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MULTI-AXIS VIBRATION METHOD AND APPARATUS BACKGROUND
5 Electronic products and in particular, portable electronic products are
susceptible to vibration. Vibration can interfere with operation and
degrade lifetime performance of such products. For example, various
portable electronic products, such as mobile phones, include data storage
devices, which have rotating data storage elements. Vibration can
interfere with the operation of said rotating data storage elements. 10

SUMMARY The present application relates to a vibration test apparatus
2nd metMVEREARSIIRRATION: MEE HORCEYR ABRARAESmbly

which receives a vibration input from a vibration source and imparts a
multi-axial vibration to a test spegiReRes R platform assembly. In
illustrated embodiments the platform assembly includes one or 15 more

platFFRIERiS R adid tbRATHERKE AqEiRDIT ederiEmmie RrRslacs aBjusteeptible

to VidrieNide; hadasiediidipere WhaEAtIGR RS HAQR & 408 338HR5E Performance of
determined vibration profile. Other features and benefits that characterize

such piogBfteRRS G APl SEIRYRPOREBK SinfBenitpErdM v iesdnRpilsephones,

inclf@liowing deiailedelasssipiinr Rdve ek tagiaasersiatet fauingsbaion can
. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a schematic
intefig B Ahs P FaHIB R sRAEIAINE MRS QTRRRBIAMERE- vibration. FIG. 2
schematically illustrates a test agpavayusricluding a platform assembly
and__ vibration source. 25 FIG. 3 is a schematic illustration of a first inclined

plattimPETSTIARBHTPHSBEIBIS 165 & (Wb rGto BRI 46 TPHS:  The
vibrdtibhQest igppsatisnadiaddysirptinfoeh aseecld,inaiirad-¢atiesn 6ibration input
Fror Ry G0 APt ATHLRESH ST A8y Telibmgon the
g
platford0 pistalily ofmd]istahds pdatterdieits the platform assembly includes one or
more platforms having an adjustable incline angle. The incline angle is adjusted to
provide the desired output vibration based upon a measured or determined vibration
profile. Other features and benefits that characterize embodiments of the present invention
will be apparent upon reading the following detailed description and review of the
associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a portable electronic device susceptible to
vibration.

FIG. 2 schematically illustrates a test apparatus including a platform assembly and
vibration source.

FIG. 3 is a schematic illustration of a first inclined platform of a platform assembly
for a test apparatus as illustrated in FIG. 2.

FIG. 4 is a schematic illustration of a second inclined platform of a platform
assembly for a test apparatus as illustrated in FIG. 2.

FIG. 5 schematically illustrates an embodiment of a platform assembly including a

plurality of adjustable platforms.
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FIG. 6 schematically illustrates an embodiment of a bracket portion for
hinge assemblies for pivotally connecting inclined platforms of the
platform assembly illustrated in FIG. 5. FIG. 7 is a cross-sectional view
taken along line 7-7 of FIG. 6. 5 FIG. 8 is a flow chart illustrating steps for
vibration testing using a test apparatus including an input vibration and

onepGMerecAciiRRIS IntinesddlatiormsoiGatt %ot b WARRIGA Y NS i Chinge

measured vibration for use in determining vibration input for a vibration
assqEdligs Sor Riyetally feswassia gmlined niatorps pHthsrmetfoppmassrmbly illustrated
in Ald-BSTRATIVE EMBODIMENTS 10 Device such as portable electronic

devices of the type illustrated in FIG. 1 are exposed to vibration during

uset BichivibFaersreeshirrmbyiers whah sluialisn GriRetERS: The device

illustaed ip £ iow tharmnbigapnone: @Y&evmiwh'tﬁmﬁglalgﬁ% & @8fapparatus
. Storage media 102 enclosed within a housing or casing 104 of the device.
incly i8R ie oA HLEN AR ABS W@P&%ﬁﬂ?pﬁ%ﬁl&gﬂ@eg@m@ﬁace with

the Hr8 srege-rapkical02itRisaad LaaRaied Wikeatlaia terth@élat@ determining
S or%%(la media 102. Illustratively, the data storage media 102 includes

.. St |
vibrgHan R A9 B4R G ES LARPERLS PHIB RS ERF IS B  héadss to read
and/oDPTta B DESERHAIOY GFCH. M BRATIV hENBORIVIONEN

interfere with pperation of the data st dja, and i particular,
opel 63 G5 RoBR b R0 ST o ARBIREn BfGhel e

expasadae. viyisad YeteeigricSlekioas-ifichidendaragbrg wRICOpHanents te device.
other desjgn feature limit the effects of vibration. Dampi .

