QH“y) Designation: D 999 — 01

Standard Test Methods for
Vibration Testing of Shipping Containers

This standard is issued under the fixed designation D 999; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope D 3580 Test Method for Vibration (Vertical Linear Motion)

1.1 These methods cover vibration tests of filled shipping _ Test of Products _ o
containers. Such tests may be used to assess the performance d 4169 Practice for Performance Testing of Shipping Con-
a container, with its interior packing and means of closure, both _tainers and Systerfis _
in terms of its strength and of the protection it provides its D 4332 Practice for Conditioning Containers, Packages, or
contents when it is subjected to vibration such as it experiences _Packaging Components for Testing .
in transportation. These procedures are suitable for testing E 122 Practice for Choice of Sample Size to Estimate a
containers of any form, material, kind, design of interior _Measure of Quality for a Lot or Procéss
packing, means of closure, and any size and weight. They are 2-2 SO Standards: _
not intended for determining the response of products to SO 2247 Packaging—Complete, filled transport
vibration for product design purposes, nor are they intended for _Packages—Vibration test at fixed low frequefcy
tests of products in their operational configuration as other SO 8318 Packaging—Complete, filled transport
more suitable procedures are available for these purpgdses. packages—Vibration tests using a variable frequéncy

1.2 The following methods appear:

iti ; ; . Terminol
Method A1—Repetitive Shock Test (Vertical Motion). 3. Terminology

Method A2—Repetitive Shock Test (Rotary Motion). 3.1 Definitions—For definitions of terms used in these test

Method B—Single Container Resonance Test. methods, see Terminology D 996. _

Method G—Palletized Load, Unitized Load, or Vertical 3.1.1 double amplituden—the maximum value of a sinu-
Stack Resonance Test. soidal quantity (peak-to-peak).

1.3 This standard does not purport to address all of the. 3.1.2 qctave n—the interval between two frequencies hav-
safety concerns, if any, associated with its use. It is thdnd @ ratio of two (2). _ .
responsibility of the user of this standard to establish appro- 3-1.3 power spectral density (PSP)—used to quantify the
priate safety and health practices and determine the applicalNtensity of random vibration in terms of mean-square accel-
bility of regulatory limitations prior to useSpecific precau- eration per unit of frequency. The units aféHz (m/s)?/Hz),
tionary statements are given in Section 6. whereg is the acceleration of gravity, equal to 386 iR.(9.8

1.4 These methods fulfill the requirements of Internationaf™V's")- Power spectral density is the limiting mean square value
Organization for Standardization standards ISO 8318 and IS¢ & given rectangular bandwidth divided by the bandwidth, as
2247.The 1SO standards may not meet the requirements foin€ bandwidth approaches zero.

these methods. 3.1.4 repetitive shockn—impacts of a package on a test

platform which occur cyclically from input oscillatory motion.

2. Referenced Documents 3.1.5 resonancen—for a system undergoing forced vibra-
2.1 ASTM Standards: tion, the frequency at which any change of the exciting
D 996 Teminology of Packaging and Distribution Environ- frequency, positive and negative, in the vicinity of the exciting
ment¢$ frequency causes a decrease in the response of the system.

