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METHOD 516.8
SHOCK

NOTE: Tailoring is essential. Select methods, procedures, and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and its Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this Standard.

Due to extensive revision to this method, no change bars have been provided.

1. SCOPE.

1.1 Purpose.

Shock tests are performed to:

a.

Provide a degree of confidence that materiel can physically and functionally withstand the shocks
encountered in handling, transportation, and service environments. This may include an assessment of the
overall materiel system integrity for safety purposes in any one or all of the handling, transportation, and
service environments.

Determine the materiel's fragility level, in order that packaging, stowage, or mounting configurations may be
designed to protect the materiel's physical and functional integrity.

Test the strength of devices that attach materiel to platforms that may be involved in a crash situation and
verify that the material itself does not create a hazard or that parts of the materiel are not ejected during a
crash situation.

1.2 Application.

Use this Method to evaluate the physical and functional performance of materiel likely to be exposed to mechanically
induced shocks in its lifetime. Such mechanical shock environments are generally limited to a frequency range not to
exceed 10,000 Hz, and a duration of not more than 1.0 second. (In most cases of mechanical shock, the significant
materiel response frequencies will not exceed 4,000 Hz, and the duration of materiel response will not exceed 0.1

second.)

1.3 Limitations.

This method does not include:

a.

The effects of shock experienced by materiel as a result of pyrotechnic device initiation. For this type of
shock, see Method 517.3, Pyroshock.

The effects experienced by materiel to very high level localized impact shocks, e.g., ballistic impacts. For
this type of shock, see Method 522.2, Ballistic Shock.

The high impact shock effects experienced by materiel aboard a ship due to wartime service. Consider
performing shock tests for shipboard materiel in accordance with MIL-DTL-901 (paragraph 6.1, reference

c).

The effects experienced by fuse systems. Perform shock tests for safety and operation of fuses and fuse
components in accordance with MIL-STD-331 (paragraph 6.1, reference d).

The effects experienced by materiel that is subject to high pressure wave impact, e.g., pressure impact on a
materiel surface as a result of firing of a gun. For this type of shock and subsequent materiel response, see
Method 519.8, Gunfire Shock.

The shock effects experienced by very large extended materiel, e.g., building pipe distribution systems, over
which varied parts of the materiel may experience different and unrelated shock events. For this type of
shock, devise specialized tests based on analytical models and/or experimental measurement data.
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g. Special provisions for performing combined mechanical/climatic environment tests (e.g. shock tests at high
or low temperatures). Guidelines found in the climatic test methods may be helpful in setting up and
performing combined environment tests.

h. Shocks integrated with transient vibration that are better replicated under Time Waveform Replication
(TWR) methodology. See Method 525.2.

i.  Guidance on equivalence techniques for comparison of shock and vibration environments. Method 516,
Annex C (Autospectral Density with Equivalent Test Shock Response Spectra) that was in previous revisions
of MIL-STD-810 has been removed.

J- Repetitive shocks associated with unrestrained cargo in ground transport vehicles that may be best replicated
under loose cargo transportation methodology. See Method 514.8, Procedure II.

2. TAILORING GUIDANCE.
2.1 Selecting the Shock Method.

After examining requirements documents and applying the tailoring process in Part One of this Standard to determine
where mechanical shock environments are foreseen in the life cycle of the materiel, use the following to confirm the
need for this Method and to place it in sequence with other methods.

2.1.1 Effects of Shock.

Mechanical shock has the potential for producing adverse effects on the physical and functional integrity of all
materiel. In general, the damage potential is a function of the amplitude, velocity, and the duration of the shock.
Shocks with frequency content that correspond with materiel natural frequencies will magnify the adverse effects on
the materiel's overall physical and functional integrity.

The materiel response to the mechanical shock environment will, in general, be highly oscillatory, of short duration,
and have a substantial initial rise time with large positive and negative peak amplitudes of about the same order of
magnitude (for high velocity impact shock, e.g., penetration shocks, there may be significantly less or no oscillatory
behavior with substantial area under the acceleration response curve). The peak responses of materiel to mechanical
shock will, in general, be enveloped by a decreasing form of exponential function in time. In general, mechanical
shock applied to a complex multi-modal materiel system will cause the materiel to respond to (1) forced frequencies
of a transient nature imposed on the materiel from the external excitation environment, and (2) the materiel's resonant
natural frequencies either during or after application of the external excitation environment. Such response may cause:

a. Materiel failure as a result of increased or decreased friction between parts, or general interference between
parts.

b. Changes in materiel dielectric strength, loss of insulation resistance, variations in magnetic and electrostatic
field strength.

c. Materiel electronic circuit card malfunction, electronic circuit card damage, and electronic connector failure.
(On occasion, circuit card contaminants having the potential to cause short circuit may be dislodged under
materiel response to shock.)

d. Permanent mechanical deformation of the materiel as a result of overstress of materiel structural and non-
structural members.

e. Collapse of mechanical elements of the materiel as a result of the ultimate strength of the component being
exceeded.

f.  Accelerated fatiguing of materials (low cycle fatigue).

g. Potential piezoelectric activity of materials.

h. Materiel failure as a result of cracks in fracturing crystals, ceramics, epoxies, or glass envelopes.
2.1.2 Sequence Among Other Methods.

a. General. Use the anticipated life cycle sequence of events as a general sequence guide (see Part One,
paragraph 5.5).
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b, Unsque to this hethod. Sequencing among other methods will depend upon the type of testing, e

developmental, qualification, endumnce, eic., and the general pvailabulity of fest items for test, Normally,
wchechile shock tesrs emidy an e tesy sequence, bl after any vibeation tesis with the following additional

gidelines:

(1}

12}

(3

If the shock environment is deemed particolacly severe, mud the chances of matenel sunaval withost
drecnial or operational failure are small, e shoek test slould be first in the test sequence. This
provides the opportunity o redestgn the mateniel to meet the shock requirement before testing to the
more benign environments,

If the shock environmend 1= deecmed severe, bui e cianee of the materze]l survweal withoumt strechural
or fumctional fahare 1= good. perform the shock test pfter vibmation and thermal tests, allowimg the
siressmg of the test tem prior to shock testing 1o wmcover combined mechanical and thermal falures,

There are often advanfages to applying shock tests before climatic tests, provided this sequence
represents realistic service conditions. Test expenience has shown that climaie-sensitive defects often
show ugp more clearly afier the appheation of shock environments. However, mitemal or extemal
thermal stresses may penmanently weaken materiel resistance to vibrabon and shock that may po
undetected if shock tests are applicd before climatic fests

1.1 Selecting a Procedure.

Table 516.5-1 snmsarizes the eight test procedures eovered in the Method wath respect to the applicable configurations
and operation states of the ant ander 1es.

Tahle 516.8-1. Shock Test Procedures and Conflguraibons Summary.,

Procedure Deseription Packaged | Unpackaged | Operational m’:.:" Lo
1 Functional Shock X X
n Transportation Shock X X X
i1 | Fragihty X X
v Transit Drop X X X
v Crash Hazard Shock X
VI Bench Handling X X
VIl Pendulum Tnpact .4
VI Catapult x X X
Lannch/ Arrested
Landimg

2.1.1 Procedure Selection Considerntions.

Bazed an the test data requirements. detennine which test procedure, combination of procedimes, or sequence of
procedures s applicable. In manry cases, ene or more of the procedures will apply. Consider all shock enviromaments
anticipaied for the matere] during s Life cyele, botly in its bogisiae and opevational neodes, 'When selecting procedures,

consider:

n The Opemtiopn] Pupose of the Materpe]l From requirement documents, defermme the operations or
functions 1o be performed by the materiel before, during and after the shock environment

b. Tl Mamwral Exposure Circumnstances. Procedures T throwgh V1T are based on single shock evests that resukt

from momentum exchange bebween matenel or materizl support strectures and another body, Procedure VI
(Catnpailn Lavimely' Arrested Lanchng) contains & sequence of iwo shocks separated by a comparatively slort
dharption transtent vibration for catapult launch. and a single shock for amested landing.
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Data Required. The test data required to document the test environment, and to verify the performance of
the materiel before, during, and after test.

2.2.2 Difference Among Procedures.

a.

f.

Procedure I - Functional Shock. Procedure I is intended to test materiel (including mechanical, electrical,
hydraulic, and electronic) in its functional mode, and to assess the physical integrity, continuity, and
functionality of the materiel to shock. In general, the materiel is required to function during and after the
shock, and to survive without damage resulting from shocks representative of those that may be encountered
during operational service.

Procedure II - Transportation Shock. Procedure II is used to evaluate the response of an item or restraint
system to transportation environments that create a repetitive shock load. The procedure uses a classical
terminal peak sawtooth, either measured or a synthetic shock waveform, to represent the shock excitation
portion of the transportation scenario. The shock can be a repetitive event of similar amplitude, or an irregular
event that varies in amplitude and frequency bandwidth. Ground vehicle transportation is a common source
for transportation shock. Procedure II is not equivalent or a substitute for Method 514.8, Secured Cargo
Vibration or Category 5, Loose Cargo, or other Method 516.8 shock test procedures.

Procedure III - Fragility. Procedure III is used early in the item development program to determine the
materiel's fragility level, in order that packaging, stowage, or mounting configurations may be designed to
protect the materiel's physical and functional integrity. This procedure is used to determine the critical shock
conditions at which there is chance of structural and/or operational system degradation based upon a
systematic increase in shock input magnitudes. To achieve the most realistic criteria, perform the procedure
at environmental temperature extremes.

Procedure IV - Transit Drop. Procedure 1V is a physical drop test, and is intended for materiel either outside
of, or within its transit or combination case, or as prepared for field use (carried to a combat situation by man,
truck, rail, etc.). This procedure is used to determine if the materiel is capable of withstanding the shocks
normally induced by loading and unloading when it is (1) outside of its transit or combination case, e.g.,
during routine maintenance, when being removed from a rack, being placed in its transit case, etc., or (2)
inside its transit or combination case. Such shocks are accidental, but may impair the functioning of the
materiel. This procedure is not intended for shocks encountered in a normal logistic environment as
experienced by materiel inside bulk cargo shipping containers (ISO, CONEX, etc.). See Procedure II
(Transportation Shock), and Procedure VII (Pendulum Impact).

Procedure V - Crash Hazard Shock Test. Procedure V is for materiel mounted in air or ground vehicles that
could break loose from its mounts, tiedowns, or containment configuration during a crash, and present a
hazard to vehicle occupants and bystanders. This procedure is intended to verify the structural integrity of
materiel mounts, tiedowns or containment configuration during simulated crash conditions. Use this test to
verify the overall structural integrity of the materiel, i.e., parts of the materiel are not ejected during the shock.
In some instances, the crash hazard can be evaluated by a static acceleration test (Method 513.8, Procedure
I, or a transient shock (Method 516.8, Procedure V)). The requirement for one or both procedures must be
evaluated based on the test item.

Procedure VI - Bench Handling. Procedure VI is intended for materiel that may typically experience bench
handling, bench maintenance, or packaging. It is used to determine the ability of the materiel to withstand
representative levels of shock encountered during such environments. This procedure is appropriate for
materiel out of its transit or combination case. Such shocks might occur during materiel repair. This
procedure may include testing for materiel with protrusions that may be easily damaged without regard to
gross shock on the total materiel. The nature of such testing must be performed on a case-by-case basis,
noting the configuration of the materiel protrusions, and the case scenarios for damage during such activities
as bench handling, maintenance, and packaging.

Procedure VII — Pendulum Impact. Procedure VII is intended to test the ability of large shipping containers
to resist horizontal impacts, and to determine the ability of the packaging and packing methods to provide
protection to the contents when the container is impacted. This test is meant to simulate accidental handling
impacts, and is used only on containers that are susceptible to accidental end impacts. The pendulum impact
test is designed specifically for large and/or heavy shipping containers that are likely to be handled
mechanically rather than manually.
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NOTE: The rail impact test, formerly Procedure VII, has been moved to Method 526.2.

h.  Procedure VIII - Catapult Launch/Arrested Landing. Procedure VIII is intended for materiel mounted in or
on fixed-wing aircraft that is subject to catapult launches and arrested landings. For catapult launch, materiel
may experience a combination of an initial shock followed by a low level transient vibration of some duration
having frequency components in the vicinity of the mounting platform’s lowest frequencies, and concluded
by a final shock according to the catapult event sequence. For arrested landing, materiel may experience an
initial shock followed by a low level transient vibration of some duration having frequency components in
the vicinity of the mounting platform’s lowest frequencies.

2.3 Determine Test Levels and Conditions.

Having selected this Method and relevant procedures (based on the materiel's requirements documents and the
tailoring process), complete the tailoring process by identifying appropriate parameter levels, applicable test
conditions, and test techniques for the selected procedures. Base these selections on the requirements documents, the
Life Cycle Environmental Profile (LCEP), and information provided with the appropriate procedure. Many laboratory
shock tests are conducted under standard ambient test conditions as discussed in Part One, paragraph 5. However,
when the life cycle events being simulated occur in environmental conditions significantly different than standard
ambient conditions, consider applying those environmental factors during shock testing. Individual climatic test
procedures of this Standard include guidance for determining levels of other environmental loads. For temperature-
conditioned environmental tests, (high temperature tests of explosive or energetic materials in particular), consider
the materiel degradation due to extreme climatic exposure to ensure the total test program climatic exposure does not
exceed the life of the materiel. (See Part One, paragraph 5.19.). Consider the following when selecting test levels:

2.3.1 General Considerations - Terminology and Processing Procedures with Illustration.

Much of the core terminology associated with shock testing is addressed in the following topics: (1) the shock model,
(2) laboratory shock test options including tailoring when measured data are available, (3) single shock event
characterization (in particular the crucial issue of shock duration with detailed additional information supplied in
Annex A), (4) procedures for single shock event with multiple channel measurement processing for laboratory tests,
(5) reference to statistical and probabilistic summary information for multiple shock events over possible multiple
related measurements provided in Annex C, and (6) references to more advanced analysis techniques for
characterizing a shock environment and its effects on materiel. Information in Annex C is crucial for processing
measured data and test specification development.

2.3.1.1 The Shock Model.

This paragraph is essential to understanding the nature of the shock environment applied to materiel. The shock model
represents materiel with a shock input defined by a comparatively short time and a moderately high-level impulse.
The duration of the input is usually much less than the period of the fundamental frequency of the mounted materiel,
and the amplitude of the input is above peaks of extreme materiel vibration response levels. Generally, the impulse
input is distributed to the materiel surface or body directly or, more commonly, to the materiel through its mounts to
a primary structure. It is difficult to directly measure such an impulse in time versus magnitude. When the impulse
is applied to the materiel through its mounting points to a structure, a simple base-excited single-degree-of-freedom
(SDOF) linear system can serve as a shock model for the materiel at a single resonant frequency of the materiel.
Figure 516.8-1 displays such a system with the mass representing the materiel, and the combination spring/damper
representing the path that supplies the impulse to the materiel. This model is used to define the Shock Response
Spectra (SRS) considered throughout the subparagraphs of 2.3.1 and Annex A. Figure 516.8-1 displays the second
order differential equations of motion that justify base input impulse specified as displacement/velocity. The solution
can be in terms of absolute mass motion acceleration, or in terms of relative motion between the base and the mass.
For an assumed base input acceleration measurement, the second-order differential equation of motion is “solved” by
filtering the shock acceleration using a series of SDOF systems based upon a ramp-invariant digital filter algorithm
(paragraph 6.1, reference i). The SRS is provided by a plot of natural frequency (undamped SDOF natural frequency)
versus specified mass response amplitude, and is obtained as the output of the SDOF bandpass filters when the
transient shock time history acceleration serves as the input to the base. Materiel response acceleration, (usually
measured at a materiel mount location or, less preferably, at a materiel subcomponent with potential for local resonant
response), will generally be the variable used in characterization of the effects of the shock. This does not preclude
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other variables of materiel response such as velocity, displacement, or strain from being used and processed in an
analogous manner, as long as the interpretation of the measurement variable is clear, and the measurement/signal
conditioning configuration is valid, e.g., measurements made within the significant frequency range of materiel
response, etc. If, for example, base input velocity is obtained from measurement, all relative and absolute quantities
will be transformed from those based upon base input acceleration (see Annex A). It can be established that stress
within materiel at a particular location is proportional to the velocity of the materiel at that same location (paragraph
6.1, references e and f). For the SDOF model, this implies that stress within the materiel is proportional to the relative
velocity between the base and the mass, and not the absolute velocity of the mass. Annex A discusses the modeling
of SDOF systems in more detail, and places emphasis on the fact that materiel with many resonant modes can often
be thought of in terms of a series of independent SDOF systems as defined at the resonant frequencies of the materiel.

l—» (i) T

Base Input SDOF Differential Equation of Motion:
For x(t) base input motion coordinate and y (t) mass absolute
motion coordinate

- mj}(t)+cj/(t)+ky(t):kx(t)+cic(t)
mi (1) + e[ (0) - ()]« [y (1) - x ()] = 0

f F(1) + F(1) + F(1) =0

F (t) = inertial force on mass m

with

F (t) = viscous damping force related to viscous damping
coefficient ¢

F (t) = linear spring force related to linear spring stiffness
coefficient &

2(1) = y(1)-x(0)

then

mz (1) + (1) + kz (¢) = -mi (¢)
£(1)+ (e/m)2(e) + (k/m)z(¢) = - (¢)

If

Figure 516.8-1. Base input SDOF system model for shock considerations.
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2.3.1.2 Laboratory Shock Test Options.

The following paragraphs address the various options for conduct of laboratory shock tests. Consideration will be
discussed regarding availability of field data.

2.3.1.2.1 Summary.

For any configured materiel, ideally there exist “representative” field measurements of shock to which the materiel
might be exposed during its life according to the LCEP. The eight procedures in this Method generally describe the
scenarios in which field shock to materiel may occur. The procedures go beyond scenarios, and suggest default drop,
default pulses, and/or default SRSs for applying laboratory shock. These “defaults” may have originated from field
measurement data on some generic materiel in a particular configuration that were summarized and documented at
one time, but this documentation no longer exists. Such lack of documentation leaves this Method with some
procedures that are based upon the best laboratory test information currently available. The reality is that obtaining
accurate item specific field measurements can be difficult, cost prohibitive, or not possible to acquire in a timely
manner. However, to the maximum extent possible, tests based on measured data are the recommended option before
use of the provided default test criteria.

NOTE: For materiel design and development, the option of tailoring of a laboratory shock
test from field measurement information is superior to any of the test procedures within this
Method, and should be the first laboratory test option. This assumes that the measurement
data bandwidth and the laboratory test bandwidths are strictly compatible.

2.3.1.2.2 Test Implementation Options.
Table 516.8-11 summarizes the options for the eight laboratory test procedures. The options are defined as follows:

a. “TWR” (Time Waveform Replication), means that the measurement time history will be reproduced on the
laboratory exciter with “minimal amplitude time history error” according to Method 525.2 Typically
implemented using special shock package software for replication.

b. “Drop” is an explicit free fall drop event.

c. “Classical Pulse” refers to classical pulses to be used in testing. Classical pulses defined within this method
are the terminal peak sawtooth, trapezoidal and half-sine pulses. This category is generally employed when
suitable field measurement information is unavailable, and traditional testing is relied upon.

d. “SRS” refers to cases in which an SRS is used for the test specification, and exciter shock is synthesized
based upon amplitude modulated sine waves or damped sinusoids. This category may be based on the SRS
equivalent of a classical pulse to reduce adverse effects associated with conducting classical shock testing on
a shaker, or may be defined based upon an ensemble of measured field data. The application notes in Annex
A paragraph A.1.3 are important for defining the appropriate duration for the synthesized SRS pulse.

From Table 516.8-1I1, it is clear that the test procedures are divided according to use of TWR, drop test procedures,
classical pulses, or synthesized waveforms from SRS. TWR is considered the most realistic as it is based upon direct
replication of field measured data. Software vendors have generally incorporated an option for TWR within their
“shock package,” so that it is unnecessary to plan testing under specialized TWR software as called out in Methods
525.2 and 527.2, however, both of these Methods provide insight into tolerance and scaling related to a more general
TWR methodology.
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Table 516811 Loboratory Test Options.

Test Methodology
Classical Pule
Procedure
Drop’ Ealt- SRS | TWR
Sine? Trapezoidal TP Sawtooth
I Funictional Shock X X X X
I Transportation ¥ ¥ ¥
Slhock
Im Fragility x X
Y Transii Drop X
: Crash Hazard
Yo | shock? A * %
W1 Bench Handling
VI | Penduhmm Impact*
Catapull Laimch)
I X
Amrested Landing®
Note 1. The Drop test includes vertieal froe fall iers, inpact machines, and other fext methods with sirilar
ERIPIEIT,
Note 2, High Spesd Craff ix @ special cose af Fanctional Shock te? o specified i ferms of olassion! haff
sine.
Note 3, In some cares the Crash Hazard Shock may be evalivaied by a constant acceleration, see paragraph
d.d.58
Nate 4. Pevculorg frapter 15 o Resr iram wil forizonial monon il iRpnaers @ sty arvier,
Note 8. A Carapult Lawmiciv/drrested Lanading fest canr be bazed on g mregswred waveformr ov a fwo second
damped (=20} sine bitksd af required amplitide and Fregeericr, see the lesd proveduie,

23123 Tailoring When Measured Data Arve Available - General Discassion.

Bince test tnilormg to field measured data 15 considered a superior technique for shock testing, information and
puwidalines i this and subsequent paragrapls are very imponant. Bevond the classical pulse, two techniques of shock
replication m the kaboratory are possible.

The first technaque takes a measurement shock, and conditions o for direct waveform replicafion on the
laboratory exciter. Condiboning may consisi of bandwidih bnuting via lowpass, highpass, or bandpacs
fiktering, and re-sampling mto an ASCI or other general file formad.  Vendor packages may have fhis
capability within the “shock package™ or m a special “Tone Wavefonn Feplication (TWR) package™.

The second technague takes & measwremnent shock, computes an SRS estimate, aed subsequently uses this
SRS estimate to synihesize o representative tume domam reference using a “wavelst” or o damped sine-based
:.:.rnﬁe:.i:- lqu'u:urJ:. in order o muntun & rensanable comelaton between the effective pulse dusatvoes in
the field measured and labomatory synthesized signals. s additica o e SES reference to be symbesized. the
test opersior will recquure kawowledge of the basic tempom] charactenstics of the time domain signal(s) from
whech the reference SES i nnnpl.ﬂ.nd Lore on this :1.|]'.'Ij,-|:1.'1 follows i Ammex A P‘m‘u.p:'ph 1.4
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In summary, when test tailoring based upon available field measured data is employed, there are basically two
laboratory test options available (assuming that repetition of the laboratory shock is under the guidance of the LCEP).
Depending on the conditions of the test in which the data was acquired and the intended use for the data, the typical
application of TWR or SRS test methods are described below.

a. TWR.

(1) Measured shock is a single shock field measurement or highly repeatable multiple shock field
measurement.

(2)  Complex shocks.

(3) Adequate measurement or ability to predict time histories at relevant locations in order to have
adequate information at mounting locations of the test article.