Thecggrﬁggn@rgsstrgfeéé ?ég}tgnlﬁeadgggdﬁ?eé)tﬁ' z%’d’ ﬁeath%emmgfqggﬁl s, data

stort@emigiite $02howksed, widtheatatich grodaking tlehofgteseniyg.ndfhe device 100
adeguately predict actyal vjpration. performance, FIG. 2 illustrates, a

s St A TR T A R oo s

andbf avetst dpecmibe d22 sockgasiibptitallbstectvohictteviae 100age thedia 102

inclyff?a% Jhesyraied '?o%'tf 3gle lusgrated }x?osépaé’aof'i‘s%%i% ENEDES A yor write
pla y 1247 'w to

tform assem ich'Is configure ecelve a vibration input Fi
datgto tthemtatiiprdiion sYimeeidi6fathd dsyipeitl @thwahiiasddeviorationperatien of the

datat%%r%gg%ﬁﬂ,%%ﬂp RHERL" @%e?%j&legf G LA INARSRIV NG Gides, or

lllustratively, the vibration source 126 Is a shaker device or
other components of the device. Typically electronic devices include damping

components or other design features to limit the effects of vibration. Damping
components or features can be designed utilizing mathematical modeling techniques,
however, mathematical modeling techniques may not adequately predict actual vibration
performance.

FIG. 2 illustrates an embodiment of a test apparatus 120 for testing vibration
performance of a test specimen 122 such as the portable electronic device 100 of the type
illustrated in FIG 1. The illustrated test apparatus 120 includes a platform assembly 124,
which is configured to receive a vibration input Fi, from a vibration source 126 and
output a multi-axial vibration to the test specimen 122 supported on or coupled to the
platform assembly 124. Illustratively, the vibration source 126 is a shaker device or
similar device, which provides an input vibration along a single axis such as one of the x,
y or z axes illustrated in FIG. 2.

In the embodiment illustrated in FIG. 2, the platform assembly 124 includes a base
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30 similar device, which provides an input vibration along a single axis
such as one of the x, y or z axes illustrated in FIG. 2. In the embodiment
illustrated in FIG. 2, the platform assembly 124 includes a base 2 portion
130, a first inclined platform 132 coupled to the base portion 130 and a
second inclined platform 134 coupled to the first inclined platform 132. As

por®BWBOthe fiFst iRgHRacPiatarM 35%@%&1&1@8%@ A& B8 RPN 2hCaecond

an incline angle Or The second inclined platform 134 is coupled to the first

inclipesinelatitamolit 152 Bledntth hmdistiglactad Blitipan d3Rultiaxpiown the first

incluibagiiafdmine 2a5tcoRERINRNHZBa56 PBAILRC 20 1h8rsReand Mattosn Td4econd
as sh?wn. The axis of incline angg}ie 02 is_orthogonal to the axis of incline

inclinediRIBoRe hid ittty addedbedirthrlngd i mrdid st ainimsdigle 62 to

impthe destBpecimebrhdsrtheotehdiies platiasm BssembbiédbHRSRRBAE Patform
the vibration input Finpnt from the vibration source 126. In the

: In the
134 aoatmertaiitiitatdecine RBE!, nds aahorntaldedhihy it o4 Htjge angle 61
orimgqt%iﬂl@pab?@bﬁmrm&mM&lanm%&m@ﬂgstmlzala&ﬂ(i-ﬁhe kdBiP$Pecimen
Finpnt-z), altho application is not limited to a partjcular orientagtion or
122 BB BB ETABUL ST PA GO tha G I SGDRC s g the
vibrigdrigniate i2&|db \tRetertit@ dinyeat AlixesetDiprBIHe HRpplaforinRytesbly 124
. _Finput = F input-y, or Finpnt = F input_-z. FIGS. 3-4 illustrate. component
s QA Sattor Seebly TSt FRSESG & A o HrPics 2o
alththelirgippiestomid 3dtsietedled sopassaiplattomaddd and-rggeies drputple, the

