WD 03/ 107015 PCT/ US03/ 19014 SHOCK | NDI CATOR Thi s application clainms the
benefit of U S. Provisional Application No. 60/388,684, filed on June 14,
2002. Fi eWwo oafiotoh® | nventi on The present invention rel at epcrasas/stvock

i ndi cator device, assenblies that include the shock indicator device, and
a nmethod for the manufacture of the shock indicator device. Background of
the I nvention Shock indicators are devices that may be applied to other
devices within any of a variety of different industries. Shock indicators
are useful in detecting signif] I i r nmechani cal shock
experienced by an associ ated ﬁgﬁﬁgézihﬁiﬂééﬂgaﬁélectronic devi ce, including
hand hel d el ectroni c devices. Cellular phones, personal digital assistants,
hand hel d conputers, battery chargers, small electric appliances, digital
camer as (e. Ghis appHemioanthiras ihe bewdiref BS). Paswisiomk applicatipn Ofo. 4&/98%;63L, fitealt nay
be used in association with a shock indicator. Shock indicators my be

pl aced BUhEH&P¥%t roni c device in a suitable manner, either on the outer
surfaces of the device or on ameddtehdBlventish ace such as adj acent

el ectronic conponents within the dévice, in the battery conpartnment or the
like. If th&helpesentdnventiceislaies e rpbedkdndieaiondeyimgetseensliss khagnchuy theoccur i f

t he devjce .i r 0 i gni ki ight, the
shock fh%%ﬂglggoﬂgvg%f%Q%%mg%pgggggﬁ&%gﬁ(wggggpﬁgr&%ﬂhékggg&?'g'occurrence
of the shock. Such information could be wuseful to a manufacturer and/or a

service organi zation charged w th reEaIr %r re&lacenent of the device. The
vi bration or shock history o a. L : A tce can be inportant. For
exanmpl e,  r @aEEL indRMBEORIBAL Ses ikt Bla® Db apRice 16 BhePdBRites dMdirt A&atisyhave

provided a technol ogical revolution in display technol ogy. Previous
nmonoc hrod digfeg¢ns prdayisiesradieock indbestaysrateivgef] indetertng tigraificank sibkaipd dbeen

relati ‘{Séc%alhﬁaﬁ gfac}/ch(%gpé{m%(@ec{%}%&rf RAEHe Pl QNG SH eﬁééﬁhgl%tdﬁ%céﬁn&&daﬂ% tions
of extrene handling (e.g., dropping or other shock I nducing eventsj. More
recent hdadkdldphemndsc devicesolCeuldi shpinay pelsanead dipithl agsittamts,dané deltl@osputersa | evel

of durability. Mn ol or .systens sti.ll require ass .panel s ich may be
g DAY DR S s <l ety sy el ema Bl Euterty ol o

t her ef Qkemplasy SR icaPig: they B @l deasodiiRakyiteliiedk Rididatbat SEeUR ik@cabki xed to
or otherw se associated with a device, such as an el ectronic device

i ncl uditRy be Rbeserl an dke Qherdieaic dgvice ingyuapleormuey, FtTr OB/ oLt surfaces of the

device or on an internal surface such as adjacent electronic components within the device, in the

battery compartment or the like. If the electronic device experiences a severe shock as may
occur if the device is dropped onto a hard surface from a significant height, the shock indicator
should be activated to thereafter indicate the occurrence of the shock. Such information could be
useful to a manufacturer and/or a service organization charged with repair or replacement of the
device.

The vibration or shock history of an electronic device can be important. For example,
recent developments in electronic equipment and components have provided a technological
revolution in display technology. Previous monochrome displays made of polymeric film and
the like have been relatively forgiving when mistreated or otherwise subjected to conditions of
extreme handling (e.g., dropping or other shock inducing events). More recent developments in
color displays have not yet evolved to such a level of durability. Many color systems still require
glass panels which may be damaged when dropped or otherwise subjected to a shock force.

It would, therefore, be desirable to provide a shock indicator that can be affixed to or

otherwise associated with a device, such as an electronic device including a cellular phone, a



personal digital assistant, a hand held conputer and the like. It would be
especially desirable to provide such a shock indicator device in a

const ructworestibmts al | ows for activation of the indicator PolTArsoaMO14
associ at ed apparatus or device experiences a significant shock event,
regardl ess of the direction of the force. Summary of the Invention In one
aspect, the invention provides a shock indicator, conprising: (A A base
having a first side and a second side; (B) an indicator associated with the

first side of.th he | ndi c [ ISl i indi cat or
subpar P %r,sorfag glgétﬁﬁaﬁglr sf’ (a:ﬁoﬁrlrxf)drll1 e@‘?é\og ug i a§8 rtrr%thekfei g %%19 g%\ 553’3&161.{1%/ d‘f’)sgr{aiélgg# irst
conf i gyfoaidesncind stivck iedisdiaralevicadh £admtrudtionititatalldws &ir astivatien pf theindiata shock
event, and ii). in a second configuration when the shock indjcat isin a
secondwélf’%ﬁ"égﬂfse?lﬁtﬁ%aﬂ%araams SHlseiee EXRERENCes A e Rt Pachieht ES 86 | at ed
W th sgagendndrde wicet he base for attachment of the shock indicator to a
surface. The subparts of the indicator may conprise nmaterial selected from
the group consisting of toner powder particles, talc, flour, pignent,

clay, ceramcs, alumna, ”EtaéﬁmnﬁpgoFEHHBO@ cgns  of the foregoing, and
the subparts may be surface nourtred. T another aspect, the subparts of

t he i ndi cat @r oreegp&nthe insentbonfprowdessi sheclaindichioe congiticiag:or may furt her
conpri se another , conponent .conpri sjng a second subpart having a second

si ze IargergéhanAﬂW@gE?Q@%agﬁbﬁ ??“gﬂgﬁmgéﬂ&blass beads, for exanple.
Typically, tie shoglicafdh&atiord With théfisOsi8OsPhE Biedthe AR dkdTBRbrisiARADEr

di sposed on the first side of the base and encl osing the indicator therein,
the cont ai plyesiity eingisatopeibpgrts, therfyppars sempripag spiid mafeiipliqapgaddime vi sual
determ nati -1 ndi L ai 1 G i .
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provi ded i n(igiif hecwnt codfiguragionovipn thd dheckaindicatoals in arsteond statehfellebmigween. | n
anot her aspect, the shock indicator may further conprise a differentiating
conponent gg?&@???éﬁl ith the first side of the base the differentiating
conponent copr i AktAchnRent ieMsMmiR Ik with &ceMDANE 6F thOBask ifGtdtaclaidt: bAgk
between the differentiating conponent and the indicator. The
differentiaﬂﬁﬁbﬂﬁﬁﬁﬁﬁﬁ@ﬁﬁm%ﬁy-conprise a first side and a second side and
an annul us extending through the differentiating conponent fromthe first
side to the second side, the indicator 2 WD 03/107015 PCT/ US03/ 19014

posi ti oned ®ht hibpatthef theimdicawr maty cbmaste materiafseletted fionsthe grode comsisting second

si de OE)f ’Eorr]lgr powder particles, talc, flour, pigment, clay, ceramics, alumina, metals, and combinations

fom;

of the foregoing, and the subparts may be surface modified. In another aspect, the subparts of
the indicator may comprise a first size and the indicator may further comprise another
component comprising a second subpart having a second size larger than the first subpart such as
glass beads, for example. Typically, the shock indicator will also comprise a containment
member disposed on the first side of the base and enclosing the indicator therein, the
containment member being transparent, thereby facilitating the visual determination of the
indicator in either its first or second configuration. The indicator and the first side of the base
may be provided in different colors to provide a visual contrast therebetween.