(4)  Examples of such measurements are catapult launches, aircraft landing, and gunfire loads.

NOTE: The bandwidth of the measurement shock and the ability of the laboratory exciter
system to “replicate the bandwidth” is an important consideration under TWR. TWR input time
histories may be band-limited, and yet the materiel response may have broader bandwidth as a
result of mounting. This area has not been studied to any extent, and can be a function of the
materiel and its mounting. Time history bandwidths that exceed the laboratory exciter
bandwidth place a rather severe limitation on use of TWR for laboratory testing.

b. SRS.

(1)  Single or multiple shock measurements where SRS values fit to a statistical distribution. Confirmation
of statistical trend must be made.

(2)  Sensor placement is sparse relative to the area in which it is to characterize.
(3)  The shock load is known to have a statistically high variance.

(4)  An example of SRS preference would be the shock assigned to a ground vehicle’s hull as a function
of multiple terrains.

Scaling for conservatism is ill-defined, but may be applied at the discretion of the analyst.

NOTE: SRS synthesis requires not only the SRS estimate, but (1) a general amplitude correspondence
with field measured or a predicted pulse, and (2) an estimate of the field measured or predicted pulse
duration. In general, synthesis is applicable only for “simple shocks” (see Annex A paragraphs 1.2-
1.3) with high frequency information very near the peak amplitude, i.e., for shocks whose rms duration
is short. By the nature of the composition of the synthesized shock (i.e., damped sinusoids or
“wavelets”), it is possible to inappropriately extend the duration of a time history that matches a given
SRS to an indefinitely long time. Note also that when measurement data are available, certain shocks,
in particular “complex shocks” (see Annex B), may only be adequately applied under TWR.

2.3.2 Test Conditions.

When defining shock test levels and conditions, every attempt needs to be made to obtain measured data under
conditions similar to service environment conditions in the Life Cycle Environmental Profile. Consider the following
test execution ranking from the most desirable to the least desirable as follows:

a. TWR: Measured time histories summarized, and laboratory exciter shock created by way of direct
reproduction of one or more selected time histories under exciter waveform control (see Method 525).
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b. SRS based on Measured Data: Measured time histories summarized in the form of an SRS and laboratory
exciter shock synthesized by way of a complex transient making sure that effective shock durations (7, and

T, ) for the test pulse are consistent with the measured data and the character of the synthesized waveform

is “similar” to the measured time histories with respect to amplitude and zero crossings (see Annex A
Paragraph 1.3 for a discussion and example of effective shock durations).

c. SRS in the absence of Measured Data: No measured time histories but previous SRS estimates available, and
laboratory exciter shock synthesized by way of a complex transient such that effective shock durations ( 7,

and 7}, ) are specified taking into consideration the nature of the environment and the natural frequency
response characteristics of the materiel (see Annex A Paragraphs 1.3 and 1.4).

d. Classical Shock Pulse: No measured time histories, but classical pulse shock descriptions available for use
in reproducing the laboratory exciter shock (see Paragraph 2.3.2.3).

2.3.2.1 SRS Based on Measured Data

When measured data is available, the SRS required for the test will be determined from analytical computations. 7,

and 7, required for the test will be determined from statistical processing of time history measurements of the

materiel’s environment (see Annex A, Paragraph 1.3). Unless otherwise specified, the SRS analysis will be performed
on the AC coupled time history for Q = 10 at a sequence of natural frequencies spaced at 1/12 octave or less to span
a minimum bandwidth of 5 Hz to 2,000 Hz.

a.  When a sufficient number of representative shock spectra are available, employ an appropriate statistical
enveloping technique to determine the required test spectrum with a statistical basis (see Annex C of this
Method).

b.  When insufficient measured time histories are available for statistical analysis (only one or two time histories
of like character), use an increase over the maximum of the available SRS spectra to establish the required
test spectrum (if two spectra are available, determine a maximum envelope according to the ENV procedure
of Annex C). The resulting spectra should account for stochastic variability in the environment, and
uncertainty in any predictive methods employed. The degree of increase over measured time history spectra
is based on engineering judgment, and should be supported by rationale. In these cases, it is often convenient
to add either a 3 dB or 6 dB margin to the enveloped SRS, depending on the degree of test level conservatism
desired (see Annex C, paragraph 4.2). Effective durations 7, and 7}, for test should be taken as the respective

maximums as computed from each of the measured time histories.

2.3.2.2 SRS in the Absence of Measured Data

If measured data is not available, the SRS and the corresponding values of T, and 7, may be derived from (1) a

carefully scaled measurement of a dynamically similar environment, (2) structural analysis or other prediction
methods, or (3) from a combination of sources. For Procedure I (Functional Shock with Terminal Peak Sawtooth
Reference Criteria), and Procedure V (Crash Hazard Shock), employ the applicable SRS spectrum from Figure 516.8-
2 as the test spectrum for each axis, provided 7, and T, of the test shock time history is in compliance with the
accompanying Table 516.8-111. This spectrum approximates that of the perfect terminal-peak sawtooth pulse. General
guidance for selecting the crossover frequency, I, , for any classical pulse is to define it as the lowest frequency at
which the corresponding SRS magnitude reaches the convergence magnitude (the constant magnitude reached in the
high frequency portion of the SRS) for the damping ratio of interest. Once F, is defined, the effective duration

considered in the complex pulse synthesis is then defined as 7}, < %7 . This guidance allows for a longer effective

duration than previous versions of this standard that were found to be too restrictive. Refer to Annex A paragraph 1.3
for additional guidance on customizing the bandwidth of the SRS and corresponding values of 7, and 7}, as required.

It is recommend that the test be performed with a waveform that is synthesized from either (1) a superposition of
damped sinusoids with selected properties at designated frequencies, or (2) a superposition of various amplitude
modulated sine waves with selected properties at designated frequencies, such that this waveform has an SRS that
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approximates the SES on Figure 2. In reality. any complex test transient with major eserey in the mitial portion of
the time trace is suitable if if 1= within tolerance of this spectmm requirement over the minmomn frequency range of
10 e 20060 Hz, asd ansets e durstion requairements.  [mplementmng o classical termunal-peak sawtooil pulse or
trapezosdal pulse on a vibratwon exciter are the least perunssible test alternatives.  [n the case in which a classical
I:nll:: is Fn'\ep as the reference critena, it 15 Fl,-.rnl:i:al'hl-: o synthesize o :mr;pl::l: |1-|.|.1s= based on the SRS charactenshics
of the referenced classical pulse. In such cases, T, and T} should be defined as in Table 516,8-111

16"

'|I:I.
Cranh Hopasrd Tesl by Grounma Fouapmerd
e F g nOnal ToBT 00 Ganiang E g et & CTann Hazam Tes for Fligh Eguaprmaend
o |l T D | R S el AT
smmew Funaoonal Tosl 04 FlRgh Equipib
"

1" '’ 0’
Matural Frequency (Hz)

Figure 516.8-2, Test SRS for use I measared data are oot avallable (for Procedure I - Functional Shock,
nud Procedure V' - Crash Hazard Shoclk).

Tabile 516.8-I11. Test shock respose specivn For use iF measured daia are not mvailable.

Test Category Peak Accelerntion AT T () Cross-over Frequency
0G-Fi) Fue(Hz)
Fuanctional Test for Flight 20 251 2/F, 44
Equlpimnent
Functional Test for 40 250 MNF 45
Ground Equipment’ . "
Launch/Eject During o 2515, F 47
Captive Carry
Crash Hazard Shock Test 40 25 f yE, 15
for Flight Equipment
Crash Hazard Shock Tesi 75 250 2{F. B
for Ground Equipment )

Note I: The defoulst vaive fov [ is 10 Hz a5 shown in Figee 516.8-2. Refer to gridawce in paragraphs 4.2.2.2¢
avd . 2.2, 2.6 b customize the Sanahwideh of e SRS and corresponding valies of T, ond Te

Nare 2. For materiel mownied ounlv in mucks and senid-frailers, wae a8 206G Fm'nl' verlare.
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2.3.2.3 Classical Shock Pulse

Classical shock pulses (e.g., half-sine, terminal peak sawtooth, or trapezoidal) may be defined by (1) time history
measurements of the materiel’s environment, (2) from a carefully scaled measurement of a dynamically similar
environment, (3) from structural analysis or other prediction methods, or (4) from a combination of sources. The
terminal peak sawtooth is often referenced due to its relatively flat spectral characteristics in the SRS domain as
approximated in Figure 516.8-2. In the event that a-priori information regarding rise time of the transient event being
considered is determined to be a critical parameter, consider a half-sine pulse or a trapezoidal pulse with a tailored
rising edge in lieu of the terminal peak sawtooth. Shock pulse substitution (e.g., half-sine in lieu of terminal peak
sawtooth) requires adjustment in the amplitude such that the velocity of the substituted shock pulse is equivalent to
the original specification. The resulting over-test or under-test with respect to the difference in the SRS must be
considered, documented, and approved by the appropriate testing authority. If a classical shock pulse is defined in lieu
of more complex measured time history data it must be demonstrated that SRS estimates of the classical shock pulse
are within the tolerances established for the SRS estimates of the measured time history data. In most cases, classical
shock pulses will be defined as one of the following:

a. Terminal Peak Sawtooth Pulse: The terminal peak sawtooth pulse along with its parameters and tolerances
are provided in Figure 516.8-3, and is an alternative for testing in Procedure I - Functional Shock, Procedure
II - Transportation Shock and Procedure V - Crash Hazard Shock Test.

b. Trapezoidal Shock Pulse: The trapezoidal pulse along with its parameters and tolerances is provided in Figure
516.8-4. The trapezoidal pulse is specified for Procedure III - Fragility.

c. Half-Sine Shock Pulse: The half-sine pulse along with its parameters and tolerances is provided in Figure
516.8-5. The Half-Sine Pulse is specified for Procedure I — High Speed Craft Functional Shock. As discussed
in paragraph 2.3.2.3.1, the half-sine pulse is often used in lieu of other classical pulses based upon equipment
availability and or limitations.
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Ky (o Figures 216.5-3 through 516,8-5:

T duration of noninal polse (foberance on To 15 + 10%).

A peik accelemtion of nommal pulse

Ty i fine duration which the pelse shall be monstored for shocks produced wsing & corventianal
mechanical shock machine.

Ts mumiwan tme dunng which the pulse shall be monrtored for shocks produced nsmg a vibraton
exciter.

The duration associated with the posi-pulse slope af a terminal peak sewiooth and durations asseciated with
the pre and post slapes of @ trapezoldal palee should be less than [8% Ta

The tolerance on veloclty, due fo combined effects of amy amplitnde and'or duraiion devietions from he
waminal pulve, iv limied fo - 20% of He pelee's nominad velocity,

23031 Classkeal Shock Pulses (Mechaical Shick Machine).

It % recognized that conducting a termanal peak sawtooth or mapesoacal pudse on a mechamcal shock machine requires
tle use of special progranueers (€.g.. head or gas programomers b and requires higher mpact velocity than equavalent
half-sine shocks smee the half-sme pulse contains significant rebound velocity that is not chamcienstic of the fermanal
peak sisath pulse. Such programmens or high veloeity shack nuachines are notd available in all laberatorias, Tn such
cases, it may be necessary to resort fo the nse of more readaly available progranmers used in the conduct of half-sme
shock pulses, When substiution of shock pulses is necessary, follow the generl guidance of mainmining equivalem
viloeiry to thal of the origual referesce pulse.

23,232 Classbeal Shick Pulses (Vibration Excitei).

If a wibration exciter 15 1o be employed o conduct a test with a classical shock pulse, 1 will be necessary fo optinnze
the seferesce pulse such thar tee et velocity and displacements ape zere, Unformpately, the need to compensate the
reference pulse distorts the temporal and spectral characteristics, resuliing in two specific problems that will be
lustrated throngh example wang o termonl peak sawtooth (the same argameni s relevant for any clissical pulee e
to be conducted on a vibration exciterh. First, amy pre andfor post-pulse conmpensation will be mited by the + 20
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percent tolerances given mn Fignres 516.8-3 1o 516.8-3. Second, as ilhswated by the psendo-velociiy SRS in Fipure
516.8-4, the velocities in the bow frequency portion of the SES will be significantly reduced in amplitods. Also, there
is generally an area of mereased amplitude associated with the duration of the pre- aud post-last compensation
Ohserve that the low frequency drop-off in SRS levels between the compensated and uncompensaied pulse is readily
identifiable and labeled f,_ . Likewise, the frequency at which the compensased and ancompensated pulses converge
is readily identifisble and labeled £, = The drop-off st f_ is considered to be acceptable if and oaly if the lowest
resonant frequency of the tem being tested, f] . is at least one octave greater than . The amount of gamn in the
region f,_ < [ 5 f, 15 directly related to the duration and magnitude of the compensation pulse and the percent of
critical dampeng emploved i the SRS comgatation (=10 i Figire 516.8-68). The potential for over-lest 1w this
spectral band mmst also be carefully considered prior 1o proceeding.
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2.3.3 Test Axes and Number of Shock Events - General Considerations.

Generally, the laboratory test axes and the number of exposures to the shock events should be determined based upon
the LCEP. However as a minimum requirement, subject the test item to a sufficient number of suitable shocks to meet
the specified test conditions in both directions along each of three orthogonal axes. A suitable test shock for each
direction of each axis is defined to be one classical shock pulse or complex transient pulse that yields a response
spectrum that is within the tolerances of the required test spectrum over the specified frequency range, and has an

effective duration within the tolerance of 7, as defined in paragraph 4.2.2.2. In general, complex transient pulses

generated by modern control systems will be symmetric and the maximax positive and negative SRS levels will be
the same. However, this must be verified for each shock event by computing the spectra for positive and negative
maximum (i.e., maximum and minimum) accelerations, generally at Q = 10, and at least 1/12-octave frequency
intervals. Ifthe required test spectrum can be satisfied simultaneously in both directions along an axis (i.e., symmetric
pulse), one shock event will satisfy a single shock requirement for that axis in both directions. If the requirement can
only be satisfied in one direction (e.g., polarity consideration for classical shock inputs, non-symmetric complex
transient pulses), it is permissible to change the test setup and impose an additional shock to satisfy the spectrum
requirement in the other direction. This may be accomplished by either reversing the polarity of the test shock time
history or reversing the test item orientation. The following guidelines may also be applied for either classical shock
pulses or complex transient pulses.

a. For materiel that is likely to be exposed only rarely to a given shock event, perform a minimum of one shock
in each direction of each axis. For shock conditions with a high potential of damage (e.g., large velocity change
associated with the shock event, fragile test article), perform no more than one shock in each direction of each
axis. Note that some high velocity shock tests with safety implications (i.e., crash hazard) may require two shocks
in each direction of each axis.

b. For materiel likely to be exposed more frequently to a given shock event, and there are little available data
to substantiate the number of shocks, apply a minimum of three shocks in each direction of each axis.

2.3.3.1 Special Considerations for Complex Transients.

There is no unique synthesized complex transient pulse satisfying a given SRS. In synthesizing a complex transient
pulse from a given SRS, and this complex transient pulse either (1) exceeds the capability of the shock application
system (usually in displacement or velocity), or (2) the duration of the complex transient pulse is more than 20 percent

longer than T,, some compromise in spectrum or duration tolerance may be necessary. It is unacceptable to

decompose an SRS into a low frequency component (high velocity and displacement), and a high frequency
component (low velocity and displacement) to meet a shock requirement. Often an experienced analyst may be able
to specify the input parameters to the complex transient pulse synthesis algorithm in order to satisfy the requirement
for which the shock application system manufacturer “optimum” solution will not. Refer to paragraphs 4.2.2.2.c and
42.2.2.4d.

2.4 Test Item Configuration.

(See Part One, paragraph 5.8.) The configuration of the test item strongly affects test results. Use the anticipated
configuration of the materiel in the life cycle environmental profile. As a minimum, consider the following
configurations:

a. In a shipping/storage container or transit case.
b. Deployed in the service environment.
3. INFORMATION REQUIRED.
3.1 Pretest.
The following information is required to conduct a shock test.

a. General. Information listed in Part One, paragraphs 5.7, 5.9, and 5.11 of this Standard; and in Part One,
Annex A, Task 405.

b. Specific to this Method.

(1)  Test fixture modal survey procedure.
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(2)  Test item/fixture modal survey procedure.
(3)  Shock environment. Either:

(a) The predicted SRS or the complex shock pulse synthesis form (superposition of damped
sinusoids, amplitude modulated sine waves, or other) specifying spectrum shape, peak
spectrum values, spectrum break points, and pulse duration.

(b) The measured data selected for use in conjunction with the SRS synthesis technique outlined
in the procedures. (If the SRS synthesis technique is used, ensure both the spectral shape and
synthesized shock duration are as specified.).

() The measured data that are input as a compensated waveform into an exciter/shock system
under Time Waveform Replication (TWR). (See Method 525.2.)

(d) Specified test parameters for transit drop and fragility shock.
(4)  Techniques used in the processing of the input and the response data.
(5) Note all details of the test validation procedures.

Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations.

3.2 During Test.

Collect the following information during conduct of the test.

General. Information listed in Part One, paragraph 5.10 and in Part One, Annex A, Task 406 of this Standard.

Specific to this Method. Information related to failure criteria for test materiel under acceleration for the
selected procedure or procedures. Pay close attention to any test item instrumentation, and the manner in
which the information is received from the sensors. For large velocity shock, ensure instrumentation cabling
does not add noise to measurements as a result of cable movement.

If measurement information is obtained during the test, examine the time histories and process according to
procedures outlined in the test plan.

3.3 Post-Test.

The following information shall be included in the test report.

a.

General. Information listed in Part One, paragraph. 5.13 of this Standard; and in Part One, Annex A, Task
406.

Specific to this Method.

(1)  Duration of each exposure and number of exposures.
(2)  Status of the test item after each visual examination.

(3)  Allresponse time histories and the information processed from these time histories. In general, under-
processed information, the absolute acceleration maximax SRS, and the pseudo-velocity SRS should
be supplied as a function of single degree-of-freedom oscillator undamped natural frequency. In
certain cases, the ESD and FS may be supplied.

(4)  Test item and/or fixture modal analysis data and, if available, a mounted item/fixture modal analysis.

(5)  Any deviation from the test plan or default severities (e.g., drop surface).

4. TEST PROCESS.
4.1 Test Facility.

Use a shock-producing apparatus capable of meeting the test conditions as determined according to the appropriate
paragraphs of this Method. The shock apparatus may be of the free fall, resilient rebound, non-resilient rebound,
hydraulic, compressed gas, electrodynamic exciter, servo-hydraulic exciter, or other capable configuration. Careful
attention needs to be paid to the time, amplitude, and frequency ranges over which the apparatus is capable of
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delivering a shock input. For example, electrodynamic exciters can suitably reproduce synthesized shock records
from 5 Hz to 2000 Hz or above; however, a servo-hydraulic exciter may have only a DC to 500 Hz controllable
frequency range. Procedures II and III require test apparatus capable of producing relatively large displacement.
Procedure VII is a special test setup in that large containers impact a rigid barrier. Procedure VIII for catapult launch
is best satisfied by application of two shock pulses with an intervening “transient vibration” for which TWR Method
525.2 may be appropriate. Generally, shock on either electrodynamic or servo-hydraulic exciters will be controlled
using classical shock, SRS shock, or time waveform replication control software.

4.2 Controls.
4.2.1 Calibration.

The shock apparatus will be user-calibrated for conformance with the specified test requirement from the selected
procedure where the response measurements will be made with traceable laboratory calibrated measurement devices.
Conformance to test specifications may require use of a “calibration load” in the test setup. If the calibration load is
required, it will generally be a mass/stiffness simulant of the test item. “Mass/stiffness simulants” imply that the
modal dynamic characteristics of the test item are replicated to the extent possible in the simulant - particularly those
modal dynamic characteristics that may interact with the modal dynamic configuration of the fixturing and/or the test
device. For calibration, produce two consecutive input applications to a calibration load that satisfy the test conditions
outlined in Procedures I, II, III, V, or VIII. After processing the measured response data from the calibration load,
and verifying that it is in conformance with the test specification tolerances, remove the calibration load and perform
the shock test on the test item. Use of calibration loads for setup to guard against excessive over test or unproductive
under test is highly recommended in all cases.

4.2.2 Tolerances.

For test validation, use the tolerances specified under each individual procedure, along with the guidelines provided
below. In cases in which such tolerances cannot be met, establish achievable tolerances that are agreed to by the
cognizant engineering authority and the customer prior to initiation of test. In cases, in which tolerances are
established independently of the guidance provided below, establish these tolerances within the limitations of the
specified measurement calibration, instrumentation, signal conditioning, and data analysis procedures.

4.2.2.1 Classical Pulses and Complex Transient Pulses-Time Domain.

For the classical pulses in this Method, tolerance limits on the time domain representation of the pulses are as specified
in Figures 516.8-3 through 516.8-5. If a classical shock pulse is defined in lieu of more complex measured time
history data it must be demonstrated that SRS estimates of the classical shock pulse are within the tolerances
established for the SRS estimates of the measured time history data. For complex transient pulses specified in the
time domain, it is assumed that testing will be performed under TWR (Method 525.2), and that the tolerance guidance
related to that Method will be used.

4.2.2.2 Complex Transient Pulses-SRS.

For a complex transient pulse specified by way of the maximax SRS, e.g., Figure 516.8-2, the frequency domain and
time domain tolerances are specified in terms of a tolerance on the SRS amplitude values over a specified frequency
bandwidth and a tolerance on the effective pulse duration. If a series of shocks are performed, all acceleration
maximax SRS shall be computed at the center frequency of one-twelfth octave bands with a default damping quality
factor Q of 10 (5 percent critical damping factor). Tolerances on the individual points (values associated with each
one-twelfth octave center frequency) are to be within -1.5 dB and +3 dB over a minimum of 90 percent of the overall
values in the frequency bandwidth from 10 Hz to 2000 Hz. For the remaining part of the frequency band, all SRS
values are to be within -3 dB and +6 dB (this places a comparatively narrow tolerance on the major frequency
band of interest, but allows a wider tolerance on 10 percent of this frequency band and a wider tolerance on the SRS
above 2 KHz). Note that if an SRS is within tolerance for both SRS-minimum and SRS-maximums, the pulse is
considered symmetric. While the reference criteria is often limited in bandwidth as a result of excitation equipment
limitations, the analyst may require response data to be viewed through the bandwidth at which the SRS amplitude
flattens. The duration of the complex transient is defined by 7, and 7, as discussed in Annex A paragraph 1.3

and shall have a tolerance of 0.87, <7, <1.2T,. In addition, the following guidance is provided for use of (1) the
pseudo-velocity response spectra, and (2) multiple measurements to specify a shock environment.
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All tolerances are specified on the maximax acceleration SRS. Any tolerances specified on the pseudo-
velocity response spectra must be derived from the tolerances on the maximax acceleration SRS. (For three-
coordinate paper, the pseudo-velocity tolerance can be determined by placing tolerance bands along the SRS
acceleration axis, and then extracting the tolerance values along the ordinate for the pseudo-velocity SRS
tolerance.) Note that SRS estimates scale directly in amplitude, i.e., multiplication of the time history by a
factor is translated directly into multiplication of the SRS estimate by the same factor.

