10

15

20

25

30

MULTI - AXI S VI BRATI ON METHOD AND APPARATUS BACKGROUND
5El ectronic products and in particular, portable

el ectronic products are susceptible to vibration.
Vibration can interfere with operati on and degrade
lifetime performance of such products. For exanpl e,
various portable electronic products, such as nobile
phones, include data storage devices, which have
rotating data storage el enents. Vibration can
interfere wth the oper at i on of sald rotating data
st or ageMIilaHAXIS VIBRARKAN METHORANDABBARATUS

application rel at es to a vibr at| on test appar at us and
met hod. The vibration hapus i ncl udes a
pl atf orm assenbl y, whi gf‘éér e@e?@es a vibration input

f r ORleatroipaddudR mdlinqrartathr] pRredbles eldctidiid pradat@lare susceptible
vibration to a test specinmen on the platform assenmbly.
to yifratipp. uXtW%ttc@dca@ﬁ%aterﬁemtb OpREatign a’t‘f‘fl csteataég didstimg performance of
S
suchg)‘f%cgb?gsb gp(l%tac pllcr:] é@gn ﬁr g r&ipﬁet I:IQ dﬁ&ﬁ as’ﬁch as mobile phones,
mchldp ulataestotage picoiced avltlble hdes rcrtemh g:) dtitp u;tortxgéo ehtnems. Walsatdon can
. upon a neasured or. determ ned vi brat rofile. O her
intorlest Wit e oreTSIoREE 518 rpipBg %tﬁta&gste’% odi ment s of
the present invention W §ipfgapgparent upon readi ng
the followi ng detail ed description and review of the
asstld presehtdappiic gy, re20BRICER \DBISER PINt QRpORtUS HERd method The
., DRAW FILG, 1 i ustr.ation
vibON A5 EPRITaE B Pes b L RTE SRaRT Y pMaIchReA Bt iptatch impu
frof! £vibZatssin %ﬁi&d afd liviprtd bShilatRsal vib@Gbn AP Rt ffecimen on the
i ncl udin | atform assenbly and vibration source.
platfgym @ssegby BS dlunested iembodinggnty thei platferm gsgambly includes one or
' ' 0 I r S I . est_ .
moge g%#fgﬁsﬂgghé nmclcgflstgblg 1%1 n%l @g‘?% eﬂ% chéﬁ{aaﬁﬁltei 1§ %djusted to
prosicbefdtdesiréd bougiut a/ﬁbr@ﬂibmba@dsmnd hewshiedest pétainhigednvibration
of a platformassenhly for a test Eparatus as

profife; Qél%err deatyres angcpenefits that characterize dimeatsif kg presant ylventlon
wil] Ik %mhﬁ%p%p e a? tHE b1 Tlcgillgg tﬁ’étéﬁL Hé‘é‘cﬁ SHhY review of the

I ncluding a ity o ust a or ns.
assquligeed drasigsmat i cal |y illustrates an enbodlnent of a

connoct ho i BAERGP R SFRIORETHEBRAYIRSY o Ssstmo y

i || Fxg3. nai ed s¢Henfatie illstration 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 7 is a cross-sectional view taken along line 7-7
of FIG 6. 5FIG 8 is a flow chart illustrating steps
for vibration testing using a test apparatus including
an input vibration and one or nore adjustable inclined
pl at f or ns. FIGS. 9-11 graphically illustrate
measured vibration for use in determ ning vibration

i npiC- foschematisallyt iildustrates tanagypbedimgat ok aj hragket PeFtian fai hinge

%%Wl#%@n&ﬁé%gmﬁsbzﬁgﬁzwg? assembly illustrated

inKdévbces of the type illustrated in FIG 1 are exposed
ration during use. Such vibration an interfere

to v

wi t]ﬁl(gﬂé? APRBHSHion Ho et AkEB 2loTE dna v Ll T bstrat ed

in fHGs il 4 :

a data Sslt} orlzoéi c%p?lgﬁgg%ﬂéﬁ%&g%g gﬁ)\/rvlgtt | tﬁ m{;ﬁgﬁg&b gléégg ?ﬁparatus
inc]@dmlgrag idiin vidfratidneandeonic o8 mofhadjugatle enclioéd plaformsc| udes

