling raté5 4& BrB, zwhich is directly correlated to dynamic range, is one of
several design parameters for a SD ADC. Most reputable vendorsawitlip a detailed specification sheet associated
with their products, however, it is strongly recommended that @mdies aliasing rejection and noise floor
characteristics as recommended above prior to employing any signal@oinditigitizing system in the acquisin

of critical field data.

Conventional ADC (Flash, Successive Approximation, etc.)

100KHz

Frequencies that fold over into the
bandwidth of interest = 900 KHz to 1.1 MHz

1 Msps
i

Bandwidth of Frequencies Above
Interest Bandwidth of Interest

Oversampling ADC (Sigma Delta, etc.)

100KHz
Frequencies that fold over into the

bandwidth of interest = 7.9 to 8.1 MHz

X

Frequencies Above /

Bandwidth of Interest

Bandwidth of
Interest

Figure 517.38. lllustration of sampling rates and out of band “fold over” frequencies for Corventional and
Oversampling (SigmaDelta) based data acquisition systems.

d. A noise gage is required for pyroshock measurements because itingbistslentification of anomalies in
the data. The noise gage, or inert accelerometer may be purchased from mostaetenanufacturers.
Additionally, the noise gage may also be the same transducer as for otharemeaswchannels and simply
susgended near, but not on, the materiel.
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2.3.3 Test Conditions- Shock Spectrum Transient Duration and Scaling.

Derive the SRS and the effective transient duratienfrom measurements of the materiel's environment or, if
available, from dynamically scaled measurements of a similar environrBestwuse of the inherent high degree of
measurement randomness and limited response prediction methodologgtadswith the response to a pyroshock,
extreme care must be exercised in dynamically scaling a siewdgt. For pyroshocks, there are two known scaling
laws for use with response from pyroshocks that may be helpfséd with care (paragraph 6.1, reference a).

2.3.3.1 Pyroshock Source Energy Scaling (SES).

The first scaling law is the Source Ene&paling (SES) where the SRS is scaled at all frequencies by the ratio of the
total energy release of two different devices. FRdrd&ference energy) and Eiew energy), the total energy in two
pyrotechnic shock devices, the relationship between the SRS processed levealeatratyral frequency, fand
distance Ris given by the following expression:

SRan |En,D1 SRan IEr,Dl . % 5
r 1

In using this relationship, it is assumed that either an increase or @eicréas total energy of the pyrotechnic shock
deviceswill be coupled into the structure in exactly the same way, i.e., excessivg émmenga device will go into

the structure, as opposed to being dissipated in some other wayhmuggh the air. Fand E may come from
physical considerations relatemthe pyrotechnic device or be computed from ESD estimates (or in the timendomai
by way of a Parsevdbrm relationship) where it is assumed that the time history measuats quantify the energy
difference. Paragraph 6.1, reference a, discusses cmsdithder which this scaling law may lead to guediction

for E, > E or underprediction when E< E.

2.3.3.2 Pyroshock Response Location Distance Scaling (RLDS).

The second scaling law is the Response Location Distance Scaling (RbB&) te SRS is scaled at all frequencies
by an empirically derived function of the distance between two source®; Bad D, the distances (in meters) from
a pyrotechnic shock device (point source), the relationship between th@r8&Ssed levels at a given matu
frequency, f, is given by the following expression:

N
SRSD, SRSD; exp P8u0 *f, 24 0105 {f] p

In using this relationship, it is assumed thaaBd D> can be easily defined as in the case of a pyrotechnic point source
device. Figure&17.39 from paragraph 6.1, reference a, displays the ratio of §Rg(fo SRS(f|D1) as a function

of the natural frequency, ffor selected values of;ED;. It is clear from this plot that, as the single degree of freedom
natural frequency increases, there is a marked decrease in the ratio for afided D and as BD; increases the
attenuation becomes substantial. This scaling relationship wherougegddiction between two configurations relies
very heavily upon (1) similarity of configuration, af®) the same type of pyrotechnic device. Consult paragraph 6.1,
reference a, before applying this scaling relationship.
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Figure 517.39. Empirical scaling relationship for shock response spectrum as a fution
of the distance from the pyrotechnic soure.

2.3.3.3 Measured Data Available From Pyroshock.

a.

If measured acceleration data are available, the acceleration data shall be validatedupgor The best
indicator of the acceleration data quality is its integral or velocity timergiatinparagraph 6.1, references

b and d, that shall reflect the physical test configuration that is, inajenero before and after a pyroshock
test. Anomalies in the velocity time history shall be investigatedaparagraph 6.1, references b and d,
andtheir source documented. If the requirements of Paragraph 2.3.2 of thisesbcware not used to
prevent aliasing contamination of the data, then exceptions to theseacshall be documented and
sufficiently justified to prove that digital aliasingthe data has not occurred. Additionally, if all components
in the data acquisition system do not have linear pblagecharacteristics in the data passband, and do not
have a passband uniform to within one dB across the frequency band ot,ieteegstions to these criteria
shall be documented and sufficiently justified to prove that data cardtion have not occurred.

If measured data are available, the data may be processed using the SRS, FS, eorE®Qineering and
historical purposeshe SRS has become the standard for measured data processing. In theodiszussi
follow, it will be assumed that the SRS is the processing tool. rierge the maximax SRS spectrum
(absolute acceleration or absolute pseuelocity) is the main quaity of interest. With this background,
determine the shock response spectrum required for the test fromisapélyse measured environmental
acceleration time history. After carefully qualifying the data, to makaiogthere are no anomalies in the
amplitude time history, according to the recommendations provided igregia 6.1, references b and d,
compute the SRS. The analysis will be performed for Q = 10 at a sequerateraf frequencies at intervals

of at least 1/6 octave, and no finer thab2th octave spacing to span at least 100 to 20,000 Hz, but not to
exceed 100,000 Hz. The frequency range over which the SRS is computedat{iral, frequencies of the
SDOF system filters) as a minimum, includes the data signaltaomidg bandwidthbut should also extend
below and above this bandwidth. In general, the “SRS Nafsegjuency Bandwidth” extends from an
octave below the lowest frequency of interest, up to a frequanwhich the “flat” portion of the SRS
spectrum has been reachedaftimay require going an octave or more above the upper signal conditioning
bandwidth). This latter SRS upper frequerfeys max requirement helps ensure no high frequency content
in the spectrum is neglected, and is independent of the data bandwidthiregpencyfmax. As a minimum,

this SRS upper frequency should excéggdby at least ten percent, i.4.1fnax. The lowest frequency of
interest is determined by the frequency response characteristics of thiedhmateriel under test. Define

f; as the first mounted natural frequency of the materiel (by definftiill, be less than or equal to the first
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natural frequency of a materiel component such as a circuit board) alathdi@tory testing purposes, define
the lowest frequency of intefteasfmin < f1/2 (i.e.,fmin is at least one octave beldyy. fsrs mnCan then be
taken admin. The maximax SRS is to be computed over the long time duration and ovedienty range
fromfmin tofsrsmax™> 1.1fmax. When a sufficient number of representative shock spectra are available, employ
an appropriate statistical technique (an enveloping technique) to detereninquired test spectrum. Annex
B of Method516.8references the appropriate statistical techniques. Parametric statistics cqohdyea i
the data can be shown to satisfactorily fit an assumed underlyibghplity distribution. When a normal or
lognormal distribution can be justified, Annex B MEthod516.8 and paragraph 6.1, reference | of this
Method, references a and |, provide a method for estimating such a test levelevélssbased upon a
maximum predicted environment defined to be equal to or greater than theeBdshtipe value aeast 50
percent of the time uses a esided tolerance interval approach.

c. When insufficient data are available for statistical analysis, use an increaseeaveximum of the available
spectral data to establish the required test spectrum to adoptemidomness and inherent variability of the
environment. The degree of increase is based upon engineering judgtes supported by rationale for
that judgment. In these cases, it is often convenient to envelope tHeySB®puting the maximax sptra
over the sample spectra, and proceed to add a +6dB margin to the SRS maximapeemwe the entire
frequency range of interest.

d. When employing the pyroshock method, determine the effective tnadsieation, T, from the measurement
time hisories of the environmental data as suggested in paragraph 2.3.1. For a@upscthe pyroshock
amplitude time history used for the SRS analysis will bim Quration. In addition, measurement data for a
duration, E, shall be collected just prior the pyroshock, and durationg,Tjust after the pyroshock for
subsequent analysis. In general, each individual axis of the three orthageswill have approximately
the same shock test SRS and average effective duration as a result of ithikrecional properties of a
pyroshock in Procedure | and Procedure Il. For Procedures lll, IV, atite Worm of shock test SRS may
vary with axes. Use an SRS shaker shock replication method when usteglie V; do not use classical
shock pulse forms, e.g., haine, terminapeak saw tooth, etc., in thesting.