The test tolerances are stated in terms of a single measurement tolerance, i.e., each individual laboratory test
must fit within the tolerance bands to provide a satisfactory test. For an array of measurements defined in
terms of a "zone" (paragraph 6.1, reference b), amplitude tolerance may be specified in terms of an average
of the measurements within a "zone". However, this is, in effect, a relaxation of the single measurement
tolerance in that individual measurements may be substantially out of tolerance while the average is within
tolerance. In general, when specifying test tolerances based on averaging for more than two measurements
within a zone, the tolerance band should not exceed the 95/50 one-sided normal tolerance upper limit
computed for the logarithmically transformed SRS estimates, nor be less than the mean minus 1.5 dB. Any
use of "zone" tolerances and averaging must have support documentation prepared by a trained analyst. The
tolerance on the duration of the test pulse when more than one measurement is present, may be specified
either as a percentage of the harmonic mean of the pulses (the nth root of the product of the n durations as

defined by T}, ; forj=1,2,..,n ie,T, = ﬂr ), or on some statistical based measure taking account of

the variance of the effective durations. For example, a 95/50 two-sided normal tolerance limit will provide
the upper and lower limits of duration for which it is expected that 95 percent of future measurements will
fall with 50 percent confidence coefficient. 10 percent of the difference in these limits might be a reasonable
duration tolerance. For further possible ways of statistically defining specification of duration tolerance see
Annex C).

If the test item has no significant low frequency modal response, it is permissible to allow the low frequency
portion of the SRS to fall out of tolerance in order to satisfy the high frequency portion of the SRS, provided
the high frequency portion begins at least one octave below the first natural mode frequency, f;, of the

mounted test item. Recall that f

min

was defined to be one octave below f,. The reference pulse synthesis

should be conducted such that as much of the spectrum below f;

min

remains in tolerance as possible without

exceeding the specified duration 7} .

If the test item has significant low frequency modal response, it is permissible to allow the duration of the
complex transient pulse to fall outside of the 7, range (provided in Table 516.8-I1I), in order to satisfy the low

frequency portion of the SRS. The effective duration contained in Table 516.8-III may be increased by as
much as 1/(2f,;,) inaddition to T}, (e.g., T, +1/(2f,,, ), in order to have the low frequency portion of the
SRS within tolerance. If the duration of the complex transient pulse must exceed 7}, + 1/ (2 frin ) in order to

have the low frequency portion of the SRS within tolerance, use a new shock procedure.

4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from malfunction of the shock apparatus or
associated laboratory test support equipment. The second type of test interruption results from malfunction of the test
item itself during operational checks.

4.3.1 Interruption Due To Laboratory Equipment Malfunction.

a.

b.

General. See Part One, paragraph 5.11 of this Standard.

Specific to this Method. Interruption of a shock test sequence is unlikely to generate any adverse effects.
Normally, continue the test from the point of interruption.

4.3.2 Interruption Due To Test Item Operation Failure.

Failure of the test item(s) to function as required during operational checks presents a situation with several possible

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

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

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

4.4 Instrumentation.

In general, acceleration will be the quantity measured to meet a specification, with care taken to ensure acceleration
measurements can be made that provide meaningful data. Always give special consideration to the measurement
instrument amplitude and frequency range specifications in order to satisfy the calibration, measurement and analysis
requirements. With regard to measurement technology, accelerometers, strain gages and laser Doppler vibrometers
are commonly used devices for measurement. In processing shock data, it is important to be able to detect anomalies.
For example, it is well documented that accelerometers may offset or zero-shift during mechanical shock, pyroshock,
and ballistic shock (paragraph 6.1, references m, n, and s). Additional discussion on this topic is found in the pyro
shock and ballistic shock methods. A part of this detection is the integration of the acceleration amplitude time history
to determine if it has the characteristics of a physically realizable velocity trace. For mechanical shock various
accelerometers are readily available which may or may not contain mechanical isolation. Transducer performance
continues to improve with time, however, inventories across all laboratories may not be of the latest generation, and
thereby making detailed calibrations critical in understanding individual transducer performance.

a. Accelerometers. Ensure the following:

(1)  Amplitude Linearity: It is desired to have amplitude linearity within 10 percent over the entire
operating range of the device. Since accelerometers (mechanically isolated or not) may show zero-
shift (paragraph 6.1, reference o), there is risk in not characterizing these devices over their entire
amplitude range. To address these possible zero-shifts, high pass filtering (or other data correction
technique) may be required. Such additional post-test correction techniques increases the risk of
distorting the measured shock environment. Consider the following in transducer selection:

(a) Tt is recognized that accelerometers may have both non-linear amplification and non-linear
frequency content below 10,000 Hz (paragraph 6.1, reference o). In order to understand the non-linear
amplification and frequency characteristics, it is recommended that shock linearity evaluations be
conducted at intervals of 20 to 30 percent of the rated amplitude range (inclusive of the maximum
rated range) of the accelerometer to identify the actual amplitude and frequency linearity
characteristics and useable amplitude and frequency range. If a shock based calibration technique is
employed, the shock pulse duration for the evaluation is calculated as:
1

T. =
? 2 fl‘nax

Where T)p is the duration (baseline) of the acceleration pulse and f.x is the maximum specified
frequency range for the accelerometer. For mechanical shock, the default value for f.. is 10,000 Hz.

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

(2)  Frequency Response: A flat response within + 5 percent across the frequency range of interest is
required. Since it is generally not practical or cost effective to conduct a series of varying pulse width
shock tests to characterize frequency response, a vibration calibration is typically employed. For the
case of a high range accelerometer with low output, there may be SNR issues associated with a low
level vibration calibration. In such cases a degree of engineering judgment will be required in the
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evaluation of frequency response with a revised requirement for flat frequency response to be within
+ 1 dB across the frequency range of interest.

(3)  Accelerometer Sensitivity: The sensitivity of a shock accelerometer is expected to have some variance
over its large amplitude dynamic range.

(a) Ifthe sensitivity is based upon the low amplitude vibration calibration, it is critical that the linearity
characteristics of the shock based “Amplitude Linearity” be understood such that an amplitude
measurement uncertainty is clearly defined.

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

(4)  Transverse sensitivity should be less than or equal to 7 percent.

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

(6)  Piezoelectric or piezoresistive accelerometers may be used for mechanical shock in scenarios in which
levels are known to be within the established (verified through calibration) operating range of the
transducer, thereby avoiding non-linear amplification and frequency content.

b. Other Measurement Devices.
(1)  Any other measurement devices used to collect data must be demonstrated to be consistent with the
requirements of the test, in particular, the calibration and tolerance information provided in paragraph
4.2.
(2)  Signal Conditioning. Use only signal conditioning that is compatible with the instrumentation
requirements of the test, and is compatible with the requirements and guidelines provided in paragraph
6.1, reference a. In particular, filtering of the analog voltage signals will be consistent with the time
history response requirements (in general, demonstrable linearity within + 5° of phase throughout the
desired frequency domain of response), and the filtering will be so configured that anomalous
acceleration data caused by clipping will not be misinterpreted as response data. In particular, use
extreme care in filtering the acceleration signals at the amplifier output. Never filter the signal into
the amplifier for fear of filtering erroneous measurement data, and the inability to detect the erroneous
measurement data. The signal from the signal conditioning must be anti-alias filtered before digitizing
as defined in Annex A paragraph 1.1.
4.5 Data Analysis.

a. In subsequent processing of the data, use any additional digital filtering that is compatible with the anti-alias
analog filtering. In particular, additional digital filtering must maintain phase linearity for processing of
shock time histories. Re-sampling for SRS computational error control is permitted using standard re-
sampling algorithms.

b. Analysis procedures will be in accordance with those requirements and guidelines provided in paragraph 6.1,

reference a. In particular, validate the shock acceleration amplitude time histories according to the procedures
in paragraph 6.1, reference a. Use integration of time histories to detect any anomalies in the measurement
system, e.g., cable breakage, amplifier slew rate exceedance, data clipped, unexplained accelerometer offset,
etc., before processing the response time histories. If anomalies are detected, discard the invalid measured
response time history. For unique and highly valued measured data, a highly trained analyst may be consulted
concerning the removal of certain anomalies but, generally, this will leave information that is biased by the
technique for removal of the anomaly.
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4.6 Test Execution.
4.6.1 Preparation for Test.

Test preparation details will be procedure specific as discussed in the previous paragraphs. Ensure that all test specific
equipment such as fixturing, environmental conditioning equipment, instrumentation and acquisition equipment has
been properly calibrated, validated and documented.

4.6.1.1 Preliminary Guidelines.

Prior to initiating any testing, review the pretest information in the test plan to determine test details (e.g., procedure,
calibration load, test item configuration, measurement configuration, shock level, shock duration, climatic conditions,
and number of shocks to be applied, as well as the information in paragraph 3.1 above). Note all details of the test
validation procedures.

4.6.1.2 Pretest Checkout.

After calibration of the excitation input device and prior to conducting the test, perform a pretest checkout of the test
item at standard ambient conditions (Part One, paragraph 5.1.a) to provide baseline data. Conduct the checkout as
follows:

Step 1 Conduct a complete visual examination of the test item with special attention to stress areas or areas
identified as being particularly susceptible to damage and document the results.

Step 2 Where applicable, install the test item in its test fixture.

Step 3  Conduct a test item operational check in accordance with the approved test plan, and document the
results for compliance with Part One, paragraph 5.15.

Step 4 Ifthe test item operates satisfactorily, proceed to the first test. If not, resolve the problem and restart
at Step 1.

4.6.1.3 Procedures’ Overview.

Paragraphs 4.6.2 through 4.6.9 provide the basis for collecting the necessary information concerning the system under
shock. For failure analysis purposes, in addition to the guidance provided in Part One, paragraph 5.14, each procedure
contains information to assist in the evaluation of the test results. Analyze any failure of a test item to meet the
requirements of the system specifications, and consider related information such as follows in paragraphs 4.6.2
through 4.6.9. 1t is critical that any deviations to the test or test tolerances must be approved by the appropriate test
authority and must be clearly documented in the test plan and final report.

4.6.2 Functional Shock (Procedure I).

The intent of this test is to disclose materiel malfunction that may result from shocks experienced by materiel during
use in the field. Even though materiel may have successfully withstood even more severe shocks during shipping or
transit shock tests, there are differences in support and attachment methods, and in functional checking requirements
that make this test necessary. Tailoring of the test is required when data are available, can be measured, or can be
estimated from related data using accepted dynamic scaling techniques (for scaling guidance see Method 525.2).
When measured field data are not available for tailoring, use the information in Figure 516.8-2 and the accompanying
Table 516.8-111 to define the shock test system input SRS or Tables 516.8-1V-VI for classical pulse definitions. In the
calibration procedure, the calibration load will be subject to a properly compensated complex waveform in accordance
with the SRS described above for electrodynamic or servo-hydraulic shock testing. In general, tests using classical
pulses, e.g., terminal peak sawtooth, etc., are unacceptable unless it can be demonstrated during tailoring that the field
shock environment time trace approximates such a form. If all other testing resources have been exhausted, it will be
permissible to use the information on Table 516.8-IV-VI for employing a classical pulse. However, such testing must
be performed in both a positive and negative direction to assure meeting the spectrum requirements on Figure 516.8-
2 in both the positive and negative direction.
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Table S16.8-TV. Terminal peak sawiooth defanlt test parnmeters for Procedures | -Fanctionsl Test (refer fo

Figure 516.8-3).
Reference Peak Value and Palee Duvation
Tesi An (G-PE) & Tol(ms)
Flight Vehicle Materiel' Weapon Launch'? Ground Materiel'
Captive Carry
Procedure I -
Fanenons 20 G 1l ms WG Il ms 40 G 11ms

Note 1. For material that is shock prownted or waighing more than 136 kg (200 ), an 11 ms half-sive
Pl af qneli epditucde teal vields ar agubvalent valocity bo the defoult tevminn! peak seotooll e ba
amiploved. Equivalent Felocity Relattonship: Aginaipeine = (0 0 A niswraota)

MNate 2. Livwireds Shack ix a special cose of Functiong! Shock (see pavagraph ¢ k)

Nore 3. For materiel prourted aunly v trucks and sevwi-trailers, wse a J0G peak valing,

A special eatepary of functional dhock has been sstablished for Navy high speed eraft (HSC). Tables 516.2-V and
516.8-V] document two fnecticaal standardized lnboratory shock rest requirements o putigate the risk of equipiment
malfunction or failure of kard meumited electrical and electronics equipment m HSC due 1o wave impacts {reference
paragraph €. 1. reterence pl. These test requiremenis are applicable for equipment with msternal vibrabion moonts,
bast not applicable for equipment on shock mounts (paragraph 6. 1. reference q) or for shock 1solated seats (paragraph
6, 1, reference i}

Two types of half-sme shock tests are required to nunimnze the nsk of equpment malfunction or fadhare m HSC, The
first fest, (HSC-1), 15 1o be repeated three times m each direction of the three mutally orhogonal axes. The second
test, (HSC-I). employvs a lower severity shock pulse which = 1a ba repeated 800 tmes m each direction per axix
with the ponunal spacimg between pulses set af 1-secomd infervals (m the evenl the previois ransient las not
completely decayed within the nominal 1-second, contact the proper test msthonty for further puidance),

HEC equipment orientation during testing should represent realistic conditions i which the equipment may
expenence wave mijpact shock, Dommant wave mnpact shock loads oceur only in crafl axes +F {vertical up), -X
{aft), and +=Y (portstarboeard ). Equipment that can be mstalled in any onentation should be tested in positive and
negative test onisntations for all three equipment axes. The +X and -Z craft onentations should be omitted durmg
Procedure [ tesfing for equapieent installed only moa vertieal wp orentabion

Table 516.8-¥. High Speed Cral - Standardized Requirements' (refer 1o Figare 516.8-5).

o —
Amplitude Duration
HSC1 206G 23 ms
HS5C-11 3 i 23 1

Note 1. The halsine classical pulve specified for HSC may nor be sufetinnied by an SES equivalent complex
pudne,

Nofe 2. For eguipment wmownted ONLY i the Z fverfical i) dvection, with the excepfon of egquipnnant
monnted on @ s, aren, o cofen fop, HSC-T X (megntive affd and = Y (portstarboardharis
ampitiudes ryny Be rediced fo [0 G
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For unigue siniations (g, high value or fSagile comgoments) wlene paveral cross platfonm use at any location is et
anticipated. the 20 G HSC-1 defanlt amplitode nuay be modified as defuved w Table 516.8-V1 (the pulse duration will
remain af 23 ms).

Table 516.8-V1: Limited Application Requirements by Craft Siza’

Gravity (LCG)
[l LO3-160 G 3G 200G
40-T0 35-T0 10 G 153G 15G
A5-40 14-25 156G 135 20 G
Nore 1. The half-sine claszical pulse specified for HEC may not be substifuted by an SRS equivalant
conplen pulee

4.6.2.1 Test Controls - Functional Shock (Procedure Tj,

Table 516 8-1V provides peneral classical shock references for hmctional shock Faigure 516.8-2 provides predicted
inpart SRS for the fimctional shock test for use when mensred data are not available. mmd when the test item
configuraton fills wio one of o specified calegonies - (1) light eqpoganend, or (2] groud egquganent. The durations,
I and T, are defived m Annex A paragraph 1.3, aael are specified m Table 316.3-111. Tables 516.8-% and VI provade
classical shock defaults for the special case of HSC,

4.6.2.2 Test Tolerances - Functionnl Shock (Procedore [).

For complex transsents from measured data enssre test tolerances are consistennt with the general puidelines provided
i paragraph 4.2.2 with respect to the mformation provided i Table 516 8-111 and accompanymg Frgure 516,8-2,

For classical pulse 1esting, the res1 iolerances are specified on Figures 516.8-3 thm 5 with respect 1o defauli inforaation
i Tables 516, 8-IV-VL

4.6.2.3 Test PFrocedure - Functional Shock (Proceduare Ij.
Step 1 Select the test conditions and calibrate the shock test appamatus as Tollows

a. Select accelerometers and analysis techniques that meet or exceed the cnteria cutlined in
paragraph 6.1, reference a

b. Bount the calibration load to the shock 1est apparanis in a configuranon similar to fat of tlie e
e, If the matenizl 5 normally mounted oa vibeationsheck solatods. ensure the comesposding
test item isolators are functional dunng the fest. 1f the shock test apparatus gt waveform is fo
be contpensated via input/ouipul impalse response Ausetion for wavefonmn control, exercize care
o detacks i the calibration configuration and the subsequent processing of the data.

€. Perform cahlbration shocks until two consecutive shock applications 1o the calibaation load
produce waveforms thni meet or exceed the denved jed conditions consistent with the test
tolerances in paragraph 4.6.2.2 for ot least the test direction of one axis,

d. Remove the cabibration load and nstall the fest ilem on the shock apparmtos

Step 2 Perform a pre-slock operational check of the test item. I the test e operates satisfactorily,
proceed to Step 3. If not, resolve the problems and repeat this siep.

Step 2 Srbject the test itemn (i its aperationnl mode) 1o the fest shock inpan

Siepd  Record necessary data io show ihe shock med or exceeded desired est levels within the specified
tolernnces m paragraph 4.6.2.2. This meclodes test setup photos. test logs, and photos of acial
glencks fromn the ransient recorder or shorge oscilloscope. For shock and vibrabon isolated

516.8-24



Downloaded from http://www.everyspec.com

MIL-5TD=810H
METHOD 516.8

assemblies inherent within the test mem, make measurensents and/or mepections to assure twse
assemblies did not mnpact wath adjacent assemblies, IF required, record the data to show that the
materie] functions satisfactorily dunng shock,

Step ¥ Peronn a post-test operational check of the test ftem.  Record performance data.  If the test ilem
docs nd operate satisfactonly. follow the mndance m paragraph 4,3.2 for test item fathire

Step 6 Repeat Steps 2, 3, 4, and 5 two addatwonal tanes of the SES form of specificatson s used and the
syntivesized pulse is syimmnetric {yiclding a total of three sleocks in each orthoponal axish. If the SRS
based time history is not symmetnic, shock in both positive and negative polantics wre required
{weeldmg a total of six shocks in each onthogonal asus). If the classical shock form of specification
15 nsed, subject the test dlem fo both a posthve and o negative mput pulse (o total of s shocks
each mutnlly orthogonal axis),

Step T Perform a post-test operatiosal cleeck o the test temn.  Record perfonuance data. document tee test
sequence, and see paragroph 5 for analyses of results

4.6.3 Transportation Shock (Procedure IT).

The Transpoitation Shock test procediore is represeatative of the repetitive low mnglinsde shock loads that occur duriang
logistical or factical materiel transportation. Vibration testing exchedes transient events, thus Procedurs 11 functions
with vibeation testing 10 sequentially represent the loads that may occur. The default testing configuration 1s a
packaged or mmpackaged test ifemils) in a non-operational confipwration. The test procedure may also be applied to
evialuate the miluence of shock loading on @ cargo restraimt system. or an operational test fem if required. The test
plan should define the operational mede and testing i conuercial mamifacturer packaging, as fielded materiel, or a
bare item that is secured or mstalled on the transpori platform. A default classical tenminal peak sawtooth slock test
sequence 15 defimed n Table 516.5-VIL. Allernatrvely, the shock wavefarm apphed can be failored with messired
datn and implepsented via shock replication rechnicues sech as Method 5252, Tine Waveform Replecation
Tronsportation shock tests can frequently be completed following a vibration fest using an electrodynamic or servo-
hydraulic test system, and the same test setup configoration.

Table $16.8- VI Proceduore 11 - Transportation shock vest sequence’ ™,

On Road (5000 km)* O Road {1000 kn)*
Terminal Peak Sawiooth Terminal Peak Sawiooth
Pukse Dhaadion: 11 ms= Pulse Duradion: 5 ms
Amplhimde Fumber of Amplitade Rumbser of
(C-Pk Hlocks {G-PE) Shocks
LN | 42 10.2 42
.4 F4 | 128 21
T6 3 152 3

Note ;' The shocks ser our in Tadfe 51 0.8-FIT must atways be oarried our fogetfar sl groannd fransgprorea tian
vibiration festing a3 specified in Method 514.8, Category 4 and/or Categary 20,

Note 2:  The above febwlated voeluer mene e conzidlerad for both restrofned corgo and instailed materiel on
wihesled and rocked vefuclfes. Transporiniron shock associkeiea with nvo-wieeled fratlers may exceed
aff-road levels ay defired.

Note 2:  The shock tesi schodvle set out fn Table 3186.8-VII can be wndertaken wivg either tovmingl peak
werstooth pulres applied m oeach semse of each svthogonal axis, er & swthesizs baved on the
COFTESpONGINg SRS hat encompasses botl semsey of each avis

,N:p.lr -ﬂ: ﬂ:m' rlbc:h'# r.lrlrr.n',h'r ﬂfil'.lp:‘h AT -P'HJ.I’h'!T.I'l“Jr]' o thrae j:.r.l';:-u-r.n-g pl'.l.tr.rr.rrq‘i.:': Fail] ﬂ:h' .l'r.mr.l' '|'l'.ll|lf|‘ll-¢i.' ,‘iﬂ&ﬂ .h.l.r,
bi Offroad velicles: 1000 bw. If greater distances are reguived, more shocks must be applied
muitiples af the figares above
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4.6.3.1 Test Controls - Transportation Shock (Procedure II).

Table 516.8-VII provides the transportation shock criteria for use when measured data are not available. The durations
T, and T, for SRS based waveform synthesis are defined in Annex A Paragraph 1.3. Table 516.8-VII is representative

of wheeled ground vehicles, but is not characteristic of specific vehicles or a transportation scenario. The default
shock severities shown in Table 516.8-VII have application when the purpose of the test is to address scenarios in
which damage is dependent upon multiple cycle events. The levels in Table 516.8-VII were derived from classical
half-sine pulses defined in paragraph 6.1, reference h. The classical half-sine pulses were converted to terminal peak
sawtooth with equivalent velocities. The terminal peak sawtooth was selected due to its relatively flat SRS
characteristics above the roll-off frequency. In the event field data are available, tailor the test per the LCEP.

4.6.3.2 Test Tolerances - Transportation Shock (Procedure II).

For complex transients from measured data, ensure test tolerances are consistent with the general guidelines provided
in paragraph 4.2.2. For classical pulse testing, ensure the test tolerances specified in Figure 516.8-3, with respect to
the information provided in Table 516.8-VII, are satisfied.

4.6.3.3 Test Procedure - Transportation Shock (Procedure II).

Generally, either the primary road or the secondary/off road shock sequence is preformed, not both sequences.
Complete testing at all applicable shock amplitudes in Table 516.6-VII for the number of shocks indicated, or as
defined in the test plan. The lowest amplitude shock tests are typically performed first, followed by the higher
amplitude tests. If testing is required in more than one axis, repeat the procedure below for each axis and sequence of
shock amplitudes.