ent 06,.that interface th the data
o i B N Bekaio thisile RSl SRoUpE ol G iy deiggmining

v1b1‘31ﬁbﬁ1%9fcf’i‘§%6¥ﬁ%@te&%paﬂa{dslé§ﬁlllﬁﬁhféﬁ kyFiGhe data
Storage nmedi a 102 i ncl'udes one or nore rotatlng di scs

and dPET AILER DESERIESTQNIQF HAAGSTR ATHEREMBADIMENTS e
to the rota iscs. Vibratj devj ce
TooSelfk PP R0 pReGhE: dh bt Bt Bog R f0EG. 1 are
expawal 18, vit¥agbn durRisk CSUCAMvibARES 8drl PferRke Wt APBRLIGH ofBie&levice.
heads and di scs, or other conponents of the device.

Thergoyieealllugtratpd an G d ey mobde ipheneidevigartfPnyhixh includes a data
storﬁg{%@%%? eﬁ& QnGnifl %%é’rgf%f‘% gf"%&éf Sl()t4n({f thd"dy fléeh eThe device 100

rat I on. onents or eat ur

alsccianlubes lohss c@ﬁ@dwut(s)l 106 thg ineifhemmith dal damstetage gledla 102 to read
t echni ques, however, mathematical nodeling techni ques

andﬁaéy’vrﬁg atgd@ dlﬁpaflzgp y3to‘52,,g§0rp%q1a 402. Hpstratiyelys Fh@rflata storage media 102
1nc19§5 SHe' B Hrbte r(’):tlaﬁ%a}s&é Adﬂs&{ea&qﬁo@rﬁdﬁﬂggfy l{%g§ to%ea®and/or write

est apparatus or testing vibration
datap@rtho rotatiegdisés. aVibemionsyfabé device 200 sarcinteaferd hﬁeh operation of the

ortabl e el ectrr.onic.device 100 of .the type il
darf ofse e i RGPt Rt Sppisr e ot PR qandises. or
othét RbAPORN FS eHEbldevibes, icallyl Slee@Brit gUERELst nclude damping
receive a vibration input Finput froma vibration

compeyens or2ethgh ddesignp fraturesipt limix thel elfiees aefi gibration. heDamping

coFRbySPERTASID BUBRSHHER L SR e bl gmves.

howeoel, aeatiedtaticsl moddlmigeeclahinyties enayr n@dQgleqadtely poalicteetual vibration
whi ch provides an input vibration along a single axis
PeriQfB#NcEs one of the x, y or z axes illustrated in FIG

2. w6, Hhangrhed 'aHEé?ﬁbddlﬁnUxﬁt 58k qgst'di)gglla s 220 H]etestmg v1brat10n

pl atform assenbly 124 includes a portion 130,
performartceiofi@ltesh epleqmnam 132 such3B th@pqmt@nde ¢lectrdmgc Beardee 100 of the type

ifiled 87, TRRuhREET Honomtra b Rl S RhonE S RgEy 124,
whitin§d taEbuRldedof Reeivd A2vibmtieRY Lﬁqa,g,g fEdie ADABRUIBATHIRE 126 and
110 at an incline angle 01. e second inclined

outit st Mykthexid4vibetionup|thel tesh spavémen 122 shpparicdeqn pr e@updechio the
paif, e D24 6 8808y 0R PR B ALY B SHURE covic o

simB&cRite PlvRich @i évidedbnasipahabvation BRn@Xistn gl axifi€ddhns one of the x,
angle 02 is ortho onal to the axis of incline angle O
y or z axes illustrated in FIG.

In the embodiment illustrated in FIG. 2, the platform assembly 124 includes a base