vibr.gti n Fip{gutf om .tgle vibration s%r e 126 to rovidg multi-axis

mpu\}iB’%af%honcom%otngn\fls fﬁtrlgﬁlg%o%%efirs p‘i%’fforemoagnftgﬁ%wge: g4ve i/ Bﬁtx’ yorz

axe1O VIR TR = Fippotk siEQlwitrg.FinpuEis.thelingut vibration from the
vibrati ourge 126: and 01 is the.incline.angle of the fir tform 1.3
i (e SO RGHAE SOt e QP RUNR AT S NE 12k ARG, 2.
As ghiawform F2G. B3 this fimstlipletf oatali$? todepled xisbasapigifodnl 1A8 dortesceives

inpEQTHRANSES, 2§ Br WSz I QR 14618 PR B 208 viBRffion

components through the first platform as follows:

Fi = Figpu cosby

F, = Finput sinb;

where Finpy 18 the input vibration from the vibration source 126; and
0, is the incline angle of the first platform 132.
In the illustrated embodiment shown, where Fippu = Finpur, and the first platform
132 is inclined relative to the y axis at angle 6 ; the force components are provided as
follows:
F, =F jnput - cos 81, and

Fx=F input -z sin 0;

FIG. 4 illustrates the second platform 134 inclined at angle 6, relative to first
platform 132. As shown in FIG. 4, the second platform 134 is coupled to the first platform

132 and receives input vibration components Fiqput = Finpu €0881 and Figpue = Finput 5in0y
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Fx=Finput -z sin 01 30 FIG. 4 illustrates the second platform 134 inclined
at angle 02 relative to first platform 132. As shown in FIG. 4, the second
platform 134 is coupled to the first platform 132 and receives input
vibration components Finpntl = Finput cos01 and Finput2 = Finput sinOt 3
to provide a multi-axial test vibration through the second platform 134

to oI RGIRIANRA CQrHRRRESH SRS MSsebond ﬁﬁ@&gﬁqgép%gﬁﬁﬂé;vﬁ)ratmn
F 2 = Finput cos 01 sin 02; F s = Finput sin 01 In the illustrated

COmpBAHAEAL RGN, where Finput = F input -z and the first platform 132 is
inclined relative to the y axis at 01 and the second platform 134 is inclined
relative to _to the x axis at 02, the platform assembly 124 provides
vibration cBrpdrientSoES 088nput-2 COS 01 COS 02; F Y = Finput -z
cos 01 sinfO2=Fy, fodMuin®sin 01 15 where F input _z is an input
vibration from the vibratjon source 126 orientated along the z axis; St is
the inclineFahﬁlgi@’f“tﬁ‘é1 Rest platform 132 relative to the y-axis. 02 is the
incline angle of the second platform 134 relative to the x-axis. In the

plalform assembly 124 shown in FIG. 2, the first platform 132 is inclined

20 8|aﬁﬁléﬁf&ﬁ?&ﬂgélébBSmﬁntfb@%uwhsrg&@mfpﬁaﬂmrm apgthe f{gsfrRigtform
1328l aibientd temafirvg! ipkatoraxisda By previde b nauliaesisdasuviDIabpRetPrelative
the test specimen, 122 through the platform assembly 124. FIGS. 5-7
U R BRSPS AL PP ST
platform 1B2 is Biygtally eobjpies g the base portion 130 and the second
platform 1§4 ts,pi_votallé/ cgu Ieg to the first platform 132 to provide
adjustable iﬁc'ﬁne‘“%'énogjleé gnd 02 for platforms 132, 134 respectively.
The inclin& angleg Q1 and®2 are adjusted to provide a desired vibration

profile to the test specimen 122. In the embodiment illustrated in FIG. 5,

the first platform 132 is pivotally coupled
where F jypu - 18 an input vibration from the vibration source 126 orientated along

the z axis;

01 is the incline angle of the first platform 132 relative to the y-axis.

0, is the incline angle of the second platform 134 relative to the x-axis.

In the platform assembly 124 shown in FIG. 2, the first platform 132 is inclined
relative to the base portion 110 and the second platform 134 is inclined relative to the first
platform 132 to provide the multi-axis test vibration to the test specimen 122 through the
platform assembly 124. FIGS. 5-7 illustrate an embodiment of a platform assembly 124
where the first platform 132 is pivotally coupled to the base portion 130 and the second
platform 134 is pivotally coupled to the first platform 132 to provide adjustable incline
angles 0; and 0, for platforms 132, 134 respectively. The incline angles 6, and 6, are
adjusted to provide a desired vibration profile to the test specimen 122.