Step 1  Calibrate the test equipment as follows:

a. Mount the calibration load to the test equipment and fixture in a configuration similar to that of
the actual test item. The test setup and fixture should prevent distortion of the shock waveform.

b. Perform calibration shocks until two consecutive shock applications reproduce waveforms that
are within the test tolerance specification.

c. For electrodynamic test systems or other equipment with a stored drive signal, repeat the
calibration to other required test amplitudes and store the drive signal. Allow sufficient time
between shocks for the previous shock event to fully decay.

Step 2 Remove the calibration load and install the test item on the test equipment.
Step 3  Perform a pre-test inspection of the test item, and an operational test if required.

Step4 Subject the test item to the shock test sequence, and perform intermediate inspections or checkouts
as required between shock events. Allow sufficient time between shocks for the previous shock
event to fully decay.

Step 5 Iftesting is required at a different amplitude, return to Step 3, or if the sequence is complete, proceed
to Step 6.

Step 6 Perform a post-test inspection of the test item, and operational test if required. Document the results,
including plots of response waveforms and any pre- or post-shock anomalies. See paragraph 5 for
analysis of results.

4.6.4 Fragility (Procedure III).

The intent of this test is to determine (1) the maximum level of input to which the materiel can be exposed and still
continue to function as required by its operational guide without damage to the configuration, or, (2) the minimum
level of input on which exposure to a higher level of input will most likely result in either functional failure or
configuration damage. Determination of the fragility level is accomplished by starting at a benign level of shock as
defined by a single parameter, e.g., G-level or velocity change, and proceeding to increase the level of shock by
increasing the single parameter value to the test item (base input model) until:

a. Failure of the test item occurs.

b. A predefined test objective is reached without failure of the test item.
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c. A critical level of shock is reached that indicates failure is certain to occur at a higher level of shock.

It is important in performing a fragility test to recognize that “level of input” must correlate in some positive way with
the potential for materiel degradation. It is well recognized that materiel stress is directly related to materiel velocity
such as might occur during vibration/shock (see paragraph 6, references e and f) and, in particular, to change in
materiel velocity denoted as AV. Pulse duration that relates to the fundamental mode of vibration of the materiel is
a factor in materiel degradation. For a drop machine with a trapezoidal pulse program, there is a simple relationship

between the three variables: pulse maximum amplitude 4 _(G-pk), pulse velocity change AV [m/sec? (in/sec?)], pulse
duration T (seconds), and g =9.81m/ s” (386.09in/ secz) as provided by the following formula for the trapezoidal
pulse in Figure 516.8-4 (the rise time 7, and fall time T, should be kept to the minimum duration possible to minimize
the resulting increase in velocity not associated with duration 7 ):

Ang
(technically AV = A,,,g(Tp — 0.5Tg — 0.5T%) = A,,gTp, for Tp > Ty, Tk

AV
Amg = o (from AV = A, gTp), AV = 2,/2gh and T;, =
D

It is clear that if A} is to be increased incrementally until failure has occurred or is imminent, it is possible to either
increase 1;,, A, or both. Since T, relates to the period of the first mounted natural frequency of the materiel (and

generally failure will occur when the materiel is excited at its lower mounted natural frequencies), it is required that
the test be conducted by increasing the peak amplitude, 4, , of the test alone, leaving 7, fixed.

m

Figure 516.8-7 provides the 100 percent rebound AV versus drop height 4 based upon the simple relationship
h = (AV)?/g. Holding T, fixed and incrementally increasing AV provides a direct relationship between

A, and AV with T, serving as a scale factor.

516.8-27



Downloaded from http://www.everyspec.com

MIL-5TD=-810H
METHOD: 516.8
Yelocity Change versus Drop Height (Trapezoidal Pulsa)
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Figure 316.8-7. Fragility Shock Trapezoidal Fulse: velocity change versus drop heighi.

Table 516.8-VII1. Fragilty Shock Trapezoldal pulse parameters (refer to Flgure S16.8-4),

Note I: Aw iz dependent upon drop height “h. " Typical vange iz provided (refer io paragraph 4.6.4).
Nate 2: " units: m (i) and g=0.81 mi (356,00 inivec)

For a complex transient, there iz no simple relationship berween peak acceleration, pulse duration, and a change in
".-'\'I!‘DI:il}'. II il: ann.ml.ed I::rl:- l]|.l|: ﬁ:rn 1:-|:||:|5|:||::|; mi.-:nt. \'v:lm;il.‘:,' I'_IIITIFE' i.:rl:-]md [#e] nsiﬁuiﬂ:ﬂnl d.'i:l:‘fEl‘ﬂ'l.l:E betweaen
siccessive instantaneons peals.  (This can be determuned with some effort by selectimp positive and negative
thresholds for which a few, eg., five or fewer, positive and negatve peaks altemate over smtably short periods of
time ) o tbus case, change n velocity s not so much an instantaneoies cluge Lipan i.l.n.puu.'l, bt may be a successive
st of changes oconrreng at significant perwods lower than those of scoeleratpon. (Recall dar velociny 1s a l,l"[ rrf)

scalmg of the acceleration frequency domam information.} For test maaterizl where a degree of precision is needed iu
specifying the level of input and correlation of the shock effects on the matenel with the level of mput, simple base
gt SDOF modeling is suggested with subsequent integration of the equations of motion to determine the relative
velocity and displacement Simply scalimg the peak acceleration level (i effect the square-root of the enerpy) of the
palz= fikewice scales the velocity change dirsctly for o hnear system.  The same relationship betwrsen the vanables
Ialiks, except now a “distrbution” of velocry clange im the comgles ransient must be considersd i opposad o4
single large velocity change as in the case of the trapezoidal pulse.

516.8-28



Downloaded from http://www.everyspec.com

MIL-STD-810H
METHOD 516.8

Paragraph 4.6.4.c above implies that an analysis of the materiel has been completed prior to testing, that critical
elements have been identified with their "stress thresholds," and that a failure model of the materiel relative to the
shock input level has been developed. In addition, during the test, the "stress thresholds" of these critical elements
can be monitored, and input to a failure model to predict failure at a given shock input level. In general, such input to
the materiel produces large velocities and large changes in velocity. If the large velocity/velocity change exceeds that
available on standard electrodynamic and/or servo-hydraulic test equipment, for this procedure the classical
trapezoidal pulse may be used on properly calibrated drop machines. However, if the large velocity/velocity change
is compatible with the capabilities of electrodynamic and/or servo-hydraulic test equipment, consider tailoring the
shock according to a complex transient for application on the electrodynamic or servo-hydraulic test equipment. Using
a trapezoidal pulse on electrodynamic and/or servo-hydraulic test equipment is acceptable (accounting for pre- and
post-exciter positioning) if there are no available data providing shock input information that is tailorable to a complex
transient. In summary, there is a single parameter (peak amplitude of the shock input) to define the fragility level

holding the duration of the shock, T, , approximately constant. In the case of SRS synthesis, maximum velocity change

is not as well defined, nor as easily controllable as for the classical trapezoidal pulse. Tailoring of the test is required
when data are available, can be measured, or can be estimated from related data using accepted dynamic scaling
techniques. An inherent assumption in the fragility test is that damage potential increases linearly with input shock
level. If this is not the case, other test procedures may need to be used for establishing materiel fragility levels.

4.6.4.1 Test Controls — Fragility (Procedure III).

a. Specify the duration of the shock, 7, , as it relates to the first fundamental mode of the materiel. Select a

design drop height, h, based on measurement of the materiel’s shipping environment, or from Transit Drop
Tables 516.8-1X thru 516.8-XI as appropriate to the deployment environment when measured data are
unavailable. (A design drop height is the height from which the materiel might be dropped in its shipping
configuration and be expected to survive.) The maximum test item velocity change may then be determined
by using the following relationship for 100% rebound:

AV =2./2gh

where,

AV =maximum product velocity change m/s (in/s) (summation of impact velocity and rebound velocity)
h = design drop height in m (in)
g 9.81 m/s? (386.09 in/s?)

The maximum test velocity change assumes 100 percent rebound. Programming materials, other than
pneumatic springs, may have less than 100 percent rebound, so the maximum test velocity needs to be
decreased accordingly. If the maximum test velocity specified is used for drop table shock machine
programming materials other than pneumatic springs, the test is conservative (an over-test), and the
maximum test item velocity is a bounding requirement.

b. Set the shock machine to an acceleration level (An) as determined based upon 7, and AV, well below the
anticipated fragility level. If no damage occurs, increase An, incrementally (along with AV ) while holding
the pulse duration 7 constant until damage to the test item occurs. This will establish the materiel’s critical

acceleration fragility (or velocity change) level.

c. Test levels used in this procedure represent the correlation of the best information currently available from
research and experience. Use more applicable test level data if they become available (paragraph 6.1,
reference g). In particular, if data are collected on a materiel drop and the SRS of the environment computed,
a scaled version of the SRS could be used to establish the acceleration fragility level with respect to a
measured environment on electrodynamic or servo-hydraulic test equipment, provided the displacement and
velocity limitations of the test equipment are not exceeded. In addition to the maximax acceleration response
spectra, compute the pseudo-velocity response spectra.
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4.6.4.2 Test Tolerances — Fragility (Frocedure TTT).

It e assmmed that the mstrumeniation noise m the measurements 1 low so that tolermsces may be sctablished. For
comphex transiems froon messsred data, ensure test oleances are consastent with the general mudelines provided in
paragraph 4.2.2. For classical pulse testimg, ensure the test tolerances specified m Figure 516.8-4, with respect to the
information provided in Table 516.8-VIIL are satisfied.

4.6.4.% Test Procedure — Fragility (Proceduare ITT),

This test is designed to build up i severity as measured in peak acceleration or velocity change vntil a test item faihire
ocowrs, of 8 predetenmined goal is reached. It may be pecessary to switch axes between cach shock event unless
critical aves are determuned prior to test. In general all axes of importance will be tested at the wme leval before
moving to another level, The order of test activity and the calibration requirements for each test setup should be
clearly established m the test plan. Tt is also desumable fo pre-select the steps m sevenity based on knowledge of the
materiel item or the test ewviromment, and document tis in e fest plan. Unbess cntical stress thoesholds are
analytically predicted and instromentation nsed to track stress threshold buildup, there 1 no rational way to estimate
the potential for stress threshald exceedance at the next shock ngt level. The fallowing procedires, one for a classacal
pulse and the other for a complex transseni. are written as if the test will be conducted in one axis alone. In cases
where more test pes are required, modify the procedure accordingly,

a  Classical Pulee This part of the procedire assumes teat the classical pulse approach 4 bemg vsad 1o establish
the fragility bevel by mereasing the drop beight of the test itein, thereby increasing the AV directly. The
fragility bevel 15 given in terms of the mensnrement vanable-peak accelemation of the classical pulse while
leolding ithe pulse duration as a function of the neeriel modal characiensocs a constant. In using this
procedure, estimate the first moede mounted frequency of the materiz] in order to specify the pulse duration
T;-

Step | Mo the calibiation Joad jo the test apparsius o confiparation soular to that of the achual tes
item. Use a fixture simibar in configuration to the interface of the shock attenuation system (if any)
tht will support the matenel. The fxture should be as rigid as posable to prevent distoron of the
shock pulse input to the test iteny

Stepl  Perfonn cabibration shocks unnl two consecutive shock applications to the calibration load
reproduce the wiveforms that are within the specified test folerances. If response to the calibration
shock is nonlmear with respect to shock mgat level. other test procedures may nead o be applied to
establish mateniel fragbity levels depending upon the extent of the nonlineanty pror to reaching the
“stress (hresliold™.

Step 3 Select an initial drop height low enough to assure that no damage will ocour by selecting s fraction
of the anticipated service drop height established from Transit Dyop Tables 516.8=1X thr 516.8=X1
The s velocity change can be taken 1o be:

AV =2 [2gh

Where:

AV = miscoommim et lem 'l.':hnl:'ll.‘y' 4:|'I.l|:|3¢. s fl.l:l.l'l}
{assumes full resilient rebotsd of test item)

h = drop hetglt, m {in)

g = acceleration of gravity 9.81 m/s” (386.09 in/s")

Step 4  Mount the test item in the fixhure, Perform an operntional check and document the pre-test
condition. If tle fest stem operates satisfactonily, proceed 1o Step 5. If not. resolve the problems
and repeat this s,

Step 5 Perform the shock test at the selected level, and examine the recorded data to assure the test is within
toleranee.

Step 6 Visually examine and operationally check the test fein to detenmnine if damage has occurred. It the
test item does not operate satisfactorily, follow the guidance in paragraph 4.3.2 for test item failure,
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If it is required to determine the fragility of the test item in more than one axis, proceed to test the
item (Steps 4-6) in the other axes (before changing the drop height).

If the test item integrity is preserved, select the next drop height.

Repeat Steps 4 through 8 until the test objectives have been met.

Perform a post shock operational test of the test item. See paragraph 5 for analysis of results.
Document the results, including plots of the measured test response waveforms, and any pre- or
post-shock operational anomalies.

b. Synthesized Pulse. This part of the procedure assumes that the fragility level is some function of the peak

acceleration level that correlates with a maximax acceleration SRS of a complex transient base input (because
stress relates to velocity a peak pseudo-velocity level determined from a maximax pseudo-velocity SRS of a
complex transient is preferable). For a complex transient specified in the time domain, this procedure
generally uses the peak acceleration of the time history to define the fragility level.

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Step 9
Step 10

Mount the calibration load to the test apparatus in a configuration similar to that of the actual test
item. Use a fixture similar in configuration to the interface of the shock attenuation system (if any)
that will support the materiel. The fixture should be as rigid as possible to prevent distortion of the
shock pulse input to the test item.

Perform calibration shocks until two consecutive shock applications to the calibration load
reproduce maximax acceleration SRS or pseudo-velocity SRS that are within the specified test
tolerances. If response to the calibration shock is nonlinear with respect to shock input level, other
test procedures along with simple modeling may need to be applied to establish materiel fragility
levels, depending upon the extent of the nonlinearity prior to reaching the "stress threshold".

Select a peak maximax acceleration (or pseudo-velocity) SRS level low enough to assure no damage
will occur.

Mount the test item in the fixture. Inspect and operationally test the item to document the pre-test
condition. If the test item operates satisfactorily, proceed to Step 5. If not, resolve the problems
and repeat this step.

Perform the shock test at the selected level, and examine the recorded data to assure the test maximax
acceleration (or pseudo-velocity) SRS is within tolerance.

Visually examine and operationally check the test item to determine if damage has occurred. If so,
follow the guidance in paragraph 4.3.2 for test item failure.

If it is required to determine the fragility of the test item in more than one axis, proceed to test the
item in the other axes (before changing the peak maximax acceleration (or pseudo-velocity) SRS
level).

If the test item integrity is preserved, select the next predetermined peak maximax acceleration (or
pseudo-velocity) SRS level.

Repeat Steps 5 through 8 until the test objectives have been met.

Perform a post shock operational test of the test item. See paragraph 5 for analysis of results.
Document the results, including plots of the measured test response waveforms and any pre- or post-
shock operational anomalies.

4.6.5 Transit Drop (Procedure IV).

The intent of this test is to determine the structural and functional integrity of the materiel to a transit drop either
outside or in its transit or combination case. In general, there is no instrumentation requirement for the test and
measurement information is minimized, however, if measurements are made, the maximax acceleration SRS and the
pseudo-velocity SRS will define the results of the test, along with the measurement amplitude time history.
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4.6.5.1 Test Controls - Transit Drop (Procedure IV).

Test levels for this test are based on information provided in Tables 516.8-IX thru 516.8-XI. Test the item in the same
configuration that is used in transportation, handling, or a combat situation. Toppling of the item following impact
will occur in the field and, therefore, toppling of the test item following its initial impact should not be restrained as
long as the test item does not leave the required drop surface. Levels for this test were set by considering how materiel
in the field might commonly be dropped. Conduct all drops using a quick release hook, or drop tester. Use of a
standardized impact surface is recommended for test repeatability because the surface configuration can influence test
results. For most drop test requirements, steel plate on reinforced concrete is the default impact surface. The plate
shall be homogenous material with a minimum thickness of 3 inches (76 mm) and Brinell hardness of 200 or greater.
The plate shall be uniformly flat within commercial mill production standards, level within 2 degrees, and free of
surface irregularities that may influence impact results. The concrete shall have a minimum compressive strength of
2500 psi (17 MPa), and be reinforced as required to prevent fracture during testing. In high velocity hazard
classification drop scenarios (e.g. 40 ft) it is necessary for the concrete strength be 4000 psi with a minimum thickness
of 24 inches. The steel plate shall be bonded and/or bolted to the concrete to create a uniform rigid structure without
separation. The concrete foundation plus the impact plate mass shall be a minimum of 20 times the mass of the test
item. The plate surface dimensions shall be sufficiently large to provide direct and secondary rotational impacts, and
if possible rebound impacts. Guidance systems which do not reduce the impact velocity may be employed to ensure
correct impact angle; however the guidance shall be eliminated at a sufficient height above the impact surface to allow
unimpeded fall and rebound. Use of armor plate or similar composition steel plate is recommended to improve steel
surface durability and prevent impact indentation and cuts. The impact surface shall be free from standing water, ice,
or other material during testing. The most severe damage potential is impact with a non-yielding mass that absorbs
minimal energy. Thus, use of a single monolithic impact mass is recommended to reduce energy transfer into the mass
rather than the test item. The impact mass rigidity and energy transfer can be evaluated by measurement of the mass
acceleration during testing.

Tables 516.8-1X thru 516.8-XI provide default drop conditions for transport from manufacturer to the end of its service
life. Table 516.8-IX (Logistic Transit Drop Test) includes drop scenarios generally associated with non-tactical,
logistical transport based on weight and test item dimensions. Table 516.8-X (Tactical Transport Drop Test) includes
drop scenarios generally associated with tactical transport beyond the theatre storage area. As a default, the criteria
for the tactical transport drop tests are to meet all performance requirements. For items that are incapable of meeting
performance requirements, adjustments may be made to the drop height or configuration to accommodate the item
performance limitations. If the drop conditions are modified, restrictions may be placed on the deployment of the
item. Ensure an adequate test is performed and all deviations from this procedure are properly documented. Table
516.8-XI (Severe Tactical Transport Drop Test) includes severe drop scenarios, and the item is considered to have
passed if it did not explode, burn, spread propellant or explosive material as a result of dropping, dragging or removal
of the item for disposal. Other drop scenarios in the LCEP should be considered.

Realistic variations to the default values provided in Tables 516.8-IX thru 516.8-XI may be permitted when justified;
e.g. large/complex systems in which specific handling considerations are identified in the LCEP may supersede the
default levels provided.

Figure 516.8-8 illustrates the standard drop orientations as referenced in Tables 516.8-1X thru 516.8-XI. Figure 516.8-
9 illustrates typical edge and corner drop configurations for large packages as discussed in Notes 2-4 of Table 516.8-
IX.
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Table 516.8 IX. Logistic Transit Drop Test'.

Weight of Test Largest Notes Height of Drop, h Number of Drops
Ttemn & Case Diimensbon o (.}
kg (Ibs) em fin.)
Undher 4% 4 Under 91 (36) 122 (48) Drwop on each E.m:& e :.:.’;d
(100 ) corner; total of 26 drops
Man-packed ar
e poetabla 91 (36) & over 76 (30)
454 -80.8 Uinder 1 T (303 Dwop on each comer. fotal of
{100k — 200elb ) eight drogs
unchesive 91 (36) & over il (24)
Uader 91 a1 (24}
00.8-454
(200 - 1000 )
inchusive 21 — 152 {36 — 60} - Bl (24)
Over 151 {over 6} 2 Gl (24)
Do om ench bottom edge,
Orver 454 (1000) Mo Tt 3 46 (18) Drop on bottom face or shads;
| total of five doops
Nate I:  Pevform drops from a quick-relense hook or drop fester. Ovient the text itew o i, upon impact, a

Note 2;

MNode J;

Note 42

Note §:

ime from the strick cormer ov edpe fo fhe center of gravite af the cave and conteris is perpendaicnltar
fe e impact swrfeee, e disfanlt drop serfaee is steal Iacked By conevete. Copcrate or 5 o (2 i)
phwoed backed by concrete miay be selected if (o) a concrete or weed maface s representative of the
most severe senvice conditions or (b it can be shown that the compressive strength of the impact
sieface bx grecter than fhat af the fest am mpac? podaifs). Note tiad the shorier shock duraton
associred with dhe steel mipact surfece may ned excite all fest ifem resonant Brodes.

Witk the longest dimenyion pavallel to the loar, support B tramsit, o comlrination case with the text
iremm withetn, of the corner of one end b a block 13 cor (five mehes) i helght, and at the otfer cormer
or edpge af the sawme end by @ Block 30 e (12 inches) m height. Roive the opporifte end of the care fo
e speeiffed Tetpivt qt the fewest pninpporfed correr and allen I ta fnll freely

Wliide in the norsed frevsdl posiifon, subfecs the case aud eonfents o e edpevine diop less as follows
(i the normwal trawsit position is wnkmovwn, ortent the caze 50 the fwo lompest dimensions are parallel
e e [Toor):

Eidgwwise drop fest; Support one edie of die base of the ease on a sl 13-15 em ffhe fo sty inches) v
keight. Boise the oppozite edee to the specified height avd allovwe i to fall freely. Apply the test once
[ ] ﬂ&wn‘frﬁ; b q.fr.rrr e (ol uf_iﬁim r:l'.l'l:!;.r.:.ll.