2.3.34 Measured Data Not Available From Pyroshock.

If a database is not available for a particular configuration, use configusimilarity and any associated measured
data for prescribing pyroshock. Because of the sensitivity of the pyroshock to the systdiguration and the wide
randomness and variability inherent in pyrotechnic measuremeetgedter must proceed with caution. As a basic
guide for pyroshock testing, Figusé 7.310from paragraph 6.1, reference m, provides SRS estimates for four typical
aerospace application pyrotechnic point source devices. FBdur811 from paragraph 6.1, reference a, provides
information on the attenuation of the peaks in the SRS, and o&ite in the SRS of the point sources on Figure
517.310 with distance from the source. Information on Figus#g.310 and517.311 come from paragraph 6.1,
reference n. This reference also recommends the attenuation of the peak SR8iatsdmstpken to be 40 percent
per joint for up to three joints, and that there be no attenuation of thpep@mion (portion linearly increasy with
frequency on the log log plot) of the SRS. Fight&.312 provides the degree of attenuation of the peak amplitude
time history response as a function of the shock path distance fr@raource for seven aerospace structural
configurations. Thignformation was summarized from paragraph 6.1, reference o. EitheE$hsc&ling law or the
RLDS scaling law may provide guidance. In most cases, either Procédurédocedure Il are the optimum
procedures for testing, with the smallest risk tiieri substantial undertest or gross overtest, when Procedure | is not
an option. Proceed with caution with Procedure Il, Procedurerl Procedure IV, cognizant of the information
contained in paragraph 6.1, reference b. Generally, a test transieenigdsuitable ifit's SRS equals or exceeds
the given SRS requirement over the minimum frequency range of 1006924z, and the effective transient duration
(T) of the test transient is within 20 percent of that of the normal pgctistesponse transient duratiors)(T (See
paragraph 4.2.2 for test tolerances.)
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Figure 517.310. Shockresponse spectra for various point source pyrotechnic devices.

100 1
=4
£ 80
E Spectrum Ramp
@
g
= 60—
> Spectrum Peak
8
5
A
s 40—
()
(2]
8
c
[9}
[&]
o 20
[

0 | | | | |
0 0.5 1.0 1.5 2.0 2.
Shock Path Distance from Shock Source (m)

Figure 517.311. Shock responsspectrum versus distance from pyrotechnic source.
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Figure 517.312. Peak pyroshock response versus distance from pyrotechnic source.
2.3.4 Test Axes, Duration, and Number of Shock Events.
2.3.4.1 General.

A suitabletest shock for each axis is one that yields an SRS that equals or exmeegsuired test SRS over the
specified frequency range when using a specified duration for the test telhechistory, and when the effective
transient duration of the shockdTis within twenty percent of the specified Walue. For Procedure I, Te is not
specified, but is measured. Properly validate the test data and determireximaxmacceleration SRS for Q = 10,
and at least at 1/1@ctave frequency intervals. The besdicator of the acceleration data quality is its integral or
velocity time history as in paragraph 6.1, references b and d, that shalltrefletiysical test configuration that is, in
general, zero before and after a pyroshock test. Anomalies inldeitywdéime history shall be investigated as per
paragraph 6.1, references b and d, and their s@idecumented. If the requirements of Paragraph 2.3.2 of this
document, i.e. an andiliasing filter with attenuatioas shown irFigure517.37.were notused to prevent aliasing
contamination of the data, then exceptions to these criteria shall be doedmed sufficiently justified to prove that
digital aliasing of the data has not occurred. Additionally, all compomenie& data acquisition systerhadl have
linear phasseshift characteristics in the data passband, and shall have a passband uniahim tone dB across the
frequency band of interest. The following guidelines may also bieedppgor materiel that is likely to be exposed
once to agiven pyroshock event, perform one shock for each appropriate environe@mmélon. For materiel that

is likely to be exposed more frequently to pyroshock events and tieditl@available data to substantiate the number
of pyroshocks, apply three more at each environmental condition based on the anticipated seevickppdication

of three or more shocks in one configuration is for enhancementisfistéd confidence.

There is a general convention in the evaluation of the pyroshock spteific that a specification with a velocity
change of 50 ips or less is mild enough that testing is not required. EiQweecific programs may require testing
for specifications of 50 ips or less if there are components that mayditivecto even theslow velocity changes.

2.3.4.2 Procedure I Near-field with an Actual Configuration.

For Procedure I, subject the test item to a sufficient number of suitalglestloameet the specified test conditions or
at least three shocks. The objective of st ts to test the physical and functional integrity of the materiel under
pyroshock in the nedield of the pyrotechnic device.

2.3.4.3 Procedure II- Near-field with a Simulated Configuration.

For Procedure I, subject the test item to a sufficient number of suitaid&ssto meet the specified test conditions
or at least three shocks. The measured response test requirements maydtbaatigf more than one axis with a
single test shock configuration. Consequently, it is conceivable tmiwienum of one test shock will satisfy the
requirements for all directions of all three orthogonal axes. At ther ettireme, a total of three shocks are required
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if each shock only satisfies the test requirements in one directiomeofixis. The objective the test is to test the
structural and functional integrity of the materiel under pyroshmthe neaffield of the pyrotechnic device.

2.3.4.4 Procedure Ill- Mid -field with a Mechanical Test Device.

For Procedure lll, subject the test item to a sufficient number of Bughbcks to meet the specified test conditions,
or at least three shocks. The measured response test requirements maydzkadatigf more than one axis with a
single test shock configuration. Consequently, it is conceivabietinimum of three test shock repetitions will
satisfy the requirements for all directions of all three orthogonal axethe Ather extreme, a total of nine shocks are
required if each shock only satisfies the test requirements in oneatire€tbneaxis. The objective of the test is to
test the structural and functional integrity of the system under lpyc&sn the miefield of the pyrotechnic device.

2.3.4.5 Procedure IV- Far-field with a Mechanical Test Device.

For Procedure 1V, subject thestatem to a sufficient number of suitable shocks to meet the specifiednestians

or at least three shocks. The measured response test requirements maydzbaatigi more than one axis with a
single test shock configuration. Consequentlys itonceivable that a minimum of three test shock repetitions will
satisfy the requirements for all directions of all three orthogonal axethe Ather extreme, a total of nine shocks are
required if each shock only satisfies the test requirements idi@ation of one axis. The objective of the test is to
test the structural and functional integrity of the system undeshgck in the fafield of the pyrotechnic device.

2.3.4.6 Procedure \* Far-field with an Electrodynamic Shaker.

For Procedure Vsubject the test item to a sufficient number of suitable shocks to megettiiesl test conditions,

or at least three shocks. The measured response will generally not béirectional. For Procedure 1V, it may be
possible, but highly unlikely, tsimultaneously meet the test requirements along more than oneitaxéssingle test
shock configuration. Consequently, it is conceivable that a minimunmesf thst shockepetitions could satisfy the
requirements for all directions of all three ortbogl axes. At the other extreme, a total of nine shocks are required
if each shock only satisfies the test requirements in one directioreas The objective of the test is to test the
structural and functional integrity of the system under pyroshock irattielid of the pyrotechnic device.

2.4 Testltem Configuration.

See Part One, paragraph 5.8. Configure the test item for pyroshedulasbe anticipated for the materiel during
service giving particular attention to the details of the miagndf the materiel to the platform. For Procedure II,
provide special justification for the selection of the test item configurat Pyroshock response variation is
particularly sensitive to the details of the materiel/platform configuratio

3. INFORMATION REQUIRED.
3.1 Pretest.
The following information is required to adequately conduct a pyrostestk

a. General Information listed in Part One, paragraphs 5.7 and 5.9, and Part @mex A, Task 405 of this
Standard.

b. Specific to this Method

(1) Test system (test item/platform configuration) detailed configuratidadimg:

(a) Location of the pyrotechnic device.
(b) Location of the materiel.

(c) The structural path between the pyrotechnic device and the materiel, and any gauanad
configuration of the pyrotechnic device to the platform, and the platimthetmateriel including the
identification of structural joints.

(d) Distance of the closest part of the materiel to the pyrotechnic shock device.
(2) Pyroshock environment, including:
(a) Type of pyrotechnic device.

(b) If chargerelated- size of pyrotechnic device charge.
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(c) If charge effect stored strain energy in primary device.
(d) Means of initiation of the pyrotechnic device.
(e) Anticipated EM or thermal effects.

(3) Effective duration of pyroshock if Procedure Ill, IV, or V is used,her dize and distribution of the
pyrotechnic charge if Procedure | or Il is used.

(4) General materiel configuration including measurement points on otheearateriel.

c. Tailoring. Necessary variations in the basic test procedures to accomn@afe requirements and/or
facility limitations.

3.2 During Test.
Collect the following information while conducting the test:

a. General Information listed irPart One, paragraph 5.10, and in Part One, Annex A, Tasks 405 and 406 of
this Standard.

b. Specific to this Method

(1) A means of assessing any damage to fixture/materiel configurations beftireicg the tests. This
includes test setup photos, test logs, and plots of actual shock ttangienshocksolated assemblies
within the test item, make measurements and/or inspections to ¢émsseeassemblies did attenuate
the pyroshock.

(2) Arecord of previous shock time history information émalysis
(3) An SRS analysis capability to determine if specified pyroshock levels awg fepiicated.
3.3 PostTest.
The following post test data shall be included in the test report:
a. General Information listed in Part One, paragraph 5.13; and in Annex A, Task 4066 &tandard.
b. Specific to this Method

(1) Duration of each exposure as recorded by the instrumented test fixtast itern, and the number of
specific exposures.

(2) Any data measurement anomalies, e.g., high instrunemtatise levels, loss of sensors or sensor
mount as a result of testing, etc.

(3) Status of the test item/fixture after each test.
(4) Status of measurement system after each test.

(5) Any deviations from the original test plan.