In the embodiment illustrated in FIG. 5, the first platform 132 is pivotally coupled
to a base portion or platform (not visible in FIG. 5) through a hinge assembly 150 and the
second platform 134 is pivotally coupled to the first platform 132 via hinge assembly 152.
As shown in FIG. 5 each of the hinge assemblies 150, 152 includes a plurality of bracket
portions to pivotally connect the first platform 132 to the base portion and the second

platform 134 to the first platform 132. In the embodiments shown in FIG. 5, the plurality
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to a base portion or platform (not visible in FIG. 5) through a hinge
assembly 150 and the second platform 134 is pivotally coupled to the first
platform 132 via hinge assembly 152. 30 As shown in FIG. 5 each of the
hinge assemblies 150, 152 includes a plurality of bracket portions to
pivotally connect the first platform 132 to the base portion and the second

of tRkRler 'ﬁbﬁ%@iﬁbﬁxﬁ@tﬂ?&ﬁ@{'ﬂ)%s'ﬁ@bﬂ?’i‘ﬁ?ﬂﬁ“@&ﬂﬂ&%}%ﬁqwa&%ﬁﬁter edge
5, the plurality 4 of brack%]é)}ortlons includes bracket portions 160-1,

of thBase RATHEBIP Y iSREAMEE: it Braske boidis6A-GrdOidisrnpected to a

periftiéterRddabbIRE KR PRIHIARM 1ER: 3STHEArh AR PBRRHLQ -Rerikacien 6613 160-4
of the first platform 132. The bracket portions 160-1, 160-2, 160-3, 160-4
are gpanssiivibLtetnoie B&E‘é"ﬁo?ﬁ%r’fh&ngfﬁﬁ@%ﬁ@?%t’fé?mri%’ZFHEV%)écﬁ\?e@?tenefs

162vialhagienaisaldl ehibhe bt ratechemsrimanbsas iRV vEE 2asphdiibn is not
._however, afg lication is not ”TI]ited to a bolt fastener and other fastening
imiel o L RS A e B R ot HEE B e ¥ BeattcBracker

portielatie0ta, breeketpeiansileQolbrk6Re? poradiisst dbel indme @naR @31 incline

anelg BN TR R SRR ST CHEOPEI8 B Comnected to_ 10 a
perﬁnetmalgtdgﬁlgé t{seeﬁistp(ljmmﬂltﬂ&% afn&lkgtqifdfﬁiom@rtgms 160-3, tclﬁ(ﬂeéted to
econd platfor . Bracke
S L T TR S

periadjastetiye iof line seoghd PRagdthe ISdcoBehpkatfpomidid 16613t & dotthet fiestelative

latform 132. Altho rticular number of bracket portions are, shown
to b?%?%ﬁnﬁ%&égg%mégfes%ﬁ%ffy uﬁf)ﬁ&%t‘i%%lnsenao a#m?fe%ﬂ%]?ﬁgcﬁgﬁiéﬂgp rm 134
relativentoetht Yskiopiatigthé 3Angdthosgimb ljestchlirithdsn sfchidekanyportions are
number.of bracke rti ., Bracket partions 160-3 and 160-4 rotate
shop T B e DL eI oo A Gar mumber
shovwatatitheatiingoassennblike 10rd ) ehbratidt poytiomsbe60f bratbg-gontmmg. a
rotagi i i r [ [ t j of- i
R ot J4S SIS ARIE T OE S RELUEBL B LIS JOWE. 1602
via poeiongatsf 1 Hifgbapoosssemmblycosnacstattes aiborality sdomckes atinivaxiksO-1 -
160304rn@"RaR0d B e firslr AIRUOR AK IS bEdrhdt PEOYIRE YIRPFRS the hinge

incline angles 01 and 02. In the illustrated embodiment, the first rotation
asseatby 1A Taeiglighad svitrstretytigniexmd e sacoig hﬁ@aﬁgtnpgxﬁ@}lsenfzhg hinge
asseAISINEG W HRCBoRK P 4B ANGHOAI G TINL BRI S HRIBIANGHHRon axis

164-1 is aligned
164-1 to provide orthogonal incline angles 8; and 6,. In the illustrated embodiment, the

first rotation axis 164-1 is aligned with the y-axis and the second rotation axis 164-2 is
aligned with the x-axis. In an alternate embodiment, the first rotation axis 164-1 is aligned
with the x-axis and the second rotation axis 164-2 is aligned with the y-axis, as application
is not limited to any specific orientation for the vibration source 126 or platform assembly
124.