Far shelters withowt shoek aoftemasied shads, the drop helght may be reduced to 15 cm 08 o) vl o 10
o (4 inp will for edgevvise dirops,

I desived, dhide the 26 drops amoug ne wove than fve fest Bems (see paragraph 4£.0.5. 1),
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Table 316.8-%. Tactical Transport Dhrop Test.

lmpact Drop
Velociiy Helght' & Drops / Impact
Scemario Category {m/sec) {m) Configuration Orientation’* Surface
Storage and
IrAnEpOrT 10 Fint
; theatre 5.4 1 Sm ; :
Ship S Packsged! (mepimaen | botom
Transport ey (177 Bifsec) (5 ) af 3} and T'I-'T Sael
transport 825" | packed by
by ship codicreles
Infantry
Unpackaged | and mon- 3.4 1. 5m Unpackaged & Steel'!
e paent CofCrete
Loading Flat
and bottom,
offlondmg il
from side faces
Packaged | of manspor 6.4 21lm and two
Handling vehicle - (21 Risec) (7 i Packaged® 3 edges’
TETRE T
by truck, Steel'*
forklifi, & acked by
helicopter concrete
Undershmg
boad. quack 6.4 2.1m Flat
Helicopter rebease Packaged® I bt Steel’®
onio land (21 fiisec) (7 f) | backed by
of shap ciodscrete
Parachute 1_;—::;? 8.7 38m | Packaged with
: . Appropnale
Dirog’ dop | (28Sfsec) | 26 | O b o Conerete
] other shock I Flat
Parachute 1331; 273 3B Im 'Ed':;g _ battom
Dhrop 4 (L% )y | oenNeen @
drop (90 fi/sec) delivery Concrete

MNafe P2 The test iv nof intended 10 enconpass all credible accwden! condifiony or sevwre iihondiing
covditfois,  Wihere the drop heights grored are exceeded By those specified elvenfiere in the fable
or for other phases of Service, the higher valives shouwld be subssineted,

Naote 22 Orop heights are provided for simulated paraclode drops, This test may nof fully address certain
éffeces that can occwd during parackite drops i gl wind condiitons, Consider different drop
Fetght and angles of mpact to address these isswes, Drop from atrcraft may be requeived for airdrap
cerfiffcaiion,

Mate 3: Snfficient asvety @@ réguired fo fest oeach of e artemations spectifted.  Fhve standard drop
orientations are fisted fn Table XIT and illuvirated i Fignre 8. Consider other drop ovienfations i
expecied o fmve o grecter davage poferiial. Expose each iters fo ne more Ban 2 drops,
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Nofe 4: For peenvions, the fwe foces shall be the forward ahd aft ends af the mumition.
Nafe §: For numitions, Nie feo adper shhall be of 45 depraer on the forvard and aff ends.
Nate 6; Cnpachkeped if reguired by LOEP av Test Plan,

Nare 7; The defanlt drop swrface it stael backed by concrete, Comcrete or 5 cm (2 in) plvwood backed by
concrete may be selected §f fa) o concrele or wood swrface is representative of the most severe
service corndittons ar (B 0 ean be shoave tal e comprresshve siveneth of the smpact sirface (5
greater thaw thar of the test ffem ampact poanifs). Note et e shorter shock duraniion msociated
with the steel impect sinface sy ot excite all test itery resanan? modes

Nate 8: A steal impact sivface slhall iave @ Brinell havdwess of ot feasr 200, For test fes loss thaw 454 kg
{100 ths) the sfeel plate shall be af least 2.5 an (1 @il thiek, otlerviaze i shail be at least 7.6 e (3

fard thick
Table 516.8-X1. Severes Tactical Transport Dirop Test,
Tmpact Dirog
Velochiy Hedght
Scenario Category (msec) (m) Conflguraiion # Drops / Orlentation™®
External 5.4 2 1m
Helicopter Carriage on Unpackaged
Helicopter (21 fv'sec) (7T
. Inchudes
My W s 7 3.05m
Land e ) i Unpackaged
Vehicles | lordinsand off | fas 3 freey | (104) Flat Bottom.
loading 5 two faces’
External and rwo edges’
Airesift Camage on L 3.05m Unssckisand
Fixed "I1|-rl.l1ﬂ. (253 'Fr-"-'iﬂ".'-} [ 1k [I] P g
Ajrerafi
Accideninl 15.5 12.2m
Crame Packaged'
Criaie Dhrop (509 ffsec) | (40 f)
Shap Shipboard 15.5 12.2m Packasnd! T Flat Bottom
Trassiport Loading (%0.9 fusec) | (40 M) age afl 1) asiel two faces 2
Ship Shipboard 22,1 25m Flat Borom.
Adrcrafi Leading and _ Packaged' 5 two faces’
Camer I-I:mdl'.illg [72.5 fiisec) (81 it} amd B -:1:1.:5]'

Note I Unpackaped 1f required by LCEP or Test Plan
Noke 2: For nmoitens, the fwe foces shall be the forward and aft ends af the mumition,
Nofe 2: For neevitieos, the fve edpes shall be ar 45 degrees on the faward and aft ends.

Node 4@ Sifficient grsefs ave reguwred fo fesi fn anch af ihe orienioftons spectfied.  Five stondard drop
artentations are shown listed in Toble 10 and iilestroted in Figure 8. (ther drop arfentations shonld
he congidered i expecred to have o preaver domage pevenrial, Eack e should be evposed 10 me
mrore Wurr 2 dvoges,
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Nofe §: The dejfiulrs drop swrfaee iv steel backed by concrefe.  Conerele or 5 cm (2 in) plywvood bocked by
concrete may be eloried r.,fi'nj @ concrate ar wood surfoce i represeative n._f Hre mmarf evers
servied eondifions ar @b I con be slioww fval e congrrecsive sirength of the Imipact sirfaee ix
greater Huen Hiar of the fest fem wnpact ponrys), Nate thar the sliovier shock duratfon aesociofed
with the steel inprct :ml_'.l';'lr.e pvery arod amecite aff fext ffern resonent modes

Table 5S16.5-X1L Five standard drap fest orieniafions.

Dirap Rectangular Packages Cylindriral Packages
| Flat Bottom Horizontal (Side 1)
2 Face 1: (Lefi End) Face 1: iFwd EndTop)
i Face 2: (Right End) Face 2 (Aft End'Bottom)
4| Edge I: (Bottom Right End Edge) | Edge |: (Aft End Bottom Edge (43 Deg)) |
5 Edge 2: (Top Left Edpe) Edge 2: Fwd End Top Edge (45 Deg))
Tem
Rectangular

Fackagm
T LaFL Emdd Batar b Enel
Cormer gt 457 Edge al 45" Cylindrical
. i i i p
R o ackage
- e sidie Fuwel End/Tap
. £ T S,
Cawer Ola
e Tiip Ecle ITE"
Left Ervd Botiam

Side ] —= - Sugp 0

Figure 316.8-8, Standard drop ovientations for rectapgular and cylindrical paclages.
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End Yiew
ICourmer Drop)
| (T
Duick
Sill or Block Release
13-15 cm high.
End View
{Edge Drop]

Eiresp Hamgghls:

Specfied in Table

S1E. T\

Figure 516.8-9, Ilnstration of edge drop configuration (cormer drop end view is also illastrated),

46,52 Test Tolerances - Transii Drop (Procedure ['V).
Ensure the test height of drop 1= within 2.5 percent of the height of drop s specified in Tables 516 8-IX through 516.8-

XL

4.6.5.3 Test Frocedure - Transit Drop (Procedure 1V).

Slela- 1

Step 2

Siep 4

Siep 4
Step 5

Step 6

Siep

Adfier performung a visual mspecton and operational check for baselime datn, mstall the test atemn n
s transdl of coibination case ac prepared for feld vse (f measursment infosmation & to be
obtamed, mstall and calibrate soch mstrumentation m this Step).  If the test fem operaies
satisfactortly, proceed 10 Siep 2. If nol, resolve the problens and repeat this step.

From paragraph 46351 and Tables 316 8-IX-316.8-X1 determine the height of the drops to be
perfommed, drop orentation, the nnmber of drops per test item, and the drop surface

Perfomm the requmred drops nsmg the apparaius and requrements of paragraphs 46,5 and 4.6.5.1
and Tables 516.8-IX through 316.8-X1 notes. Recommend visually and'or operaticually chieckimg
the test stem periodically donng the drop test fo simplify any follow-on evaluation that may be
redpnred. [fany dezradation s noded, see paragraply 4.3.2

Docoment the impact point or surface for each drop and any obvious damage.

Following completion of the required drops, viseally examine the test itemds), and document the
resulis,

Conduct an operational checkout in sccordance with the approved test plan.  See paragraph 5 for
analysis of results

Diocament the results for m:n.lqrn'imn. with data obtamed in S-‘l.EF 1. above
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4.6.6 Crash Hazard Shock (Procedure V).

The mient of this procedure i to disclose structural fahores of matenel or mounts for matenel in ar or ground velicles
that may present a hazard 1o persormse] or other materiel if the matered breaks loose from its wwunt during or after a
viehicle crash. This test procedure ks mitended to verify that matene] mountmg and'or restraining devices will wot fall.
and that sub-clements are not jected durnng crash simaadions, Attach the test rem bo iis shock fixhsre by its m-service
mikiinng o e-downs,

For nmtenel weighing less them 227 g (8 oumces) it may be permussible to omit the crash hazard test if it i= detenmined
that personnel expecied to be m the vicimty of the test aticle are equpped with sufficient Personal Protective
Equipment -PFPE (Le. helmets with visors) such that nek of sppnificont bodily injary 18 determuned o be highly
unbikely. In addition fo the lem's mace, assess overall matenal properties and geometry when considenng cmottmg
Procedure V. Final deciswons m such cases are left to the discretion of the responsible safety muhonty, and based
upon the case-specific hazard amalysis.

dbi.] Test Controls - Crash Hazard Shock (Procedure V.

Use Table 5165111 and Figure 516.8-2 as the fec spectrum and effective dumahons.  [F shock specinmmi analyvsis
capabilities are pot available, a classical pulse may be nsed as an abltemmative to a complex wansient wavefiorm
developed from the SRS in Figure 516,8-2. Table 516.8-XII provides the parameters for the default termunal peak
sawioath, Awm ameraft eeads level of 40 G 15 based on the assumphion that, durmg a servovable crash, locahzed G
levels can approach 40 G's. Ground transportation vehicles are desipned with a higher safery factor and. therefore,
st sustonn 2 much hugher G level wath comespondingly higher specified test kevels

Table 516, 8-XIII. Terminal peak sawiooth defauli iest parameiers for
Procedure V' - Crash Haznrd (refer io I"i_nh- 5[5.3-3].

Minimun Peak Vialoe and Pulse Duration
Test Am (PR} & Toims)
Flight Vehicle Muteriel! Grround Materiel!
Provedure V -Crash
Haard 400 1l m= TG 6 mis

Natw 1. For materel that iz shock-mounsed or wergiumg mare thawm 138 kg (300 [b). an 71 s kalf-nne patse of
awech amplitde Tt yields an egoovalent velocily do e defll ermeinal peal sawtooih may be employed

4.6.6.2 Test Tolerances - Crash Hagard Shock (Procedare V).

For coangdles wavefonn replication based an SRS, asure the test olerances ae withun those specified for the SES w
paragraph 4.2.2. For the classical fenminal peak sawtooth and half-sine options defined n Table 516, 8-XIT1. cnsure
the wavefarm is within the tolerances specified in Figures $16.8-3 and 5,

4.6.6.3 Test Procedure - Crash Hazard Shock (Procedure V).

Step | Secure the test ihem mowunt to the sheck apparatas by its in-service momting configuration. Use a
test item that s dynamacally simalar fo the materiel, or a mechanically equivalent mockup. If o
mockup i used, it wall represent the same hazard potential, mass, center of mass, and mass naments
about the attachment points as the mateniel being sinmlated. (I measurement mfornmation s to be
collected, mwmmt and calibrabe the instnopeniation.

Btep 2  Perform two shocks m each direction {as determined in paragraph 2.3.3) along ihree orthogonal axes
of the text item for & maximmmm of 12 shacks.

Siep 3 Perfosn a plivsical inspecteon of the test senap. Operanon of the test fem is ot requrired.

Step 4 Document tee results of e physical mspection. meluding an assessment of potential hazards
crented by either materiel breakage or struchural deformation, or both.  Process any measurement
data according to the maaxunax sccelerahon SES or the psenclovelocity SRS,

516.8-38



Downloaded from http://www.everyspec.com

MIL-STD-810H
METHOD 516.8

4.6.7 Bench Handling (Procedure VI).

The intent of this test is to determine the ability of materiel to withstand the usual level of shock associated with typical
bench maintenance or repair. Use this test for any materiel that may experience bench or bench-type maintenance.
This test considers both the structural and functional integrity of the materiel.

4.6.7.1 Test Controls - Bench Handling (Procedure VI).

Ensure the test item is a fully functional representative of the materiel. Raise the test item at one edge 100 mm (4 in.)
above a solid wooden bench top, or until the chassis forms an angle of 45° with the bench top or until point of balance
is reached, whichever is less. (The bench top must be at least 4.25 cm (1.675 inches) thick.) Perform a series of drops
in accordance with specifications. The heights used during this test are defined by examining the typical drops that
are commonly made by bench technicians and assembly line personnel.

4.6.7.2 Test Tolerances - Bench Handling (Procedure VI).
Ensure the test height of drop is within 2.5 percent of the height of drop as specified in paragraph 4.6.7.1.
4.6.7.3 Test Procedure - Bench Handling (Procedure VI).

Step 1 Following an operational and physical checkout, configure the item as it would be for servicing,
e.g., with the chassis and front panel assembly removed from its enclosure. If the test item operates
satisfactorily, proceed to Step 2. If not, resolve the problems and repeat this Step. Position the test
item as it would be for servicing. Generally, the test item will be non-operational during the test.

Step 2 Using one edge as a pivot, lift the opposite edge of the chassis until one of the following conditions
occurs (whichever occurs first).

a. The lifted edge of the chassis has been raised 100 mm (4 in.) above the horizontal bench top.
b. The chassis forms an angle of 45° with the horizontal bench top.
c. The lifted edge of the chassis is just below the point of perfect balance.

Let the chassis drop back freely to the horizontal bench top. Repeat using other practical edges of
the same horizontal face as pivot points, for a total of four drops.

Step 3 Repeat Step 2 with the test item resting on other faces until it has been dropped for a total of four
times on each face on which the test item could be placed practically during servicing.

Step4 Visually inspect the test item.
Step 5 Document the results.

Step 6 Operate the test item in accordance with the approved test plan. See paragraph 5 for analysis of
results.

Step 7 Document the results for comparison with data obtained in Step 1, above.
4.6.8 Pendulum Impact (Procedure VII).

The test item (large shipping container) may consist of a box, case, crate or other container constructed of wood, metal,
or other material, or any combination of these for which ordinary box tests are not considered practical or adequate.
Unless otherwise specified, large containers are those that measure more than 152cm (60 in.) on any edge or diameter,
or those when loaded have gross weights in excess of 70kg (154 1bs).

4.6.8.1 Test Controls - Pendulum Impact (Procedure VII).

a. The pendulum impact tester consists of a platform suspended from a height at least Sm (16.4 ft) above the
floor by four or more ropes, chains, or cables; and a bumper comprised of a flat, rigid concrete or masonry
wall, or other equally unyielding flat barrier. The bumper is at least 46cm (18.1 in) high; wide enough to
make full contact with the container end, and has sufficient mass to resist the impacts without displacement.
The impact surface is oriented perpendicular to the line of swing of the platform. The platform is large
enough to support the container or pack, and when hanging free, has its top surface approximately 23cm (9.1
in) above the floor, and its leading edge at least 8cm (3.1 in) from the surface of the bumper. The suspension
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chains are vertical and paralle]l 2o that wlen the platform i palled straight back. it will nse uwnifonuly b
remain af all times horizontal and paralle] to the floor (see Figure 516.8-10)

Flgure $16.8-10. Pendulmm lmpact test.

b. The drop height shall be determined for the required horzonial ingpaci velociy based on the trmsfer af
potential to kinetie spergy (h = v2/2g), Unbess atherwise specified, the vertical IJ.E:i_;:IIJ 1% a drop of 23 cm (9
i) that resulfs i a velocity of 2.13m/sec (7 ft'sec) at onpact.

£ Load the test ilem (contamer) with the mierior packmg and the actual contents for which it was designed. If
use of the acmal confents 14 not practical. a dummyy boad may be substinated to stmulate such cosients m
wedght, shape and positeod i the container. Block and brace the contents. or dumuy boad. and cushion them
in place as for shygyment. When the penduhun impact test is performed o evahmie the protection provided
fior the contenis, the rigudity of a dunmy load should closely approximate that of the scmual coatents for wiicls
the pack was desigmed

4.68.F Teel Talerances - Pendubomm [mp.u:'l { Frocedurs V115
Ensigre the veracal drog height is within 2.5 percent of the required beaght,
4.6.8.3 Test Procedure - Fendolum Impact {Frocedures VI,

Step 1 If required, perform o prefest operational checkout in sccordance with the fest plan.  Install
accelerometers ad other sensoes on the fest iten, &5 requimed.

Step 2 Place the test em on the platform with the surface that is to be ingpacted projecting beyond dee font
end of the platform so that the specimen just touches the vertical surface of the bumper.

Step 2 Pull back the platfarm sa that the center of gravaty of the pack & rsed 1o the prescrbed height, and
then release it 1o swing freely so that the surface of the confainer mmpacts against the bmmper. Unless
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otherwise specified, the vertical height is a drop of 23cm (9 in.) that results in a velocity of 2.13m/sec
(7 ft/sec) at impact.

Step4 Examine the test item and record obvious damage. If the container is undamaged, rotate it 180
degrees and repeat Step 3. When the test is conducted to determine satisfactory performance of a
container or pack, and unless otherwise specified, subject each test item to one impact to each side
and each end that has a horizontal dimension of less than 3m (9.8 ft).

Step 5 Record any changes or breaks in the container, such as apparent racking, nail pull, or broken parts,
and their locations. Carefully examine the packing (blocks, braces, cushions, or other devices) and
the contents, and record their condition. If required, perform a post-test operational checkout in
accordance with the test plan. See paragraph 5 for analysis of results.

4.6.9 Catapult Launch/Arrested Landing (Procedure VIII).

The intent of this test is to verify the functionality and structural integrity of materiel mounted in or on fixed wing
aircraft that are subject to catapult launches and arrested landings.

4.6.9.1 Test Controls - Catapult Launch/Arrested Landing (Procedure VIII).

a.

Measured Data Not Available. Whenever possible, derive the test conditions from measured data on
applicable carrying aircraft (see Part One, paragraph 5.6, as well as the tasks at the end of Part One in Annex
A for information on the use of field/fleet data), since shock responses can be affected by local influences
such as wing and fuselage bending modes, pylon interfaces, and structural damping. While the pulse
amplitudes associated with this environment are generally low, the long periods of application and high
frequency of occurrence have the potential to cause significant dynamic and/or low cycle fatigue damage in
improperly designed materiel. A typical aircraft may fly as many as 200 sorties per year, of which more than
two-thirds involve catapult launches and arrested landings. However, for laboratory test purposes, 30
simulated catapult/arrested landing events in each of two axes (longitudinal and vertical) should provide
confidence that the majority of significant defects will be identified for remedial action. If acceptable field-
measured data are not available, the following guidance is offered in which sinusoidal burst is used to
simulate each catapult or launch event. This time history has been simplified to a constant amplitude sine
burst of 2-second duration for simulation at the selected materiel frequency (usually the first fundamental
mode of the loaded aircraft wing). For testing purposes, it is permissible to reduce the maximum amplitude
in the horizontal direction to 75 percent of that in the vertical direction.

(1)  Wave shape: damped sine wave.

(2) Wave frequency: determined by structural analysis of the specific aircraft and frequency of the
fundamental mode.

(3) Burst amplitude: determined by structural analysis of the specific aircraft, the frequency of the
fundamental mode and the location of the materiel relative to the shape of the fundamental mode.

(4) Wave damping (quality factor): Q = 20.
(5)  Axis: vertical, horizontal, longitudinal.

(6)  Number of bursts: determined by the specific application (for example, 30 bursts, each followed by a
10 second rest period).

Measured Data Available. If acceptable field measured data are available, the following guidance is offered
in which the catapult event is simulated by two shocks separated by a transient vibration, and the arrested
landing event by one shock followed by transient vibration. The catapult launch/arrested landing shock
environment differs from other typical shock events in that it is a transient periodic vibration (roughly
sinusoidal) at a relatively low frequency determined by aircraft mass and landing gear damping
characteristics. Typical catapult launch shock time histories are shown in Figure 516.8-11. These data
represent measured acceleration response in the vertical, horizontal and longitudinal directions of a store
component mounted on the pylon of a platform. The data are DC coupled and low pass filtered at 70 Hz.
All three time histories demonstrate an initial transient, followed by a transient vibration (nearly two seconds
long), and concluded by a final transient. The longitudinal axis provides a profile of the DC catapult
acceleration that, in general, will not be important for testing purposes, and can be removed by high pass

516.8-41



Downloaded from http://www.everyspec.com

MIL-5TD=810H
METHOD 516.8

filiereng the mme history at a frequency less than 10 percent of the lowest significant frequency i the
maximax scceleration SES, Procedures for accomplishing this filtenng may necessanily be tterative (unless
Fourier transfomn information is weed) with high pass Giltenng begimng a & comparatively ligh requency,
and decreasimg until the most sigmnficant SES low frequency s identified. In geneml, catapult scceleration
response will display two shock events coresponding to nutal catapuli load application fo the arcraft and
catapull release from the sreraft separated by an oscillatory scceleration. Both the titial and the fual shack
events hive a distmet oscillatory nature. 1t 15 essential that this test be min as a senes of fwo shock frasients
separaied by a two second period of time in wlhch tramsient vilration may be inpul. Typical amested latding
shock time histories ape slown on Figare 316.8-12. These data represent measured acceleration respouse m
the vertical, borzontal and lengitudmal directions of a store component mounted on the pylon of a platform,
The data are DT couplad and low pazs filtered a1 70 Hz. All thoes time histories demonstrafe an siitial
iransient, followed by a transient vibration (nearly three seconds bong). It is clear that the loagidinal time
listory has a comparatively large DC component that may be filtered out for fest specification development,
The term “transient vibeanon" 15 introduced here becanse of the duration of the event beung nod typacal of &
shock event.

NOTE: Tmnsieni Vibrations For precise laboratory simmlation, Procedure VIID may require consideration
of the concept of a transient vibration m processing and replication of the form of time history from measired
data. For long duwration trassient envissiaments (duratois o the order of one second o more), il imay be
useful to process the response fime history by estunating the envelope funchon. alil and procecding to
compute o maxmmax Autospectral Density Estimate (ASDY), assuming short portions of the response time
history bebiave in the same manner s stntionnry mandom data, Estimation of thas fornm falls under the cntegory
af nonstatonary tune history procesang and will nod be considered firther i this Method. For a precise
defimition of ransient vibraticas, see Part One, Amnnex D The mportagcs of the mansient wibration
phenonyenon 12 that (1) i has the form of a thock (dhort duration and subsiantial tme varying amplitude), (2§
it can be mathematically modeled m a precise way, amd (3) it can be used o stoclmsne sinmlatan of certam
ahock environmess. [n general, shocks have ther significant energy in a shorter ime frame than transient
vibrations, while rransient vibrations allow for tme history enveloping functioas other dean te exponential
envelope fornm ofien times displayed m shocks ax o result of resonant response decay to an impact,
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Figure 316.3-11. Sample measured stove three axis catapult launeh compoment
respoive acceleration time histories.
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Figure 316.8-12. Sample measared stove three axis arrested landing component

response accelermtion Hme histories.

