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to promote its practical applications.
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Abstract

This American National Standard is to be used for testing equipment that will be subjected to shock. It
defines test requirements and severity thresholds for a large range of shock environments, including but
not limited to shipping, transport, and rugged operational environments. This standard will allow vendors
to better market and users to more easily identify equipment that will operate or simply survive in rugged
shock environments.
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AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited Standards Committees
S1 on Acoustics, S2 on Mechanical Vibration and Shock, S3 on Bioacoustics, S3/SC 1 on Animal
Bioacoustics, and S12 on Noise. These committees have wide representation from the technical
community (manufacturers, consumers, trade associations, organizations with a general interest, and
government representatives). The standards are published by the Acoustical Society of America as
American National Standards after approval by their respective Standards Committees and the American
National Standards Institute (ANSI).

These standards are developed and published as a public service to provide standards useful to the
public, industry, and consumers, and to Federal, State, and local governments.

Each of the Accredited Standards Committees (operating in accordance with procedures approved by
ANSI) is responsible for developing, voting upon, and maintaining or revising its own Standards. The
ASA Standards Secretariat administers Committee organization and activity and provides liaison between
the Accredited Standards Committees and ANSI. After the Standards have been produced and adopted
by the Accredited Standards Committees, and approved as American National Standards by ANSI, the
ASA Standards Secretariat arranges for their publication and distribution.

An American National Standard implies a consensus of those substantially concerned with its scope and
provisions. Consensus is established when, in the judgment of the ANSI Board of Standards Review,
substantial agreement has been reached by directly and materially affected interests. Substantial
agreement means much more than a simple majority, but not necessarily unanimity. Consensus requires
that all views and objections be considered and that a concerted effort be made towards their resolution.

The use of an American National Standard is completely voluntary. Their existence does not in any
respect preclude anyone, whether he or she has approved the Standards or not, from manufacturing,
marketing, purchasing, or using products, processes, or procedures not conforming to the Standards.

NOTICE: This American National Standard may be revised or withdrawn at any time. The procedures of
the American National Standards Institute require that action be taken periodically to reaffirm, revise, or
withdraw this Standard.
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Foreword

[This Foreword is for information only, and is not a part of the American National Standard ANSI/ASA S2.62-2009
American National Standard Shock Test Requirements for Equipment in a Rugged Shock Environment.]

This standard comprises a part of a group of definitions, standards, and specifications for use in
mechanical vibration and shock. It was developed and approved by Accredited Standards Committee S2
Mechanical Vibration and Shock, under its approved operating procedures. Those procedures have been
accredited by the American National Standards Institute (ANSI). The Scope of Accredited Standards
Committee S2 is as follows:

Standards, specifications, methods of measurement and test, and terminology in the field of mechanical
vibration and shock, and condition monitoring and diagnostics of machines, including the effects of
exposure to mechanical vibration and shock on humans, including those aspects which pertain to biological
safety, tolerance and comfort.

This standard includes four Annexes. Annexes A and B are normative and considered to be a part of this
standard. Annexes C and D are informative and not considered part of this standard.

Accompanying this standard are two ZIP files which contain graphs in ASCII format. These graphs are
electronic versions of the ones included in this standard. The standard asks the user to present his/her test
data overlaid against the severity thresholds, to make sure the test meets the specified threshold. Having
electronic versions of the threshold graphs makes it much easier for the user to present his/her data in the
shock test report. These files are provided for the convenience of the user. Use of these graphs is not
required for conformance with the Standard.

ASA makes no other representation or warranty or condition of any kind, whether express or implied
(either in fact or by operation of law), with respect to any part of the accompanying product, including,
without limitation, with respect to the sufficiency, accuracy or utilization of, or any information or opinion
contained or reflected in, any of the product. ASA expressly disclaims all warranties or conditions of
merchantability or fitness for a particular purpose. No officer, director, employee, member, agent,
representative or publisher of the copyright holder is authorized to make any modification, extension, or
addition to this limited warranty.

At the time this Standard was submitted to Accredited Standards Committee S2, Mechanical Vibration
and Shock for approval, the membership was as follows:

R.L. Eshleman, Chair
A.T. Herfat, Vice-Chair

S. Blaeser, Secretary

Acoustical Society Of AMEIICa...........oooiiiiiiii et e e e e e e enneeas S.l Hayek
........................................................................................................................................................... B.E. Douglas (Alt.)