In another aspect, the shock indicator may further comprise a differentiating component
associated with the first side of the base the differentiating component comprising a film material
to enhance the visual contrast between the differentiating component and the indicator. The
differentiating component may comprise a first side and a second side and an annulus extending

through the differentiating component from the first side to the second side, the indicator



differentiating conponent conprising a structured surface. The structured
surface may be a mcrostructured surface which is associated with the
first sidwooB/ibtees base to define a plurality of channel spPamrzogiemid n a
predeterm ned pattern, the channels conprising an opening to permt the
ingress of fluid when the indicator is in a second state. The

m crostructured surface typically conprises a regular array of precise
structures having a shape selected fromthe group consisting of

symmetri cal shapes and trlca Sti r aspect, the
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a shocks Sypmried shapes sPaymatuRavd@pes N the second state fol | owi ng a shock
event, the indicator subparts conpri si ng articles of the powder. Al so,
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conprise |iqui ds selected fromt he group consi sti ngﬁof sili cone fluids and

oil's, sat urlBtasgthenyspediciie buticag sapppsas sy wrierigls gad figpockipdisptay fugher
gl ycer QArﬁ%ls\é@hﬁﬁnsacB%cﬁ@a@@é;{i‘:@&dr@fbsw&fles%he foregoing. In still another

aspect e shock 1 ndi cat further conprises a transm ssion |ayer
posi ti oned lorstillhgother sspedi tﬁemdicatoheomals@s betm@emeltatﬁé Powdler ialep fidgestate

i ndi cat or ansm . al
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combinations of the foregoing and the liquid at 23°C has a surface tension within the range from

about 10 x 10 N/m to about 80 x 107 N/m, a density from about 0.5 to about 2 grams/cm3, and
a zero rate shear viscosity from about 1 x 107 to about 1 x 10° Pa-s. Some suitable fluids
comprise liquids selected from the group consisting of silicone fluids and oils, saturated
hydrocarbon-based oils, silicone gums, mineral oil, glycerols, water and combinations of the
foregoing.

In still another aspect, the shock indicator further comprises a transmission layer
positioned on the first side of the base between the base and the indicator, the transmission layer
comprising a material to reduce, maintain or increase shock force transmitted to the indicator

during a shock event. In other aspects the transmission layer comprises a viscoelastic material

having a storage modulus of at least about 1.0 psi (6.9x10 3 Pascals) and a loss factor of at least

about 0.01 at the temperature and frequency at which the shock indicator is used.



In still another aspect the invention provides an assenbly conprising the
above nentioned shock indicator associated with an el ectronic device

sel ect ed Woaniivtees group consisting of cellul ar tel ephonepcparssymali4 di gital
assistant, and hand hel d conputers. In another aspect, the invention
provides a nethod for the manufacture of a shock indicator, conprising:
(A) providing a base conprising a first surface and a second surface, the
second surface of the base associated with an attachnment neans; and (B)

pl aci ng an ngdi i i,atJ P I g he base, the
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event.

In another aspect, placing an indicator in association with the first surface of the base is
accomplished by screen printing the indicator onto the first surface.

In still another aspect, the invention provides the foregoing method and further comprises
placing a containment member over the first side of the base and over the indicator, the
containment member being transparent, thereby facilitating the visual determination of whether
the indicator is in the first configuration or the second configuration.

In still another aspect, the invention provides the foregoing method and further comprises
providing a differentiating component associated with the first side of the base the differentiating
component comprising a first side and a second side and an annulus extending through the
differentiating component from the first side to the second side, one of the first side or the second
side comprising a structured surface; and placing an indicator in association with the first surface
of the base further comprises placing the indicator within the annulus. The structured surface

can comprise a microstructured surface associated with the first side of the base, the



m cro structured surface conprising a regular array of precise structures
havi ng a shape selected fromthe group consisting of symmetrical shapes
and asynmworosaedoishapes, the precise structures defini ngraTaisos/adondy of
channel s arranged in a predeterm ned pattern, the channels conprising an
opening to permt the ingress of fluid within the channels when the
indicator is in a second state. In another aspect, the nethod will also
conprise providing a neans for attachi ng the indicator to another surface
such as.by an. a e or a.nmecha tener. for t he
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art upon further consideration of the remainder of the disclosure, including the detailed

description of the preferred embodiment in conjunction with the various figures herein and the

appended claims.

Brief Description of the Drawings

In describing the preferred embodiment of the invention, reference is made to the various
figures in which the features of the preferred embodiment are generally designated by reference
numerals and wherein like reference numerals indicate like structure, wherein:

Figure 1 is a perspective view of one embodiment of a shock indicator according to the
present invention;

Figure 2 is a cross sectional side elevation view of the shock indicator of Figure 1;

Figure 3 is a top plan view of the shock indicator of Figure 1 in a first state prior to a
shock event;

Figure 4 is a top plan view of the shock indicator of Figure 1 in a second state following a

shock event;



Figure 5is a side elevation view of a material useful as a base in the
shock indicator of the present invention; and Figure 6 is a schematic

il lustratwog3aomet hod for the manufacture of the shock i nacaatses/1900f t he
present invention; Figure 7 is an exploded view, in a side elevated cross
section, of another enbodinent of a shock indicator according to the
present invention; Figure 8 is a cross sectional side elevation view of the
shock indicator of Figure 7 in a first state prior to a shock event;
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sui t ablopteQresdp@n@ptioRty of a variety of shock-sensitive machines,

el ectroni c conponents, el ectronjic equipnment or other devices that may be
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is init.ial rovided in a non-activated condition and is transitioned to
an act&%%ﬁjgﬁefgﬂ)ﬁg‘??%keﬁ%h the application of sufficient force or shock
caused by, FureXaHUress skitRnaes® Q&atib® el of i shasis Rdicator df PMieCRndr opped
onto a floor or other hard surface froma significant distance. Various

f eat ur 62cond gtaterfplbelving BrsBodswerbardnpl ated within the scope of the invention
and are gen I | OW. -er . i igures 1
and 2 show g{gghéomﬂ?%gﬁgsis: g?%? Hﬁgmgceé%géﬁ%k{aguﬁtg i{gh%retél@ggﬂﬁ%%ggﬁog n. The
shock iimlitat@taocordifg nathe lpecserftfinvemton.o a surface 30 (see Figure 1) of

anot her device, as nentioned herein. The shock indicator 10 includes a base
menber 12 having a first side 22 and a second side 24. The first and
second sides 22 and 24 Détallb@Deastivailehe Prefer¢8Ehiba@imémspect i vel y, the
first and second major surtaces of the base nenber 12. An indicator 14 is
associ at ed ¢ Aresqie Tventqn mpwdeppshork indicatps switable fopgsestimy of garieth@f cat or
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be subjected to inertial and vibrational forces during use. The shock indicator device of the

present invention provides a passive means to determine whether an associated apparatus or the
like has been subjected to a mechanical shock event. The shock indicator device of the invention
is initially provided in a non-activated condition and is transitioned to an activated condition
upon the application of sufficient force or shock caused by, for example, the deceleration of an
associated device dropped onto a floor or other hard surface from a significant distance.