4. TEST PROCESS.
4.1 Test Facility

Pyroshock can be applied using actual pyrotechnic devices in the desigucatidn or in a simulated configuration,
conventional high acceleration amplitude/frequency test input devicesaer certain restricted circumstances, an
electrodynamic shake The pyroshock apparatus may incorporate a compressed gkstshe, metabr-metal
contact, ordnanegenerated pyroshock simulator, actual pyrotechnic device on a scale, mctdel pyrotechnic
device on a full scale model, or other activating tyges. Procedure | or Procedure I, references related to ordnance
devices must be consulted. For Procedures Il and 1V, paragraph 6.1,ceferenovides a source of alternative test
input devices, their advantages and limitations. In Procedureidlagsumed that all parts of the materiel lie in the
mid-field of the pyrotechnic device. Consult paragraph 6.1, reference b, forigegdahd consideration for such
testing. For Procedures IV and V, it is assumed that all parts of the inligeinethe farfield of the pyrotechnic
device and the measured or predicted data are consistent with the 3000 Hzfrelgfi@ition of the faiffield as well
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as the limitations of the electrodynamic shaker in addition to the aatiefeamplitude limitationskor large materiel,

the velocity input of the shaker may exceed the velocity of the mateder the actual pyroshock environment. For
velocity sensitive materiel, this may constitute an overtest. Inngireg paragraphs, the portion of the tesilifst
responsible for delivering the pyroshock to the materiel will beddrihe “shock apparatus.” Such shock apparatus
includes the pyrotechnic shock device and the fixturing configuration ireéuoes | and Il, the mechanical exciter
and the fixtunhg configuration in Procedure Ill, and the mechanical exciter and elgotnmic shaker and the
fixturing configuration in Procedures IV and V.

4.2 Controls.
4.2.1 Calibration.

Ensure the shock apparatus is calibrated for conformance with the spesstie@guirement from the selected
procedure. For Procedure I, there is nogiteck calibration other than ensuring the configuration is in accordance
with the test plan. For Procedure Il, before the test item is attached &stimating plate, it isatessary to attach a
calibration load, and obtain measured data under test conditions to be comjtarétewlesired test response.
Exercise caution so that the gest shocks do not degrade the resonating plate configuration. Catfibsatiwcial

for Procedures Il and IV. Before the test item is attached to the shock agparatnecessary to attach a calibration
load and obtain measured data under test conditions to be compared witlirtitetdssresponse. For Procedure V,
using the SRS ntkod with proper constraints on the effective duration of thesigah calibration is necessary.
Before the test item is attached to the shock apparatus, attach a calibrationdagattaammeasured data under test
conditions to be compared with thesited test response. Additional tolerances and calibration procedures are
provided in Part One, paragraphs 5.2 and 5.3.2, respectively.

4.2.2 Tolerances.

The following are guidelines for test tolerances for pyroshock fditbd’rocedures. All tolerances are specified on
the maximax acceleration SRS. Any tolerances specified on the pselodidy SRS must be derived from the
tolerances on the maximax acceleration SRS, and be consistent with tbasects. For an array of measurements
defined interms of a "zone" (paragraph 6.1, reference e), a tolerance may be specdimasioftan average of the
measurements within a "zone." However, this is, in effect, a reladtitie single measurement tolerance, and that
individual measurements may sebstantially out of tolerance while the average is within toleramogeneral, when
specifying test tolerances based on averaging for more thaméasurements within a zone, the tolerance band
should not exceed the 95/50 esided normal tolerancepper limit computed for the logarithmically transformed
SRS estimates, or be less than the mean minus 1.5dB. Any useefttlerances and averaging must have support
documentation prepared by a trained analyst. Additional tolerances and icadipratedures are provided in Part
One, paragraphs 5.2 and 5.3.2, respectively.

4.2.2.1 Procedure + Near-field with an Actual Configuration and Procedure Il - Near-field with a Simulated
Configuration.

If prior measured data are available, or a series of pyroshocks are performed, ebtonahaximax SRS shall be
computed at the center frequency of -twelfth octave bands. The individual SRS values (points) are to be&withi
-3 dB to + 6 dB for a minimum of 80 percent of the SRS values in the bandvadiiL &0 Hz to 20 kHz. For the
remaining 20 percent of the SRS values in the frequency band, the indivititialaBies are to be fron® dB to

+ 9 dB. Ensure at least 50 percent of the individual SRS values exceed the testispécification.

4.2.2.2 Procedure I+ Mid -field with a Mechanical Test Device.

If prior measured data are available, or a series of pyroshocks are performed, ebtonahaximax SRS shall be
computed at the center frequency of -twelfth octave bands. The individual SRS values (points) are to bigwit
-3 dB to + 6 dB for a minimum of 90 percent of the SRS values in the bandvadiiL60 Hz to 20 kHz. For the
remaining 10 percent of thdRS values in the frequency band, the individual SRS values are to be@rdBito

+ 9 dB. Ensure at least 50 percent of the individual SRS values exceed the iestisédcification.
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4.2.2.3 Procedure V- Far-field with a Mechanical Test Device.

If prior measured data are available, or a series of pyroshocks are performed, alittmteieximax SRS shall be
computed at the center frequency of -twelfth octave bands. The individual SRS values (points) are to bigwit
-3 dB to + 6 dB for a minimum of 90 percent of the SRS values in the bandvadiHil @0 Hz to 20 kHz. For the
remaining 10 percent of the SRS values in the frequency band, the indivititialaBies are to be fron® dB to

+ 9 dB. Ensure at least 50 percent of the individual SRS values exceed the rteshispécification.

4.2.2.4 Procedure \* Far-field with an Electrodynamic Shaker.

If prior measured data are available, or a series of pyroshocks are performed, ebtonahaximax SRS shall be
computed at the center épgency of ondwelfth octave bands. The individual SRS values (points) are to bimwit
- 1.5 dB to +3 dB for a minimum of 90 percent of the SRS values in the bandvedtti @ Hz to 3 kHz. For the
remaining 10 percent of the SRS values in the frequency band, the indivitibialaBies are to be fron8 dB to

+ 6 dB. Ensure at least 50 percent of the individual SRS values exceed the testispécification.

4.2.3 Instrumentation.

In general, acceleration will be the quantity measured to meet a specificatfoname taken to ensure acceleration
measurements can be made that provide meaningful data (paragraph 6ehcesfdr and d). For pyroshock
measurements in and close to the ffiedd, loss of measurement system integrity is not unusualod@asion, more
sophisticated devices may be employed, e.g., laser Doppler vibronhetdiese cases, give special consideration to
the measurement instrument amplitude and frequency range specificati@nder to satisfy the calibration,
measuremerdnd analysis requirements. With regard to measurement technolodgr@oesers, strain gages and
laser Doppler vibrometers are commonly used devices for measurempracessing pyroshock data, it is important
to be able to detect anomalies. Forregke, it is well documented that accelerometers may offset or zerosliifty dur
mechanical shock, pyroshock, and ballistic shock (paragraph Gelemeés, b, tandi). Additional discussion on
this topic is found in the ballistic shock metha@¥lpart of this detection is the integration of the acceleration amplitude
time history to determine if it has the charaistics of a high frequency velocity trace. In addition, instrumentation
to measure test item function may be required. In this,aabtain suitable calibration standards and adhere to them.
Transducer performance continues to improve with time, howeventones across all laboratories may not be of
the latest generation, and thereby making detailed calibrations criticaldastamding individual transducer
performance.

a. Accelerometers Ensure the following:

(1) Amplitude Linearity: It is desired to have amplitude linearity within dgcentover the entire
operating range of the device. Since accelerométeeshanicall isolated or notynay also show
zeroshift (paragraph 6.1, refereneeb, tandu), there is riskn not characterizing these deviaaser
their entire amplitude rangd o address these possible zeroshifts, high pass filtering (or otiaer da
correction technique) may be required. Such additipasttest correction techniques increase the
risk of distorting the measured pyroshock environment. Consider theviiof] intransducer selection:

(@) It is recognized thatccelerometers may have both dimear amplification and nelinear
frequency content below 10,000 Hz (paragraph 6.1, mfesa, b, tandu). In order to understand
the nonlinear amplification and frequency characteristics, it is recommendeédshbak linearity
evaluations be conducted at intervals of 20 to 30 percent of the rated amyalitgd@nclusive of the
maximum rated rangejf the accelerometer to identify the actual amplitude and freguerearity
characteristics and useable amplitude and frequency range. Additiorakhatk pulse duration for
the evaluations is calculated as:

1
> 2f

Where To is the duration (baseline) of the acceleration pulse andd the maximum specified
frequency range for the accelerometer. For Nietd pyroshock faxis 100,000 Hz. For Midield and
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Farfield pyroshock faxis 10,000 Hz. If Hopkinson bar testing is used for these evaluations then care
must be taken to makersuthat a noftlispersive pulse duration is used (paragraph 6.1, reference 5).
In absence of techniques for addressing 100,000 Hz characterizations and icgnsideations
limitations associated with nedlispersive reference requirements, a Hopkinson (Baf5 inch
diameter) may be used wii20 microsecond reference pubhgration, . The roltoff in frequency
response of this greater than nominal duration reference must be congidevatuating linearity.

The requirements for shock amplitude addration are subject to the usual shock tolerance
requirements of 15%. In addition, it is recognized that the lower limit for Hopkinson bar testing is
usually 5,000 g. Thefore, in order to span the full accelerometer range as defined above, it may be
necessary to use more than one calibration apparatus, i.e. a drop ball calivegtiras a Hopkinson

bar.

(b) For cases in which response below 2 Hz is desired, a piezoresistive accelerarasteement
is required.

(2) Frequency Response: A flegsponse withinr 5 percent across the frequency range of interest is
required. Since it is generally not practical or cost effective to condactess of varying pulse width
shock tests to characterize frequency response, a vibration calibratipitadly employed. For the
case of a high range acceleromégf0,000 g)with low output, there may be SNR issues associated
with a low level vibration calibration. In such cases a degree of enginegdigrpént will be required
in the evaluation of frequency respomngieh a revised requirement for flat frequency response to be
within r 1 dB across the frequency range of interest

(3) Accelerometer Sensitivity: The sensitivity of a shock accelerometer is expebtagtsome variance
over itslarge amplitude dynamic range.