American Industrial Hygiene ASSOCIation ..............cccoociiiiiiiiiii e J.J. Earshen
................................................................................................................................................................ D. Driscoll (Alt.)

Association of American RailrOads ........... ..o e e e anan J. Moller
......................................................................................................................................................... N. Cooperrider (Alt.)

Balance TeChNOIOQY INC. ...... ... ettt e e e et e e e e e s ettt e e e e e e e e nnnaneeeeeeeeannnees J. Haidler
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.................................................................................................................................................................... G. Grim (Alt.)

=T o X=T | 4V« PR PO UURTRRN K.D. Sellers
(0 114 =1 7 TSP L.A. Hawkins
............................................................................................................................................................. P. McMullen (Alt.)
CaterPillar, INC. ...t e ettt e e e e e et e e e e e e e e e et b———eaaeeeaeaarareaaaeeaaraneaeeeaane D.G. Roley
Charles M. Salter ASSOCIAtES .............cuiiiiiiiiieiee et e et e e s et e e e et e e e eneee e s anneeeeeneeeeeenneas A. Nash
CommMErCial VEIICI® GIrOUP ........oooiiiiiiiiiiiiiiiieeie ettt ettt e eeteeeteeseeeseaeassssssssesesssssssssssssesssesnsssnsnsnnnsnnnrnnnen L. Mullinix
Emerson Electric — Copeland Corporation ..............ccoouiiiiiiiiiiiiie e A.T. Herfat
............................................................................................................................................................. M. Mezache (Alt.)
g o Lo o T 0 o o SRS SRR B. Yang
L I =1 1=« RS SURR R. Bankert
Infrared TraiNing CONEEI ... ettt e e e e et e e s enne e e snns G. Orlove
.............................................................................................................................................................. R. Madding (Alt.)
JORNN DI ... ..ttt e ettt e e o4 o ettt e e e e e b et e e e e e e te e e e e e e n e ee s L. DeVries
Mechanical SOIULIONS, INC. ... e e e e e e e e e s W.D. Marscher
.................................................................................................................................................................. M. Onari (Alt.)
L L0 s U OPPPRR K. Bever
............................................................................................................................................................. A. Johnston (Alt.)
National Institute for Occupational Safety and Health (NIOSH) .................ccccco oo, R. Dong
........................................................................................................................................................ T.W. McDowell (Alt.)
National Institute of Standards & Technology..............cccooiiiiiiiiie e D.J. Evans
..................................................................................................................................................................... S. Fick (Alt.)
[0 2 ] T o PSSP OTSTURR R.D. Sill
.................................................................................................................................................................... D. Lally (Alt.)
PoWer TOOI INSHItULE, INC.........e e et e e e e e e s e e e e e eeeens W.D. Spencer
................................................................................................................................................................. M. Hickok (Alt.)
QueEst TEChNOIOGIES, INC........ooiii et e e e e M. Wurm
.......................................................................................................................................................... P. Battenberg (Alt.)
Sandia National Laboratories. ...t e e e e e e e aaas D. Briand
.......................................................................................................................................................... R.M. Cranwell (Alt.)
Shock and Vibration Information and Analysis Center ................ccccoiiiii i C.R. Welch
.............................................................................................................................................................. H.C. Pusey (Alt.)
SCANLEK, INC. ...ttt e e e e et e s R.J. Peppin
............................................................................................................................................................. M. Buzduga (Alt.)
Yo =Y o Ted [ I =Y o 1= [ 0o 4 o PP PSPPIt B. Dittmar
Society for Machinery Failure Prevention Technology..............cccccoiiiiiiiiiiiii e A.J. Hess
......................................................................................................................................................... H.A. Gaberson (Alt.)
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SUNAYNE COIrPOTAtION ........ooiiiiiiieiii ettt e e e e sttt e e st eeesee e e e ne e e e eaneeeeeenneeeeanseeeeaneeeesannen F. Robinson