FIG. 6 is a detailed illustration of an embodiment of the bracket portions 160-1 —
160-4 of the hinge assemblies 150, 152. As shown, bracket portions 160-1 through 160-4
include rigid end portions 170 and a flexible inner portion 172 between the rigid end
portions 170. Rod 163 extends through a channel 174 formed through the rigid end
portions 170 and the flexible inner portion 172 to form the rotation axes 164-1 and 164-2

as previously described.
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with the x-axis and the second rotation axis 164-2 is aligned with the
y-axis, as application 25 is not limited to any specific orientation for the
vibration source 126 or platform assembly 124. FIG. 6 is a detailed
illustration of an embodiment of the bracket portions 160-1 - 160-4 of the
hinge assemblies 150, 152. As shown, bracket portions 160-1 through

16054 sinplde Hats enchoPRIGHR TR APSHRCITRIERREA PRIHBMHE fifechanism to
between the rigid end 30 portions 170. Rod 163 extends througha
restitaFRiei Ay 2 folRRrIRFSLRTHRIFiIGR &rfiePBrRoiaY cuath YR Hakrtien of the

brack¥ICpRAHAN th7 AdodREMniBed OfBtieRxes dfdsl aRtdE4:1as BIemanstyo, as
described. 5 As shown in FIG. 7, the flexible inner portion 172 forms a

previpibifies thbEHan I Pstnee T BRtioR df thideidRet pUridiesd Badydgsming
a chROEle6a6e Bowndbpiesalfibebiy ackehREdiaNmNRpinebBiPedap 184. Rod

position to a%st incline angles 01 and/or 02 as previously described.

163 SR B S HOHR T L LT € Ga e HOEP RS & dh bracket
portiRNE PEFEEINg 8P apdi eppeserR Bppikyedaexpustienspbiosei@aiedd)sted to

. gap 184. Rod 163 extends through channel portion 180 to provide th
o R B ORI TR SO, FERB B0 doP USRSl g and
reledbe tpRRacettlpwitienarrelpoviansdda 68 atijiesipddia gashysisttiord histespposed
or dimension of channel portion,180 to_selectively,clamp and release
Tl (Rl BRI LA PP VA0 T BRenieas DOeRel e hrions 182
and gpPpesedoliifiaxibie sprrippbionsci SR ishaelpisiqbriam DBX 186 that
extends throu r ortions 18 d 4 1o adj I5) cin
et RERRE AP b oS aetesH aflfe A2 Bl ThTR SRACHE (9 reduce
the spudiap QR, ghp beltve86 ihetightepeditnya@iceo tthatsihacilyiblegamdeepadam 172
the arm portio so that the flexible nner portion 172 squeeze
saueg e A R T A TR G e RO bO BT TR 163, To
rele@o erbiogseshenthiige §58amdiest 530 thndsolt 1530 tisel desierksltis increase the

loosened tog th i t il | f .
RS TR A S R o

inclimeviglesP castnbedad préwd el p Sdierdvadi ubtrite ¢mbradnest tHaspritidam F1G.

5, tﬂés‘}%m&bhmwaﬁéi tiﬂ@ﬁc’f@s‘:%a%%@é@&nﬂ'%@ﬂ&%bﬂo‘ﬁ%‘gﬁrfms, however

applfication is not limfted to the particular embodiment shown.

appksaiioplés ipodramited to the particular embodiment shown. For example, in one
embodiment, the platform assembly 124 can include one or more adjustable incline
platforms depending upon the desired vibration profile.

FIG. 8 is a flow chart for vibration testing. As shown, the vibration profile for the
test apparatus is determined in step 200 to provide a desired vibration test profile. In an
illustrated embodiment, the vibration profile is determined by measuring vibration on a
test device using an accelerometer or other measurement device. The accelerometer is
coupled to the test device to measure vibrations. For example, the accelerometer can be
coupled to a mobile phone device or casing to measure vibration input to a data storage
media of the mobile phone device. In an illustrated example, the accelerometer is an tri-
axial accelerometer to measure tri-axial vibration components for the test application.