(a) If the sensitivity is based upon the low amplitude vibration calibration, itisadthat the linearity
characteristics of the shock based “Amplitude Linearity” be understodd that an amplitude
measurement undeinty is clearly defined.

(b) Ideally, vibration calibration and shock amplitude linearity resulbsishagree within 10 percent
over the amplitude range of interest for a given test.

(4) Transverse sensitivity should be less than or equaptrent.

(5) The measurement device and its mounting will be compatible with th@esgents and guidelines
provided in paragraph 6.1, reference a.

(6) Unless itis clearly demonstrated that a piezoelectric accelerometer (mechasidatgd or not) can
meet the pyroshock requirements and is designed for oscillatory shoakngsitied shock pulses),
recommend piezoresistive accelerometers be used for high infereatfield pyroshock events.
Piezaesistive or piezelectric accelerometers may be ugedcenarios in which levels are known to
be within the established (verified through calibration) operatingerarf the transducémid-field
and farfield), thereby avoiding nehinear amplification and frequency content.

Other Measurement Device&nsure any other measurement devices used to collect data are demonstrated
to be consistent with the requirements of the test, in particular, theatialibeand tolerance information
provided in paragraph 4.2.

Signal conditioning Use signal conditioning compatible with the instrumentation remeinés on the
materiel. In particular, filtering will be consistent with thep@sse time history and frequency content
requirements. Use signal conditioning compatible with the requirtsnemd guidelinegprovided in
paragraph 6.1, references b and d. In particular, use extreme care in filieragéleration signals either
(1) directly at the attachment point, i.e., mechanical filtering toaedoe very high frequencies associated
with the pyroshockor (2) at the amplifier output. Never filter the signal into the ampfiiefear of filtering
bad measurement data, and the inability to detect the bad measurement datanptifiee @utput. The
signal from the signal conditioning or recording/ide must be antalias filtered before digitizing with an
analog, linear phase shift filter over the frequency range of interest. Usealmy amtialias filter
configuration, other signal conditioning, and the data acquisitionnsytbizt:

(1) Meets diasing requirements iRigure 517.37.

517.323

Source: http://assist.dla.mil -- Downloaded: 2019-03-04T16:12Z
Check the source to verify that this is the current version before use.



MIL-STD-810H
METHOD 517.3

(2) Hasphase linearity to within +5° in the data passband.
(3) Has a passband uniform to within one dB across the frequency band of interest
(4) Has unit step response with less th&o (1 dB) overshoot.

d.  Additional Pyroshock RequirementsAdditional requirements are necessary for pyroshock measutement
especially neafield and midfield pyroshock. The requirements of ParapraB.2 of this documemhust
be used to prevent aliasing contaminatidrihe data. Slew rate specifications are also important because
slew rate contamination can alter the low frequency content of the datag@mdépart of an erroneous
specification as per Appendix A of this document. To prevent distortioeddnyspurious electrical noise,
the data recording instrumentation shall be capable of recording a sign& b&lbrfull scale voltage in 1
microsecond without slew rate distortion. For example, if a syst@apable of- 10 volts full scale = 20
volt peakto-peak, then a slew rate of 10 volt/usecond is required. Exceptiongde thiteria shall be
documented and sufficiently justified to prove that aliasing and othdarmaration of the data has not
occurred.

4.2.4 Data Analysis.

a. Analyze pyroshocklata for the extended bandwidth of 10 Hz to 100,000 kHz to examine the low frEgpuen
for data contamination, and to ensure the high frequency content has perada

b. For digital filters used to meet the previous requirement, use a filter withr [pf@seshift characteristics
and a pass band flatness within one dB across the frequency range specified docelerometer (see
paragraph 4.2.3).

c. Ensure the analysis procedures are in accordance with those requiremkemgidatines provided in
paragraph 6.1, references b and d. In particular, validate the pyroshock accetengtitude time histories
according to the procedures in paragraph 6.1, reference d. Integrate eachdaniptiéuhistory to detect
any anomalies in the measurement system, e.g., cable breakage, slew ratifierf execgeded, data clipped,
unexplained accelerometer offset, etc. Compare the integrated amplituthéstomies against criteria given
in paragraph 6.1, references b and d, and Annex A of this Method. For all iescém detect emission
from extraneous sources, e.g., EMI, configure an accelerometer as a geig@iffzout acceleration sensing
element or just another accelerometer that is not attached to the unitastfland process its response in
the same manner as for the other accelerometer measurements. If this g@isghijaits any characteristic
other than very low level noise, consider the acceleration measurements taveicated by an unknown
noise source in accordance with the guidanqearagraph 6.1, references b and d.

4.3 Test Interruption.

Test interruptions can result from two or more situations, one Beingfailure or malfunction of test equipment.
The second type of test interruption results from failure or metifum ofthe test item itself during operational checks.

4.3.1 Interruption Due To Laboratory Equipment Malfunction.
a. If the test excitation fails to function, refer to local SOPs.

b. Generally, if the pyroshock device malfunctions or interruption occuisigl a mechanical shock pulse,
repeat that shock pulse. Care must be taken to ensure stresses induced byubieéhstrock pulse do not
invalidate subsequent test results. Inspect the overall integrity of ttegighé#o ensure prshock test
materiel #ructural and functional integrity. Record and analyze data from suchujstiens before
continuing with the test sequence.

4.3.2 Interruption Due To Test ltem Operation Failure.

Failure of the test item(s) to function as required during operatioeaksipresents a situation with two possible
options. These decisions are made on a case by case basis, with test it sosédule considerations, as well as
overall materiel cost and schedule requirements.

a. The preferable option is to replace thst item with a “new” one and restart from Step 1.

b. A second option is to replace / repair the failed or-fumrctioning component or assembly with one that
functions as intended, and restart the entire test from Step 1.
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NOTE: When evaluating failurenterruptions, consider prior testing on the same test i
and consequences of such.

4.4 Test Execution.
4.4.1 Preparation for Test.
4.4.1.1 Preliminary Steps.

Prior to initiating any testing, review pretest information in the test plan to detgsirdetails (e.g., procedures, test
item configuration, pyroshock levels, number of pyroshocks):

a. Choose the appropriate test Procedure.

Determine the appropriate pyroshock levels for the test prior to dadibfar Procedures Il through V from
previously processed data if available, otherwise use the calibration levels.

c. Ensure the pyroshock signal conditioning and recording devices have tdegpplitude range and
frequency bandwidth as per paragraph 4.2 8nay be difficult to estimata peak signal and, therefore, the
amplitude range for the instrumentation. In general, there is no dateengdoom a clipped signal.
However, for overanged signal conditioning, it is usually possible to get meaningfultsder a signal 20
dB abowe the noise floor of the measurement system. In some cases, rddomedesurements may be
appropriate one measurement being csranged, and one measurement ranged at the best estimate for the
peak signal. The frequency bandwidth of most modern recording devigssdlly adequate, but one must
make sure that device input filtering does not limit the signal frequisaicdwidth.

d. A noise gage is required for pyroshock measurements. The noise gag®Etacielerometer may be
purchased from most accelerometer manufacturers. Additionally, tke gage may also be the same
transducer as for other measurement channels, and simply suspeadebut not on, the structure. In either
case, ensure the noise accelerometer has the same signal conditioning & tduzelitrometer channels.

4.4.1.2 Pretest Checkout.

All items require a pretest checkout at standard ambient conditions to pragelb data. Conduct the checkout as
follows:

Step 1 Conduct a complete visual examination of the test itéth special attention to micrelectronic
circuitry areas. Pay particular attention to its platform mounting comafiigirand potential stress
wave transmission paths.

Step 2 Document the results.
Step 3 Where applicable, install the test item intést fixture.

Step 4 Conduct an operational checkout in accordance with the approved test plawigthosigple tests
for ensuring the measurement system is responding properly.

Step 5 Document the results for comparison with data taken duringféedthe test.

Step 6 If the test item operates satisfactorily, proceed to Step 7. If not, egdml\problenand restart at
Step 1.

Step 7 Remove the test item and proceed with the calibration (except for Predgdur
4.4.2 Test Procedures.

The folowing procedures provide the basis for collecting the necessary infonneaticerning the platform and test
item under pyroshock.
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4.4.2.1 Procedure |- Near-field with an Actual Configuration.

Step 1 Following the guidance of paragraph &dference b, select the test conditions and mount the test
item (in general there will be no calibration when actual hardware is ugdd pracedure). Select
accelerometers and analysis techniques that meet the criteria outlined in tiasl Met

Step 2 Subject the test item (in its operational mode) to the test transient by waymfrtitechnic test
device.

Step 3 Record necessary data that show the shock transients, when processke 8RIS talgorithm, are
within specified tolerances.

Step 4 Perbrm an operational check of the test item. Record performance dake tést item fails to
operate as intended, follow the guidance in paragraph 4.3 for test itera.fai

Step 5 If the integrity of the test configuration can be preserved duringrigstat Steps 2, 3, and 4 a
minimum of three times for statistical confidence. Otherwise proceeéposSt

Step 6 Document the test series, and see paragraph 5 for analysis of results.
4.4.2.2 Procedure II- Near-field with Simulated Configuration.