Various features and embodiments are contemplated within the scope of the invention
and are generally described below.

Referring now to the drawings, Figures 1 and 2 show a shock indicator 10 according to
the present invention. The shock indicator 10 may be affixed to a surface 30 (see Figure 1) of
another device, as mentioned herein. The shock indicator 10 includes a base member 12 having
a first side 22 and a second side 24. The first and second sides 22 and 24 of the base member 12
comprise, respectively, the first and second major surfaces of the base member 12. An indicator
14 is associated with the first side 22 of the base 12. As shown, the indicator 14 can comprise a

spherically configured agglomerated powdered material. The indicator member 14 may



conprise a col ored powler and/or one or nore coloring agents to provide the
indicator 14 with a visually discernable appearance. |If desired, portions
of the i mpmaterid4 nmay be provided in one or nore col or Caish®1wiher
portions of the indicator 14 nay be provided in another color or colors.
The indicator 14 is an aggl onerated powder which, when so aggl onerat ed,
indicates a first or non-activated configuration prior to the occurrence
of a shock event. In the depicted enbodinent, a doned contai nnent nenber

18 is provided over the first side 22 of.the base r. 1 0si ng
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visual observation of the indicator 14. The contai npent nbeir 18
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bunmpi ng, and the like. It will be appreciated that, in some enbodi nents,
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the indicator 14 and the associ ated parts of the shock indicator device
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rel eas%e,lﬂisnl%ris Q%regéugg Senfitive adhesive. Other means for the attachment of the devices of the
invention to a surface are also contemplated as within the scope of the invention.

It should be appreciated that the design and material selection for the attachment means

16 may affect the level of force that actually acts upon the indicator 14 and the associated parts
of the shock indicator device 10. The indicator 14 will respond to a level of force that causes the
subparts of the indicator 14 to disperse. The shock event can lead to shear, compression, tensile,
peel or cleavage stress forces acting on the indicator and on the attachment means. The shock
stresses imparted through, into or onto the indicator 14 will exceed the structural strength of the
indicator 14 and /or the attachment means, causing the structure of the agglomerated indicator 14
to collapse, fail, break-apart, disintegrate, implode, explode, disperse or change to thus indicate

that a significant shock event has occurred. In the embodiment of Figure 2, a release liner or liner



WO 03/107015 PCT/ US03/19014 nmaterial 26 nmay be provided to protect the
adhesi ve surface of the attachnents neans 16 prior to the shock indicator
10 bei ng wppBile®it o a surface. In the enbodi nent of Fi gur@CZ/usasiwliease
liner or liner material 26 may be provided to protect the adhesive surface
of the attachnments neans 16 prior to the shock indicator 10 being applied
to a surface. An additional differentiating conponent 20 is may be provided
over at |least a portion of the first surface 22 of the base nenber 12. The

differenti.ati conponent . 20 conpr.i se fil.m material overlyi. t he
first Eﬁaéé‘g]tzéfnlg‘?yl? Oﬁﬁgét%ﬂg@)ﬁhi RS t"urfag(fﬁplég‘lelay?cqn?\eg%d?l grl éé%ll ati ng
conpongpishg® indiBA6: 10 RSN Ipplikd td Gifaded Wi th a suitable surface color to
enhance the visual contrast between the differentjating conponegt 20 and

t he i ndi cat Brthe gmbodimen; of Fighie Acd releasedingt o4 st msterish 29 may PRaTvet© 14 i s

more 1 Al e ABREHLARM R MR ALk IEEANLEASY 6BELIRAR sHdIR indichi Gl Peink? and

t he di entiati ng conponent 20 have been Selected to facilitate the
vi sual appdiet 6y msunfateé.on of the activation state of the indicator 14.

Al ternatively, .t.he 12. can be r.oni.ded as I fil . i de
the same co‘f% ?d‘%gma?ggfer%r%’?ﬁ%% 3P oélglﬁtjozﬁﬁ%ﬁ%ﬁe Rnl%tvﬁd%td %&glg%ll%lrs £ ]Ssog'il(g% ed for

t he i ngieGRitQtrtdcd.22REMeS st hetrdel] yUrteslifferamihtidg comporsho2k mapdomptiera 10 may
conprise an additional conmponent in the faormof a conductive |ayer 122
conf i glittegetegiabeerlypedhe firsteifle 2% pohe brie Mg il%-aMoéhtyBlFa]i%é}Fege thereto. The
Conduchffféfenhgﬂﬂ\fg c&}zﬁ%méﬁ 20008 Meled iOfroRdSPRANG khiVBIdREBle &lobRBRanEEL €ri al

capabl e of pro an el ectrostatic charge to powder particles positioned
wi t hi nthetvisgal qonteastbstwepo theidaffierefitiating cainpdnsnie?ft andithaipdisergpdfe bt thso. The

presence of conduct i l aye 22_Rproyiges n l ered
Phat canpendtr A RSkbtRe o 4 Sp Bl o R R R Pt Mt BE RN

i ndi catierindi€htdryl 4pha\theddiffareatidtinigtioapbnal 0 hivesieai sdlectdtbtodacilitateaaliesd e

i ndi vi dual powder partic|les into a cohesi formthe

spher i €ePminaligg o6 theragtivafion; skl ldhindicator AX'SAH%%E@‘E%@%?%%E;? F8RP%r first

state privRkdbOa LdEre@GEM b BRAAIQhe SanRQeds BN effdde {fddnl RtiéPwlth HerBlat. the
shock T ndicator 10 is depicted follow ng activation due to a shock event.

Accordisai@ltqd,foizthlefirsljmrltﬁls (e.g., powder particles) of the indicator 14 are
. ; X X ' i f L ati ng... t 120
'na seconﬁefé&%g't%#g[%#es%an '4? recra;sﬁgcg(rlg%rﬁ%&[s ]h(fi fna)fégcgrﬁk%ge | AGinsAPonen

on the firs | ase ereny visually exposing nore of
t he cobgtigdneiten lttayform b2 2 conkdueticolaghtdRD venfigayelto adt2R aadrctitepahthek i ndi cat or

10 PO (23S JSRTSE By MO chhe poulphed Lnd cator LA BN, Becsy ¢ ne
shock Lmgi GakR41 cQ;%ell:@é ofl FoRdinzha ClecB¥@atc-chhilge b %éwctb@ paRiele8 pbatiGttdwiimose
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the innermost portion of the differentiating component 20. The presence of a conductive layer

122 provides a means by which the powdered indicator 14 may be agglomerated during the

manufacture of the shock indicator 10 by providing sufficient electrostatic charge to coalesce

individual powder particles into a cohesive mass to thereby form the spherically agglomerated

indicator 14 in a first configuration or first state prior to the occurrence of a shock event.