.............................................................................................................................................................. T. Maceyka (Alt.)
U VT o o o - PSP UPPRRTRIN S.D. Smith
U.S. Army Center for Health Promotion and Preventive Medicine ....................cccooiiiiiiiiiiic s S. Chervak
............................................................................................................................................................... M. Callison (Alt.)
U.S. Department of Transportation — VOIPe ... J.K. Pollard
................................................................................................................................................................ T. Raslear (Alt.)
U.S. Naval Sea Systems COmMMANG .............oooiiiiiiiiiiiii e e e e nnee R. Taddeo
.......................................................................................................................................................... M.T. McGown (Alt.)
U.S. Naval Surface Warfare CeNLEr................cccuiiiiiii ittt e e e e e e et e e e e e e e e s ans e eaeaeeeennnnes P. Shang
............................................................................................................................................................ S. Antonides (Alt.)
UE SYSteMS, INC. ..ottt et e e ettt e s sttt e e et e e e enteeeesneeeeeeanteeeeannneeesnneeanseeeans M. Goodman
Vibration INStIULe. ...ttt e e e et e e e e e e e e nneeeeeanes R.L. Eshleman
........................................................................................................................................................... D.J. Vendittis (Alt.)
Waukesha Magnetic Bearings...............ooooiiiiiiiiiiiii K. Bornstein
.................................................................................................................................................................. R. Shultz (Alt.)

Individual Experts of Accredited Standards Committee S2, Mechanical Vibration and Shock, were:

A.J. Brammer D.D. Reynolds
L.A. Herstein D.E. Wasserman

Working Group S2/WG 13, Shock Test Requirements for Shelf-Mounted and Other Commercial
Electronic Systems, which assisted Accredited Standards Committee S2, Mechanical Vibration and
Shock, in the development of this standard, had the following membership.

B. Lang, Chair

M. Ampela T. Giacofci R. Krezel
A. Anderson K. Gilman J. Kuo

J. Baker R. Griffen H. Lekuch
B. Bishop K. Hartsough P. Lindsay
D. Bloodgood J. Hayward M. Long

B. Bowser A. Herfat K. Lussky
J. Breault P. Holifield S. Murphy
P. Brown J. Howell M. Newkirk
M. Campbell D. Huntley J. Przybysz
R. Coffman A. Jagaczewski H. Pusey

F. Costanzo J. Jennings V. Ryaboy
J. Czaban D. Johansen S. Schechter
H. Gaberson T. Keller P. Wells

J. Gatscher M. Kerns M. Winnette

Suggestions for improvements of this standard will be welcomed. They should be sent to Accredited
Standards Committee S2, Mechanical Vibration and Shock, in care of the Standards Secretariat of the
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Introduction

This standard provides shock test parameters for testing a broad range of equipment, which will ensure
inherent levels of shock resistance. The severity thresholds herein can be associated with specific shock
environments and should be chosen for a given application on a case-by-case basis. The intent of the
standard’s requirements is to outline those elements necessary for verification of a successful and
accurate shock test, but not the specific method. This standard will allow vendors to better market and
users to more easily identify equipment that will operate or simply survive in rugged shock environments.
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AMERICAN NATIONAL STANDARD ANSI/ASA S2.62-2009

American National Standard

Shock Test Requirements for Equipment in a Rugged
Shock Environment

1 Scope

This American National Standard defines graduated thresholds of shock severity for equipment whose
normal use subjects it to some amount of shock. The shock severity thresholds are defined by drop
height and shock pulse (type and width) or, alternatively, by velocity change and pseudo velocity shock
response spectra. This standard requires that data be measured during a test to verify that a test shock is
intense enough to meet a given shock severity threshold. This standard includes test requirements and
guidelines to ensure adequate and accurate test results.

2 Terms and Definitions

For the purposes of this standard, the terms and definitions given in ANSI S2.1-2000 and the following
apply:

21 damage. Failure criterion characterized by permanent degradation in physical appearance that is
unrelated to operational performance [i.e., damaged structural joint(s) resulting in snap-fit fractures, but
not impairing system/component operation].

2.2 drop shock machine. A shock machine that “include[s] a carriage (or table) on which the item
under test is mounted; the carriage can be hoisted up to some required height and dropped onto an anvil.
Guides are provided to keep the carriage properly oriented...Programming devices, placed upon the point
of impact of the anvil, can be used to control the acceleration vs. time characteristic and the shape of the
acceleration pulse”[1].