Step 1 Following the guidance in this Method, select test conditions and calittratshock apparatus as
follows:

a. Select accelerometers and analysis techniques that meet the criteria outlmediethod.

b. Mount the calibration load (an actuekt item, a rejected item, or a rigid dummy mass) to the
test apparatus in a manner similar to that of the actual materiel service nibth&. materiel is
normally mounted on shock isolators to attenuate the pyroshockedhstusolators are functiah
during the test.

c. Perform calibration shocks until two consecutive shock applicatmrise calibration load
produce shock transients that, when processed with the SR$thegoare within specified
tolerances for at least one direction of one axi

d. Remove the calibrating load and install the actual test item on the shock apgzagiing close
attention to mounting details.

Step 2 Subject the test item (in its operational mode) to the test pyroshock.

Step 3 Record necessary data that show the shock transients, when processed 8RIS talgorithm, are
within specified tolerances. If requirements are given in tefnsore than one axis, examine
responses in the other axes to ensure the test specification has been metclutieis iastetup
photos, test logs, and photographs of actual shock transients. For siatediassemblies within
the test item, make measurements and/or inspections to assure thersisattenuated the
pyroshock.

Step 4 Conduct an operational check of thet itgsm. Record performance data. If the test item fails to
operate as intended, follow the guidance in paragraph 4.3.2 for tesaibera.f

Step 5 Repeat Steps 1 through 4 for each orthogonal axis that is to be tdstsitha test shock meets the
test specification in more than one axis at a time. Repeat steps 1 through 4 asynézessar
demonstrate the test specification has been met in all three axes.

Step 6 Document the test series, and see paragraph 5 for analysis of results.
4.4.2.3 Procedue Il - Mid -field Using Mechanical Test Device.

Step 1 Following the guidance of this Method, select test conditions andat&lithe shock apparatus as
follows:

a. Select accelerometers and analysis techniques that meet the criteria outlmei &tttod.

b. Mount the calibration load (an actual test item, a rejected item, or a rigid dumass) to the
test apparatus in a manner similar to that of the actual materiel service niiothe. materiel is
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normally mounted on shock isolators to attenuate the pyroshock, emsis@dtors are functional
during the test.

c. Perform calibration shocks until two consecutive shock applicatiotisetaalibration load
produce waveforms that, when processed with the SRS algorithm, thire syiecified toleances
for at least one axis.

d. Remove the calibrating load and install the actual test item on the shock appasatg close
attention to mounting details.

Step2 Subiject the test item (in its operational mode) to the test pyroshock.

Step3 Recordnecessary data that show the shock transients when processed with thig@R8n are
within specified tolerances. If requirements are given in gesfnrmore than one axis, examine
responses in the other axes to ensure the test specification hasebeerhm includes test setup
photos, test logs, and photos of actual shock transients. For sbéatked assemblies within the
test item, make measurements and/or inspections to assure the istienmsted the pyroshock.

Step4 Conduct an operatiah check of the test item. Record performance data. If the test item fails to
operate as intended, follow the guidance in paragraph 4.3.2 for teshitera. f

Step5 Repeat Steps 1 through 5 for each orthogonal axis that is to be tdstsitha tésshock meets the
test specification in more than one axis at a time. Repeat steps 1 through 5 agrynécess
demonstrate the test specification has been met in all three axes.

Step6 Document the tests, and see paragraph 5 for analysis of results.
4.42.4 Procedure IV- Far-field Using Mechanical Test Device.

Step 1 Following the guidance of this Method, select test conditions andaalithe shock apparatus as
follows:

a. Select accelerometers and analysis techniques that meet the criteriedaatiparagraph 6.1,
reference d.

b. Mount the calibration load (an actual test item, a rejected item, or a rigid dumss) to the
test apparatus in a manner similar to that of the actual materiel service nhoth@. materiel is
normally mounted oshock isolators to attenuate the pyroshock, ensure the isolators arerfaincti
during the test.

c. Perform calibration shocks until two consecutive shock applicatmrke calibration load
produce waveforms that, when processed with the SRS algogtemyithin specified tolerances
for at least one direction of one axis.

d. Remove the calibrating load and install the actual test item on the shock appasétg close
attention to mounting details.

Step 2 Subject the test item (in its operationabde) to the test pyroshock.

Step 3 Record necessary data that show the shock transients when processkd &RStalgorithm are
within specified tolerances. If requirements are given in teyfnwore than one axis, examine
responses in the other axes to ensure the test specification has been metclutieis iast setup
photos, test logs, and photos of actual shock transients. For shtated assemblies within the
test item, make measurements and/or inspections to assure the isdtetaratedhe pyroshock.
If they do not, either replace the shock isolation or redesign it.

Step 4 Conduct an operational check of the test item. Record performance data. If tteartdails to
operate as intended, follow the guidance in paragraph 4.3 &statem failure.

Step 5 Repeat Steps 1 through 4 for each orthogonal axis that is to be tdstsdtha test shock meets the
test specification in more than one axis at a time. Repeat steps 1 through 4 asrynécess
demonstrate the test specification has been met in all three axes.

Step 6 Document the tests, and see paragraph 5 for analysis of results.
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4.4.2.5 Procedure V* Far-field Using Electrodynamic Shaker.

Step 1 Following the guidance of this Method, select test conditions andaalithe shock apparatus as
follows:

a. Select accelerometers and analysis techniques that meet the criteria outliaryragh 6.1,
reference d.

b. Mount the calibration load (an actual test item, a rejected item, or a rigid dumass) to the
electrodynamic shaker in a manner similar to that of the actual matétie¢ rhateriel is normally
mounted on shock isolators to attenuate the pyroshock, ensure dtergsate functional during the
test.

c. Develop the SRS wavelet or damped sinenpensated amplitude time history based on the
required test SRS.

d. Perform calibration shocks until two consecutive shock applicatiotisetaalibration load
produce shock transients that, when processed with the SRS algorighmithan specified tst
tolerances for at least one direction of one axis. If not within toleragdets mine the problem and
correct it as necessary.

e. Remove the calibration load and install the actual test item on the electradystzaker,
paying close attention to mating details.

Step 2 Subiject the test item (in its operational mode) to the test electrodynamibggkasmulation.

Step 3 Record necessary data that show the shock transients, when processed 8RI$ talgorithm, are
within specified toleranceslf requirements are given in terms of more than one axis, iagkam
responses in the other axes to ensure the test specification has been mefclutieis iast setup
photos, test logs, and photos of actual shock transients. For shotédsadaembliewithin the
test item, make measurements and/or inspections to assure the istianoisted the pyroshock.

Step 4 Conduct an operational check on the test item. Record performancefdiiatest item fails to
operate as intended, follow the guidaric paragraph 4.3.2 for test item failure.

Step 5 Repeat Steps 1 through 4 for each orthogonal axis that is to be tdstegitha test shock meets the
test specification in more than one axis at a time. Repeat steps 1 through 4 aarynécess
demongtate the test specification has been met in all three axes.

Step 6 Document the tests, and see paragraph 5 for analysis of results.
5. ANALYSIS OF RESULTS.

In addition to the guidance provided in Part One, paragraphs 5.14 andrillHarh One, Annex ATask 406, the
following information is provided to assist in the evaluation of the tesitee Analyze in detail any failure of a test
item to meet the requirements of the system specifications, and caesided information such as:

5.1 Procedurel - Near-field with Actual Configuration.

Carefully evaluate any failure in the structural configuration of thatess, e.g., minute cracks in circuit boards that
may not directly impact failure of the functioning of the materiet, that would lead tdailure in its inservice
environment conditions. Once the source of the failure is identifigdstiag is required.

5.2 Procedure II- Near-field with Simulated Configuration.

Carefully evaluate any failure in the structural configuration of thétess, e.g., minute cracks in circuit boards that
may not directly impact failure of the functioning of the materiet, that would lead to failure in its Hgervice
environment conditions. Once the source of the failure is identifigdsti@g is reqgired.

5.3 Procedure Il - Mid -field Using Mechanical Test Device.

The mechanical shock simulation will, in general, provide a more seveffedlguency environment (comparatively
large velocity and displacement) than the actual pyroshock event and, aiepctructural failures, e.g., deformed
fasteners or mounts, may be more akin to those found in the SRShedsirock tests described in Metli®b.8
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If this is the case, and the cause of the structural failure is not readdlseappanother prodere may be required to
satisfy the test requirements. Once the source of the failure idignttesting is required.

5.4 Procedure IV- Far-field Using Mechanical Test Device.

The mechanical shock simulation will, in general, provide a more seveifedquency environment (comparatively
large velocity and displacement) than the actual pyroshock event and, &ienatiuctural failures, e.g., deformed
fasteners or mounts, may be more akin to those found in the SRSh@dstrock tests describedMethod516.8

If this is the case and the cause of the structural failure is not readil\eaparother procedure may be required to
satisfy the test requirements. Once the source of the failure idientetesting is required.

5.5 Procedue V - Far-field Using Electrodynamic Shaker.

The mechanical shock simulation will, in general, provide a more sevelfedlguency environment (comparatively
large velocity) than the actual pyroshock event and, hence, any strudturakfenay be more akin to those found in
the SRS prescribed shotdsts described in Methdd 6.8 If this is the case and the cause of the structural failure is
not readily apparent, another procedure may be required to satisfy tlegtégments. Once the source of the failure
is identified, retesting is require.
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METHOD 517.3, ANNEX A
GUIDELINES FOR ADDITIONAL PYROSHOCK TIME HISTORY VALIDATION AND PROCES SING

1. INTRODUCTION.

This Annex provides additional guidelines for pyroshock time histssgssment including validation, i.e. detect

any measurement system anomalies that would invalidate the mmasur&or massive field shock measurement
programs where time and budget constraints do not allow validationiwitlimal pyroshocks, at least omeyroshock

time history fromthe narfield, mid-field, andfar-field mustbe individually validated, and careful examination of
the time history for each subsequent shock from the measurememtethme examined for gross anomalies.
Consistency relative to the test specification for pseed information is acceptable as long as any inconsistency is
investigated undgpyroshock time history validationThe best indicator of pyroshock accelerometer data quality is
the integral or velocity time history. As the examples below shtamy anmalies in the accelerometer data cannot
be detected from the acceleration plot or the shock response spectrum (pBS3lgsf the SRS is only plotted
down to 100 Hz.