Referring to Figure 4, the shock indicator 10 is depicted following activation due to a

shock event. Accordingly, the subparts (e.g., powder particles) of the indicator 14 are in a

second configuration dispersed across differentiating component 120 on the first side of the base

member 12, thereby visually exposing more of the conductive layer 122. The conductive layer

122 of the shock indicator 10 provides one manner by which the powdered indicator 14 may be

agglomerated in an appropriate position to indicate a first state for the shock indicator prior to a

shock event. It will be appreciated by those skilled in the art that other means are available to
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sone of which are described herein. The present invention is not to be
limted iwoansmoway by the use of a conductive |ayer 122. Pom/seanplie, a

bi nder conposition and/or a diluent liquid may be m xed with an appropriate
powder suitable for wuse as an indicator. The diluent Iiquid may be any of
a variety of suitable organic liquids, especially those capable of wetting
t he powder and thereby displacing entrapped air. Most typicaIIy, such a
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indicator. Release coating 222 is provided as a convenience during the manufacture of the shock
indicator to facilitate the removal of excess background film 220 when the web 210 is used to
make a plurality of shock indicators. In this manner, the excess background film 220 may be
removed as “weed” in the manner described below.

A polymeric backing 224 is provided as a film associated with the silicone release
coating 222 by an adhesive layer 226 disposed along a major surface of the polymer film backing
224. Along the opposite side of the polymer film backing 224, another layer of adhesive 228
provides an attachment means for affixing the finished shock indicator to the surface of another
device or the like. Release liner 230 may overlay the surface of the adhesive 228 to at least
temporarily protect the surface of the adhesive layer 228.

Referring now to Figure 6, a process for the manufacture of the shock indicator of the

present invention will be described. The aforementioned web 210 is conveyed along a



present invention will be described. The aforenenti oned web 210 is conveyed
along a 9 WO 03/107015 PCT/ US03/ 19014 converting line 300. Afirst rotary
di e 302 iwompeditoidned al ong the converting |ine 300. The aCa/uSBOMoils
configured to cut a plurality of circular base nenbers in the web 210. It
wi || be appreciated that the configuration of the shock indicator, although
depicted herein as circular, my conprise any of a variety of shapes and
sizes including circular, square, rectangular, oval, polygonal, and the
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manner, a diluent liquid can assist in initially holding the indicator powder materials to each
other. Following the deposition of a slurry onto the base member or web 210, the liquid is
allowed to evaporate while the binder remains associated with the powder and continues to hold
the agglomerated powder in a cohesive mass until it is disturbed by a shock event. Additionally,
the foregoing diluent liquids may be used without binder so that, following the evaporation of the
liquid, the powdered agglomerate is maintained in a cohesive mass by electrostatic attraction or
van der Waals forces. Other embodiments of the indicator as well as the other features of the
shock indicator of the invention are also contemplated, and at least some of those are described
herein including indicators that incorporate liquids with powder particles and those that
incorporate solid materials other than powder particles or solid materials (other than powder

particles) that are used with powder particles, for example. The present invention is not to be
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incorporate solid materials other than powder particles or solid materials
(other than powder particles) that are used with powder particles, for
exanpl e. Wbhaspomsent invention is not to be 10 WO 03/ 1070PETRSI3/UB08/ 19014
construed as limted to any particular indicator conposition or
construction other than those constructions that are capabl e of
transitioning froma first configuration to a second configuration in
response to a shock event. Mdreover, the construction of the shock

i ndi cator devige of the invention can be custom zed i.n order t rovi de
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liner 230 to hold all of the shock indicators on a sheet until further
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slitter 326 is th rqvided to slit th 210 into el ate strips
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packaged, as desired for convenient di sq&)r%m ng or for autonmated dispensing
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teria Ifmpmateri als,

sui table such as polyneric woven and nonwoven
mat er i augingpaplting spie webr?dédccurs. The “weed” from the containment material 312 is then

taken up on take up roll 328. In the depicted embodiments, the take up roll 328 picks up the
weed from the conveyor line with guide rolls 322 and 324 to guide the weed to the take up roll.
A slitter 326 is then provided to slit the web 210 into elongate strips having a plurality of shock
indicator buttons aligned thereon in a longitudinal manner. These longitudinal strips may then
be further cut or packaged, as desired for convenient dispensing or for automated dispensing
such as from a dispenser fitted with a magazine cartridge.

Regarding materials, the base 12 (Figure 1 and 2) may comprise any of variety of suitable
materials such as polymeric film materials, woven and nonwoven materials, paper, spun bonded
materials and the like. The indicator material is typically comprised of a solid material that
further comprises a number of solid indicator sub-parts. Most typically, the indicator material is

a powder material capable of forming an agglomerated mass. Suitable materials for the indicator
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materials and the like. The indicator material is typically conprised of a
solid material that further conprises a nunber of solid indicator
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pr esenissbdimed i@ nhd largehsees phfialeeo Cfrnpdodgaimedfion Qe iy snalipapaticlss arokdhesi ves

as well as reclopsaple fasteners such as hook and | oop conponents, and
mechantbedreerisged BEsSs such as snaps, hooks, clips, clanps, and rivets may

be used in @fe} ¥aRGals AR S0P tnBIhGEIGR 1RfdidNSidT MRk RallLhRIBESE such
as, for exanple, a cellular telephone, a hand held conputer, or the |iKke.

Adhesi amglsit ssuiot aignded that the &nvastiomie lanitedciompy partieelassetagiion ef matewels & the om
any thﬁh&ﬁ§ﬁ ety of adhesive materials such as pressure sensitive

adhesi Ves, Phernally bonded adhesives (e.g., hot nelts), ultra-violet
activated arRbesdingthe attacimenemparspiny«f aouarialylof nackiads Meshe usedtaaffie ate
adhesives,  self fusing adhesives, epoxies, thernoplastics, thernosets and
the | i@k infigatqrs,pi the Dissad wléﬁfg]etﬁ_éﬁq TG o STTEle i GBS adhesi vel y
bond t RghghRE ks WBllhEREREabIOfaften@EMich®s hook and loop components, and mechanical

fasteners such as snaps, hooks, clips, clamps, and rivets may be used in affixing the shock
indicator of the invention to a device such as, for example, a cellular telephone, a hand held
computer, or the like. Adhesives suitable for use as the attachment means may be selected from
any of a variety of adhesive materials such as pressure sensitive adhesives, thermally bonded
adhesives (e.g., hot melts), ultra-violet activated adhesives, room temperature curable adhesives,
cold seal adhesives, self fusing adhesives, epoxies, thermoplastics, thermosets and the like.
Typically, pressure sensitive adhesives are used to adhesively bond the shock indicator to a
device.