2
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As previously described, the nmulti-axial vibration is
inparted to the test specinmen 122 through the platform
assenbly 124 in response to the vibration input Flerr]
fromthe vibration source 126. In the enbodi nment
illustrated in FIG 2, the platformassenbly 124 10

iIs orientated to receive a vibration input Flerr
portipy A 0,t s &irs inplined platkorm H2eequpled to[the bpse, pegtip daé tand a second
_ ¥ . . s . : ) ’
R L S A

inchnddrpadtfarm B33k ceupledbroaa bise porticnt @ #dn islliat angle 99 Tlesecond
. X, y.or z axes to provide [err] FIGS, 3-4 illustrate
inchasdatEorms I Bk is cagplpd i s tirstaadied injattopm 13244 8p ingling apgle 62to
i e B TSR b a%g hRbefyRl B fgof platorm
134vasishatvin oFbherxéxr of|inélinerangled, s bitladgooal te cher axés dfA6cling angle 04,
royi de mul ti-axis vibration, qor{[&onen.ts thI‘OciJ
al v1

h th .
1|? i rt PrsVIauslyrdescrtbed othe gplti-axi: PRI 1n@pgd g’z‘éf éfiesf ppecimen
122¥AR58h ’%hg g!éﬁfohﬁ AsS¥entIPRYE 1Y r BB thé lomrétgﬁ i}]ﬁbﬁlpi&},t;pgt?fbm the

_source 1 and Jerr] the incline angle of the
vibyatige feurme 13¢.In the embodimenhilustrted in BiCe . drebpldifomamassembly 124

. sho ere. [err]l, and the first_ plarform.251324s _

s FROMGL Fiepite %é@fsﬂ% Rt g AT A5 K fape g Fovso):

altheQg apfithSorR iendiNNitedie@d @partiohlaPVEenthten dr FRQF! Kor ekample, the
ilTustrates the second platform 134 inclined at angle

inpspvipgatign jfgean the yibragion sorkce o2t cpgbe guieniateshrelatiyephe 4, y or z
e d plLat formgl34 i coupled togthe first
aerEO Fba?l?g@rgn%%?g—giﬁﬂ’“‘f"e gl &Pve sﬁ’i“pﬁ‘ﬁu{?ll l\gjfpbtr at i"BHh*conmponent s
[ erFIiGS. 3-4 illustrate components of the platform assembly 124 illustrated in FIG. 2.
As shown in FIG. 3, the first platform 132 is coupled to base platform 138 and receives
input vibration Fyypy from the vibration source 126 to provide multi-axis vibration

components through the first platform as follows:

FI = Linput COSG];

Fz = Finput sin61

where Figpy is the input vibration from the vibration source 126; and
01 1s the incline angle of the first platform 132.
In the illustrated embodiment shown, where Fipu = Finput- and the first platform
132 is inclined relative to the y axis at angle 0 ; the force components are provided as
follows:
F, =Finputz cos 0y, and

Fy=F input -z sin 0y

FIG. 4 illustrates the second platform 134 inclined at angle 0, 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 Fippui = Finpu €0801 and Figpurz = Finpu: 5in6;

3
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to provide a nmulti-axial test vibration through the

second platform 134 incl udi ng vibration conponents as

fol |l ows: [err] In the illustrated

enbodi nent shown, where F[err]and the first platform

132 is inclined relative to the y axis at 01 and the

second platform134 is inclined relative 10to the x =
to payide amudip-axightestyibration threushdhe psgong plagiegnildé éncluding vibration

' [ onents: [err] 15where F[err] is an

COﬁﬁkgéﬁgeggﬁggggn fromthe vibration source 126

orientated along the z axis; 01 is the incline angle

of the first_platform 132 relative to the y-axis. 02

i s the iheRFrewsayP o8Pzt he second platform 134

relativegtaghe. . x-@xiSy, |n the platformassenbly 124
shown in %:I Cgmp ¢ tEﬁe nfselzlrst platform 132 is inclined

20 rel atk ye Hpu. binéd; base portion 110 and the second
platform134 is inclined relative to the first
platform 132 to provide the nulti-axis test vibration

t 0 1hhge N1RRIraR @ RIDBBINCHE 2hdWH, Ggie ENE, PIFaL f or M A®e §FR! platform
124. FIGS. 5-7 illustrate an enbodi'nent of a pl atform
1324s st d rel@ivevth ¢heey takie af Dr end fleasefandrplateam E4dpisvntlaiet yelative
coupl.ed to.th ase pornti 130. and..t he second
to iR RS 1 0:010% B RR ottty P2 i FipHHa fgents:
pl at f or m;aa:igpqt_pe@y(bl@gs gdj ustabl e incline 25angles 01
and 02 for platfornms 132, 134 respectively. The

i ncl i ne Bnglfesuaroafcsindzare adjusted to provide a
desired 13,/i Qr}a_ti onsﬂ%gafi le to the test specinen 122.