The sources of pyroshock data contamination have been known for sanfetire thar20 years) electromagnetic
noise (or other noise sources), digital aliasemd offsets in the data. Electromagnetic noise is always a potential
problem with pyroshock testing, especially when explosives areateth The high frequency electromagnptilse

can be eliminated in some cases, but in many cases, the electromagnetic pulse cadditeraal environment that
can cause invalid data contaminated by the inadequate response to the pulse maltlergigioner and/or data
acquisition syste (DAS). The cause of digital data aliasing is, but not limited to, inadequate aittddgd prior to
digitization and inadequate bandwidth of the DAS. Offsets in the acceterdita are generally caused by
accelerometer malfunction and, in some cases, DAS problems sucheapimtadslew rate capability as shown below.

2. ALIASED DATA.

The data shown in Figurgl7.3A-1 are a complex shock that starts with a fieda pyroshock followed by two
mechanical shock everds shown irparagraph 6.Ireference r. The accelerometer used to measure these data is a
piezoresistive type. These data were sampled at 25,000 Hz, and taken wétlaeqdédition system (DAS) that has

an “anttaliasing Bessel filter” that is3 dB at a 20,000 Hz cutoff frequey, as per manufacturer’'s specifications.
This specification means that the filter attenuation is only 80 dB downiecade (200,000 Hz), and that the data are
severely aliased. For example, the sample rate of 25,000 Hz gives a Nhaquisticy (higbst frequency that can be
resolved at thgiven sample rate) of 1200Hz. Consequently, the afdliasing filter provides no protection at all at
this sample rate, or even at the higher sample rates of up @00&. The recommended practice for pgmock

data is an analiasing filter that is 60 d®ctave, and the cutoff frequency should be at least one octave below the
Nyquist frequencyas per paragraph 6.1, referenbed, andf. The requirements of Pagraph 2.3.2 of this document

are an equiMant way to achieve the same aliasing protection with more flexibility inralbéa parameters.
Additionally, the recommended practice is to sample at least ten times higher ¢hdasired bandwidth of the
measurement in order to achieve 5% or lesdlitudp erroras per paragraph 6.1, referenbed, andf.

The integral of the data shownkiigure517.3A-1 is in Figure517.3A-2. The velocity should start and end at zero
because the materiel on which the data were taken starts in a statiosigéion, and is in that same position at the
end of the complex shockHowever, the velocity time history clearly shows the characteristics ofnglias per
paragraph 6.1, reference p.
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Figure 517.3A-2. The integral of the acceleration data in Figuré17.3A-1.

The discrete Fourier transforim Figure517.3A-3 shows additional verification of the aliasing problem. An-anti
aliasing filter with60 dB/octaveattenuation had0 deaddde@deslopeon a loglog plot. Clearly theliscrete Fourier
transformin Figure517.3A-3 does not have this attenuation and even starts to increase as it approachggitite Ny
frequency, an additional indication of aliasing. The positive and nwegstiock response spectra (SRS) are shown in
Figure517.3A-4.
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Figure 517.3A-3. DiscreteFourier transform of the data in Figure 517.3A-1.

Figure 517.3A-4. The shock response spectra of the acceleration data in Figlgg7.3A-1 (Q=10).

These two SRS are plausible, especially if the SRS is not plotted below 18@titionally, the posite and negative

SRS show agreement that indicates good pyroshock data. In summamphieens with these data are: inadequate
sample rate, inadequate aaliasing filter, and inadequate zero time before and after the complex shock. The
problems can be assessed by an inspection of the accelerometer and DAS specifidatienver, these are problems
that cannot be detected by examination of the acceleration time history and th@&lodBB&nd emphasize the
importance of integrating the acceleration time history as per paragrapaférénces andd.
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3. SLEW RATE CONTAMINATED DATA.

Thesenearfield datawererecorded at a government facility that routinely conducts pads testing. Triaxial
accelerometer data were recorded during the firing of explosives located on alatteebyt only the iaxis
accelerometer data (data sensing the strongest respomesiycussed and analyzesiper paragraph 6.1, references
g and s. The raw inraxis accelerometer data are shownFigure 517.3A-5 and appear to have the general
characteristics of nedield pyroshock data. The data are very symmetrical visually. The integnal aftelerometer
data is shown ifrigure517.3A-6 and indicates a velocity change that is inconsistent (and therefore erfowéhws
pyrotechnic test that has a zero velocity change.

Figure 517.3A-5. A nearfield pyroshock acceleration time history.
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Figure 517.3A-6. The integral of the acceleration data in Figur&17.3A-5.

There is significanhfrequency content above 10,000 Hz at magnitudes above 10,000 g as evidenced byetiee discr
Fourier transform (DFT) ifrigure517.3A-7 and the shock response spectrum (SR$)dare517.3A-8. The data
were taken with hardware frequently used for pyroshock: a piezaéel€¢etE) accelerometer with an internal
mechanical lowpass filter and an internal electrical lpass filter, a ginal conditioner with 2000 Hz cutoff
frequency, a 4ole Butterworth, lowpass‘anti-aliasing”filter, and adata acquisition syste(@AS) with sigmadelta
architecture. Both the accelerometer and the signal conditioner are manufhagtiiredame company, and the DAS

is manufactured by a second company. It is clear from DAS specificatainbeéhantialiasing is inadequate, Figure
5173A-7 shows that the rebff of the data is not 60 dB/octave Dd de@ddde@deslopeon a loglog plot as per
paragraph 6.1, references b, d, and f and indicates that aliasing is possithiis. chse, the problems with the SRS
start substantially ab@v100 Hz as shown in Figusd7.3A-8. A wavelet analysis was performed on these data as per
paragraph 6.1, reference q, and the erroneous part of the data removed \&ithalifsis is shown in Figugel7.3A-

9 thathas a magnitude of +86600 g orabout4% of the amplitude ifrigure517.3A-5 and has a highly oscillatory
time historythat is the response to the combined environment of pyroshock accelaradiooise by either the signal
conditioner, the associat&AS, or both.The two characteristics sfewrate problems are presentdigure517.3A-

9: low-frequency modulation (800 Hz as shown in the SRS) and an offsgire& comparison of the two SRS for
Figure517.3A-5 and Figuré17.3A-9 is made in Figur&17.3A-10, and the curves directly overlaach other up to

a frequency of 800 Hz, depicting the ldsequency contamination. Also, Figus&7.3A-12 shows that the upper
frequency limit of the wavelet correction is 800 Hz and does not elthrghighfrequency content above 800 Hz that

is crucid to creating an accurate pyroshock specification from the SRS. What waseddsibe a structural response

in the original SRS of Figurgl7.3A-8 is now revealed as a DAS slew rate limitation.

SRS comparison of the erroneous data and the original isita Bigure517.3A-10 and show the contaminated data
are the cause for the erroneous SRS in Fi§ae3A-8. The contamination occurs afraquencyof 800 Hz and
below. However, if just the high frequency positive and negative shqonss spectra arexamined, then the data
looks reasonable. Figutd7.3A-11 has an SRS calculated with the corrected acceleration time hastditjre results
are consistent with nedield pyroshock. The SRS Figure517.3A-11 can now be used to create a speciftratvith
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a high degree of confidence because theflegquency asymptote is correct and the Higlguency content has been
preserved.The positive and negative SRS in FighEr.3A-11 show good agreement typical of a pyroshock or a
pyroshock simulationMore details concerning the data analysis are in paragraph 6.1, reference q.

Figure 517.3A-7. DiscreteFourier transform of the data in Figure 517.3A-5.

Figure 517.3A-8. Shockresponsespectrum of the accelerationtime history in Figure 517.3A-5 (Q=10).
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Figure 517.3A-9. Time history of waveletcorrection removed from theacceleration
time history in Figure 517.3A-5.

Figure 517.3A-10. Shockresponsespectrum comparison for corrupted acceleration
(Figure 517.3A-5) andremovedwaveletcorrect (Figure 517.3A-9) (Q=10).
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Figure 517.3A-11. Shockresponsespectrum calculated for the wavelet corrected
acceleration time history. (Q=10).

Figure 517.3A-12. A near-field pyroshock acceleration time history.
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4. ACCELEROMETER DATA WITH BASE STRAIN EFFECTS.

Although piezoresistive (PR) accelerometers are recommended for pyrosbaslirement, these accelerometers will
quite often respond to the initial compressive wave from the pgecshith a base strain response. The base strain
will create an additional velocity change in the acceleration time histalhough the strain pulse is generally not
detectable in the acceleration time history, the velocity change will be evidduet integral of the acceleration.

The base strain induced intioe case of a PR accelerometer during installation may be relieved withehdaps
during the initial steps in the Procedure.

Example acceleration time histories are in Fidat&.3A-12 and Figuré17.3A-14; the corresponding velocity time
histories obtaned by integrating the acceleration are shown in Figtie3A-13 and Figuré17.3A-15.

Figure 517.3A-13. The integral of the acceleration data in Figuré17.3A-12.
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Figure 517.3A-14. A near-field pyroshock acceleration time history.