4.6.9.2 Test Tolerances - Catapult Launch/Arvested Landing (Procedurs VIIT),

For cases in which measured data are not available and waveforms are generafed from dynamic analysis of the
configuration, ensure the wavelorm talerances are within the tme lustory test 1olernces specified for wavefornms n

paragraph 423

For cases m which measiived data are available. ensnre the SRS for the tex respoise 1 within the

SES iolernnces specified m paragraph 4.2 2. For transient vibration, ensure the waveform peaks and valleys are withm
the tolerances given for wavelfomis i paragmph 4.2.2 or as provided in the test specification

4.6.9.3 Test Procedure - Catapull Launch/Arrested Landing (Frocedure YT},

Step 1
Step 2
Spep 3

Step da

Siep 4b

Step S

Foumt the tect them o ifs shockvibration fixture on the shock device for the first test axs.
Artach insinsnbentation as required in the approved test plan,

Conduct an operational checkont and visual examuaton i accordance with the approved test plan.
If the test item operates satisfactonly, proceed to Step 4. If not, resobve the problems and repeat this
st

If po maeasured feld data are available, apply shon tansien sine waves of several eycles 1o the test

tiem m the first test axis. (Each short framsient sine wave of several cvcles represents a single
catapill or mrested landmg event.) Follow each busrst by a rést period fo prevent iireprésentative

effects. Operate the test em in its approprate operational moede while borsts are applied. If the
test ibemn fails to openste o miended, follow de guidance m parmgrapds 4.3.2 for test e failire

If measured field data are available, ether apply the measured response data under exciter system
timie wiveform control (see Method 525.2), or process the catapult as fwo shocks separated by 8
transient vibration. and the amested landing as a shock followed by a transient vibration. Opernte
tlee fest items o it appoopnate opeational mode while burses ase apphied. [T the test itan fails 1o
operate a5 intended, follow the gnidance in paragraph 4.3.2 for test ifem failure,

[f II1.|: Fesk abemn has not rr|.u|f:|.r|.|:|:i|:||1=r| |:|1.1.r.|nE| lﬂl‘mg. cnnﬂuﬂ an np-:mhnr."ﬂ chn:hm:t el 'l..'iﬂlll
examnation in accoddance with the approved test plan. If a fathsre has occarred. it may be desirable

19 perform & thoroneh viswsl exanuination before proceeding with the opemtional checkom o avod
inatenting ackditionan] hardware damnge. When a fulure occirs, consader the nahere of the failue asd
comective action. along with the purpose of the test (engneenng information or coqtrachoal
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compliance) in determining whether to restart the test or to continue from the point of interruption.
If the test item does not operate satisfactorily, follow the guidance in paragraph 4.3.2 for test item
failure.

Step 6 Repeat Steps 1 through 5 for the second test axis.

Step 7 Document the test results including amplitude time history plots, and notes of any test item
operational or structural degradation. See paragraph 5 for analysis of results.

5. ANALYSIS OF RESULTS.

In addition to the specific guidance provided in the test plan and the general guidance provided in Part One, paragraphs
5.14 and 5.17; and Part One, Annex A, Task 406, refer to the below paragraphs for supplemental test analysis
information. Analyze any failure of a test item to meet the requirements of the materiel specifications.

a.

Procedure I (Functional Shock) - Consider any interruption of the materiel operation during or after the shock
in relationship to the materiel's operational test requirements. (See paragraph 4.3.2.)

Procedure 11 (Transportation Shock) - Consider any damage to the shock mounts or the internal structural
configuration of the test item that may provide a cause for the development of a failure analysis course of
action to consider retrofit or redesign.

Procedure III (Fragility) - The outcome of a successful fragility test is one specified measurement level of
test item failure for each test axis along with the duration of the shock. Consider that if the test item fails
either operationally or structurally at the lowest level of testing, and there is no provision for testing at lower
levels, the test item's fragility level is indeterminate.

Procedure IV (Transit Drop) - In general, analysis of results will consist of visual and operational
comparisons for before and after test. Measurement instrumentation and subsequent processing of
acceleration time history information can provide valuable information related to response characteristics of
the test item and statistical variation in the shock environment.

Procedure V (Crash Hazard Shock) - If measurement information was obtained, process this in accordance
with paragraph 4.6.6.3, Step 4.

Procedure VI (Bench Handling) - In general, any operational or physical (mechanical or structural) change
of configuration from Step 1 in paragraph 4.6.7.3 must be recorded and analyzed.

Procedure VII (Pendulum Impact) — In general, analysis of the results will consist of visual inspections and
any operational comparisons before and after the test. Check for operability and inspect for physical damage
of the contents (except when using a dummy load). Damage to the exterior shipping container that is the
result of improper interior packaging, blocking, or bracing is cause for rejection. Structural damage to the
exterior shipping container that results in either spilling of the contents or failure of the container in
subsequent handling is cause for rejection. Assess whether a substantial amount of shifting of the contents
within the shipping container created conditions likely to cause damage during shipment, storage, and
reshipment of the container. Minor container damage such as chipping of wood members, dents, paint
chipping, is not cause for rejection. If recorded, acceleration time histories or other sensor data can provide
valuable information related to the response characteristics of the test item.

Procedure VIII (Catapult Launch/Arrested Landing) - Consider any failure of the structural configuration of
the test item, mount, or launcher that may not directly impact failure of the operation of the materiel, but that
would lead to failure under in-service conditions.
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METHOD 516.8, ANNEX A
MEASUREMENT SYSTEM CHARACTERIZATION AND BASIC PROCESSING

1. SINGLE SHOCK EVENT MEASUREMENT SYSTEM CHARACTERIZATION AND BASIC
PROCESSING

The following paragraphs discuss basic measurement system acquisition characteristics, followed by a discussion on
the correct identification of the parts of a measured shock (in particular the duration of a shock). Information in Annex
A is essential for the processing of measured data for a laboratory test specification.

1.1 Measurement System and Signal Conditioning Parameters

The data recording instrumentation shall have flat frequency response to the maximum frequency of interest (fiqx)-
If fuax 1s not specified, a default value of 10 KHz is recommended for acquisition at each measurement location.
Defining f,, as the 3dB half-power point cut-off frequency of the low-pass analog anti-alias filter, f__ < f, is

implied to maintain flat frequency response. The digitizing rate must be at least 2.5 times the filtering frequency fqy-
Note that when measurements of peak amplitude are used to qualify the shock level, a sample rate of at least 10 times
the filtering frequency (100 thousand samples per second for the default case) is required. For SRS considerations a
measurement shock should be acquired at 10 times the filtering frequency or resampled to 10 times the filtering
frequency.

It is imperative that a responsibly designed signal conditioning system be employed to reject possibility of any aliasing.
Analog anti-alias filters must be in place before the digitizing portion of the signal conditioning system. The selected
anti-alias filtering must have an amplitude attenuation of 50 dB or greater, and a pass band flatness within one dB
across the frequency bandwidth of interest for the measurement (see Figure 516.8-1a). Subsequent re-sampling for
either up-sampling (interpolation) or down-sampling (decimation) must be in accordance with standard practices and
consistent with the analog anti-alias configuration.).

A Amplitude
‘F +£ 1 dB Passband Flatness

I e e

-50 dB Attenuation
at lowest frequency
that will fold back
into pass band

Nyquist Freq (Fives)

50 dB =

>
Contant that foldy back into pans
band must be -50 48 or lawer fom - FFEQ (Hz)

Figure 516.8A-1a. Filter attenuation (conceptual, not filter specific).

The end to end alias rejection of the final digitized output must be shown to meet the requirements in Figure 516.8 A-
la. The anti-alias characteristics must provide an attenuation of 50 dB or greater for frequencies that will fold back
into the bandwidth of interest (passband). Generally, for validly acquired digital shock time history data spectral data
including SRS plots are only presented for frequencies within the passband (up to fy4,). However, this restriction is
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not to constrain digital data validation procedures that require assessment of digitally acquired data to the Nyquist
frequency (either for the initial Analog to Digital Conversion (ADC) or subsequent re-sampled sequences). It should
be noted that it is possible that certain sensor/signal conditioning systems may display substantial “out-of-band”
frequency content, i.e., greater than fy,,, but less than the Nyquist frequency, in digital processing. For example, a
Fourier spectra estimate over the duration of the shock may display “general signal” to “noise” that seemingly
contradicts the filter attenuation criterion displayed in Figure 516.8A-1a. In this case the signal conditioning system
must be subject to the “verification of alias rejection” described in the paragraph to follow. If the signal conditioning
system is verified as non-aliasing then the substantial frequency content between fy,, and the Nyquist frequency can
be digitally filtered out if desired.

Verification of alias rejection should start by establishing the dynamic range within the pass band in terms of the signal
to noise ratio (SNR). The voltage based SNR =2010g,,(Vuiseate / V o, ) Must be =60dB. Once sufficient SNR is

verified, establishing the alias rejection characteristics may be determined using 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 aliased into fy,,, and then
confirming (using the IEEE 1057 sine wave test procedure or through inspection of the time domain data) that the
alias rejection is sufficient at this frequency for the signal conditioning system.

For a conventional multi-bit ADC such as flash or successive approximation design, if a 100 thousand sample/second
digitizing rate is used, for example, then fyyquise= 50 KHz. Theory says that if a signal above the Nyquist Ratio is
present, it will “fold over” into a frequency below the Nyquist ratio. The equation is:

Fa = absolute value [(Fs*n)-F], where
Fa = frequency of “alias”
F = frequency of input signal
Fs = sample rate
n = integer number of sample rate (Fs) closest to input signal frequency (F)
Hence, the lowest frequency range that can fold back into the 10 KHz passband is from 90 KHz to 110 KHz.

It should be noted that Sigma Delta (SD) digitizers “oversample” internally at a rate several times faster than the
output data rate and that analog anti-alias filtering is still required. For illustrative purposes, consider an example for
a SD digitizer with a bandwidth of interest up to 10 KHz that samples internally at f; = 800 thousand samples/second.
The internal analog based Nyquist frequency by definition is 400 KHz, hence the analog anti-alias filter should
attenuate 50 dB or more content that can fold back into the 10 KHz pass band (790 KHz to 810 KHz and similar bands
that are higher in frequency). Figure 516.8A-1b illustrates sampling frequencies, Nyquist frequencies, and frequency
bands that can fold back into the bandwidth of interest for both conventional and over sampling digitizers, such as the
Sigma Delta. Observe that for the example SD design, there is significant bandwidth above the 10 KHz desired fyq
and the Nyquist rate that is not useable due primarily to quantization error, an artifact of the single bit SD design. The
output of a SD ADC will be digitally filtered and resampled yielding a new effective sampling rate fz which in turn
yields a new Nyquist rate for the decimated signal of fyg/2. Through careful selection the digital filter cutoff
frequency, the majority of noise between fpr/2 and f; is removed while maintaining a nearly flat frequency response
through fyax- The SD oversampling rate OSR = f;/fpr, which is directly correlated to dynamic range, is one of
several design parameters for a SD ADC. Most reputable vendors will provide a detailed specification sheet associated
with their products, however, it is strongly recommended that one verifies aliasing rejection and noise floor
characteristics as recommended above prior to employing any signal conditioning/digitizing system in the acquisition
of critical field data.
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Conventional ADC (Flash, Successive Approximation, etc.)
10 KHz

Fraquencies that fold over info the
bandwidth of interest = 80 fo 110 KKz

Bardwidth af Freguencies Above
Interest Bandwidth of Interest

Oversampling ADC (Sigma Delta, etc.)

10 KHz
Freguencies that fold over inta the
l bandwidth of inferest =790 s 810 MO KEpS
- b,
Fraquenciss Above
Bandwidth of
Inbwrsot Bandwidth of interest

Figure S16.8A-1b IMustration of sampling rates and oul of band “fold aver™ frequencies lor Conventionnl and
Owersampling (Skgma-Delta) based data acqudsitdon systems,

1.2 Measuremeni Shock ldentification

A “somple shock™ & being adidressed mn tlas Method {exchidhing Procedure VI and the exanple of 2 complex shock
provided in Ammex Bj, Le ., the onpadse force inpat defines a single “event” ansug from a chamctensic phenonpenon.
A “simple shock™ 15 defined by 8 measurement, ¢.g., neceleration, with three characteristic regions

a An mhal lew muglitede statonsry randoan measimement termed e measaremeni sysiem noiie
foor.

b A series of smatic high amplituds decaying messurement amplitudes termed te shock,

. A :nnq:ﬂ.rnli.'.'el}' loww level sEnlsianry measirdémenl al or jl.u.r above e mebnonentation nodse oor

termicd the post-shack nofse floor

NOTE: I penodic components or non=CGanssian behavior are present in the measwrement sysiem noise
flowr, the signal condinoning svstem needs to be examined. 1f periodic components are present in fre
post-sfock noise floor bur the general amplinede is relatnvely stationary, i s indicative of
prounting'mateniel mesosance response. A truned analyst needs to decule the mportance of such
resonancs mformation in o laboratory test specification. Thus decision should be bazed upon the lowest
monented fundamental frequency of the matenel. In general, shock mformation should not be unduly
extemded in order to accommodate the full extent of the resonant “ringamge’ behaviors.

[t & always iJIIPﬂ'rIli\.‘E' thad the data be carefully anabyred 1o ensiure the memamremend is free of compiion. and the
natre of the event is physically well grovnded. This subject is discussed in greater detail in Annex B.
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The example that follows will flnstrate instial ime domnm essessment of a typical transient accelermtion time history,
Apmex B will provide frequency doniain and more advanced assessment. Figure 316 8A-2 displays the measurement
shock that will be considered for proper processing in both the time and frequency domain.  The phenomencn
producimg the shock has mital high frepencyhigh energy mpu, followed by a fonm of nnging or resonance decay,
The measurenient shock exists between 17 milliseconds and [ 360 milliseconds,

hlrilianical Sheck (D Hx BV

l.l l-r i k.

A oericrmtiom {11
=]

Taw fieci

Figure 516.8A-2. Example acceleration ilme hisvtory.
1.3 Effective Pulse Duration for Non- Clasdical Shocks

When considering e two non-classical shock allenmtives discussed in paragraph 1.2, the aalyst {and ultinasely nest
operator), will need 1o consider the effective durations (inchyding the overall shock duration ( T, ) and the concentration
of energy duration | 7 }i for the palse to be replicated. In the case in which TWE is selected as the implementation
method, the durstion of the transient event i straiphiforaward. The test operstor should cimply idewtify the pre-pulse
and post-pulse noase floor levels that will indicate reasonable start and end tmes for the TWE based event. In the
case in which a reference ransient is 1o be synthesized based upon an SES reference. the SEE reference must come
with recommended effective durations established by the analyst review of the data ensemble used to develop the SRS
reference. "ﬂ:enﬂf:r triay wgaw The effechive durabons ofF o transeen! svent from a nomber of pﬂ'rpe:ri'l.ﬂ. However,
the firal gmidance on effective durations provided to the test operator with the reference SRS should be simplified 1o
manageable parameters to which the test operator will be able to implement efficiently. Providing the test operator
boih the shock duraton T, and the concentration of energy dhuratron T 18 recomurended for any 5B based laboratory
shack test. With the SES magnimde conralling the synthesized pulse magnifode and both T, and T defining enerpy
distribution, the synthesired pulse should resemble a messored pulse having tse same SRS, The concep of effective
durations 15 discossed further m the following paragmph=. Annex B coninms more mfonmation on determanmg T, and

Tg based upon easily compuied “instantaneons root-mean-square™ compuinfions.
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As mentioned m paragraph 1.2, o “sumple shock” {refer to Figure 516.8A-3), 15 defined i terms of three time imfervals:

a The frst time mtervak 7w uvsually well defined and occurs prior to the shock where the
measarement represents the seasarement sysiem noise fToor.
b The second imterval; T, is termed the sbock diration and 5 defined as the duration from the zemo

L]
crssing for the first meanmement acceleration “above the mstrumentation nose foor” untl the percesved
“termunation” of the shock This interval contains the mterval with the highest concentration of coergy. T , defined

4n|

as the mumimom length of time that contains any time history magmitudes excesdmg m absohibe vahse isee

datailed dimcuskion below),

c The thard time mierval: T_, is the e from the “lermunation™ of the shock il the measurement
signal approaches or reaches levels of the messarement system nofse floor. (In general, shocks over reasonable
charactenzation identification imes seldom decay 1o the levelk of the pre-dwsck noise Mloar ) Thas thard tme oaerval
can be termed the post-sfeck medse foer that 1s above. but nchades the measwremeni sysiem melse Toor,

Meichinical Shosk (6000 Hx VW)
Im ] [] T ¥ I ]
E-I]|~ TF"E i || r-Flnﬂl: | =
80 | | |
| |
| | -
g 2 |
'-'E LR _‘I.Il_..
-% 0 1] !' !
| |
40 | Te .
| |
A4 |
2 | I 1
J | |
A oo 1 1 p ! 1
o 0§ 1 [ ] | K -]
Tmne [wech

Figure 516.84-3, Example simple shock time history with segment ldentification.

In general. for further processmg it is convenient, if possible. o select the mterval T__ of duration equal to T__ and

these mtervals should be reasonably comparable or equal in length f07,, The same amout of “time/amplinede™
information 15 avalable mall thres intervals.
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1.3.1 Calculation of T,.

There is historical precedence in which the shock duration 7, was defined as, “the minimum length of continuous time
that contains the root-mean-square (RMS) time history amplitudes exceeding in value ten percent of the peak RMS
amplitude associated with the shock event. The short-time averaging time for the unweighted RMS computation is
assumed to be between ten and twenty percent of 7,.” The previous definitions also included discussion relative to

the relationship between 7 and 7, at which point it was recognized that this relationship is dependent upon the

“shape” of the true RMS of the time history. Although the previous definition of 7, is a useful analysis tool, T is

now defined from the zero crossing for the first measurement acceleration “above the instrumentation noise floor”
until the perceived “termination” of the shock as discussed above. This parameter provides a reasonable bound on the
interval in which the reference time history contains measurable energy levels above the noise floor. In synthesizing
the reference pulse for an SRS based laboratory test, the user should set the window length, (time-domain block size),
containing the reference signal to 7, or the nearest programmable interval greater than 7. Observe that unlike the
field measurements, the noise floor of the synthesized signal will actually be zero. Zero padding outside of the interval

T, will have no effect on the SRS computation. In the event T, (the shock duration) is not provided, define T, = 25

min

where f . is the lowest frequency in the reference SRS (this will allow a minimum duration sufficient to allow up to

5 half-cycles of the lowest frequency component in the reference time history. 7, includes both the primary
“concentration of energy” and an “extension of energy” duration.

1.3.2 Calculation of 7.
T, represents a “concentration of energy” duration. There is historical precedence in which 7}, was defined to be the
minimum length of time that contains any time history magnitudes exceeding in absolute value one-third of the shock

| AP/( |

peak magnitude absolute value, i.e., , associated with the reference time history. This assumes the shock peak

amplitude, A4, , has been validated, e.g., it is not an “instrumentation noise spike.” A definition of 7 that considers
the crest factor, CF = A4, /RMS , associated with the single shock or shock data ensemble from the reference SRS is
defined. The crest factor is computed in small intervals over the duration 7, , (e.g. 7, /10), and the “maximum crest

factor” computed on the individual intervals is defined as CF . This yields a revised definition of 7, based on the

[ 40|

minimum length of time that contains any time history magnitudes exceeding in absolute Valueﬁ . Even though

the crest factor is a stationary random vibration concept applied when Gaussian or particularly non-Gaussian time
histories are considered in stationary random vibration, it can be justified for use in terms of a shock if it is realized
that peak amplitudes are of a random nature and come at random times. All amplitudes less than the last amplitude

A . . .
greater than % define a time of between greater energy concentration and lesser energy concentration that can be

quite robust. The analyst must however be immune from selecting a random amplitude spike time far from the major
energy concentration, i.e., too strict an application of the concept for determining 7,,. Generally, the larger the CF

the greater 7, so selection of several CF'sand comparing 7, 's is recommended. For several shocks, i.e., an
ensemble, varying CF and assembling a table of 7, 's should provide the analyst a robust method for establishing
duration T for synthesis. Plots of CF versus T, would indicate the sensitivity between the two variables. In the
event T isnot provided, the test operator should assume the CF' to be 3, and synthesize a pulse such that 7, for the

synthesized reference time history is characterized by T, based on the minimum length of time that contains any time
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4]

history magnitudes exceeding in absolute value of . Having established a nominal value for 7}, the synthesis

of a representative pulse shall have a tolerance of 0.87, <7, <1.27.

1.3.3 Implementation Considerations.

In summary, it is desired that the reference transient synthesized based upon an SRS reference has reasonably similar
temporal characteristics to that of the field data from which the SRS reference was derived. The analyst developing
SRS based test criteria should carefully investigate the effective duration of the ensemble of transient events from
which the final test criteria was based, and document the results along with the SRS. The laboratory technician
synthesizing the reference pulse should then be able to consider the variables, CF, T, and T, associated with effective

duration in the synthesis process. As an example, the above durations and associated time intervals are displayed for
the typical simple shock in Figure 516.8A-3 where the pre-shock noise floor Ty, = 0 — 0.617 sec and the post-

shock noise floor is defined as Tpo5¢ 2 (T + T6) to (T + TE) +7 . T and T ___ were taken to be the same

pre pre pre pre post

duration for processing comparison convenience. 7, =0.943 sec, is identified by the dashed lines between 0.617

. .. A
and 1.56 seconds. The maximum crest factor, computed in intervals of 7, / 10 was computed to be CF = 5. | pk |/C F

is identified by the horizontal lines based on CF = 5 and |Apk| =98.17G (that occurred at time 7, =0.735 sec).

Ty = 0.230 sec is identified by the interval between the first occurrence of |A”k |/C F that occurs at approximately

A .
0.625 seconds and the last occurrence of | pk |/C F that occurs at approximately 0.860 seconds.

1.4 Shock Response Spectrum

The SRS, either acceleration maximax SRS estimates or the pseudo-velocity maximax SRS, is the primary “frequency
domain” descriptor that links time history shock amplitudes to some physical model, i.e., the shock model. The below
paragraphs will provide a description of the SRS options in addition to SRS estimates that may be used to imply the
validity of the measured shock information.

1.4.1 Processing Guidelines

The maximax SRS value at a given undamped natural oscillator frequency, f,, describes the maximum response
(positive, negative, primary, and residual) of the mass of a damped single degree of freedom (SDOF) system at this
frequency to a shock base input time history, e.g., acceleration, of duration T, (see Figure 516.8-1 for the appropriate

model). Damping of the SDOF is typically expressed in terms of a “Q” (quality factor). Common selections for Q
are Q=50 that represents 1 percent critical damping; a Q =10 that represents 5 percent critical damping; and a Q=5
that represents 10 percent critical damping of the SDOF. For processing of shock response data, the absolute
acceleration maximax SRS has become the primary analysis descriptor. In this description of the shock, the maximax
acceleration values are plotted on the ordinate with the undamped natural frequency of the base input to the SDOF
system plotted along the abscissa. The frequency range over which the SRS is computed, (i.e., natural frequencies of
the SDOF system filters) as a minimum, includes the data signal conditioning bandwidth, but should also extend below
and above this bandwidth. In general, the “SRS Natural Frequency Bandwidth” extends from an octave below the
lowest frequency of interest, up to a frequency at which the “flat” portion of the SRS spectrum has been reached (that
may require going an octave or more above the upper signal conditioning bandwidth). This latter SRS upper frequency
Ssrsmax T€quirement helps ensure no high frequency content in the spectrum is neglected, and is independent of the

data bandwidth upper frequency, f, . As a minimum, this SRS upper frequency should exceed f, by at least ten

ax

percent, i.e., 1.1f, The lowest frequency of interest is determined by the frequency response characteristics of the

max *
mounted materiel under test. Define f, as the first mounted natural frequency of the materiel (by definition, f, will
be less than or equal to the first natural frequency of a materiel component such as a circuit board) and, for laboratory
testing purposes, define the lowest frequency of interest as f,,, < f,/2, (i.e., f,;, is at least one octave below f;).