input -z

where F jypu - 18 an input vibration from the vibration source 126 orientated along

the z axis;

0, 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

4
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In the enbodinment 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
assenbly 150 and the second platform 134 is pivotally
coupled to the first platform 132 via hinge assenbly
152. 30 As shown in FIG 5 each of the hinge .
of breeketppitions imdudes packefcparders EOl.uke3 egnngfted te @lpstimeter edge
[ .10 njvotal.l 0 t fir f
of bk oBL YRS R bGP R erbclinbortihs B 100 Sifpged o
perfmhdt&tedgk of ther sl @atforn 131 eTheTbRdkdT®0ttions 601, 160-B) (50-3, 160-4
5, the plurality of bracket portions includes bhracket
are sQpRGCHitk o1 g-base parion angdrthe dirdlgpladorn 4 a1, iesResH velygriafpsteners
h j iSd iR Fl ) r L
162, 0y D8 BgA il BUAIE 1 ' CoohoBber? B licp is not
limitée td a bsit fpdtadel andnofliz? fastdneng dendbestormahesi vesscah G@-uksed. Bracket
160- 2 60-3, 160-4 are connected to, {he base portion .
portiges 160e3 £ 1001 robate aleii v tepackebroybiens %/é?i 16p5,d adjust the incline
angd OB AR Brst PlackSin I%queu?i%e kd {h‘é%tag@%ﬁ‘ﬁoﬁ Thgdi ment
fastener 1 Is a bolt however, application is not
| i nSimelirlyphiagdadsemblystS@riecludescbratkeeportiass t{l- hgl 6k c@mscted to

a Dty ot 41 Drer B LR LA d BT BRPB BV B00 # copgecsed o a
perii%%&@ #@fof tkeseebid pRFoANIBE. Brakbt pdtfiohd 16U-3 pl6ats ﬁ_ftﬂ&e relative

d
rel"ative to the base portion 110. Simlarly, hinge
to bysekehprions 26Q-helafd ¢o adjnsikee instine prgle 94 e0the seqa@g platform 134
onnect e Q a ineter. edge,.of the first, pl,atform
relof9008 e B Sudforfho P ot 364%e Qor Mndnial B R] bgfiBhs are
shop@rforringe sestgsblies 1501 Reapplitapbmid astminid<l toBhaplicular number
portions 160-3, 160-4 rotate relative to bracket ]
shopgyag thsnkinggessambligsd59, 13 jipdude Hy number pkbragknt @otipns.
of g l6B! 3 |ali fdok¥dns 160-1, 160-
pl at f or mq)%%%g’ S%I t h%%ﬂl@%ééttg {le?ﬁ’a\grge E(Sb alggetoq‘ol}%rngc]l?et - 160-2
via poetdngats rad ¢63 Hawwrotitomaly ngeeassberpluragy ©6brack&ortions 160-1 -

application is not limted to the particular nunber .
16028 Blosit tebiionead e uliard ebogBins S5 Ry B the hinge
asséily N80R6ateOdbolf 26K totR9SH 1:9364-1 and thdbraslke poRdE bP Bie hinge

160-3 and 160-4 rotate relative to bracket portions '
assepglgly 152 1@iateaboita seqord wiajioneaxisokd41Barthaggnalrtottha firshedtation axis

c s, I ' rha Peor 1410 -

164 BRI el o Thouk btel o 0y e CBpefi mbodiment, the
firserdvatbnnaxig 1641 d¢ lkkgnedowith oS y-akist did the Bgnd seeatibh Yuxik5[H4-2 is
rotate about a first rotatjion axis 164-1 and the

aliggec ¥iiBthgiaxisolsanltemuge embeimen, edimpojation axisdarleis aligned
Bt SEERELSANTAR R 124 068 AN 48, ppicacn
is nbnitnited toaayl spscifid osimatatdéh folr thet ibratibh ssurcal 2@or platform assembly
enbodi ment, the first rotation axis 164-1 is aligned

124 th the y-axis and the second rotation axis 164-2 is

al i gnedeW 4 Bedal&d ArudFdedn Jrn¥MBRIELR BF @hqu&ﬁéé% EEIWOHS 160-1 —

the first rotation axis 164-1 is aligned wt
160x4 afihe hings asseantdies 4G k5Bt aAs Showax brack® pogticng 1801 1theaigh 160-4