The measured vibration or profile is used to determine input vibration components
for the test apparatus 120 as shown in step 202. In particular, in step 202, the measured

vibration is used to calculate input vibration Fiupy for the vibration source 126 and incline
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20 embodiment, the platform assembly 124 can include one or more
adjustable incline platforms depending upon the desired vibration profile.
FIG. 8 is a flow chart for vibration testing. As shown, the vibration profile
for the test apparatus is determined in step 200 to provide a desired
vibration test profile. In an illustrated embodiment, the vibration profile is

angRRLETTAHES Do PeARHIGOY RTRUCIH PR 2D ASSHIRAGE URINIGA) the platforms are

accelerometer or other measurement device. The accelerometer is

adjysiethiadthe ihelinspaglicealsuad i ibrsd Reskegainisi@ogidon for testing.

Fora@sgiy Ometesseaipfameaupied 10 &MARIIRPIANG BaYER QLAY 124 and the
measure vipration input to a data storage media of the mobile phone

VIbraHOR &RH et PR e XERFIEN SRUECERS bhriwiligdhlp tHheaRlggform assembly

124a60816vaMmR Qe 20 as YreVidiaKAlMERBEAN PRBRSNEIS A8 188 ecure to the
pplication. 30 The measured vibration or profile is used to determine

platiormyasishbh [cmp dhrelfet dBpai ieYirdBHarsta 1 o0 adheryq At aelication is

not 202itdd BRAIGH BAtiBSEeRISN2e thY MLasHECthe/ RERIPRJEHGE D CAlGH Igﬁﬁtfonn
in;ggjt Yizpﬁtion Fi"p"1 for the vibration source 126 and incline 6 angles O t
SR > 19Ppl&H NS of a test apparatus. As shown in step 204, the

platferths Arestamgdstesbisiihriaciine enaiRmenic HAtey uhatey 282@Aed based
locked into%os'tionrgor testin%BFor%esﬁg, the test specimen 122 is
UPOR JREFSNIEPAb LASTR Al Arby 124 Ve s OGRS R A 2 test
devite aghilatiorteduiceF138. i9 suppkepetoi ey prakko mchasemplysS0l 24:@b 0, of the
hown in st 6 as previously descrihed.. The test specimen 122 is, .
plaEIR TR G e L i 0% ST B oA A Tt AT e the
follawingllegsitasn thappliiddidre idesiaddiptites doary yibrtivonac aiepicerdor F,, F, and
securing the test specimen 122 to the platform assembly 124 for testing.

“In the illustrated embodiment, test components F., FY and F, are derived
based to upon measurement data for X, y, z tri-axial vibration components

210\,/2—];2,—2—];4—&—9 test device as illustrated in FIGS. 9-11, respectively.

Firrp e iﬁtlfﬁgyaﬁg‘!l?és 0 iand 02 of the platform assembly 124 and the F i"p",
for the vibration source 126 are calculated using the following equations
to provide the desired or measured vibration components F, Fy and F~.

© d én_l ——Fx

input

®:2=sin"" i
Finput COS @l

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the invention have been set forth in the foregoing
description, together with details of the structure and function of various embodiments of
the invention, this disclosure is illustrative only, and changes may be made in detail,
especially in matters of structure and arrangement of parts within the principles of the
present invention to the full extent indicated by the broad general meaning of the terms in
which the appended claims are expressed. For example, the particular elements may vary
depending on the particular application while maintaining substantially the same

functionality without departing from the scope and spirit of the present invention.



Finuut= F'+FF2+F' Oi=sin" F. Fmpnr F> 192 = sin Fi cos O, It is to be
understood that even though numerous characteristics and 20
advantages of various embodiments of the invention have been set forth
in the foregoing description, together with details of the structure and
function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in matters
of structure and arrangement of parts within the principles of the present
WHALRiSAAIMER ISextent indicated by the broad general meaning of the
1. termsdiya e led claims are expressed. For example, the
particular elements may vary depending on the particular application
while mairtatHgausssambllyitheaabirationciihatityilvistiont Wewegtingluding a

from the scope aBQSEDg&HBHW%&{ﬁéﬁfEd”W%QQVZ W%-Falt%ﬁ: l‘lﬁi)MERom the

IS: 1. A test apparatus comprising: a platform assembly in combination
with a vibration sSttéiRAckeaig andasdepyrion phigiraivesbreivepted to the

vibration input frogasthgoMBIAHP S AHEE AN ALIERSIAE RJ%IBWHe a multi-axis

pivotally coupled to the base portion at an adjustable incline angle to
provide a multi-aXi®rismtiruabshe AtilcashoraplageEplatform. 2. The test
apparatus of claim 1 wherein the platform assembly includes a plurality of
platforms coupled to the base portion and the plurality t’)flatforms