Figure 517.3A-15. The integral of the acceleration data in Figuré17.3A-14.
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METHOD 518.2
ACIDIC ATMOSPHERE

NOTE: Tailoring is essential. Select methods, procedures and parameter levelsrotse
tailoring process described in Part One, paragraph 4.2.2, and Anné&pgly the general
guidelines for laboratory test methods described in Part One, pardgodiis Standard.

1. SCOPE.
1.1 Purpose.

Use the acidic atmosphere test to determine the resistance of materials @utivpraiatings to corrosive
atmospheres, and when necessary, to determine its affect on operationititieapab

1.2 Application.

Use this test Method when the requirements documents state that éneehigtikely to be stored or operated in areas
where acidic atmospheres exist, such as industrial areas or near the exhaysfisettbamnning device.

1.3 Limitations.

This Method $ not a replacement for the salt fog method, nor is it suitable ftwagivey the effects of hydrogen
sulfide that readily oxidizes in the test environment to form sulfoxide. Consult ASTM G85, (paragraph 6.1,
reference a) for information on introdog a sulfur dioxide environment. Caution: Although salt fog chasnbey
usually used for this test, introducing an acidic or sulfur dioxide atneospn a salt fog chamber may contaminate
the chamber for future salt fog tests.

2. TAILORING GUIDANCE.
2.1 Effects of the Environment.

Acidic atmospheres are of increasing concern, especially for materiel in thigyvidimdustrial areas or near the
exhausts of fuel burning devices. Examples of problems that ooald as a result of acidic atmospherposure

are as follows. The list is not intended to beiradlusive, and some of the examples may overlap the categories.
Paragraph 6.1, reference a provides further information.

a. Chemical attack of surface finishes and moetallic materials.
b. Corrosion of metals.
c. Pitting of cement and optics.

2.2 Test Procedure.

When an acidic atmosphere test is deemed necessary, the procedure includedkeithtidss considered suitable for
most applications. The tailoring options are limited.

2.3 Segence.

a. General Use the anticipated life cycle sequence of events as a general sequence guide (See,Part
paragraph 5.5).

b. Unigue to this Method There are at least two philosophies related to test sequence. One approach is to
conserve testem life by applying what are perceived to be the least damaging enentsfirst. For this
approach, generally apply the acidic atmosphere test late in the test sequencer dpmtiach is to apply
environments to maximize the likelihood of disétmssynergetic effects. For this approach, consider acidic
atmosphere testing following dynamic tests, such as vibrationhar#t.s Perform acidic atmosphere testing
after any humidity or fungus testing, and before any sand and dust testing ¢testilibat damage protective
coatings. Because this test is similar in severity to the salt fog test, rendrseparate test items be used
for each.
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(1) Sand and dust testing deposits may inhibit acid effects as well as atotaigiye coatings.
(2) Acid deposits may inhibit mold/fungal growth.
(3) Residual deposits may accelerate chemical reactions during humiditgtestin
2.4 Determine Test Levels and Conditions.

Having selected this method and relevant procedures (based on the testatpritemerst documents and the
tailoring process), complete the tailoring process by identifyingogpiate parameter levels and applicable test
conditions and techniques for these procedures. Base these selactimmsemguirements documents, the Life Cycle
Environmental Profile (LCEP), and information provided with this proceduensi@er the essential parameters for
defining the acidic atmosphere test that include exposure tempgeraxposure time (duration), test item
configuration, chemical composition tfe test atmosphere, and concentration of the test solution.

2.4.1 Temperature Severities.
The test method and the exposure temperature used in this procedure ardcsitmt used in the salt fog test.
2.4.2 Test Duration.

Two severity levels are defined (paragraph 6.1, reference b). In viele afomplexity of naturally occurring
corrosion processes, no strict equivalencies with real exposure canted. quse severity "a" below for simulating
infrequent periods of exposure, or for exposurer@gas of much lower acidity. Use severity "b" below to represent
approximately 10 years natural exposure in a moist, highly induatea, or a shorter period in close proximity to
vehicle exhaust systems, particularly ship funnel exhausts wieepatatial acidity is significantly higher.

a. Three 2hour spraying periods with 22 hours storage after each.
b. Four 2hour spraying periods with 7 days storage after each.
2.4.3 Test Item Configuration.

The configuration of the materiel is an importéadtor in how an acidic atmosphere affects it. Therefore, during the
test use the anticipated configuration of the materiel during storageeorAs a minimum, consider the following
configurations:

a. Ina shipping/storage container or transit case.
b. Protected or unprotected.
c. Deployed (realistically or with restraints, such as with openimatsare normally covered).
d. Modified with kits for special applications.
2.4.4 Chemical Composition and Concentration.

Unless otherwise specified, fatomization, use a test solution containing 11.9mB)(8ulfuric acid (9598 percent)/4
liters (4.23 qt) of solution, and 8.8mg (&) nitric acid (6871 percent)/4 literg4.23 qt) solutionin distilled or
deionized water. This will produce a solutiwith a pH of 4.17 that is representative of some of the worst rain pHs
recorded for rainfall in the eastern United States and other heavilytriatined areas with acidic emissions.
Paragraph 6.1, reference c, provides information regarding the momacoainemical environmental contaminants
together with some consequent likely forms of corrosion that matetill eacounter.

WARNING: Strong acids are hazardous. The solution to be sprayed is harmful ¢plpeand
clothing. Operators carrying out theest must take suitable precautions.

WARNING: Refer to the supplier'Safety Data Sheet (SDS) or equivalent for health hazard data.
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a. Do not enter the chamber during atomization and, before entry after expostge the chamber with clean
air to a level that will satisfy local safety requirements. Continue pyiaimtervals if necessary to ensure
the concentration of noxious fumes remains at a suitably low level.

b. Wear a suitable respirator and/or eye protection. Use rubber gloves to inateiiel.
c. See paragraph 4.1b for hazardous waste disposal information.
2.4.5 Operational Considerations.

The test item will not normally be required to function during the test, byttra required to do so upon completion
of the test, or on completioof a representative sequence of environmental tests.

3. INFORMATION REQUIRED.

3.1 Pretest.

The following information is required to conduct acidic atmosphere testpiately
a. General Information listed in Part One, paragraphs 5.7 andah® Annex A, Task 405 of this Standard.
b. Specific to this Method

(1) Areas of the test item visually and functionally examined, and an explaratiteir inclusion or
exclusion.

(2)  Whether the test is a demonstration of performance or survival.

(3) Whether the requirement is to demonstrate safety, safety and perées;noa resistance to chemical
attack after the test.

(4) If functional performance is to be assessed, the phases of thdéssthe test item is to function and
be assessed, and the levels of performance required.

c. Tailoring. Necessary variations in the basic test procedures to accommodate eput®itantified in the
LCEP.

3.2 During Test.

Collect the following information during conduct of the test:
a. General Informatbn listed in Part One, paragraph 5.10; and in Annex A, Tasks 405 and 406 tirnhiars.
b. Specific to this Method

(1) Record of chamber temperature versus time conditions.

(2) Fallout quantities per unit of time (see paragraph 4.19).
(3) Fallout (H.
3.3 PostTest.
The following post test data shall be included in the test report.
a. General Information listed in Part One, paragraph 5.13; and in Annex A, Task 4068 &tandard.
b. Specific to this Method

(1) Areas of the test item visuallnd functionally examined and an explanation of their inclusion or
exclusion.

(2) Testvariables:

(@) Test solution pH.

(b)  Test solution fallout rate (ml/cithr).

(3) Results of examination for corrosion, electrical, and physical effects.

(4) Obsenations to aid in failure analysis.
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(5) Any deviation from the original test plan.

4. TEST PROCESS.
4.1 Test Facility.

a.

For construction of the chamber, supporting racks, and atomizatigomesqu use materials inert to the acid
solution being sprayed, and that will not cause electrolytic corrosibnmaterial with which it comes in
contact.

Ensure the test chamber has a waste collection system so that all wastd o@n be tested prior to disposal.
Dispose of any material determinéal be hazardous waste in accordance with local, state, and federal
regulations.

Do not reuse acidic test solution drippings from the walls and ceilings ehtimber and from the test item.
Vent the exposure chamber to prevent pressure buildup.

Use a chamber capable of maintaining temperatures in the exposure zoner & (95 r 4 °F).
Continuously control this temperature during the test. Do not use inomédrsaters within the chamber
exposure area for the purpose of maintaining the teatyrerwithin the exposure zone.

Use an acid solution reservoir and dispenser made of material thatrisawtine with the acid solution, e.g.,
glass, hard rubber, or plastic. The reservoir provides a continuous supplar& aormally (but not
neessarily) situated inside the test section in which the acid solutiehiseheld reasonably constant. The
atomizers are connected to this tank.

Use a chamber with a means for injecting the acid solutiontitaest chamber and with an input air
humidifier to minimize clogging of the nozzles. Use atomizers of susigdand construction as to produce
a finely divided, wet, dense fog. Use atomizing nozzles and a pipingrsystele of material that is non
reactive to the acid solution. Use a fiéigidesigned to provide the required atomization distribution and
fallout.

Use a test setup that includes a minimum of 2 fallout collection receptacdiess © be at the perimeter of
the test item nearest to the nozzle, and the other also@riheeter of the test item but at the farthest point
from the nozzle. If multiple nozzles are used, the same principles apply. laeedptacles so that they
are not shielded by the test item and will not collect drops of solution frotaghigemor other sources.

Constant air pressure for the continuous, uniform atomization of thesalution using a compressed air
supply, and produce a fallout such that each receptacle collects frogl{©.03 0.10 0z) to of solution
per hour for eacBO cn? (12.4 in?) of horizontal collecting area (10 ¢f8.9 in.)diameter).