) i,th t - axi [ i ' 25 | imt to .

el helsCEnd pBighs oD ARG TESPIS oo el Eir neflbeS Teoea end

por@nsPi AL f Wod BsBsextbhds théshigh a channeFlI® fBrmhéd ehré@ihAiHeedlgid end
illustration of an enbodinment of the bracket portions

portigp-1i/0-andghe fexpletineerpiofipn bEsterferm éie megionpxes 1651 and 164-2
portions 160-1 through 160-4 incl ude
asé%sgﬁgh@%%ééégéions 170 and a flexible inner portion
172 between the rigid end 3Q portions 170. Rod 163
extends through a channel 174 formed through the rigid
end portions 170 and the flexible inner portion 172 to
formthe rotation axes 164-1 and 164-2 as previously
descri bed.
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As shown in FIG 7, the flexible inner portion 172

fornms a clanping nechanismto restrict rotation of the

bracket portions in a clanp position and all ow

rotati on of the bracket portions in an uncl anped

position to adjust incline angles 01 and/or 02 as

previously described. The flexible inner portion 172

i ncAsislesvrain'KIG. §hthpdkexibdalinnéopariion 152 formls arahahpipg mtechanism to

180 and o ed f|lexibl.e armportions.. 182 separated.b
reste Mgt B 3 skt BePlferc DR TN SR Griategh of the
bratl@t SNdfteid he BhIShsHd pEARES tth OMjhRrintin® BAAEK®, and/or 0, as

portions. The spacing or gap 184 for the opposed '
preyiously describedn P Hlgxabls in@P ppgioad] 73snelydesc ‘énﬁ | skaped fpedy forming

di aneter o i nensi o f .t.he channel rtion 180 to
a oo oRer ST opPaR Rl Bt BRRIE RPN Bl on b 184. Rod
163 &ltéids grotigh ElatindiGebrtid €3G @AGLViIde the 106l comhe@fontfBLthe bracket
opposed 10  flexible armportions 182 is adjusted via
porgorse| Therpecing o gad dhips thaprneged Hexblscvmi rowdonsghB24pmadjusted to
. K ) i t i
o8 ihe M6 Uhorkidf GORE AR RERSH 18P K) SHECARM) clamp ond
releasg thesbridkea pdritions 0atitehe todl 1631 Jhe ispading)bt pogdori of the opposed
reduce the spacing _or gap hetween the arm portions 182
flexibje eHAPORKES APES HiStshHiar Bty F500hatiexsengly tfrmygiarm portions 182
i1R3 i ' SAthPpb _bracket
mm%%?#?oﬁ%Egggﬁgggggn%g%ﬁﬁ#gg?%ﬁﬁreIeaégg?igﬁ%inge
as sEerblaimpsor 166k thadidine 28gles 6 handhwlth, th8boli $86 Bambremdd toreduce

o EEEESE L8 ot SRSk S A i 17
squed¥el laBAnanel %3 Qoaseier rotadiodSofPthe \brkel Yortiess hbdi®dod 1163. To

the enbodinment illustrated in FIG 5, the platform
relegsss Bebhipge meseathbies 1150 sndend S2e tenboladBOds depsened to increase the
5 i ond . i . .
oo b 25T+ DPNEHF APRLUERE -2 BrleRe L B o B3 B e
inclenengied®nand/61h ap lpedvicsIy desaesed] VinRd epdbdintent Utlstraeé in FIG.

or nore adjustable incline platforns dependi ng upon
5. thee PHESR etrsymBIatncbyrlepr Brsf apd second gejestabie j Batformse fowever
appﬁbﬁfo_tn {s0fotViiRfad k®nnd §§1Iti'cﬁllgr eﬁﬁ)_oﬁﬂﬁé’l\ff"shg\_bﬁ. VF(QI @{dngﬁe, in one
profile tor the test apparatus is determned 1 n step
emixgiimens, pheoplaiorm abesnblyd124 bamtindnde @s¢ qr mbiel edjustablanincline

i.l lustrated enbodi nent, the.vibration profile is
plat&%‘??r‘#‘??ﬁ@ﬁ“%‘ip%g% H?Esﬂfﬁg ViRrgiloRaTaileon a2 25 test device