It will be appreciated that the selection of the specific attachment means may take into
account how the attachment means will affect the shock indicator’s response to a shock event.
Different attachment means can effect how the indicator will respond to a shock event. For

example, the attachment means can provide damping and/or isolation to the shock indicator. The
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It will be appreciated that the selection of the specific attachment neans
may take into account how the attachnment neans will affect the shock

i ndi cat orwe msaspohise to a shock event. Different attachnmeatr/useam®ican
effect how the indicator will respond to a shock event. For exanple, the
attachnment nmeans can provi de danpi ng and/or isolation to the shock

i ndi cator. The 12 WD 03/ 107015 PCT/ US03/ 19014 geonetry of the attachnent
means (e.g., whether it is a solid material, has holes or other cut out s,
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soft eaiclicehinpBrRriiss af thaatrbmentiaeas spch asihesifiess SAMes T SPERS SOAIt wi | |
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wth a stlf hi gh | 'us at a ment neans (such as an epoxy adhesive
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used. MBABQMEh as dm é;tcﬁdyaﬂhesweea&ua Bigh $®ydaius oy BigA@Nes tru@sti dioempérarre, Tg).
attachrrent nmeans can changﬁé the transmssibility of the sane shock

f or ce. mr@agaﬁ@lsst@fﬁaﬁm% (Rapeeanivye gdpgpar] @%@%@sdslsql&t}ora&&%wcee and
per ma En&lfé’%gn tHe 111@&*&%3&9% a)tpgcatbh}%atﬁ HRAN M&eoRPRIifGaLd dﬁ’&sﬁfe

finger pres the ability hol onto a substrate or herend and
(4) s Lﬁehsmt/@mheamﬁe(sor\p@les titashgieht iennb e caudisnganthie &lahymissibidity of thesameed from
t he ad Cklsd for ease of rework. Additives nay be added to the pressure

e

sensi t1V fesive to i npart and/or inprove these properties. Suitable

pressure s emssshte\&nsid%h&ﬁﬁes\@ehéramwmsmh Y aggﬁ@dwtd@dtﬁeantrwhegat )
properties and the actual attachnment means used in the_shock indicator of

the i riABREREHOROEB YRS @arplifgios of fBe¥uresswens) thoAbiliyfauldentga a
conbi nafkifle 6f 2 MERAS! 'af{@a) sufﬁt!ieh@éﬂhesmé SRAPNGo PE tt?dstahﬁ ﬂ%ﬁé@@zwcl ude

t hose based on natural bers, synthetic rubbers,
copol yﬁmnﬁ;le plbengud fyrleagst ¢fe¢workp @ldditives mpabe pidedds thegmd:symieeélisttiweadhbsive

S|I|cone oy r ed.to the.adh =

or ovaapat g PR Gnek Bt e Wil S AR R A
ar omat mclubg/dlredi@ta pdiag propsities andthe péraili a@ta&lyﬁhrnoﬁamb;amd #sthe sha@R @hdidadsrpEne
resins, Ols, plasticizers, ?nt|OX|dants, UV stabilizers,. hydrogenated

butyl PEBYERION HRYERIARILE aSielRICHBIE RS LYRAMBTH Mt Gosnatior CEHICHESS: al so be

found Sﬁta%ié?ré&%x%%bﬁsﬁw%ea'aﬁéswek’ﬁmhf&@ gtk Besed DB dhur 1 SEely, shekbie fitlbeR! €ssure
sensitive adhesive may be based on at |east one pol y(met h acrylate
styrene block copolymers, polyvinyl ethers, poly(meth)acrylates, polyolefins and silicones, for

example. Tackifiers may be added to the adhesive for improved tack. Suitable tackifiers may
comprise rosin ester resins, aromatic hydrocarbon resins, aliphatic hydrocarbon resins and
terpene resins. Oils, plasticizers, antioxidants, UV stabilizers, hydrogenated butyl rubber,
pigments, curing agents and combinations thereof may also be found in the pressure sensitive
adhesive useful herein.

A useful pressure sensitive adhesive may be based on at least one poly(meth)acrylate
derived from, for example, at least one alkyl(meth)acrylate ester monomer such as isooctyl
acrylate, isononyl acrylate, 2-methyl-butyl acrylate, 2-ethyl-hexyl acrylate and n-butyl acrylate;
and at least one co-monomer component such as (meth)acrylic acid, vinyl acetate, N-vinyl
pyrrolidone, (meth)acrylamide, vinyl ester, fumarate, styrene macromer, or combinations of the

foregoing. A suitable poly(meth)acrylate for use in the invention may be derived from about 0 to
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derived from for exanple, at |east one al kyl (neth)acryl ate ester nononer
such as isooctyl acrylate, isononyl acrylate, 2-nethyl-butyl acrylate,

2- et hyl - woyB/1emnyl at e and n-butyl acrylate; and at | eastcansoymwonmdnonmer
conponent such as (neth)acrylic acid, vinyl acetate, Nvinyl pyrrolidone,
(meth)acrylam de, vinyl ester, fumarate, styrene nmacroner, or conbinations
of the foregoing. A suitable poly(neth)acrylate for use in the invention
may be derived fromabout 0 to 13 WO 03/ 107015 PCT/ US03/ 19014 about 30wt . %
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gener all o a according to anot her
enbod?ér%%%&%} dtf%%)rol ven |tgn@?tsh?llsﬂ&\ﬁ§%a}gigtéw&qﬁ&ﬁ%%e g&gescrl bed. The shock
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second The flrst n C des of. t he se nenber
215 eormidme Rt wEOerbbR b PR AT AT SR b BBeiRG R SRl BhpkREattr e
base n@ﬂq&fseﬂéﬂase/ﬁ&mﬁéﬂﬂm@ﬁng@ﬁrsi ﬁd@&%d&ts%d)ﬂ&sﬁdb 42ne The figd apd de 422 of
t he base 412. In_the e i ment of the_invention |IIustrated in Fi ures 7

and 8, secppd sidegideaend 4%41@? th% B rresRer 417 popmTipei TsReaYHlY-dbe tst aeseedid;
mat eri ghs, Mrﬁ%b@éﬁhé’b%@ SRS Nes Liddicaldr 418 1s LU0 A4 ed fﬁmidetm of

i ndi cat or may conprise, for exanple, a suspension of exfoliated
or ganotbh ‘bhsecéllel aythfelembedsrmt oiithelﬂchtwdﬂsqmt@ed Figures 1 dngfi, thephdisatomdlder i al
such as atl of material s

or " e SR I R sofitnipe TR EHARN Fes SRR 0L 4 T ey al

oi | atconbpulatddabthe ivriigidr. 41®ﬁﬁn@rcoﬁ=@heer ife exampR, slaspenshachf chfliatyd The
i ndi cator 414 depicted in Figures and 8 is I1n a first configuration prior

to 1 heorZRapliticaRydiises o t@?ﬂd}&dléRFéﬁ%l in piAwid PERTTEASHAL ST hAS 9B FXM: cover s
the Tifngferd bAe oheuitdbld biRASE oFRIRGRIsFdA0E Hﬁihctaﬂﬁ 4'1@ ¢ G@d1Rfieat 14-
Differentiating conponent 420 is provided over | east a portion of the
first eygafopbidicaby difpershé irhaineraieitiababont 26% by wemhs ethiso diatesials arq drscribed
differ en(gl ating conponent 420 conprises sheeting or material having
optica propertles that enable a viewer of the material to readily w tness
changes i n Tieliadicatatsleidddpictdd in Fighresel @rls8eid i 4 €irst tdidfiguradion ptiorto4dedt as it