There are many variants of drop shock machines, two of which are shown in Figure 1 and Figure 2.
Figure 1 shows a vertical drop-table shock machine, which is more common and described in the
definition above. Figure 2 shows an arc drop shock machine, which accomplishes the drop by swinging
the equipment through an arc in the vertical plane. The drop height for this type of drop machine is
defined as the vertical component of the arc before it is dropped, which is labeled as “h” in Figure 2.

2.3 four coordinate paper (4CP). Also known as tripartite paper. A more in-depth explanation can be
found in Annex D.
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Figure 1 — Example of a vertical drop-table shock machine’

Figure 2 — Example of an arc drop shock machine®

! Picture provided courtesy of Lansmont Corporation

2 Picture provided courtesy of NTS
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2.4 irreversible failure. Failure criterion characterized by an irreversible, environment-induced,
inoperative condition or operation outside of tolerances. Irreversible refers to the system/component
remaining inoperative or out of tolerance after the environment has been removed.

2.5 malfunction. Failure criterion characterized by an environment-induced inoperative condition or
out-of-tolerance operation. However, the process is reversible (i.e., the system/component returns to
satisfactory operation upon removal of the environment).

2.6 mechanical shock. “A nonperiodic excitation (e.g., a motion of the foundation or an applied
force) of a mechanical system that is characterized by suddenness and severity, and it usually causes
significant relative displacements in the system” [1].

2.7 non-operational. Test condition status in which the unit under test (UUT) is not energized or
powered. Non-operational includes a dormant state.

2.8 operational. Test condition status in which the UUT is performing its primary function. If the UUT
requires external support including power, water, gas, or ventilation, these sources should be provided.

2.9 packaged. Test condition status in which the UUT is ready for shipment or prepared for storage.

2.10 pseudo velocity (PV). Product of the maximum relative displacement of a single-degree-of-
freedom system and the angular natural frequency (rad/s).

w, = 21f, (1

PV = zw, (2)
Where

z = relative displacement
f,= natural frequency
w, = angular natural frequency

2.11 pseudo velocity shock response spectrum (PVSRS). Shock response spectrum showing
pseudo velocity vs. frequency. A more in-depth explanation can be found in Annex D and [2].

2.12 shock machine. “A mechanical device that applies a mechanical shock to equipment under test”

[1].
2.13 shock response spectrum (SRS).

2.13.1 Description of the responses to an applied shock of a series of systems of a specified type as a
function of their natural frequencies.

2.13.2 As used in the field of mechanical shock, expression that approximates the maximum responses
(displacement, velocity or acceleration) to an applied shock of an assembly of linear single-degree-of-
freedom systems, as a function of their natural frequencies.

2.13.3 Shock response spectrum is a generic term. It requires an additional modifier to make its meaning
specific, for example acceleration, velocity, pseudo velocity, or displacement shock response spectrum.

2.13.4 If the amount and type of damping of the systems are not given, they are assumed to be zero.
Unless otherwise indicated, the responses are maximum absolute values irrespective of sign and the time
at which the maximum occurs. This is often referred to as maximax shock response spectrum. If
reference is made to other types of shock response spectra, this needs to be stated.
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2.13.5 It should be noted that the concept of a shock response spectrum is not fully consistent with the
definition of spectrum (see ANSI S2.1-2000).

2.14 unit under test (UUT). Piece of equipment, structure, etc., that is being subjected to a shock test.

3 Requirements of the Standard
3.1 Unit Under Test required information

3.1.1 UUT description

A description of the UUT shall be provided including physical characteristics (i.e., weight, dimensions,
etc.) and normal operational characteristics. The description determines the key parameters of testing.

The UUT shall be a production-line item or one that suitably represents those operating in the field. Ifitis
not, differences between the UUT and production/fielded items shall be stated.

3.1.1.1 UUT’s primary function

Detailed explanation of the UUT’s intended use over its life cycle and when it will be susceptible to a
shock load within the specified threshold shall be provided.

3.1.1.2 Hardware configuration

Detailed description of the UUT’s hardware configuration, including subassemblies shall be provided.

3.1.1.3 Restrictions or limitations on equipment use

A description of restrictions or limitations on using the equipment (i.e., has to be water-cooled, needs to
be operated in conjunction with another system, etc.) shall be provided.

3.1.1.4 Installation instructions
Instructions shall include the following items:

e Description of how the UUT will be installed in the field.

o Description of how the UUT will be installed during the shock test.