USi FIG. 8Ns G EHaeF OibrRlonQbdiRk. MRAhdaNmRtvisieNdtSrofile for the

The accel eronmeter is coupled to the test device to _
testppparatie iy dgfemminehin stpp rZO&%anﬂmveqe 3 fesirgd vératiomissicprofilgn In an
. | .ge . Qr. | . . .
iy EEHBbGE R, Bl PR S RIERE SRELSR B0 B yiorpion on »
testnddvideeugplpo e adealérometek ror anhdr| hetsufenicdd dexiadrplle:, ad¢derometer is

acceleroneter is an triaxjal accel eroneter to neasure

couplerl.tg Hhcatest fayicst o gRCasBiFpB@HERS. £ 9T PXAEPlGe dfe accelerometer can be
cougf%eléb GahbBi: ?I:r)tgle dgpﬁe'@%ﬁéigg% YieBERE VbRatn AR do! £ ﬂét§ storage
sed to determne i nput vibration conponents for the
mediesf tleppabidt plont2vas. Bhawiilustmated epar@fl2, the raccelerometer is an tri-
.particular, in stgf.zoz, t.he measured vi.bration if :
axi} 2geplergmels EUMEASHTa YAl ViHALRT CPRANARA fOTf By eptapplication.
Vi DR hORuRAWi Gtidr? Br Aofi1d Rakid® deRaHiRSinBut ABEtiBn éomponents
for platfornms of a test apparatus. As shown in step
for p@testt dpparatust F20r assshawe indjepsi@d In parttibelai, nis Istepe202n Hlegmeasured

. cal cul at [ tep 202.and | ocked jnt osition r .
vibifiof 14158 o pAlp @R RGN R0, Boes B IR0, e B L8 g rtine
to the platform assenbly 124 and the vi bration i nput
Fi nput fromthe vibration sdlrce 126 is supplied to
the platformassenbly 5 124 as shown in step 206 as
previously described. The test specinen 122 is secure
to the platform assenbly 124 of the test apparatus via
fasteners or an adhesive and application is not
limted to any particul ar device for securing the test

s - A PSS L Y Y | A PN OA N a
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a = sin-1Fx LFinput 09= sin-1 ( Finput cos a) It is to
be understood that even though nunerous
characteristics and 20 advant ages of vari ous
enbodi nents of the invention have been set forth in
the foregoing description, together with details of
the structure and function of various enbodi nents of
anglasd j and Srfpoplatfemmssofidi et apparewsi As phawsinrsign 204, B pjatforms are

adjlr?rs!';%lt ff)ht%Q gr?é ?%g? cg@gﬁgfdnm s?erli)aidZ' arfﬁsﬂ)?ﬁécﬂn%(y pbﬂttl%n for testing.

ers o ure and arra

Fort festiny, i the itgdt e@e@fnehhezzomsamed o et plfotra 4sbamblyl 124 and the
extent indicated by the broad %ener al nmeaning of th
vibragppdnpus Fag. et ket Hbratpp spwreel 180 s mupplied tfémﬁ @§§@an assembly

12478"sh6 ﬂ'HP'st% E%s %?Jv‘iéu%w @Jsc%e%nafﬂeste%}ﬁ V\%‘I%I%% 122 is secure to the

epen I ng oh articul ar application
planﬁmhnasaemb]lygl%w sheatett apiphsatitshea faterers win ah iadimaivietapd application is

not ptélgﬁ{o ?lﬁeg%‘%llfllggr Ekr:% hr?sggl%qs 5 aBgrrtS ple(rzlligenOIQtZe@t the platform

assé}ﬂgr}grlgalf@“ggggrl sing: a platformassenbly in
ination with a vibration source including a base

porInll the ibestfateguensblodimente dest wempondnty &t,i nand putref davived based
source and a.pluralit

ol R L GRIp Fecr b 4 HePudadait pombateniht D282 T of a est

devidaCAs TRs@AEA €n FAGB! OV 1dGedeblely. “Prel SickhdhALIESD | and 0, of the
through the at | east one platform the plurality of

platioray assemBlyi 1741 andithey Faefi farghe pibmationrsepise g are calewdaipd aging the
he |
ol GRS, BRIy 9y B R Gt v £, ana