travel s al on urface 422, Suitable materials, for thlsapl'cti are

di ScusRSEHFTHISE o A SISk ey Rfts DSFRSGAPMaHmER: RemBriy 18 CRYRTP HEifRY S ABREHE 420 i s
typi capdsy nﬁHfbeﬁﬁ?Qand il r%dfckhto} 4140 Bﬂfere%ﬁ%fé niﬂﬁélﬁ 400 1§M6€19&H‘9ve& BEleast

i ndi cator 414 within annul us 430 he "I ndi cat or 414 nests

a portion of the first surface 422 of the base member 412. In this embodiment, the differentiating

component 420 comprises sheeting or material having optical properties that enable a viewer of
the material to readily witness changes in color caused by liquid released from the indicator 414
as it travels along surface 422. Suitable materials for this application are discussed herein.

In this embodiment, the differentiating component 420 is typically cut (e.g., die cut) in an
annular shape to surround the indicator 414 within annulus 430 in which the indicator 414 nests
when the indicator is in its first configuration prior to a shock event. The differentiating
component 420 is provided with both a structured surface 420a and a non-structured surface
420b. The non-structured surface 420b may be laminated to, adhesively affixed to, or otherwise
associated with the domed containment member 418. The structured surface 420a of the
component 420 is textured, and typically comprises a microstructured surface, wherein the

microstructured surface defines a plurality of channels 421 with a predetermined channel pattern
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when the indicator is in its first configuration prior to a shock event.
The differentiating conponent 420 is provided with both a structured
surface MR0a3a0m1: non-structured surface 420b. The non- rmusosri®mas surf ace
420b may be lam nated to, adhesively affixed to, or otherwi se associated
wi th the donmed contai nment menber 418. The structured surface 420a of the
conponent 420 is textured, and typically conprises a mcrostructured
surface, wherein the mcrostructured surface defines a pl urality of

channel Wi th det er d channe pattern 14. WO 15
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substr i e R
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my be Ptpauisalbeq Rt R pRRREECHPUEE Pl 0l AR o el Ve g
di f f er ewhi aatpldi@dmg)ﬂﬁigﬂ@n\hsﬁﬁ ﬂuEd ﬂbI\K/éﬁ)nﬂ.maﬂdc}Zﬁle amldmysuiaes dstsliintechaf or a
particul ar application of the shaqck Lzﬂdl cat or of e i n%{]%gtl on, The flow

of t heraflegtion Wﬁlﬂf‘orﬁ‘@“ﬁreﬂﬁ%ﬁvﬁﬁ&‘i’%@ﬁaﬁhw %%beg@ﬁ@%tq %}é’%% repliatingat it s

typi cabbdnoREEATPH @%@ﬁe&' Wﬁh%ﬂ' i1b4 el sﬁ%c‘e?ﬂr dfd anbdiatienal (eeg f eCt S may
al so infl uence tthe Tlow of fluid to at |east a m nor extent.

rnicr oéﬁﬁmﬁl@hwmmoﬁlguﬂw ldnd Rpasamay ba dasgedonp pagsicnlae @pphc@irqmrqfs e

the shock indicator of the invention.

The flow of the fluid through the microchannels is generally passive in that it is typically
accomplished via capillary action. Gravitational effects may also influence the flow of fluid to at
least a minor extent. The microstructured surface of the differentiating component can comprise
different shapes including symmetrical or asymmetrical shapes such as, for example, rectangular,
square, trapezoidal, ring, triangular, etc. Optionally, markings (not shown) may be placed on the
shock indicator 410 to indicate the magnitude of a shock event. The markings may, for
example, be placed along the surface 419 of the containment member 418 at calibrated intervals.
Such markings may or may not be evenly spaced depending on the construction of the
microstructured surface 420a and the channels created thereby. Typically, the channel openings

are located on at least one edge or side of a substrate and the channels extend through the entire
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di fferent shapes including symmetrical or asymmetrical shapes such as, for

exanpl e, rectangul ar, square, trapezoidal, ring, triangular, etc.

Opt i onal Iwp osastiimgs (not shown) may be placed on the shech/uisesliwat or 410
to indicate the magnitude of a shock event. The markings may, for exanple,

be placed along the surface 419 of the contai nment nenber 418 at cali brated
intervals. Such markings may or may not be evenly spaced dependi ng on the
construction of the mcrostructured surface 420a and the channel s created
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on |+ HokpPEd B R T PR b s PR o sbirge e iy heiangstboked,

t or t Uoken elefed bR AHBEIREA Be IR BPhd MRl Wob Ex TRk yayPbS@lal 88 cBfved,
geonetric projections, wherein the paths between the projections becone
the chawpgfsrookai.doiienscetpeThhehanpelsmay eptionally be &drmed by aseidasiod seanitrier
sheet i png.: di: . ' -er. strate
ar o pl BieAiog 3AEEi) B By GERkH nERRIAREN Jocb BE o ARG 28 M ERSHE®S T

| ess t baa fabretudreflgcfi®® cubre- commasshettyy distubsgd fatarhesedin Prefd@blychatianhel 560

m crong, hore t ilcally fromabout 25 to about 200 microns, and often from
about SP‘?f“&[?oa)ﬁ%t)p %5 microns. The width of the channels normally range
from about Phd @pabeitthe Ligsels RoiMARGHT ringd FRONMEHLON B leltRlE Mduy 1,b6@mM about

10 to about 500 m crons, nore typically fromabout 25 to about 250
m cr Ongl_lcrqlp\sety@yégy ﬁ@nbafboph@ o108 npigrons, more typically from about 25 to about

200 microns, and often from about 25 to about 100 microns. The width of the channels normally

range from about 5 to about less than about 1,000 microns, typically from about 10 to about 500
microns, more typically from about 25 to about 250 microns. The spacing of the channels is
such that a channel is generally within about 5 to less than about 1, 000 microns of another
channel, typically from about 10 to about 500 microns, and often from about 10 to about 250
microns. The shape, length, and number of channels on the substrate can vary depending on a
number of factors such as the length of time desired for the fluid to run through the substrate, the
particular fluid to be used with the substrate. A microstructured substrate tends to retain its
geometry and surface characteristics upon exposure to the fluids used in the articles of the
invention. One suitable material is a retroreflective diamond grade sheeting available from 3M