UUT installation for the shock test shall emulate field installation or the configuration when it will see the
greatest shock load (i.e., transit, shipping, etc.).

3.1.2 Test condition

The status of the UUT during the shock test shall be specified as one of the conditions given below. The
UUT test status shall be equivalent to intended field use of the UUT under which it is most likely to
experience shock:

e Packaged
¢ Non-operational
e Operational.
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3.1.3 Functionality and operability requirements

Functionality and operability requirements shall determine if equipment meets a specified severity
threshold (see Clause 3.2 for definition) after the shock test. Both the UUT performance and failure
criterion shall be specified, including requirements for a pre- and post-test functional compliance
assessment. If the test condition is operational, concurrent performance shall be included. The failure
criterion shall be one of those listed in 3.1.3.2.

3.1.3.1 Performance requirements

Provide a detailed list of the UUT’s functionality and operability requirements as well as tests used to
verify functional compliance of the equipment before, during, and after the shock test.

3.1.3.2 Failure criterion
Failure criterion shall be one of the following:

Damage

Malfunction

Irreversible failure

User-defined failure criterion falling outside the definitions of damage, malfunction, or
irreversible failure.

3.2 Severity threshold

3.2.1 The severity threshold defines a shock magnitude applied to the UUT. There are ten severity
thresholds listed in this standard, which are intended to be guidelines, not boundaries (see 3.2.6.11 for
testing beyond Level 10). The shock test should be performed using a drop shock machine with a simple
half-sine pulse. The half-sine pulse shall fall within certain tolerances explained in 3.2.3. The pulse width
shall be specified along with the severity threshold, the details of which are listed in 3.2.3.4. Only one
drop in the primary loading orientation is required; however, optional test sections are included for an
angled drop test (see 3.3.3) and a multi-bounce drop test (see 3.2.7). A digital time history in ASCII
format (see 3.5) shall be included in the shock test report to verify test results.

3.2.2 Table 1 lists the no-rebound drop height required for a drop shock test at each specific threshold.
For information on a drop shock test with a rebound, see 3.2.5. The shock test may also be performed
with other pulse shapes or alternative shock tests, but shall be subject to additional requirements (see
3.24).

Table 1 — No-rebound severity threshold drop heights

Threshold h
(mm)

Level 1 51
Level 2 204
Level 3 459
Level 4 816
Level 5 1275
Level 6 1835
Level 7 2498
Level 8 3263
Level 9 4130
Level 10 5099
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3.2.3 Half-sine pulse
3.2.3.1 Half-sine pulse characteristics

When conducting a drop shock test using a half-sine pulse, the pulse shall fall within certain criteria to be
classified as a “half-sine pulse”. The test pulse shall be compared to a threshold (ideal) half-sine pulse at
the specified severity threshold and pulse width. To generate a threshold half-sine pulse, see 3.2.3.2.
The test pulse shall match the threshold pulse within certain tolerances on pulse shape, amplitude, and
width. Half-sine pulse tolerances are specified in 3.2.3.3.

3.2.3.2 Half-sine pulse generation

A no-rebound severity threshold half-sine pulse shall be generated for the specific severity threshold and
pulse width chosen by the tester. A half-sine pulse can be generated® using Equations (3) to (5) and the
parameters given below. An example of a half-sine pulse can be seen in Figure 3 and parameters for this
example pulse are shown in Table 2.

2
P (3)

2g
Av=v, -y (4)

Where

v¢ = velocity before impact

vy = velocity after impact

h = no-rebound drop height (see 3.2.5 for information on rebounds)
g = gravitational acceleration = 9.80665 m/s?

A_ﬁAv

=5 ®)

Where
A = threshold pulse amplitude (peak acceleration)
D = threshold pulse width (pulse duration)

To simulate a drop shock test with only one impact, acceleration data shall be added before and after the
pulse.

Added Data: 0-0.4D ms 0Og Beginning of pulse
end of pulse —1's 0g UUT stops and remains at rest
(could have residual movement in actual test)

(Acce/eration [g] = Acceleration {ﬂ} ;J (6)

X
s? | 9.80665 m/s?