2. incldbfmyst reprpiutreh sl diaibersinshsopiatirebasepblyidne Bidgsrpgrlurality of
platfoghiitecangledansl dsarRadpradarahPivetyhiraRHPISH feuthedisstRIRkERY ga first

i tfaﬂ a second incline angle. 3. The test apparatus of claim 2 wherein the
pla

mmdireRinounlr L e dasehertioad powbintinenslepadestrerdylatform
pivaahibeupeaprotiaitermigaivoialscanalest indagle.

3. The test apparatus of claim 2 wherein the first platform is pivotally coupled to the
base portion to rotate about a first axis and the second platform is pivotally coupled to the

first platform to rotate about a second axis orthogonal to the first axis.

4. The test apparatus of claim 3 wherein the first and second axes are orthogonal to an

axis of the vibration input.

5. The test apparatus of claim 1 wherein the at least one platform is pivotally coupled
to the base portion via a hinge assembly connecting the at least one platform to the base

portion.

6. The test apparatus of claim 5 wherein the hinge assembly includes a clamping
portion having a clamping position to restrict rotation of the hinge assembly and an

unclamped position to adjust the incline angle of the at least one platform.



first platform to rotate about a second axis orthogonal to the first axis. 4.
The test apparatus of claim 3 wherein the first and second axes are
orthogonal to an axis of the vibration input. 5. The test apparatus of claim
1 wherein the at least one platform is pivotally coupled to the base portion
via a hinge assembly connecting the at least one platform to the base
portion. 6. The test apparatus of claim 5 wherein the hinge assembly
includes a clamping portion having a clamping position to restrict rotation

7. of theAhsgeaded Rl Ry aspern Pl dAs Fesh BBRASH WS CRITsiIA incline
angle of therakdaastionadiptiar &:&ive ¥RRHRR GakBlAHBMA3BRMB source;

for a test apparatus comprising: a base portion adapted to receive an
input vibration frdti% vibration source; and a first platform coupled to the

base portigniat@disstonaliveupnaadide WREGERHIC FeseiMe thcitUtingle and
vibration and provide_a multi-axial  vibration input to a second platform

coupled to the firSPPILEHSFrh 19t rerelvedhg et Rrien 479 e §de ghanulti-axial

platform is configyitaetion iapaive memw@é{%ﬂﬁr@d@w@WRwﬂr@f?Y%m at
a tri-axial vibration input to a test specimen. 8. The vibration test platform

assembly of clairfl FoHEtRFHTE ASRIH1ARsHPSS SeroBMAHoIMEY opfigured to
base portion to agjust ety shinaingisnglerefithe fHstPaHOMFBro9idENe  tri-axial
vibration test platform assembly of claim 7 wherein the second platform is
pivotally coupled YO HRE RGP A0 BEHEEthe second incline angle of
the second platform. 10. The vibration test platform of claim 7 wherein the
firstincling angle is inclined relative to a first axis and the second incline )
8. ang;rg?s\fh%lﬁ 8 f&ikti éltgglgls@%%ﬁbb&ig 2R The fiPdiesrg égg&ﬁ’ta?!eaéfom 1
pivasthocthpdahal tid bddeuititatieratstltadfirsn iat e am gl evbete fithieplatform.
vibration output of the first platform includes a first force F1= Fi" p" t

cos01 and second F2 = FiOp" t sin01, where Flap" tis
9. The vibration test platform assembly of claim 7 wherein the second platform is

pivotally coupled to the first platform to adjust the second incline angle of the second

platform.

10.  The vibration test platform of claim 7 wherein the first incline angle is inclined
relative to a first axis and the second incline angle is inclined relative to a second axis and

the first and second axes are orthogonal.

11.  The vibration test platform of claim 7 wherein the vibration output of the first
platform includes a first force Fi= Fippu c0s0; and second F; = Fippu sin6, where Fippy is

the input vibration and 0, is the incline angle of the first platform.