4. Significance and Use

1These methods are under the jurisdiction of ASTM Committee D10 on 4.1 Shlppmg Cor,]tamers arg ex.posed to Co,mplex dynamlc
Packaging and are the direct responsibility of Subcommittee D10.22 on Handlin$treésses when subjected to vibration present in all transporta-
and Transportation. tion vehicles. Approximating the actual damage, or lack of
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published as D 999 — 48 T. Last previous edition D 999 — 96. p . . .
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2 International Electrotechnical Commission Recommendation, Publication 68-
2-6, Part 2, Test F: Vibration, Basic Environmental Testing Procedures for———————
Electronic Components and Electrical Equipment, available from American Na- ° Annual Book of ASTM Standardéol 14.02.
tional Standards Institute, Inc., 11 W. 42nd St., 13th Floor, New York, NY 10036. © Available from American National Standards Institute, 11 W. 42nd St., 13th
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may lead to package or product failure. Identification of criticalplatform without restricting its vertical motion.
frequencies, and the nature of package stresses can aid in5.2 Method A2—Repetitive Shock Test (Rotary Motion)
minimizing the effect of these occurrences. 5.2.1 Vibration Test Machingewith a platform having a
4.3 Vibration tests should be based on representative fieldorizontal surface of sufficient strength and rigidity so that the
data. When possible, the confidence level may be improved bgpplied vibrations are essentially uniform over the entire test
comparing laboratory test results with actual field shipmensurface when loaded with the test specimen. The platform shall
data. be supported by a mechanism that vibrates it so that the motion
4.4 Exposure to vibration can affect the shipping containerijs a rotational input with the vertical component approximately
its interior packaging, means of closure, and contents. Thesgnusoidal. The double amplitude displacement of the vibration
tests allow analysis of the interaction of these componentshall be fixed at 1 in. (25 mm), and frequency shall be variable
Design madification to one or more of these components mafrom 2 to at least 5 Hz (cycles per second). The vibration test
be utilized to achieve optimum performance in the shippingnachine shall be equipped with fences, barricades, or other
environment. restraints to keep the test specimen from falling off the
4.5 Methods Al and A2, Repetitive Shock Temts suitable  platform without restricting its vertical motion.
for tests of individual containers that are transported unre- 5.3 Methods B and C—Resonance Tests:
strained on the bed of a vehicle and may be suitable for tests of 5.3.1 Vibration Test Machinewith a platform having a
containers that might be subjected to repetitive shocks due taorizontal surface of sufficient strength and rigidity so that the
magnification of vibrations in unit loads or stacks. applied vibrations are essentially uniform over the entire test
Note 1—Methods Al and A2 produce different vibration motions, and surface when loaded with the test specimen. The platform shall

therefore, will generate different forces which may result in differentbe SUPP_O”EF’ by a mechanism capable of PdeHCi”Q vib_ration in
damage modes and intensities. Results from these two methods may riéte Vertical linear plane at controlled accelerations or displace-
correlate with one another. ments, or both, over a controlled continuously variable range of
4.6 Method B, Single Container Resonance Téssts or frequencies. (A rotary motion of the platform is not accept-
determines the ability of an individual container and its interior@P!€-) Suitable fixtures and attachment points shall be provided

packaging to protect the contents from transportation vibrationf© M9idly attach the test container to the platform for Method

particularly when the container and its contents might exhibit: Restraints shall be provided to restrain 'Fhe horizontal_motion
resonant responses. of the test specimens on the platform without restricting the

vertical motion of the specimen(s), for Method C.

NOTE 2—Individual products that are palletized might be better tested 5 4 Instrumentatior—Accelerometers, signal conditioners,
using Method C. and data display or storage devices are required to measure and

4.7 Method C, Palletized Load, Unitized Load or Vertical control the accelerations at the test surface in Methods B and
Stack Resonance Tesbvers the determination of the presenceC. Instrumentation may also be desirable for monitoring the
and the effects of resonance in palletized loads and multiplecesponse of the containers and packaged items. The instrumen-
unit stacked loads, and whether or not the strength of theation system shall have a response accurate to witttirdo
containers is sufficient to withstand dynamic loads whenover the range specified for the test. Accelerometers should be
stacked. small and light weight enough as to not influence the response

4.8 Any or all of these test methods may be employed, asf the item being measured nor influence the results of the test.
determined by the appropriate performance specification, witDetailed information on suitable instrumentation may be found
test intensities, frequency ranges, and test durations as call@d the Shock and Vibration Handbodk
for in the specification. Although these tests do not simulate the 5.5 Conditioning Apparatus-Adequate facilities shall be
shipping environment, they are intended to create the damaggrovided for conditioning test specimens at selected humidity
producing potential of the shipping environment. Results ofand temperature prior to or during the test, or both, in
any one of these methods may differ from the results of theaccordance with the requirements of the applicable specifica-
others. tion.

5. Apparatus 6. Safety Precautions

5.1 Method A1—Repetitive Shock Test (Vertical Motion) 6.1 These test methods may produce severe mechanical
5.1.1 Vibration Test Machinewith a platform having a responses of the test specimens. Therefore, fences, barricades,
horizontal surface of sufficient strength and rigidity so that theand other restraints must have sufficient strength and must be
applied vibrations are essentially uniform over the entire tesadequately secured. Operating personnel must remain alert to
surface when loaded with the test specimen. The platform shatiotential hazards and take necessary precautions for their
be supported by a mechanism that vibrates it so the motion isafety. Stop the test immediately if a dangerous condition
approximately a vertical sinusoidal input. (A rotary motion of should develop.
the platform is not acceptable.) The double amplitude displacei Test Specimens
ment of the vibration shall be fixed at or controlled to 1 in. (25" ° P
mm), and the frequency shall be variable within the range from 7.1 The test specimen shall consist of the container, as
2 to at least 5 Hz (cycles per second). The vibration test
machine shall be eqmpped with fences, barracades, or Other7Harris, C. M.,Shock and Vibration HandbopkcGraw-Hill, New York, NY,
restraints to keep the test specimen from falling off thei9ss, Chapter 16.
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intended for shipment, loaded with the interior packaging and 9.1.5 Inspect the container and its contents and record any
the actual contents for which it was designed. Blemished odamage or deterioration resulting from the test.
rejected products may be used, if the defect is recorded prior to 9.2 Method B—Single Container Resonance :Test
the test. Dummy test items should be used for developmental 9.2.1 Fasten the test specimen, in its normal shipping
testing when necessary, but may not be used for final acceprientation, securely to the platform of the vibration equipment
tance testing. so that the specified vibration condition is transmitted to the
N . .outer part of the container. Mount the accelerometer to either
ote 3—Surrogate material may be used when actual product i .