3 UERDTools was used to create all plots in this standard.
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Table 2 — Example half-sine pulse parameters for Figure 3

Threshold h Av D A
(mm) (m/s) (ms) (9)
Level 2 203.9 2.0 40.00 8.01
10
8
~
Ad 6
g
0
.; a4
®
-
0
D)
2
9
<
(0]
<—>i¢ rli [N} >
04D D End of pulse - 1|s
-2
-50 O 50 100 150 LI o900 OS50 1000

Time (Imms)
Figure 3 — Half-sine pulse example: Level 2, 40 ms

3.2.3.3 Half-sine pulse tolerance

The threshold half-sine pulse generated in 3.2.3.2 represents an “ideal” half-sine pulse. The actual test
pulse shall meet the threshold ideal half-sine pulse, within specific tolerances for acceleration and pulse
width. The test pulse width (D1p — see Figure 4 for example) should be within £10% of the chosen pulse
width (see Equation (7) for calculating test pulse width).

tend - tbeg
Bre =0 8718 "
Where
D1p = test pulse width
t=time
fheg = t(0.2A), at the beginning of the pulse
tong = 1(0.2A), at the end of the pulse

The beginning and end of the threshold ideal half-sine pulse are clearly defined. The beginning and end

times of the actual test pulse have to be interpreted from the measured data, which aren’t as well defined.

In an attempt to more clearly define the beginning and end times for the test pulse, feq and t,ng are

defined as times when the test pulse amplitude is equal to 20% of the threshold pulse amplitude. The

times at which a threshold ideal half-sine pulse are equal to 20% of the threshold pulse agqplitud
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(0.4 +0.0641) x D and (0.4 + 0.9359) x D, respectively, which results in an apparent pulse width of
0.8718 x D. To compensate for the shorter apparent pulse width, (fnq - theg) is divided by 0.8718 to obtain

DTp.
I.evel 1
5 msec
40
Drp = [teng — thegl/0-8718
A=32.04g—— D;p = [6.92 ms—2.56 ms]/0.8718
~ 30 g BZAN e F [ ]
o) / D =5.0ms
N, 0.2A =6.408 g
2
-
®
5 10
"0 6.408
0
% o
tbeg tend
-10
o 2 4 6 8

Time (Ims)

— Example Dtp Calculation ‘

Figure 4 — Example Test Pulse Width (Dp) Calculation

10

During and after the test pulse, the amplitude of the acceleration should be within £0.15 x A, the threshold
ideal half-sine pulse’s maximum amplitude. Before the test pulse, the acceleration amplitude should be
within £0.05x A at t=0 ms and £0.15x A at t=0.4D ms.
tolerance varies linearly. Figure 5 shows a threshold ideal half-sine pulse (black line) with acceleration
tolerance bands (blue and green lines). Table 3 summarizes the acceleration amplitude tolerances.
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IL.evel 1

5 msec
40
1.15A
A
N
?ﬁ 30 \
——— 0.85A
< / g N\
8 20 / \ ‘
‘ E e Threshold Half-Sine Pulse (Ideal)
: / \
) 10
—
0 1.15A
QO +0.05A ‘
< o /
-0.05A \’\ 0.85A
<—— 0.4D >< D > <— 0.1D
-10 |
O 1 2 3 4 5 6 7 8 o 10
Time (Ims)
Ideal +15% -15%
Figure 5* — Threshold half-sine pulse (ideal) with tolerance bands
Table 3 — Acceleration amplitude tolerances
Time (ms) t=0| 0<t<04D |04D<t<14D |t>1.4D
Acceleration Amplitude Tolerance (g) | £5% | varies linearly £15% £15%

3.2.3.4 Pulse width

The particular application and intended environment of the UUT will determine what acceleration it shall
endure, and subsequently what pulse width to choose for testing. To choose a particular pulse width, the
vendor should talk to their users, or look in Annex C for examples of similar equipment.

The pulse width of the shock test shall meet tolerances specified in 3.2.3.3 and be verified with the shock
test time history (see 3.5). A range of 5 to 50 ms is suggested for each threshold; however, vendors may
want to test above or below this range to fit certain user environments.

4 This figure was based on the half-sine pulse tolerance in reference [4] (p.7).
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As part of this shock certification, the vendor shall list the pulse width of the half-sine pulse, in addition to
the severity threshold. For pulse shapes other than half-sine or alternative shock tests, see 3.2.4.

EXAMPLE Equipment “A” is qualified to Level 3, 30 ms.
Equipment “B” is qualified to Level 8, 2 ms.