Jsrsmin €an then be taken as f, . . The maximax SRS is to be computed over the time range 7, and over the frequency
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range from [, w0 fo.  =11f . From paragraph 1.1 above. the f__ relationship o [, is defined. however
for SRS computation, if F, <10 the tme history nmst be re-sampled to F5, =10, _ . The SRS frequency
spacing in [ £.,.1.1/, | is left 10 the discretion of the analyst, but should not be coarser that one-twelfih octave and.

i general, of a proporhional band spaciig s opposad 1o 8 hxved band spacmg (proporional band specmg i more in
e with the materiel modal frequency spacing. ancd resulis in fewer namral frequencies for processmg).

A more complete deseription of the shock (potentially more useful for shock damage assessment) can be obtained by
determunmg the maximax psendo-velocity response spectrem. The maximax prendo-velocity may be plotied on log-
log paper with the abscissa as SDOF nanral frequency. and the ordmate as psevdo-velocity m umils of velocity.
Abematvely, a more complete descnption of the shock (potentially more useful for shock dmmage assessment) can
be obtained by determuming the maximas pseudo-velocity response spectum, and plotting this on four-coordimate
paper where, in pairs of orthogonal axes. the maximax psevdo-velocity response spechmum is represented by the
ordmnte, with the undamped natiural frequency bemg the pbecreea, and the maxonas sbeohite secelaration along with
macinax paewdo-displacemeant plotted in a pamr of orthogonn] axes, all plots havog the same absciasa (SDOF nanaral
frequency). This form of a pseudo-velocity SES plot. as seen m Figure 516,844, is widely accepted in Cival
Engmeening earthquake growsd motion specifications, but histoncally has not been as conmmon for mechamical shock

display or specification.
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Flgure 51684 4. Maximax psendo-velocity SBS estimates for shock and nodse floor segments.

The maamax psendo-velocity at o particular SDOF ondamped nateral frecqueency 15 thought to be more representative
of the damage potential for a shock sivce it correlates with stress snd strain o the elements of a single degree of
freedom system (paragraph 7.1, references e and f). In the laboratory tesimg to mect a given specification with
undesignated ), use o ) value of 10 and a second 0} vahee of 50 for comparison i the processing (see Figure 516.8A-
43, Using twe O values. a damped valie gnd a valse correspoqding to light dangping provides an analyst with
mfnnmtimmlh:puhmlulup{mdufmmmmﬂ:rﬂlm: Recommend the maximax sbaplute acceleration
SRS be the primary method of display for the shock, with the maximax pseudo-velocity SRS the secondary method
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of display, This is useful in cases m which it is desimble to be able to comelate damiage of simple systems with the
shock. Two sdditional recommendations related to the validity of the measurensent are as follows:

a A pre-shock SRS of the megsgrement sysimor pofse fopr over mtencal Tnah-:ruldhmm
along with the retum o nodse floor H]ten'anm. L. posi-shock malse fToar. and displayed on the same plot. These

noize ERSs help 1o confinn the overall validity of the measureinent if e “Pre® and “Post™ times allow adequate
accuracy for the SES estimates, 1e., SES estimates over very short time sepments may not provide representative
maximax SES amplitedes at low natural frequencies. These SRS estimates shoukd be comyputed at the Q=50 damping
value (see Figure 2 16.8A-4). Refer 1o Anpex B, pasagraph 3 for additbeieal guidaisee on establishung criteria for
defiming the noise floor.

b For the shock segmient, batl the maximam posibive and maxinnim negative acceleration and psendo-
velocity SRS estimates should be plosted for a mdniomm C) valoe of 10 over the fequency range for which the
SRS values are displayed (see Figure 516.8A-5). The positive and negative SRS estimates should be very similar i
nnture as discnssed n Pnnmp‘h 1.4.2 and ilhsstrated I‘Jn'nl:th e:u!.utlzlle in Fi.p:m::- 516.BA-546. The low ) valoe
should be able to detect acceleration tims history anommalies sinilar to the time history integration.  If positive and
negative SES maximax values are disparate, this could be an indicator of potential measurement sysiem =ignal
conditiciiing probleins,

.
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Figure 516.8A-5. Shock maximum sod minimum pseudo-velocity SES estimates.
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Figure S16.84-6. Shock mazimum and minimum acecleration SRS estimates.
1.4.1 Processing Example

For the shock fnne history displaved m Figure 516.8A-3, the sample rate was 51200 samples per second. The
bandwidth of the data was from DC fo 6000 Hz. The bandwadds of mferest weas from 10 He to 6000 Hz. The time
history wis ressamepled to 102,400 He to ensure a reasonable SES computaton thru 10 KHz as discussed in paragraph
1.4.1, The SRS estunates are actually plotted o 50 KHz to illustrate convergence at the low and high frequency
extremes. Since even the slightest of bias emror mfluences velocity estinates commputed from acceleration data. if is
recommendead that mmor DC bras should be comrected nx required prior fo performung psendo velociiy caleulations (a
severe bias ermar in the acceleration time wey ndicate more sepous issues such as amplifier andlor transducer
saturation leading to data validity concems).  Quality factors of 10 and 50 were used for computation of the
accelernbion and psendo-velocity maximnx SRS eshimates except where noled, Except where nofed, the computations
were made with the standard mamnp-invanant filter set. The abscissa of the plots is the wedanged naniral frequency of
the SDIOF system af & one-rwelith-octve band spacmg.

Figure 516.8A-7 contrasts the shock maximax acceleration SRS for the Q values of 10 and 50, and for both
mearirement systen meise floor and posi-shock moise floor for a O of 30, Figure 516 8A-4 provides the related
information for the maximmax peendo-velocity SRS ectimintes. As expected, the shock i substantially greater than
either noise floor SES estimates, Ideally, the noise floor SRS shoulkd be 1248 or more below the acceleration SKES of
the shock event across the frequency range of interest.
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Figure 516.84-7. Mazimaz acceleration SES estimates for shock and nofse Moor segments.

As a e history validity check, Figure 516.84-5 and Figure 516.8A-6 provides the positive and negative SRS
estanates, i s noted that in these iwo fgures neither ihe positive nor negative SRS value dominates the ofher; thai
wonthd meply the fime history infonmation i valid,

1.3 Frequency Domain [dentification Energy Specirnl Density (ESD)

The ESD estimate is p propesly scaled squared magnitude of the Fourier Transform of the total shock. Tts commterpart,
the Fourier Spectra (FS) i, in effect. the squane root of the ESD., and may be useful for display but will not be discussed
here. The importance of the ESD estimate s ifs properties relative to input/‘output system computations.  That is for
two acceleration mieasurements related as mpud and outpul, eihier (1) an eshmale of the trasfer fimction
{magninsde’phase) between the mput and catput is possible. or (2] o rensmissibility estimate (magninde alone) can
be defermuned by mitomng the output ESD over the mput ESD.  Forther details and illustration of ESD estimates are
provtded in Annex B.

1.6 Single Event / Mulliple Channel Messurvment Processing Guidelines

When multiple mensurements are made for o single configuration, generally pre-processing should proceed as if
sltiple channel analyais is to be performed. T panscular, ihe pre-shock noise oo, the shock event, and the post-
shock poise floor should be of the spme duration, and this duration for the shock event should be determined based
ugaen the “longes™ daration mreasurement. Since SRS and ESD processing are generally msensitive o differences in
the duration of significant energy content, such selection will allow multi-channel processing. It is imperative that for
cross-energy speciral density estimates and energy transfer function estimates, the pre-processing, e.g , event selection
diranions, filtermg, efc., on all meéasurement channels be ihe same. Pre-processmg across imilple measurement
channels mvolving integration of acceleration to determime velocity needs o comespond 1o the plysics of the
configuration. For high signal-io-noise matios, useful mformation can be obinined from cross-spectral and tromsfer
function estimates even though raadodn esror 15 el

1.7 Measurement Probabilistic / Stafistical Summary

Recommend that, whenever possible, two or more equivalently processed response measureimnents or test estimates be
combied 1n some stabstcal manner for SUIEnATY, This supuary then can be wied for jes l]:recnﬁl:a'llnq jmpases o

provide a level of confidence that the mnportant information in the measurement or test has been caprured, Paragraph
7.1, reference b, ditciusess tome optiots m stabatically summanzing processed reziies from a seres of messuremsnts
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or tests. The best summary option is generally dependent on the size of sample. Processed results from the SRS or
ESD are typically logarithmically transformed to provide estimates that tend to be more normally distributed, e.g.,
estimates in dB. This transformation is important since often very few estimates are available from a test series, and
the probability distribution of the untransformed estimates cannot be assumed to be normally distributed. In virtually
all cases, combination of processed results will fall under the category of small sample statistics, and need to be
considered with care with other parametric or less powerful nonparametric methods of statistical analysis. Annex C
addresses the appropriate techniques for the statistical combination of processed test results as a function of the size
of the sample and provides an example.

1.8. Other Processing

Other descriptive processes that tend to decompose the shock into component parts, e.g., product model, time domain
moments (TDM), wavelets, SRS modal and power energy methods (PEM), etc., may be useful, but details of such
descriptive processes are beyond the scope of this document, and generally fall in the area of analytical modeling.
TDM and PEM show promise of being able to characterize and compare individual shocks among sets of similar
shock time traces and perhaps provide insight into cause of materiel failure from shock. TDM (paragraph 7.1,
reference k) assessment provides for characterization of the “form” of measured response with respect to both time
and frequency. PEM (paragraph 7.1, reference 1) attempts to estimate the energy absorbed within a simple modal
structure of the materiel when the materiel’s base attachment is the source of the shock input (or power input) to the
materiel. PEM seems most useful for power comparison among similar measurements for shock, and has units
(force*velocity) that relate to damage potential when applied to base motion relative to mass motion.
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METHOD 516.8, ANNEX B
GUIDELINES FOR ADDITIONAL SHOCK TIME HISTORY VALIDATION AND PROCESSING

1. INTRODUCTION.

This Annex provides additional guidelines for shock time history assessment including validation, i.e., to detect any
measurement system anomalies that would invalidate the measurement. For massive field shock measurement
programs where time and budget constraints do not allow validation of individual shocks, at least one shock time
history from each measurement channel needs to be individually validated, and careful examination of the time history
for each subsequent shock from the measurement channel be examined for gross anomalies. Consistency relative to
the test specification for processed information is acceptable as long as any inconsistency is investigated under shock
time history validation. For example, the Normal Tolerance Limit (Annex C) when properly applied should be used
only for collections of SRS estimates that have a similar shape; otherwise the variance is inflated beyond what might
exist for field measured data under repeated experimental measurements.

2. COMPLEX SHOCKS.

This Method and this Annex are focused upon simple shocks such as in Figure 516.8-A1 (and repeated below as
Figure 516.8B-1). Many shocks are not simple in nature. Figure 516.8B-2 displays a complex shock. The
phenomenon producing this shock would appear to have three “rebounds.” If it can be traced to a distinct phenomenon,
the last of the four shocks might be separated out as a simple shock from the other three. A trained analyst and a clear
understanding of the shock producing phenomenon are needed to justify any such decomposition of this complex
shock. It probably would not be possible to use SRS synthesis for laboratory test, leaving TWR as the only option for
laboratory testing. Cases in which it would appear that several “simple shocks” are in series should rely upon a trained
analyst to identify individual “simple shocks” in concert with goals of the characterization, analysis, and specification.
Any decomposition of a series of shocks should be related to the phenomenon producing the shock. For example, a
catapult shock represents a non-simple shock that could be specified as two independent simple shocks, separated in
time by approximately three seconds with an intervening transient vibration. See Figure 516.8-11. Gunfire Shock,
Method 519.8, presents information on a repeated shock, the repetition rate being the gun-firing rate. The direct
replication method is preferred over the synthesis method when non-simple shocks are being considered.

Generally, this Method has no recommendations beyond the use of TWR for laboratory test specification and
laboratory testing for such complex shocks. It is important to maintain the integrity of the complex shock to the extent
possible.
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Figure 516.88-1. Shock time history with segment identification and :I': and Trllme iniervals illustrated,
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Figure 516.8B-2, A complex shock.

il6.5R-2




Downloaded from http://www.everyspec.com

MIL-STD-810H
METHOD 516.8 ANNEX B

3. ADDITIONAL SIMPLE SHOCK PROCESSING AND VALIDATION.
3.1 Introduction.

In Annex A paragraph 1.3 of this method, the simple shock time segment for the instrumentation noise floor, the shock
and the post shock noise floor are identified. In addition 7, and 7, are specified. Since the SRS is the primary
analysis descriptor, both maximax acceleration and maximax pseudo-velocity estimates of the segments are displayed
and interpreted. For verification purposes, the shock maximax positive and negative SRS estimates are displayed.
Comparability of these estimates showed no signs of the shock being invalid. In this paragraph the following analysis
will be undertaken providing (1) additional analysis of the shock, and (2) additional information regarding the validity
of the shock. In particular:

a. The time history instantaneous root-mean-square.
b. The shock velocity and displacement displayed.
c. The time history ESD estimate displayed.

Annex A paragraphs 1.7-1.8 of this Method reference more advanced processing that is applicable to a single simple
shock or useful in summarizing the information in an ensemble of shocks. No such advanced processing is provided
in this Method.

3.2 Instantaneous Root-Mean-Square (RMS).

The “instantaneous rms” provides useful information that may not be apparent from examining the amplitude time
history. In order to establish shock time intervals for processing, it is useful to consider the “instantaneous rms” of a

measurement level. For the measurement a(¢) 0<¢ <7, the instantaneous rms level is defined over the same interval

as follows: a, (¢)=+fa’ (1) 20 for 0<¢< T, where “irms” stands for “instantaneous root-mean-square level”. 1t is

assumed that any DC offset in a digitized measurement signal, a(¢), has been removed prior to computinga, .
Figure 516.8B-3 displays the irms in absolute terms and in dB. In the dB display, no negative values are displayed.

Observe that a

irms

is computed point by point. Therefore, |Apk| as referenced in paragraph 1.3 in Annex A of this

method, will be the maximum computed a.

irms °

From the example of Figure 516.8B-3, it is clear that the “signal” approaches 40 dB, while the “noise floor” is on the
order of 3 dB, roughly a signal-to-noise ratio of 37 dB. Relative to identifying the time of the beginning of the post-
shock noise floor, T, , , it is a matter for an experienced analyst in concert with the objectives of the shock assessment.
Almost assuredly, post-shock instantaneous rms is greater than the pre-shock instantaneous rms, i.e.,
a,. (TPW ) >a (t) fort<T,
because of change of boundary conditions as a result of the shock. If there is indication of periodic behavior in the

time trace for ¢ > T, , the analyst must decide if analysis over this periodic “ringing” behavior is important for the

since the measurement seldom returns to the measurement system noise floor levels

irms Te

shock specification. For SRS shock synthesis, it will be difficult to capture such periodic behavior and duplicate it in
testing. For waveform replication, this periodic “ringing” behavior should be retained over a minimum of ten cycles
if possible. For establishing the end of the range of T, for a simple “well-behaved,” i.e., sharply decaying shocks, it

is recommended that the analyst examine times ¢ at which a (t) fort > T, is at least 20dB (preferably 40 dB)

irms

below a,, (7, ), and based upon judgment, select the zero-crossing for defining the end of beginning of 7, (or

beginning of T, are left to the discretion of

0st

). Generally, criteria for defining and automatically determining 7,

Post

the analyst, and selection of 7, , is much more inconsequential in analysis than selection of 7,,,. An estimate of the

ost

measurement system noise floor level will be useful in establishing 7,

oSt

. If arbitrary specification of a,_ (¢)levels is
not feasible, then a relatively robust way of specifying the end of a shock and the beginning of the post-shock noise
floor is to begin at the end of the measured data, 7, and compute the mean rms signal level until a noticeable change

in level is apparent. This can be accomplished by selecting an averaging time, e.g., ~5 percent of the estimated
duration of the shock, and computing a moving average of time history values in the measurement system noise floor
and post-shock noise floor, where the average is shifted at least ten times within an averaging time window and ideally
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computing the amverage at each tune pomt, Usually, plottmg these tms levels leads fo sinple wentification of T,
Specifymng the nommalized random ermor for te ros esfimate can enlance this procedume.
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Figure 516.88-3. Shock time history instantaneons rool- men-square,

This exror is given by & =|,|"2'u'BT for & the bandwidth and T the averaging time. A 95 percent confidence mterval

is defined by} 7, (1-22 ) o, <0, (1426 )], For £=0.025, then [0.956, <o, 1.056,]. Estimating bots

the mrepsyrernent systess noise Noor and post-shock peive foar levels (siandard deviations) for a specified normalized
ranhoan ermor, &g, 0023, congputing the 95 percent confidence intervals and determuming the degree of overlap of the
measuremen! system noise foor and post-shock noise foor confidence intervals can provide an analytical criferion for
specifying the ed of a shock. Excessive noise that may not be Gonssian in form in the post-shock roise floor may be
an midication af a degraded stnansntstion signal conditionimg systein a5 a result of the shock, eg, broken
accelerometer sensing clement. amplifier slew rate exceeded, efc. In this case, the post=shock mtegrity of the
measurement system needs to be validated (see paragraph 4 below),

If such computation and subsequeint displays are pot svailable, the assesement for the end of the shock. snd begmmning
of the post-chock noise floor can be determined based on examination of a representative sample of the positrve and
iegative peaka mi the time lostory (usually staring o the end of the measurement and avoiding single sparious
“pogse spikes™) withount regard to sign.  In this case, the maxunum peak (positive or negative) can be estunaied
absolute wnts, and then a -20 4B, 30 dB, and -30 dB level down from the validated penk dp , estimated by

—v=20log,, {.-!F|I,-"|i” for v the desired dB decrement, and A4 representing eiter a positive of negative peak.

Because of the need fo balance the normalized ramdom ermor widh the nomualized bias emor to detemnne opiummiin
avernging times, it 15 nof reconmnended that the mstastaneous mus values be smoothed through shor-time-avernging
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A3 Shock Velocity/Displacement YValidation Criteria.
Two steps ore necessary for examining an wrprocessed acceleration ttme lostory for purpos=s of vahidation,

The first step 1s 1o clearly define the bandwadih of the messmrement mme lnstory, The signal conditioning
configuration and e ESD estinsate to be discussed in paragraph 3.4 (below) will be helpfial. The time history
bandwidih will determine tf TWE 15 a laboratory test opiion

The second step relates to itegration of the tme history o se2 if the velocity and disgplacemient make physacal
sense. Velocity can nsnally be determined from direct integration of the shock acceleration atter the shock
has had its mean removed (velocity begins at zero and ends ot zero), or has been high pass filtered to remove
any DC comnponent and other very low frequency mformation. Subsequent remsoval of the veloeity msan of
DC mformation m the velocity alloas imtegration of the velocity to pet displacement. Az a manimmm
resparement, shock accelemtion tune traces should be mtegrated 10 provide velocity, and the velocity should
Ieave a clear physical interpretation, ¢_g.. escillatory bebavior and neas zero velocity at the “beginning" and
the “end™ of the shock. Velocity fends fo be quite sensitive to sensor or signal conditioning snomalies that
mvalidate measirements,  Integration of the velocity to obtmn displacement should be consadered an
extended requirament. and reasonable values for displacement should be apparent. The form of velocity (or
displacement) with respect to oscillatory bebmvior needs to be examined for reasonableness, That is, a formwr
of velocity that displays hiile oscillatory bebavior should be spspect. Fipore $16.8B-4 displays velocity
computed vin mean removal alone. Figure 516 E8-5 displays the resulic of infegrafing velocity 1o armive af
displacement For dizplacement. “DC removal was performed on the velocrty ime history,  Examanation
of both these phots, kinowing the physical natare of the test, shows {1} reasomableness of peak amglitudes,
and range from pesitive to negative valoes, {2) distmet and substantial oscllatory behavior dunng the
“shock.” and {3} characteristic pre- and post- shock noise floor behavior. Tt would appear that the bandlimdted
measurement does not have readily identifisble anomalies, and tle scoelemtion time frace can be considered
valid for further processing that is designed o either support or refute this validation,

hechanical Shock Yelocity (BO0D Hz Bandwidth)
xﬂ T T T T LI T

g

=

(2

“alocity [infsec)
2 o

=

5

_3]] 1 : | L L : 1
0 0.5 1 15 2

Temve (58]

Figare 316.88-4. Measurement velocity via ntegraton of mean (D) removed acceleration,
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Figure 516885, Mensarement displacement vin integration of velochty after snean (M) remnoval.

At this pownt i the analysis, if the velocity and displacement validation checks. particularly the velocity validation
check, do not seem to correspond with the plorsics of the test, o detaled mveshigation of the reason for this drscrepancy
st be mstigated. For exsmple, velocities that are not physically realizable call for such an mwestiganion. For one
of a kind and expensive tests. 1t may be possible to recover meaningful dats based opon advanced processing
'I'nl;.hn.iq'naﬂ.

1.4 ESD Esthmate.

The ESD 15 a single block penodiogram sampled at o uniform set of frequencies distributed over the bandwidih of
inferest, and displnyed as a two-dimensional plot of amplitude units | *umifs’ — Eﬂi,"rHI" ) versus frequency m Hz. In
determuming the estimate, the Fast Founier Transform block size mmst inclnde the entire shock above the measurement
system noise floor. interval T, | otherwise the low frequency components will be biased. Selection of an analysis fileer
bandwadth may require paddmg with reros beyvond the effechve durabion, ]_'; Zero padcdmg resulis i o frequency
interpolaison of ihe ESD estmate. Generally, o rectangular window will be assumsed i the fime domain, however,
other winsdows are permasstble, e.g., Kniser, as long as the analyst understands ihe effects of the window shape in the
frequency doman, since time doman omliiplication resulis in frequency domain convohmon.  The ESD description
is useful for comparng the dismbution of energy within selected frequency bands among several shocks. provided
the analysis frequency bandwidth is the same, and ©t 15 realized that the estimates hove approximately 10084
parnalized andom aror. Figee 516.8B-6 displays the ESD esnmate for the shock time hastery i Figuse 216 8B-1
By either (1) averaging n adjacent ESD ordinates (keeping estimate bias a minimmn). or {2) averaging i independent.
Lt statistically equavalent ESD estiniates, the percentage of normalized mndom error can be decreasad by & factos of
I."Iu': . Frequency averagmg for penodiogram echmates 12 well defined in reference 6,15, ESD eshmaies for noise

floor segments tend not to be particulardy vsefal for examining the validity of the measurement system because of the
mordescripd behavior of the nose Toor,
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For validanon purposes. the ESD estunate should display proper frequency domain charsctenstica. In pasticular. the
[ :re-g_'inn should be rolled-off if the DC fime I1.i::rnrr|.-' compongt hinz baen remerced, and the maxmmum bandwidih
levels shoubd be mallad-off of alisting 15 oot present, 11 e magonmn basdwidith levels dhow an increade, i1 e quoie
possible that aliasing is present provided the fune history has not been previoushy filtered. An ESD estunate needs 1o
b 1:|:||:r.|i:-||l:v|:|:1 oa i htg]'i—pwarl trmee bustory that has been nod bandlomased by -:HE,IMI ﬁ]ln‘ing; m Ty way,
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Figure 516810 6. Shock ESD estiinate.