Company under the designation “DG307.”
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such that a channel is generally within about 5 to | ess than about 1, 000
m crons of another channel, typically fromabout 10 to about 500 m crons,
and of t erwDrosmmbdut 10 to about 250 microns. The shape, picansbsiiooand
nunber of channels on the substrate can vary depending on a nunber of
factors such as the length of tinme desired for the fluid to run through the
substrate, the particular fluid to be used with the substrate. A

m crostructured substrate tends to retain its geonmetry and surface
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any t her mopleamhiibiréreigdtive hsicesticdle€subetratéaat preralily Grimed foxd filysi on, or
enbossi ng i ncluding, for exanple, pol_léol efins, polyesters, polyam des,
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et hyl epadycaticnhteylar, epr. dodydléfon sreodftentuset, pamicolady polysthglenagr et hyl ene/ vi nyl
acetate. Polyol efins haye excellent physical, properties, are relatively
easy tBOIWBP:%%‘?; {’]Iﬁﬂ%" ‘1"%11 881?%?11%5 ghelrfif&le%l icﬂp%lgglfrstoﬁgﬁwy%fnﬁé‘?(ﬁ?rhegl?}?}r%nﬁ | astic
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replicate the surface of a casting or enbossing roll _and are also readily
prof i | excaliant physipal MeRSKiaY. @re Relitiyely cefyrtaBrasesindndypigalihas loveh HhePSBRr | t hus

B T A s i T
replicate the surface of a casting or embossing roll and are also readily profile extruded. They are
tough, durable and hold their shape well, thus making such films easy to handle after the casting
or embossing process. Alternatively, the microstructured substrate can be cast from curable resin
materials such as acrylates or epoxies, and cured by exposure to heat, ultraviolet (UV), or E-
beam radiation. Most likely, the microstructured substrates having retroreflective and/or other
optical properties discussed in greater detail below can also be made by the procedures described
above.

Another class of microstructured substrates useful in embodiments of this invention are
retroreflective substrates. Retroreflective materials have the property of redirecting light incident
on the material back toward its originating source. In situations where the retroreflective sheeting

may need to flex or conform to a surface, a sheeting may be selected, to permit flexing without

sacrificing retroreflective performance.
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materials such as acryl ates or epoxies, and cured by exposure to heat,
ultraviolet (W), or E- beamradiation. Mst likely, the mcrostructured
substrat ewolvambTegs retrorefl ecti ve and/ or other optical proparsis/esi4

di scussed in greater detail below can al so be made by the procedures
descri bed above. Another class of mcrostructured substrates useful in
enbodi nents of this invention are retroreflective substrates.
Retroreflective materials have the property of redirecting Iight incident

on the mate ck toward its_ori sour ce. si.tuations where the
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retroreflective surface drops as”the incidence angl e deviates
light incident on the base of the element roughly along the optical axis. The amount of light

retroreflected by a cube corner retroreflective surface drops as the incidence angle deviates
significantly from the optical axis.

Manufacturers of retroreflective sheeting are known to design retroreflective sheeting to
exhibit its peak performance in response to light incident on the sheeting at a specific angle of
incidence. The term "entrance angle" is used to denote the angle of incidence, measured from an
axis normal to the base surface of the sheeting, of light incident on the sheeting. See, e.g. ASTM
Designation: E 808-93b, Standard Practice for Describing Retroreflection. Retroreflective
sheeting for signing applications is typically designed to exhibit its optimal optical efficiency at
relatively low entrance angles (e.g. approximately normal to the base surface of the sheeting).

See, e.g. U.S. Pat. No. 4, 588,258 to Hoopman.
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t echni que, al so known generally as ruling conprises cutting away portions
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repl i clasy stregfuieeinthdimtubé-rcosmmeleimestsalbe grooved substrate is typically used as a

master mold from which a series of impressions, i.e., replicas, may be formed. In some instances,
the master itself may be useful as a retroreflective article. More commonly, however
retroreflective sheeting or retroreflective articles are formed in a polymeric substrate using the
master mold or using replicas of the master mold.

Direct machining techniques are a useful method for manufacturing master molds for
small microcube arrays. Small microcube arrays are particularly beneficial for producing thin
retroreflective sheeting having good flexibility. Microcube arrays are also more conducive to
continuous manufacturing processes. The process of manufacturing large arrays of cube-corners
is also relatively easy using direct machining methods rather than pin bundling or other
techniques. An illustrative example of direct machining is disclosed in U.S. Pat. No. 4,588,258
(Hoopman).
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of thacsHingdn; diana thae eotigahChargaisFiptics of the microstructured substrate and
improving its transparency.

As previously mentioned, the indicator 414 of the shock indicator 410 may comprise a
suspension of exfoliated organophilic clay or other solid filler material with a fluid. Regarding
the solid filler material useful in the formulation of the indicator 414, suitable solids can be
selected and obtained from commercial resources providing the exfoliated clay such as Nanocor
of Arlington Heights, Illinois or Southern Clay Products, Inc. of Gonzalez, Texas. Other useful
solid filler materials may comprise silica particles including hydrophobic silica particles, fumed
silica particles; bubble and microbubble glass particles; hollow and solid glass spheres; inorganic
pigments including titanates and zirconates. Also included would be solid filler materials whose
surfaces are chemically and/or physically modified to improve their compatibility with the fluid
phase of the suspension.

Regarding the fluids available for use in the formulation of the indicator 414, suitable

fluids can comprise a variety of materials. These material typically have certain properties that
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suspensi on of exfoliated organophilic clay or other solid filler material
with a fluid. Regarding the solid filler material useful in the
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include, but are not Iimted to, the followipg: . _silicone fluids such as
pol ydi QIQ%QI%WSO‘?%@I Pils)igtpcerolsa pvaienang aﬂl‘iﬁﬂ’l"%ﬁ%?%gﬁl-dﬁ'ased oils, silicone

oi |'s and guiRs 1l BN nRlyindt bE&8H.OlnSan eiffoRImenR M cIREHHBRKRoRA SEHi glileld, dS.
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fills the channels, it causes the total internal reflection to become frustrated. In other words, the
substrate that appeared opaque now appears clear in those areas where the channels are filled,
allowing a viewer (represented by “A”) to observe the colored cover layer below. The fluid
typically has an index of refraction within about 0.4 of the index of refraction of the
microstructured substrate surface and more typically substantially the same index of refraction.
However, the exact nature of the fluid can vary as long as, when it is used in an application
where it is intended to render the substrate transparent, it does so sufficiently so one can identify
the fluid flow front by, for example, viewing any color and/or graphics beneath the substrate.
When the substrate is not retroreflective or when the substrate is retroreflective but one
does not intend to use it in a manner that causes it to become transparent, the fluid typically

contains pigment(s) and/or dye(s) (such as blue organic dye, for example) and the substrate is

selected to provide a contrast to the fluid flow (such as a white opaque substrate, for example).
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non-linear dependence between the stress and the rate of deformation. In the articles of the

invention, stress results from a shock event of a given magnitude.

Materials that exhibit both elastic and viscous properties simultaneously are called
viscoelastic materials. Elastic properties can be explained with reference to classic elastic solids.
Elastic solids respond to external stress by deforming and, upon removal of the stress, respond
by returning to their original shape. Such a response is called elastic. Some elastic materials
exhibit a direct proportionality between the stress and the deformation, thereby conforming to
what is known as Hooke's Law. There are also elastic materials that do not obey Hooke's Law
and that exhibit a non-linear relationship between stress and deformation. Viscoelastic materials

are sometimes classified as either viscoelastic solids, i.e., elastic solids that exhibit some viscous
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Such a response is called viscous flow and defines a viscous nmaterial or
fluid. When there is a direct proportionality between the stress and the
rate of dwbasmetoi®n in a viscous fluid, the fluid is a Neerasoamoid uid.
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pol y b umigiad nds; and block ceppPrnerseuch agistyene-isoprene block copolymers; and mixtures of
any of the above.