3.2.4 Alternative shock tests

For any test other than a drop shock test using a half-sine pulse, the test shall fulfill the four criteria listed
below. This includes pulse shapes other than half-sine, such as step, saw-tooth, and trapezoidal, as well
as other alternative shock tests, such as hammer machines, floating shock platforms, and impact tests.
See Annex A for an explanation of velocity change, Av, and PVSRS.

1. The shock test velocity change (Av) shall be greater than or equal to the severity threshold Av
listed in Table A.1, and shall be verified through the shock test time history (see 3.5).

2. At all points, the test PVSRS shall be greater than or equal to the severity threshold PVSRS at
the specified half-sine pulse width, both at 5% and 25% damping (see A.3.2).

a. The test shall meet both the 5% and 25% damped PVSRS to ensure an actual shock test.

b. For single-bounce tests, each threshold PVSRS goes from 3 — 2000 Hz. Ideally, the test
spectra should span this whole frequency range; however, at a minimum the test spectra
shall span 3 — 250 Hz. For information on lower and upper frequency bounds, see D.5.

c. For the multi-bounce test, each threshold PVSRS goes from 1 — 2000 Hz. Ideally, the test
spectra should span this whole frequency range; however, at a minimum the test spectra
shall span 1 — 250 Hz. For information on lower and upper frequency bounds, see D.5.

d. For more information on damping, see D.8.

3. Characteristics of the alternative shock test shall be listed in the shock test report. This includes
the pulse shape, type of shock test, the time history, and all details of the shock test.

4. The words “alternative shock test” shall be listed along with the severity threshold level and pulse
width. As noted above, a threshold level with a specific half-sine pulse width shall be chosen.
The pulse width listed shall be for the half-sine pulse used to generate the severity threshold
PVSRS (see A.3.2.3 for PVSRS generation), not the pulse width of an alternative pulse shape.

EXAMPLE Equipment “A” is qualified to Level 2, 40 ms (alternative shock test).
Equipment “B” is qualified to Level 6, 5 ms (alternative shock test).

NOTE 1 In this example, equipment “A” was tested using a drop shock test with a trapezoidal pulse, and
equipment “B” was tested using a floating shock platform. They are labeled in a similar manner, even though they
were tested differently. The actual test method shall be specified in the shock test report.

NOTE 2 Using other pulse shapes or alternative shock tests to meet the specified severity threshold may result in
more severe tests.

3.2.5 Rebounds

Table 1 lists the no-rebound drop height for each severity threshold. A true “no-rebound” drop shock test

is not possible, because it would require a perfectly inelastic collision (coefficient of restitution equal to

zero). However, rebounds can be greatly reduced through cushioning or soft landing pads. For a drop

shock test with considerable rebound (high coefficient of restitution), the drop heights listed in Table 1 will

produce a more severe test (higher velocity change, Av) than the threshold requirement. TaQle A.1 lists
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Av's equivalent to the minimum no-rebound drop heights for each severity threshold (see A.2 for an
explanation of velocity change, Av).

A lower drop height may be used for a drop shock test; however, the test velocity change, Av, shall be
greater than or equal to the velocity change, Av, listed in Table A.1. Velocity change shall be verified
through the shock test time history (see 3.5).

The drop height for a surface with a specific coefficient of restitution can be calculated using Equation (8).
A comparison of threshold-equivalent drop heights for tests with 0% and 100% rebound (coefficient of
restitution equal to 0 and 1, respectively) can be seen in Table 4. Drop heights for actual drop shock tests
should be somewhere between the two values listed for each threshold, depending on the amount of

rebound in the test.

Where

h, = drop height (with rebound)
€res = coefficient of restitution

2
Av
l + eres

2g

(8)

If the coefficient of restitution for a test surface is not known, it shall be determined through “calibration”
tests. Equation (9) can be used in conjunction with these tests.

0. =2 (9)
Vi
Table 4 — Drop heights for 0% and 100% rebound
Threshold ’Zrﬁlor:{;) h ((:nor?l(),/o)

Level 1 51 13

Level 2 204 51

Level 3 459 115
Level 4 816 204
Level 5 1275 319
Level 6 1835 459
Level 7 2498 625
Level 8 3263 816
Level 9 4130 1032
Level 10 5099 1275
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