4.2 Controls.

a.

Compressed airPreheat the oil and diftee compressed air used to produce the atomized solution (to offset
the cooling effects of expansion to atmospheric pressure), atdiprieify it such that the temperature is 35
r2 °C(95 r 4 °F), and the relative humidity is excess of 85 percent at the nozzle (see Table 5)18.2

Preheating Heat the acid solution to within6é °C(r 11 °F)of the test section temperaturefore injection
into the test section.

Test section air circulationUse an air velocity ithe test chambers that is minimal (essentially zero).

Table 518.2I. Temperature and pressure requirements for operation at 35¢ (95 ¢f).

Air Pressure (kPa(psi)) 83 (12) 96 (14) 110 (16) | 124 (18)

Preheat temperature (°C (°F))| 46 (115) 47(117) 48(118) 49(120)
(BEFORE ATOMIZING )
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4.3 TestInterruptions.

Test interruptions can result from two or more situations, one leingfailure or malfunction of test chambers or
associated test laboratory equipment. The second type of test intermgstidtsfrom failure or malfunction of the
test item itself during operational checks.

4.3.1 Interruption Due To Chamber Malfunction.
a. General See Part One, paragraph 5.11 of this Standard.
b. Specific to this Method

(1) Undertest Interruptian If anunscheduled test interruption occurs that causes the test conditions to
exceed allowable tolerances toward standard ambient conditions, give thentestciomplete visual
examination and develop a technical evaluation of the impact of the iritenrgmthe test results.
Restart the test at the point of interruption and restabilize the test item at tlontisbies.

(2) Overtest Interruption. If an unscheduled test interruption ocbatscauses the test conditions to
exceed allowable toleranceway from standard ambient conditions, stabilize the test conditions to
within tolerances and hold them at that level until a complete visual ex@nirend technical
evaluation can be made to determine the impact of the interruption on tdt. rdéuhe visual
examination or technical evaluation results in a conclusion that tHetegsuption did not adversely
affect the final test results, or if the effects of the interruption canubidied with confidence,
restabilize the prénterruption condions and continue the test from the point where the test tolerances
were exceeded.

4.3.2 Interruption Due To Test Item Operation Failure.

Failure of the test item(s) to function as required during operatiorakslpresents a situation with several jidss
options.

a. The preferable option is to replace the test item with a “new” one and restarstep 1.

b. A second option is to replace / repair the failed or-fumttioning component or assembly with one that
functions as intended, and restart the entire test from Step 1.

NOTE: When evaluating failure interruptions, consider prior testing on the §
test item and consequences of such.

4.4 Test Setup.
a. General See Part One, paragraph 5.8.

b. Unique to this Method Ensure the fallout collection containers are situated in the chamber suctethat th
will not collect fluids dripping from the test item.

4.5 Test Execution.

The following steps, alone or in combination, provide the basis for coljectinessary inforni@n concerning the
test item in an acidic atmosphere environment.

4.5.1 Preparation for Test.
4.5.1.1 Preliminary Steps.

a. Prepare a test solution as specified in paragraph 2.4.4.
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NOTE: MAKE THE SOLUTION BY ADDING ACID TO WATER, NOT VICE VERSA.

WARNING: Refer to the supplier's Material Safety Data Sheet (MSDSgquivalent for
health hazard data.

=

Strong acids are hazardous, and the solution to be used is harmful to people andingot
Operators carrying out the test must take suitable precautions, and use p&rpootective
equipment (PPE).

(1) Do not enter the chamber during atomization. Before entry after atomizatige the chamber with
clean air to a level that will satisfy local safety requirements. Canpatging at intervali§ necessary
to ensure the concentration of noxious fumes remains at a suitadgvelw

(2) Wear a suitable respirator and/or eye protection. Use rubber gloves to inatetiel.

b. Chamber operation verification: Immediately before the test atidthe exposure chamber empty, adjust
all test parameters to those levels required for the test. Maintain thediions for at least one Z2bur
period (or until proper operation and fallout collection can be verified) h Wé exception of falloutate,
continuously monitor all test parameters to verify that the test chamiyeeriating properly.

c. Conduct an operational checkout in accordance with the test plan and receslittssfor compliance with
Part One, paragraph 5.9. Handle the itest as little as possible, particularly on the significant surfaces,
and prepare it for test immediately before exposure. Unless otherwiséeshersié test items free of surface
contamination such as oil, grease, or dirt that could cause dewettmgotDnclude the use of corrosive
solvents, solvents that deposit either corrosive or protective fdmsbhrasives other than pure magnesium
oxide in the cleaning methods.

4.5.1.2 Pretest Standard Ambient Checkout.

All items require a pretest checkaattroom ambient conditions to provide baseline data. Conduct the checkout as
follows:

Step 1 Prepare the test item in its required configuration in accordance with Rgrp&agraph 5.8.1.
Step 2 Conduct a complete visual examination of the test item with attention to:

(a) High-stress areas.

(b) Areas where dissimilar metals are in contact.

(c) Electrical and electronic componentsspecially those having closely spaced, unpainted or
exposed circuitry.

(d) Metallic surfaces.
(e) Enclosed vaimes where condensation has occurred or may occur.
() Components or surfaces provided with coatings or surface treatimectsrosion protection.

(g) Cathodic protection systems; mechanical systems subject to malfurictiogged or coated
with sdt deposits.

(h) Electrical and thermal insulators.

NOTE: Consider partial or complete disassembly of the test item if gledenvisual
examination is required. Be careful not to damage any protective coatiags,
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Step 3 Document the resultUse photographs, if necessary.)

Step 4 Conduct an operational checkout in accordance with the test plan and recoss$uhe for
compliance with Part One, paragraph 5.9.

Step 5 If the test item meets the requirements of the test plan or other appliltaduments, proceed to
Step 1 of the test procedure below. If not, resolve any problems and restarétisst standard
ambient checkout at the most reasonable step above.

4.5.1.3 Procedure.

Step 1 With the test item installed in the test chambeétsiistorage configuration (or as otherwise specified
in the requirements documents), adjust the test chamber tempei@t@& °C (95 °F), and
temperature condition the test item for at least 2 hours before introdheiagitl solution.

Step 2 Expose theest item to one of the two following severities as specified in the test pee (
paragraph 2.4.2.) During either tf# or (b) options shown below, continuously atomize the acidic
solution (of a composition as given in paragraph 2.4.4). Duringritie exposure period, measure
the acidic solution fallout rate and pH at least ah@dr intervals (Recommend more frequent
intervals. Repeat the interval if fallout quantity requirements are not raeigure the fallout is
between 1 and 3 ml/80¢é&fr.

(a) Four 2hour exposure periods with 7 days storage after each.
(b) Three 2hour exposure periods with 22 hours storage after each.
Step 3 At the completion of Step 2, stabilize the test item at standard ambient conditions
Step 4 Using approprite protective clothing, visually examine the test item to the extent practical.

Step 5 If required, place the test item in an operational configuration and conduptgational check of
the test item. See paragraph 5 for analysis of results.

Step 6 If required, test items may be cleaned by rinsing with a dilute sodium hieaebsolution (to
neutralize any acidic residue), followed by distilled/deionized watet dried by the application of
heat (up to 55C (131°F)), where this is acceptable, or by other means. Collect the rinse water and
check it for hazardous substances prior to disposal (see paragraph 4.1b also)

Step 7 At the end of this test, and in conformity with the requirements doctsmexamine the test item
for corrosion and deteriation of parts, finishes, materials, and components. Documensthitsre

5. ANALYSIS OF RESULTS.

In addition to the guidance provided in Part One, paragraphs 5.14 and 5.17, thimdpifdormation is provided to
assist in the evaluation of the test results. Analyze any corrosioa famitediate effect on the satisfactory operation
of the test item. Satisfactory operation following this test is not the sole criferipass/fail.

6. REFERENCE/RELATED DOCUMENTS.
6.1 Referenced Documents.

a. ASTM G85, “Standard Practice for Modified Salt Spray (Fog)tihgs ASTM International. Visit the
ASTM Websiteor contact ASTM Customer Servicesarvice@astm.org

b. International Electrotechnical Commission (IEC}%582, 1966, Test Kb, Salt Mist, Clc, NaCl solution.
c. Acid Deposition in the United Kingdom, Warren Spring LaboratorgN®85624 323X (UK).
6.2 Related Documents.

a. DEF STAN 0050, Guide to Chemical Environmental Contaminants and Corrosioctifiethe Design of
Military Materiel (UK).

b. NATO STANAG 4370, Environmental Testing.

c. NATO Allied Environmental Conditions and Test Publication (AECTP) &libnatic Environmental Tests,
Method 319, “Acidic Atmosphere”.
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d. Egbert, Herbert W. The History and Rationale of MIETD-810 (Edition 2)", January 2010tnstitute of
Environmental Sciences and Technologglington Place One, 2340 S. Arlington Heights Ro&dite 100,
Arlington Heights, IL 6000&!516.

(Copies of Department of Defense Specifications, Standards, and Handboo#s, International
StandardizationrAgreements are available online atps://assist.dla.mil

Requests foother defenseelated technical publications may be directed to the Defense Technical Information Center
(DTIC), ATTN: DTIC-BR, Suite 0944, 8725 John J. Kingman Road, Fort Belvoir VA 28248,
1-800-225-3842 (Assistanceselection 3, option 2),http://www.dtic.mil/dtic/ and the National Technical
Information Service (NTIS)Springfield VA 22161, 8800-553-NTIS (6847),http://www.ntis.gov/
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