F,.platformat a second incline angle. 2. The test
apparatus of claiml1 wherein the first platformis
pivotally coupled to the base portion to rotate about

Fafl nd the second platformis pivotally

’""é‘ou}g’éajty ?he first platformto rotate about a second
axis orthogonal to the first axis. 15 3. The test
apparatus of claim2 wherein the first and second axes

are_o tlmag nal to an axis of the vibration input. 4.
O Thig "y paratus of claim1 wherein the at |east one

pl atfornﬁ’l pi votal |y

.- F,
©2=sin? | ———
Finput cos O

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.
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20coupl ed to the base portion via a hinge assenbly
connecting the at | east one platformto the base

portion. 5. The test apparatus of claim4 wherein

t he hinge assenbly includes a clanping portion having

a clanping position to restrict rotation of the hinge
assenbly and an 25undanped position to adjust the

| WHATS SN IMED IS:he at | east one platform 6. A

vi bration test platformassenbly for a test apparatus
cbnpr i 4iAY) aPRATAYE EOPPHYNSN adapted to receive an i nput

vi bration f ' i ; f . :

o1 at o m cobpraary artpAblAR cBRHEon flp Hbrpfor itk including a
i ncline angl e anbaseqoitiguéadighedrteaedcire 4 hibratignuinput from the
vi bration and proyvide a nultiaxial vibration input to

a second pl at f or HiPEas@ps@yce erdaplumlityaf pfatigrmepixetatly ¢oupled to
second incline ' : .
5configured to ?@%Ié)?g\’/e ?ﬁ%ﬁﬁ%?ﬁﬁggﬂgm\yﬁgé%gﬂoﬂﬁilro%%etamulu
and provide a traxigxibédtiovithioagh the at Rpstiont latfot@sthe plurality of
speci nen. 7. The vibration test platformassenbly

of clai m 6 wher eplatiomes mclnéungptﬁaatptattgrmm@ita}bacauplw to'the base

coupled to the bas orti-on.to. adjust the firs .
i nc Ipi ne angl e of p?rﬁgt?‘a{ ? glfSt 1% llngta{El %iF ﬁ'{‘a ag ?cofﬁé’tlatfom pivotally
vibration test péaipldartaiasseiplhiforad attd RcEADnVIRS Sigle.

the second platformis pivotally coupled to the first
platformto adjust the second incline angle of the

sgcondpl atform 15 . The vi.bration test platfaorm of
Far m Sy pRa 2t pitim d ektim A SR et R riyobifotbied to
I fleBhseMPriich 13 rbtateaboddd Frstxes dndthSREGID1AthH 18 Piv%fwllly%oupled
is inclined relative to a second axis and the first

atedthe St plitiaxa $o wotate ebouiageermid. axxouthogomral ¥ thedirstawis.

test platformof claim®6 wherein the vibration output

of the first platformincludes a first force Ft=

F3 nput TROEE appitdtus 8EQHEh T %hgreﬁi: the H%s? hid serdﬁ@l%@s df%: Bﬂg{gonal to

is the input " Vibration and 01 is the incline angle
t heaXis p§theplirafiormputll. The vi bration test platform of

claim6 wherein the vibration output of the second

4, 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.

5. The test apparatus of claim 4 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.

6. A vibration test platform assembly for a test apparatus comprising:
a base portion adapted to receive an input vibration from a vibration

source; and
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25 platformincludes force conponents F1 = F1 cos 01

cos 02; F2= Finputcos 0: sin 02; and F3 =Funaut sin 01
where Finput is the input vibration and O is the

incline angle of the first platformand 02 is the

incline angle of the second platform 12. A nethod
conprising: 30determning a multi-axial test

vi bration; afitt pkatfnﬂn gguplc@toathplbasefpwmmstsﬁeﬁbt inclinge angle and

t the det | t test. vibrat t.
oot speci men cOMPBER A0 RENRIt abhyibhary Hife g

configuring the ﬁlﬁt\ﬁmﬁﬁa@ﬁ@ﬁm ¥ s&cBA® piab®sm coupled to the first
calculating an incline angle for a first platform of

the pl atfor m Saggetfirnyatansbcondbimstinoaglapod th speand platform is

bl 2t form to t ho a4 FEEoR R AR AR g orHi PP gEpvide
conprising: det e Qing, 2061 AkstlsBsdim¥h br at i on;

and 10configuring a 6?atl ormfﬂ?gerrb Stg |rrr11part t he
determned nulti-axial test vibration to a test