Sﬂje top or bottom of the platform, as close to the test item as

unacceptable for use (for example, package testing for hazardous mate - : . .
als). possible, (insuring the accelerometer is not damaged by the

7.2 Sensors and transducers may be applied with the min oroduct) or in a location that produces data representative of

mum possible alteration of the test specimen, to obtain data oﬁbl.e motion. Monitor the amplitude and frequen(_:y data
the container or packaged item. When it is necessary to obser\?eCh':.Yed on the dplatfgrm to ensure that the desired test
the contents during the test, holes may be cut in noncritical °" Itions are produced. L

areas of the container. 9.2.2 Determine resonance frequency or frequencies in one

: : .of two ways: sine sweep or random input.
7.3 Whenever sufficient containers and contents are avaif® ) ! .
able, it is highly desirable that five or more replicate tests be 9.2.2.1Resonance Search Using Sine Swedljust the

conducted to improve the statistical reliability of the data;fgzltéorgﬁ;isgrgpﬁti:ja;uéetr%_t%r_oil;%a c;[\t]eer ti%eg'ffgﬁgg?zfné
obtained (see Practice E 122). P P P 9

of frequencies. Starting at the lowest frequency, sweep the
8. Conditioning frequency of the vibration at a continuous logarithmic rate of

0.5 to 1.0 octaves per minute to the upper frequency limit and

8.1 Condition test specimens prior to the test or during theDack to the lower limit. Repeat this complete cycle twice

test, or both, in accordance with the requirements of the : .
. e L ; recording all the resonant responses of the test specimen. These
applicable specification. When no conditioning requirements . . : )
. ; X LY . ‘resonance frequencies can be determined in a variety of ways,

are given, and the container materials are climatically sensitive ; . . . !
O . . Thcluding auditory (listening to the response), visual (a strobo-

a conditioning atmosphere is recommended (see Practice

D 4332 for standard and special conditions). ;S:gztzrgrm\gtde?() system may be beneficial aids), or with an

9. Procedure Note 5—Resonance frequency or frequencies may differ between
9.1 Methods A1 and A2—Repetitive Shock Tests sweep up and sweep down. The natural frequency of the test specimen is
9.1.1 Place the test specimen on the test machine platform proximately midway between the apparent resonance frequency (ies)

its normal shipping orientation. Attach restraining devices to°"" " th? sweep up versus the SV.Vf‘.eedp down. orat itude of

the platform to prevent the specimen from moving horizontall Nore 6—If no test severity Is specified, an acceleration amplitude o