12.  The vibration test platform of claim 7 wherein the vibration output of the second
platform includes force components F | = Fippy cos 01 cos 0;, F 2 = Fiypye cos 0, sin 6, and
F 3 = Finpu sin 0; where Finpy is the input vibration and 6, is the incline angle of the first

platform and 0, is the incline angle of the second platform.



the input vibration and 01 is the incline angle of the first platform. 12. The
vibration test platform of claim 7 wherein the vibration output of the
second platform includes force components F 1 = Fi"p"1 cos 01 cos 02; F
2=Fi"p"l cos 01 sin 02; and F 3 = Fi"p t sin 01 where Fit,p"t is the input
vibration and 01 is the incline angle of the first platform and 02 is the

13. Inclinengle &;,Hﬁ%gpnd platform. 9 13. A method comprising:
determininf%a multi-axial test vibration; and configuring a platform

assembly H5FHPHINHA Bedraxin & thyibraien-Re vibration to a test
specimen gauplagie eI NIRRT asI8IRY irhfarl Mt asthos A LRMilXial test

and further comprising: supplying an input vibration to the platform
assembly to impafPfAECRRH I SBCHMENEa4Pled{Q RIS H AR AR IRLY -
platform assembly. 15. The method of claim 14 wherein determining the
multi-axial test vibration comprises: attaching an accelerometer device to

a profuletinebaheiimdd sl Sxther GamBNgata from the accelerometer.
16. The maippiakclaimnfnivhaseiidhaaceR|eppmeial igssetit® iab impart the
accelerometer to _measure a tri-axial test vibration. 17. The method of

claim 13 whereindSSTYF AL BHASR ¥oLa08Iheasp g platform assembly.

calculating an incline angle for a first platform of the platform assembly

and, yibration input Fi" p,,, 1q the platform assembly; and adjusting the first .
15. pIa%éFm%tﬁoé? cgf[cﬁlxglgjd 'acliwz%ﬂﬂleg%gﬁ*ﬂé%éh?owt&%’fmﬂ?“ vibration
compiisgein configuring the platform assembly comprises; calculating a first

incline an%kff rafirstgl form, calé:ulatin a second incline angle for a

second plaf B %an LS HIRHTS eﬁ'llgﬁ i PR %‘?Bg?fﬁlbeﬂ’ié’ st and

second platfeimisgvithretzal claat&dhirdicond deraneteincline angles for the

first and second platforms.

14.

16. The method of claim 15 wherein the accelerometer is a tri-axial accelerometer to

measure a tri-axial test vibration.

17.  The method of claim 13 wherein configuring the platform assembly comprises:
calculating an incline angle for a first platform of the platform assembly
and vibration input Finpy to the platform assembly; and

adjusting the first platform to the calculated incline angle.

18.  The method of claim 13 wherein configuring the platform assembly comprises;
calculating a first incline angle for a first platform;
calculating a second incline angle for a second platform coupled to the first
platform; and
adjusting the first and second platforms to the calculated first and second

incline angles for the first and second platforms.

10



10 19. The method of claim 18 and comprising calculating an input
vibration Fi"p t to the platform assembly and the first and second incline
angles using the equations: F,v,,, =Fx2+ F, "+ F' Ot =sin-' Fx Fnpw F,
Ox = sin-' F"w: cos Oi where Fiap" t is the input vibration from a vibration
source and F,, Fy, F. are the tri-axial test vibration components and 01
and 02 are the first and second incline angles. 20. The method of claim 18
wherein the step of adjusting the first and second platforms comprises:

19. relcDggethad Ablg mhi rindismpriting mae alating ap ApPHIatiBFAYON Finpu: to the

platfeiaiingdhd {rahalddairs ahaubdissl adsite asiust do fitat ngingangle of
the first platform; and rotating the second platiorm about a second axis to

adjust the second incline angle of the second platform. 11

Finput = —\[sz +Fy2 + sz2
1 =sin™ Fx
Finput

Fy
T S ————
©:=sin ( Finput COS @1)

where Fijppu is the input vibration from a vibration source and F,, Fy, Fy are the tri-axial test

vibration components and 8; and 6, are the first and second incline angles.

20. The method of claim 18 wherein the step of adjusting the first and second platforms
comprises:
releasing a clamping mechanism for the first and second platforms;
rotating the first platform about first axis to adjust the first incline angle of
the first platform; and
rotating the second platform about a second axis to adjust the second

incline angle of the second platform.
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