' led to t | at f
> ﬁ? : g ¥ }(L:f,gya?lﬁg t?ﬁto altrge s Ebc %g‘gfwl{eéwg?ﬁeehrst platform is
Ckailt'o At iAdiBE angle of th
]ﬁi t;d ?c Bted tb 1the bade"FdriBE t@@lg gl&l fril% i crS e%: angle of the first
|pia1fome angle for a second pl atform coupled to the
15first platform and
8. The vibration test platform assembly of claim 6 wherein the second platform is

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

platform.

9. The vibration test platform of claim 6 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.

10.  The vibration test platform of claim 6 wherein the vibration output of the first
platform includes a first force Fy= Finpu: cos6; and second Fz = Finpu:sind,, where Figpu is

the input vibration and 6, is the incline angle of the first platform.

11.  The vibration test platform of claim 6 wherein the vibration output of the second
platform includes force components Fy = Fiypye cos 0 cos 82; Fa = Figpycos 61 sin 6,; and
F3 = Finput sin 6; where Fippy: is the input vibration and 6, is the incline angle of the first

platform and 6, is the incline angle of the second platform.

12. A method comprising:

determining a multi-axial test vibration; and
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adjusting the first and second platforns to the

calcul ated first and second incline angles for the

first and second platforns. 14. The nmethod of claim 12

or claim13 and further conprising: 20supplying an

i nput vibration to the platformassenbly to inpart the
determ ned nulti-axial test vibration through the

pl at f or m aseafiighymg 4 Blatfoine assentoby tociinpartahenddtérnpined giutti-axial
determ ning the lti-axial test vibration

25conpri ses. at ttg%h?"]%atlgﬂ cBetcdly SRS GavRIEd to fh platform

product speci Men;ssaRity iRy éd?ﬁ!igﬁhﬂ% Ak Fﬁﬁoﬁﬁ‘ﬁé@eﬁlﬁ@@bmprises:
the accel eroneter. 16, The nethod of claim 15 wherein
t he accel er onet esaldudatmgtaniincineahgledoet rso pitformtof the platform

30measure a tri-axi I1 te t,bvi brati o}g‘. 17, %@t ho% _
of claim 13 and TEHIYENNY ERLI0R APV FippyctyFheip assembly; and
L Lon AR, R T SRR e,
Finput = VFx2 -V Fy2 F22 5 (r)i=sint |IF Finput
13. A method comprising:
determining a multi-axial test vibration; and
configuring a platform assembly to impart the determined multi-axial
test vibration to a test specimen coupled to the platform assembly 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.

14.  The method of claim 12 or claim 13 and further comprising:
supplying an input vibration to the platform assembly to impart the
determined multi-axial test vibration through the platform

assembly.

15. The method of claim 14 wherein determining the multi-axial test vibration
comprises:
attaching an accelerometer device to a product specimen; and

receiving vibration data from the accelerometer.

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

measure a tri-axial test vibration.

10
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15

02=Fi nputts where Fnput is the input vibration froma
vi bration source and Fb Fy, F. are the tri-axial test
vi bration conmponents and 01 and 02 are the first and
second incline angles. 10 18. The nethod of claim 13
wherein the step of adjusting the first and second

pl atforns conpri ses: rel easi ng a cl anpi ng
nechanisn1for the first and second platforns rotating

ferm a ut first.axi .a ust . th
Pt PhronPia aRRer Bt corsi et ipd b oy ffsion P 0
r ot @ ﬂl&f&rﬁﬁaﬁﬁﬁ%}%ﬂ’ kit flf dﬂd%@&iﬂd iAclARGAPKs agahg tHeQ@quations:
adj ust” the second’incline angle of the second

pl at f or m

F'input = \/sz 'i'F‘y2 + F22
1 =sin F J
F'input

Fy
— 1 _] .
®2=sin [Ewmam®J

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

test vibration components and 6; and 0, are the first and second incline angles.

18.  The method of claim 13 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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