p p p 9 Y0.25¢'s - 0.5 (2.45 m/2- 4.9 m/2) (zero to peak) over the frequency

off the. platform and to prevent eXC?SSive rOCkinga_ ‘_’VithOUtrange from 3 to 100 Hz is often sufficient to excite resonance. Practice
restricting the vertical movement. Adjust the restraining de-D 4169 also may be referred to for test level and duration recommenda-
vices to permit free movement of the test specimen ofions.
approximately 10 mm (0.4 in.) in any horizontal direction from g 5 5 2 Resonance Search Using Random Vibration
Its center position. Input—As an alternative to using sine sweep for identifying
9.1.2 Start the V|brat|'on'of the platform at a frequepcy ofresonance frequency or frequencies of a packaged product, it
about 2 Hz, and steadily increase the frequency until SOmg,ay he faster to use random vibration input, where a wide
portion of the test specimen repeatedly leaves the test surfacgequency input band excites all of the natural frequencies of a
To ensure that the test specimen receives a continuing Se”esﬁéckaged product simultaneously. Please see Test Method
repetitive shocks, a shim with a 1.6 miin.) thickness and b 3580 for further discussion of using random vibration inpui.
a width of 50 mm (2.0 in.) shall be used to determine when thery gjlize this methodology, it is necessary to attach an
test specimen is leaving the test platform by inserting it undefccelerometer, or accelerometers, to the product to monitor
the package, a minimum of 100 mm (4.0 in.), and moving itmaximum response frequencies. It is also necessary to attach
intermittently along one entire length of the package. Use & accelerometer to the platform to assure the platform motion
shim of sufficient length to ensure operator safety, taking cargs yepresentative of the desired PSD input spectrum. Mount a
to keep the shim flat on the vibration platform. . transducer in such a way as to identify the resonant frequency
9.1.3 Continue the test at this frequency for a length of tim&,; frequencies of the package in the direction of the table
stated in the applicable specification, if any, or for a predetery,gtion.
mined period, or until a predetermined amount of d_amag_e may g 2 2.3 The minimum frequency range should be from 3 to
be detected. The test may be stopped momentarily to inspegbg Hz at a minimum power spectral density (PSD) level of
for damage. , _ , _ 0.005 g?/Hz (0.049 (m/4)?/Hz), or a spectrum known to be
9.1.4 If the container might possibly be transported in anyapnropriate. Note that this spectra does not represent any
other orientations, test at least one container in each poss'bﬂﬁrticular real world environment but simply allows one to
orientation for the full specified test duration. identify package natural frequencies within the area of forcing
Note 4—When no test duration is specified, a test duratiba @ is ~ frequencies found most often in transportation. Start the
recommended. Practice D 4169 may also be referred to for test durationgibration system such that the PSD levels do not overshoot the



iy D 999

desired spectrum during startup. Initiate the test at least 6dB.25g (2.5 m/S) (zero to peak) over the frequency range from 2 to 100 Hz
below full level and increment in one or more subsequent step’§ recommended. Practice D 4169 also may be referred to for test level
to full test level. Allow the control system to stabilize suffi- "ecommendations. _ -
ciently to represent a stable spectrum shape and level. Compare9-3.2.2 Resonance Search Using Random Vibration

the input with the response. Record the resonance responses/8PUt—As an alternative to using sine sweep for identifying
the test item. resonance frequency or frequencies of a unitized, palletized, or

S ] stacked load, it may be faster to use random vibration input,

Note 7—It should be noted that some existing vibration test equipmentyhare a wide frequency input band excites all of the natural
has limited frequency range capability and additional equipment may b?re uencies of the test specimen simultaneously. Please see
needed to cover the entire recommended frequency range. q p . . y

B ) Test Method D 3580 for further discussion of using random

9.2.3 Dwell for the specified length of time at each resonang;ipration input. To utilize this methodology, it is necessary to
frequency determined in 9.2.2.1 (limited to a maximum of theattach an accelerometer or accelerometers to an upper package
four most severe resonances),_or until Qamage to the containgy the stack to monitor the maximum response frequency or
is noted, whichever occurs first. Adjust the frequency ofgequencies. This tansducer should be mounted on the outside
vibration as necessary to maintain resonance. of the specimen to capture the resonance frequency of the load

Note 8—If no dwell time is specified, a dwell of 15 min is recom- Versus the resonance information of the interior of the indi-
mended. Practice D 4169 may also be referred to for test durations. ~ vidual package. It is necessary to attach an accelerometer to the

9.2.4 Repeat the procedures of 9.2.1, 9.2.2.1, and 9.2.3 withlatform to assure the platform motion is representative of the

the container oriented in those orientations that might b&lesired PSD input spectrum.
expected to occur in distribution. 9.3.2.3 The minimum frequency range should be from 3 to

9.2.5 Inspect the container and its contents and record anyP0 Hz at @ minimum power spectral density (PSD) level of
damage or deterioration resulting from the test. 005 6_/"'2 (0.049 (m/§) /Hz), or a spectrum known to be

9.3 Method C—Palletized Load, Unitized Load, or Vertical 2PPropriate. Note that this spectra does not represent any
Stack Resonance Test particular real world environment but simply allows one to