4. SHOCK IDENTIFICATION AND ANOMALOUS MEASUREMENT BEHAVIOR,

In the course of examination of some 216 mechanical shocks from n single 125t senes (reference parngrph 6.1.c) the
1.'.:|r.i.1.l'i|;||.'| li|1 Erime hp:—.‘tm':' ﬁ:lrm =5 =|.1]'|r.hl1l|.a|. allrl ruqui'rﬂ 1|11:j:||.|.'|.;|_|,:|1=||1 1;|-|:' nm a|1..1.|:.'xl fowr :I:-.'l:lnlnnqn 1;|-|:' n ﬂ:::f}:atimn
for which shock symthesis for an electrodynamic exciter might be approprate. Figures 316 8B-7 through 2 display
typical anomaloons time histones related fo sgnal condiionmg or nsdaucer problems. The dentification of the
problem is assumed, and generally based upon a visual examunation of the tune history.
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Figure 516.88-7. Measorement imput overdriving the signal conditiowing with clipping.
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Figure S16.80-8. Nodsy or missing measurement signals.
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Figure 516.88-9, Combination amplifier overdriving and moise.

Based on simuilar displays. all of these time histories must be rejectnd and the somree of the problem wdentified before
continuwing to make measarements. Figune 516.8B-8 illustrates nodse in the system that could be from a loose
conneclor ar even n mpssing sensor.  Once apmin, mensurensent time hestones of thos form seed 1o be rejecied.
Measnrement time histories with a few clenarly identified noise “spikes™ may often be “comected™ by a trained snabyst
and wsed.

Froally, Figure 516 88-9 illusrates a combmation of anplifier over doving and nodse cormuption. Once again, this
measarement mmst be repected.
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METHOD 516.8, ANNEX C

STATISTICAL AND PROBABILISTIC CONSIDERATIONS FOR DEVELOPING LIMITS ON
PREDICTED AND PROCESSED DATA ESTIMATES

1. SCOPE.
1.1 Purpose.

This Annex provides information relative to the statistical and probabilistic characterization of a set of data for the
purpose of defining an “upper limit” on the data set. Such an upper limit may be subsequently used for an enveloping
procedure for specification development (this Annex provides no guidance on “enveloping procedures,” where an
“enveloping procedure” is defined as a procedure providing polynomial interpolation of spectral information for break
point definition used directly in exciter control). Although limit estimates defined below may be applicable over a
range of different independent variables it will be assumed for convenience that the independent variable is labeled
“frequency”. (For other independent variables, e.g., time, serial correlation in the estimates may need to be accounted
for in establishing limits.) It is assumed that input is empirical and representative of one of more random processes
with unknown probabilistic specification (i.e., if the probabilistic structure of the random processes is known,
statistical considerations contained herein would not be pertinent.)

1.2 Application.

Information in this Annex is generally applicable to two or more frequency domain estimates that are either predicted
based on given information, or on time domain measurements processed in the frequency domain according to an
appropriate technique, e.g., for stationary random vibration, the processing would be an ASD; for a very short transient
the processing could be an SRS, ESD, or FS. Given estimates in the frequency domain, information in this Annex
will allow the establishment of upper limits on a data set in a statistically correct way with potential for probabilistic
interpretation. Statistically based lower limits may be established on a data set of positive amplitude; e.g., ASD or
SRS estimates, by inverting the amplitudes and proceeding as in the case of establishment of upper limits, subsequently
inverting the resulting ‘upper limit’ for the desired statistically based lower limit. When using a dB representation of
amplitude, the process of inversion represents a change in sign for the amplitude, and subsequent application of the
‘upper limit’ procedure such that with sign reversal results in the desired statistically based lower limit.

2. DEVELOPMENT.
2.1 Limit Estimate Set Selection.

It is assumed that the analyst has clearly defined the objective of the prediction and/or measurement assessment, i.c.,
to provide a statistically viable limit estimate. Prediction estimates, measurement estimates, or a combination of
prediction and measurement estimates may be considered in the same manner. It is assumed that uncertainty in
individual measurements (processing error) does not affect the limit considerations. For measured field data digitally
processed such that estimates of the ASD, SRS, ESD, or FS are obtained for single sample records, it is imperative to
summarize the overall statistics of "similar" estimates selected in a way so as to not bias the limits. Since excessive
estimate variance at any independent variable value may lead to overly conservative or meaningless limits depending
upon the procedure selected, this choice of “similar estimates” is a way of controlling the variance in the final limit
estimates. To ensure that similar estimates are not physically biased, the measurement locations might be chosen
randomly, consistent with the measurement objectives. Likewise, similar estimates may be defined as (1) estimates
at a single location on materiel that has been obtained from repeated testing under essentially identical experimental
conditions; (2) estimates on materiel that have been obtained from one test, where the estimates are taken (a) at several
neighboring locations displaying a degree of response homogeneity, or (b) in "materiel zones," i.e., points of similar
response at varying locations, or (3) some combination of (1) and (2). In any case, similar estimates assume that there
is a certain degree of homogeneity among the estimates across the frequency band of interest.

2.2 Estimate Processing Considerations.

Once the set of “similar estimates” has been identified the following list of assumptions can be used to ensure limit
determination is meaningful.

a. All estimates are defined over the same bandwidth and at the same independent variable (this is referred to
as a “fixed design”).

516.8C-1
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NOTE: A “random design” allows the independent variable to vary among estimates and
requires principles of distribution-free non-parametric regression techniques to assess the
relationship among the estimates.

b. The uncertainty or error in individual estimate processing (random or bias processing error) does not

significantly affect limit considerations.

NOTE: For Fourier based estimates such as ASD, ESD or FS, the estimate accuracy will be defined in
terms of statistical degrees of freedom. For example, a basic periodogram estimate has two statistical
degrees of freedom, but through block averaging (in time) using the Welch procedure or averaging of
adjacent frequencies (in frequency), the statistical degrees of freedom in the estimate can be increased
with subsequent decrease in estimate random error, but potential increase in corresponding estimate bias
error. It is important in making estimates that the processing error be minimized (or optimized) in some
sense through either extending (if possible) the stationary random time history processing length, or by
increasing the estimate bandwidth by frequency averaging. In the case of non-Fourier based estimates
such as the SRS, there is little guidance on processing bandwidth selection, except that based upon
physical considerations for single-degree-of-freedom systems. In these cases, recommend selection of
different damping factors along with bandwidths, and comparing the limits.

C.

Individual estimates from a given measurement are uncorrelated with one another, i.e., there is no
correlation with respect to the independent variable.

NOTE: For Fourier based estimates, this assumption is usually fulfilled because of the
“orthogonality” of the Fourier transform. For non-Fourier based estimates, e.g., SRS, some serial
correlation in estimates is unavoidable.

serial

Transformed estimates often are more in line with the assumptions behind the limit determination procedures.
For example, using a logarithm transform to yield the estimates in dB will generally leave the estimate set at

a given frequency closer to being normally distributed.

Near “optimal limit estimates” may be determined potentially by reprocessing available time

trace

information through change in the spacing of the independent variable, i.e., the analysis bandwidth. For the

case of prediction, this would mean interpolation of the given prediction estimates.

Parametric and non-parametric based limit estimates are available. The analyst should select one or more
limit estimates that best aligns with (a) the desired interpretation of the limit assessment, and (b) the character

of the set of “similar estimates”.

2.3 Parametric Upper Limit Statistical Estimate Assumptions.

516.8C-2

In all the formulas for the estimate of the statistical upper limit of a set of N predictions or processed estimates at a
single frequency within the overall estimate bandwidth,

it is assumed that (1) the estimates will be logarithm transformed to bring the overall set of measurements closer to
those sampled of a normal distribution, and (2) the measurement selection bias error is negligible. Since the normal
and “t” distribution are symmetric, the formulas below apply for the lower bound by changing the sign between the
mean and the standard deviation quantity to minus. It is assumed here that all estimates are at a single frequency or



Downloaded from http://www.everyspec.com

MIL-5TD=810H
METHOD 3168 ANNEX C

for o single bandwidih and that estunates among bandwidths are ndependent. so that each bandwndih wsder
constderation may be processed individually, and the results summanzed on one plot over the entire bandwidih as
Tunction of frequency. For

yimlogoix) 1= LI N

Mean estimate for e mean, [y ks given by

231 NTL - Upper Mormal One-Sidel Tolerance Limndi.
The wpper pormal one=sided tolerance hnut on the proportion [§ of populaton vahses that will be exceeded with a
confidence coefficient, ¥, is given by NTL{N. (. 7). where

NTL(N.f.7)=10™F *7*N.by

where kxps. 15 the ong-sided mormal iolerance factor grven in Table 516.8C-1 for selected values of N, B and y. WTL
15 termeed the upper ene-sided nommal 1olerance inferval (of the onginal set of estimaies) for which 100 § percent of
the vahses will Lie bebow ihe lout with 100 7 percent conlidence, For i = 0.9% mud p= 0,50, thas is refened to as the
D5/50 limmit.

El6.8C-3
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Table 516.8C-1. Normal tolerance factors for upper tolerance Hmie.

5 71=030 Y =090 y=09%
p=090 | =085 | p=08% | p=050 | =095 | =09 | P=050 | P=095 | p =099
3 1.50 1.94 2.76 426 531 7.34 6.16 T .66 10.55
4 1.42 |.B3 2.60 119 196 544 416 5.14 b
5 1.38 1.78 .53 .74 340 4.67 341 4.20 5.74
] | .36 .75 248 249 B 424 3. 371 5.0
7 1.25 1.73 245 233 280 31.97 17 3.40 454
8 1.34 1.72 Z Z.22 175 378 2.58 319 4.35
9 1.33 1.71 AL 13 2.63 364 1.45 3.03 414
10 1.32 1.70 241 107 187 153 1.5 291 198
11 1.32 1.70 240 201 2.50 il 2.23 282 185
12 1.32 1.69 239 197 2458 3.37 2.21 2,74 375
13 1.31 1.69 239 1.93 240 331 2.16 2.67 366
14 1.31 .68 238 1.90 .36 326 I.11 2.61 3.58
12 1.31 1.68 238 1.87 233 321 107 .57 352
16 1.31 1.68 238 1.84 230 37 2.03 2.52 346
17 1.31 1.68 237 1.82 .27 314 2.00 1.49 341
18 1.30 1.87 237 1.EO 228 311 1.97 245 337
12 1.30 1.67 2.37 1.78 223 3.08 1.95 142 333
20 1.30 1.67 137 1.77 3 3 | 1.05 1.93 2.40 330
21 1.30 1.67 236 L.75 .19 3.03 Lol 237 326
22 1.30 1.67 .36 1.74 217 LY 1.59 1.35 323
23 1.30 167 215 172 216 2.9 1.87 233 e |
24 1.30 1.67 1.36 171 .15 297 1.85 1.31 318
23 1.30 1.67 136 1.70 2.13 2.95 1.34 1.29 316
26 1.30 | .66 236 1.69 212 2.4 1.82 228 314
27 1.30 1.66 2.35 1.68 2.11 2.92 1.81 .26 312
28 L.30 | .66 218 LET 2.10 291 180 2.28 310
29 1.29 1.66 235 1.66 209 2.90 1.79 3.23 3.08
30 1.29 166 235 166 2.08 188 1.78 122 306
32 1.29 166 235 1.64 206 286 .76 2.20 303
34 1.29 1 66 235 1.63 2.05 .84 1.74 2.18 im
36 1.29 .66 235 L2 2.03 1.82 1.72 216 298
38 1.29 | .66 235 1.61 202 .81 1.7 214 )
40 1.29 1.646 2.3% 1.60 201 2.9 170 213 294
42 1.29 1.66 234 1.59 2.00 2.78 1.69 211 2902
44 1.29 | .66 234 1.58 1.99 17T 1.67 210 291
46 1.29 .66 234 157 1.98 .7 1.66 2.09 189
48 i.2% |66 23 137 . FprL | i.a% 108 288
50 1.29 1.65 234 1565 LoT 273 1.65 207 286
55 128 |64 233 1.54 1.94 2.7 1.62 2.04 283
60 1.28 1.64 233 1.53 1.93 268 160 2.02 280
63 1.28 1.64 233 1.52 1.91 2.67 1.59 2.00 278
T 1.28 1.64 233 1.51 1.50 2.65 [.58 1.99 .76
75 1.28 1.64 .33 1.50 1.89 2.64 1.57 L.o7 174
80 1.28 1.64 213 1.49 .88 263 1.56 1.96 273
B3 1.28 1.64 1.33 1.48 1.58 2.62 [.55 195 2.7
40 1.28 .64 233 1.4% ¥ 7 1.61 1.54 |94 270
93 1.28 1.64 233 L.47 1.86 260 1.53 L .93 2.69
100 1.28 1.64 2.33 147 1.86 2.60 1.52 ].92 2.68
500 |.28 | .64 233 1.36 1.74 a4 1.38 |76 247
100 1.28 1.64 233 1.34 171 24 1.35 1.73 2.43
= 1.23 1.64 233 1.34 171 241 1.35 1.73 2.43

El6.8C-4
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The table (Table 516.8C-I) from paragraph 6.1, reference b, contams the kK value for selected M. [, 7. In general this
methed of estimation should not be vsed for small W with valves of f and y close to 1 sanee it s lodcely the assumption
of the normality of the logarithm transform of the estimates will be violated

251 MPL - Upper Normal Frediction limi:.

Thee ugspeer seorusal prediction Hunr (NPL) s tee valve of x (for the ongnal data set) that wall exceed the next predicied
or measured value with confidence cocfficient, ¥, and ks gnven by

| |
I.Il.‘. 'ri-u 1+H t“-l.ﬂ

NPL{M.y)=10

where @ =1 - 7. 11 o is the simdent t distribution variable with M-1 degrees of freedom at the 100 a = 100 1-7)
percentage point of the distribunion. This estumate, because of the assumptions behind its derivaton. requires careful
ﬁﬂﬁpﬂhﬂm relative o messrements made m 8 given location or over a given esiimate rone I:pm'n.p'u.ph bl
reference b,

2.4 Nop-parametric Upper Limit Statistical Estimate Procedores.

If there 15 sonse reason to beleve that dee estimnate a1 & given Fegquency, afier they have been loganiun-wansforned.
will ot be sufficiently normally distributed to apply the parave e s defined above, consideration mast be goven
to nonparametric lomats, 1.2, hmts that are not dependent wpon assumphons conceming the disiribubion of estmnte
values. In this case there 15 no need 1o ransform the data estimates. All of the assumptions concerming te selection
of estimates are applicable for nonparametmic estimates, "With additional manipulation, lower bound limits may be
compubed
2.4.1 Envelape (ENY) - Upper Limdt.
The meximumn upper lmit is determined by selecting the maxinmm estimate valoe in the data set.

ENVIN) = max{ %1, %2, .o0000%n |

The main dizadvantage of thes estinate 15 that the distnbubional properties of the estummate st e neglected, so that nos
probability of exceedance of this valee is specified. In the case of outliers in the estimate set, ENV{N) may be far too
conservative, ENWVIN] is also sensitive to the bandwidth of the estunates,

2.4.2 Distetbution Free Limdt (DFL) - Upper Distelbation-Free Tolerance Limdi,
The distmbution-free toleranee lumf that nses the onginal uniransformed sample vales 15 defined to be the wpper lumit
for which at least the fraction i of all samiple vahses will be less than the masxinoom predected or meeasared value wiih
a confidence coefficient of . This Hmit 1s based on order statistic considerations.
DFL(N.B.7)= X g iy = 1BV

where xguy 15 the maxinnun vahse of the set of estimates, [, 15 the fractional proportion below Xguy, nnd 7 ks the
confidence coeflicient. W, J and 7 are ot mdependently selectable. That is

a.  Geven N and assimng a vahse of fi, 0 £ [ £ 1, the confidence coefficrent can be determmnad.

Iy, Civen M asd ¥, the proportion [ can be determised.

¢ (aven [ awd y, the manber of samples can be determined such that the proportion and confidesce cany be
satisfied { for statistical experiment design).

DFL{M, By may not be meanmgful for small samples of data, W = 13, and comparatively large i, = 0,95, DFL(S.B.7)
18 sepsitive to the ectmaate bandwidif

516.8C-5
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243 Empirical Tolerance Limit (ETL) - Upper Empivical Tolerance Limit.

The empinical tolemnce linut vusex the ongnal sample valoes and assomes the predicted or messured sctimate sot 12

compoked of N mepsurenent pomts over M irequency analysis bandwadths, for & todal of NM estimate values. Tha
is

(K00 X2y oo Tas K21, Xz oo KM XN, KNZ, -0 X0
where my 15 the average estimate at the jih frequency bandwidth over all N measurement pomis
u:,.lE:.n j=1.2, ... M
N =i
i, s used to constmict an estimiate sof pormalized over individual frequency resolufion basdwidihs. That is
fa) = g Vg oo oo, U Uap W, o Ubkg, Uy, Uaes - ... Upp}
whege : u,-,=;:‘; i=1,2, ... N j=1L2....M
The vormalized estinsate ser, [u], is ordered from susllest to largest and up = ug) where ugy s e k® ordered element
of set {u) ﬁrﬂ--—‘tp=%5l 15 defined. For each resolution frequency bandwidth, then

ETLR) = upmmy = xyy =12 ..M
t::i.ng; mr iqq:ll:i:i. that the valie n-fl‘:ﬂ..];ﬂ}:!l] axcoeds ﬂ- percesi of tlse valies watl ﬂpﬂrﬂ:!tmﬁdﬂuz. I & valiie

other than m is selected. the confidence level may merease. It is important that the set of estimates is homogeneous
to pse this lineit, Le, they have about the same spread in all frequency bands. In general, apply tis Lt only if the
member of measurement points, N | is greater than 10

i, EXAMPLE.

3.1 Imput Test Daia Set.

Table 316.8C-11 represents 8 homogeneous table of nomally distnbuted oumbers of wnity variance around a wwean
valie of 3.5 with M=14 rows and M=2% cohnons (rows could represent fourteen mdividnal test measurements asnd
cohimis could represent fest values over five data wzis). Table 516 30-11 15 used i the upper Il deternmnations in
paragaphs 2.2 and 3.3 below.

Table 516.8C-T1. Iuput test data set.

Damsei 1 | DamnSer? | DamSer 3 | DataSet d | Dara Se 5
10674 33636 20550 24433 35803
1.8344 36130 40711 49151 24909
1.6253 42668 21001 2 6049 348048
17877 35593 4. 1500 40287 3 A518
23535 34044 43156 17195 35000
468906 26677 4211% 2.5781 31821
46592 A T90Z 4. To02 1.3293 4.5950
3.4624 21638 A 168G 34408 L6260
38275 42143 46908 .48 39252
36745 31236 22975 4.1145 4.3958
33133 28082 34802 40077 4.2310
4 2358 43580 33433 5.1924 4.077%
2817 4.7540 1.895% 40913 35403
56832 19063 37578 2 8564 41T

El6.8C-6
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1.2 Parametric Upper Limits.

The upper normal on=-sided tolermnce bt (MTL) 15 computed a5 9550 ot with 50 percent confidence that at leasi
45 percail of tlee valus= will lie below this bt for ks p ;= 1,68 from Table 516 8C-1 The iupper normal pradiction
[inast (WPL) s conynated with a 95 confidence co=fficient at the 95 percent poant of the distmbution where ty e =
tigaas= 1.771. Figure 516.8C-1 displays the data, and Figure 316.80C-2 displays the two parameine upper limits

NOTE: The degres of conservativeness in the normal prediction upper limut over the ponmal tolsrance Lt

E
3
E
=
1 000 Amplrude {ums] 3000
Fligure S16.8C-1. Input test data set.
-
=
. === ==-—mmo==as S i =%
E = = —_.h:l-"—-__ e T T ST "“I'?;_.:__‘n__
= =1 H...- g e 3
2
L
E i.000 Al tude (s 3 000

Figure 516.8C.2. Parametric and non-parnmetric upper limits.

5l6.8C-7
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3.3 Non-parametric Upper Limits.

The envelope limit (ENV) along with the upper distribution-free tolerance limit (DFL) for B proportion of the
population set at 0.95 and y confidence coefficient of 0.51 for N=14 samples is displayed in Figure 516.8C-2. This
represents one curve with two interpretations. The 95 percent upper empirical tolerance limit (ETL) is also displayed
on Figure 516.8C-2 where at least 95 percent of the values will be exceeded by this limit with 50 percent confidence.
The data are displayed on Figure 516.8C-2 for comparison purposes.

3.4 Observations.

The “flatness” of the upper limits on Figure 516.8C-2 attests to the homogeneity of the data in Table 516.8C-II. It is
apparent from Figure 516.8C-2 that the upper limits for the parameters selected are not “statistically equivalent.” Of
the two upper limit estimates, the NTL is favored if it can be established that the logarithm transform of the data set
is approximately normally distributed. The closeness of the nonparametric envelopes attests also to the homogeneity
of the data in Table 516.8C-II in addition to demonstrating, for this case at least, the non-statistical ENV, the
statistically based DFL and the ETL basically agree with regard to the upper limit magnitude. For non-homogeneous
data sets ETL would not be expected to agree with ENV or DFL. For small data sets, ETL may vary depending upon
if parameter k rounds upward or downward.

4. RECOMMENDED PROCEDURES.
4.1 Recommended Statistical Procedures for Upper Limit Estimates.

Paragraph 6.1, reference b, provides a detailed discussion of the advantages and disadvantages of estimate upper limits.
The guidelines in this reference are recommended. In all cases, plot the data carefully with a clear indication of the
method of establishing the upper limit and the assumptions behind the method used.

a.  When N is sufficiently large, i.e., N > 7, establish the upper limit by using the expression for the DFL for a
selected 3 > 0.90 such that y > 0.50.

b.  When N is not sufficiently large to meet the criterion in (a), establish the upper limit by using the expression
for the NTL. Select f and y>0.50. Variation in B will determine the degree of conservativeness of the upper
limit.

c. For N> 10 and a confidence coefficient of 0.50, the upper limit established on the basis of ETL is acceptable

and may be substituted for the upper limit established by DFL or NTL. It is important when using ETL to
examine and confirm the homogeneity of the estimates over the frequency bands.

4.2 Uncertainty Factors.

Uncertainty factors may be added to the resulting upper limits if confidence in the data is low or the data set is small.
Factors on the order of 3 dB to 6 dB may be added. Paragraph 6.1, reference b recommends a 5.8 dB uncertainty
factor (based on “flight-to-flight” uncertainties of 3 dB, and “point-to-point” uncertainties of 5 dB) be used with
captive carry flight measured data to determine a maximum expected environment using a normal tolerance limit. It
is important that all uncertainties be clearly defined, and that uncertainties are not superimposed upon estimates that
already account for uncertainty.

516.8C-8