9.3.1 Place the full-size unitized or palletized load(s) of testdentify stack natural frequencies within the area of forcing

specimen(s) on the test machine platform to a height equal tg_equencies found most often in transportation. Start the
that used in the mode of shipment. It is best to test the loayibration system such that the PSD levels do not overshoot the

exactly the way it is prepared for normal shipment, that is,desired spectrum during startup. Initiate the test at least 6dB

stretch wrap, banding, stacking configuration, etc. A Singkjoelow full level and increment in one or more subseg_uent steps
vertical column of containers may be used if vertical stacking© full test level. Allow the control system to stabilize suffi-
alignment is used in shipping. Attach restraining devices to th&/€ntly to represent a stable spectrum shape and level. Com-

platform to prevent the specimen(s) from horizontal movemenP@'ng the input with the response, record the resonance

off the platform, and to prevent toppling and excessive rocking'€SPonses of the test load. _
9.3.3 Dwell for the specified length of time at each resonant

Adjust the restraining devices to permit free movement of the : X e ‘
test specimen(s) of approximately 10 mm (0.4 in.) in anyfrequency determined in 9.3.2 (limited to a maximum of the

horizontal direction. Attach the accelerometer to the platforn{OUr MOSt severe resonances), or until damage is noted in the

as close as possible to the test specimen(s), but protected §3d: Whichever occurs first. Adjust the frequency of the
that it will not be contacted. vibration as necessary to maintain resonance.

9.3.2 Determine resonance point(s) in one of two ways: Sine Nore 12—If no dwell time is specified, a dwell time of 15 min is
sweep or random input. recommended. Practice D 4169 may be referred to for test durations.
9.3.2.1 Resonance Search Using Sine Swe#épljust the 9.3.4 Inspect the container(s) and contents and record any
vibration test apparatus to produce the specified constarfamage or deterioration resulting from the test.
acceleration amplitude (zero-to-peak) over the specified rangg,
of frequencies. Starting at the lowest frequency, sweep the ™ . .
frequency of vibration at a continuous logarithmic rate of 0.5to 101 The report shall include the following: ,
1.0 octaves/min to the upper frequency limit, and then back to 10.1_.1 Ident|f|ca§|on and _desc_:rlptlon of f[he test specimens,
the lower limit. Repeat this complete cycle twice, and recordncluding the container, the interior packaging, and the product
all the resonance responses of the test load. These resona8€ Size, weight, and any other pertinent details).
frequencies can be determined in a variety of ways, including 10-1.2 If Method C is used for unitized loads, describe the
auditory (listening to the response), visual (a stroboscope dinitized load and the height of the stack, and the unitizing

video system may be beneficial aids), or with an accelerometéP€thod employed. _
located on an upper package in the stack. 10.1.3 Purpose of the test and the applicable performance
specification, if any.
Note 9—Multiple-unit loads likely are to exhibit several resonant 10.1.4 Sequence of test methods and the test intensities,
reSPONSEs. Hequencies, and durations used. State whether radom or swept

Note 10—Resonance frequencies may differ between sweep up an ne inbut was used to determine resonance frequencies. If
sweep down. The natural frequency of the test specimen is approximateﬁ) P a )

midway between the apparent resonance frequency found on the sweep (HNAom, report th_e spectrum U_SEd- _
versus the sweep down. 10.1.5 Verification of compliance with the test method or

Note 11—If no test severity is specified, an acceleration amplitude ofdescribe any deviations.

Report
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10.1.6 Number of replications of each test. 10.1.15 Statement of whether or not the specimen(s) com-

10.1.7 Atmospheric conditions the test specimens werglied with the requirements of the applicable specification.
subjected to, both prior and during the test.

10.1.8 Any other test the specimens were subjected to prior1. Precision and Bias

to this test. o
10.1.9 Description of the apparatus and the instrumentation 11-1 Precision
used, including the date of last calibration. 11.1.1 No information is presented about the damage-
10.1.10 Detailed descriptions and photographs of the fixturProducing ability of these methods, since the results are usually
ing used in the test. nonquantitative.
10.1.11 Results of the test. 11.1.2 Based on limited data from one laboratory, the

10.1.12 Descriptions and photographs of any damage awithin-laboratory repeatability standard deviation for the pri-
deterioration to the containers or their contents as a result of th@ary resonance may be below 1 Hz, depending on the item

test(s). tested. Higher order resonances may have more variability.
10.1.13 State whether the damage created in the Iaboratoryll'z Bias—The procedures in these methods have no bias

E:%sl;utggr;]tsrepllcates actual field damage to the container angecause there is no accepted reference material or procedure.

10.1.14 All resonant responses and any observations thz_aLtZ
A . . . Keywords
may assist in correct interpretation of results or lead to
improvements in the design of the container, interior packag- 12.1 repetitive shock; resonance; shipping container; stack
ing, or product. resonance; vibration
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