The viscoelastic materials may, for example, comprise elastomers conventionally
formulated as pressure sensitive adhesives. Examples thereof include, but are not limited to,
polyisoprene, atactic polypropylene, polybutadiene, polyisobutylene, silicone, ethylene vinyl
acetate, and acrylate based elastomers and can typically include a tackifying agent and/or a
plasticizing agent.

Monomers useful in making fluids useful in the articles of the invention include, but are
not limited to, those that have a homopolymer glass transition temperature less than about 0°C.
Useful alkyl acrylates include, but are not limited to, unsaturated monofunctional (meth)acrylic
acid esters of non-tertiary alkyl alcohols having from 2 to 20 carbon atoms in the alkyl moiety,

typically from 4 to 18 carbon atoms, and often from 4 to 12 carbon atoms. Examples of useful
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acrylonitrile and styrene; poly(al pha-olefins) such as pol yhexene,

pol yoct ene, and copolyners of these and others; polyacryl ates;

pol ychl orwproanejoipol ydi met hyl si | oxane; silicone oils and @amaiso3/ndomer al
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Houston, TX), USP grade mineral oil, and phthalates including alkyl phthalates such as dioctyl

phthalate, diisononyl phthalate, and allyl phthalates.

The article of the invention is preferably designed to provide sufficient fluid to fill the
channels of the microstructured surface as the fluid migrates along the channels. The
components of the article are normally chosen to provide a desired rate of migration of the fluid
into the channel structure of the microstructured substrate. In a shock indicator, the fluid such as
a viscous liquid, for example, will migrate through the aforementioned channel structure at a rate
that is roughly proportional to the magnitude of the shock event. By controlling the properties of
the liquid, the indicating device can be constructed to provide a visually observable indication
that the article has experienced a shock event exceeding a given magnitude. Accordingly, itis
desirable to be able to select a liquid having suitable characteristics for the contemplated

magnitude of the shock event. Preferably, the viscous fluid also exhibits a yield stress such that
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tacki fiers such as those known as "Regal rez", all available from Eastman
Chem cal Conpany of Kingsport, TN. Suitable plasticizers include, but are
not |im two oBag7omydr ocarbon oils such as those avail abl e pamdesos/idoeds t r ade
designation "Shellflex" (available from Shell Chem cal Co., Houston, TX),
USP grade m neral oil, and phthal ates including al kyl phthal ates such as
dioctyl phthal ate, diisononyl phthalate, and allyl phthalates. The article
of the invention is preferably designed to provide sufficient fluid to fill
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conprise a pignent or other coloring agent. In one such application, a
pr essuec@figantpn (ove, wdhegiry 8), find the@mmettims ohthbdiifdstrpkingregmpmentsi?0iasel to t he

such that the resulting laminated structure will not reveal the adhesive color under the material
420. As an alternative to using a colored adhesive layer, the base member 412 can be supplied as
a colored material. In such a construction the adhesive or other laminating material should be
transparent.

When the device 410 is in a second configuration (e.g., Figure 9) following the
occurrence of a shock event, liquid from the indicator 414 is released into the annular space 430
of the differentiating component 420 where the liquid is then drawn into the microchannels 421
that are provided between the base member 412 and the surface 420a. The liquid is pulled into
the microchannels 421 by capillary action, and the presence of the liquid within the

microchannels 421 causes a change in the optical properties of the material 420 to thereby
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textured surface 420a to partially cover the texture-inparting structure
thereof. Lam nation of the textured surface 420a to the base nenber 412
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that will provide a desired degree of damping and/or isolation. The selection of materials for the

transmission layer and/or the attachment means will also change the natural frequency of the
indicator 514. The selection of materials for the transmission layer and/or the attachment means
will combine to effect the level of force that the indicator experiences. In such a construction,
the transmission layer 530 will change the level of shock force that the indicator 514 experiences
upon the occurrence of a shock event.

The shock indicator 514 can be made from materials with high or low damping potential,
which will affect the amplification factor. Exemplary materials for the transmission layer 530
include those described in United States Patent No. 6,456,455, the disclosure of which is
incorporated in its entirety herein by reference thereto. In general the vibration damping material
of the transmission layer 530 will comprise a viscoelastic material or combination of different

viscoelastic materials. Suitable viscoelastic materials include those having a storage modulus of
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adhesive 516 are as previously described. The layer 530 nmay be included in
a shock indicator device of the invention to alter the threshold
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frequency of 100 Hz, the loss factor at 68° F. (20° C.) is typically about 1.0, while at 158° F.

(70° C.), the loss factor is about 0.7.

It should be appreciated that the present invention utilizes principles known in the art
including, without limitation, the relationship between force, mass and acceleration —i.e., Force
= (mass)(acceleration). Properties such as, for example, the mass of the indicator or the subparts
thereof, the frequency of the shock event, acceleration, damping, the loss factor, the storage
modulus, the loss modulus, isolation, the spring constant, stiffness, the natural frequency, the
resonant frequency, the geometry, the configuration of the indicator, and the point of placement
on a surface for an end use of the shock indicator can all effect or can influence the design of the

shock indicator of the invention. Additionally, environmental conditions (e.g., temperature and
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tenperature experienced by the danping material. Mre typically, the |oss
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refer e&ﬁ?o(f'naitignmie}egﬁ Useful viscoelastic materials can also be crosslinkable to enhance their

strength and/or temperature resistance. Such viscoelastics are classified as thermosetting resins.

During the manufacturing process, the thermosetting resin is cured and/or crosslinked typically
to a solid state, although it could be a gel upon curing, as long as the cured material possesses the
viscoelastic properties described above. Depending upon the particular thermosetting resin
employed, the thermosetting resin can include a curing agent, e.g., catalyst, which, when exposed
to an appropriate energy source (such as thermal energy), the curing agent initiates

polymerization of the thermosetting resin.

It will be appreciated that the properties of the transmission layer can be changed by the
curing process used for the particular polymer system employed. This could enable a shock
indicator to have one set of performance criteria during manufacturing and shipping and an

alternate set of performance criteria when attached to an end use application. The system could
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thernopl astic nmaterials suitable for use as the vibration danping materi al
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assenb] y and shi nt.. ce the shock indicator is applied to an end use
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di fferent "danpi n i solation characteristics. shock 1 ndicator
encl osafist coniitianito hisecondlcosdition. sAdditiaciiyethe germaaty of the components,

environmental conditions (temperature, etc.) and the like can all contribute to the threshold at

which a shock event will trigger the shock indicator to indicate the occurrence of the shock
event, as described herein. Thus, it will be understood that the materials and components used in
the construction of the shock indicator device of the present invention can all be used to change
the isolation-damping-amplification-transmissibility properties of the shock indicator device,

thus changing how the indicator responds to a particular shock event.

The vibration damping material used in the transmission layer can optionally include
additives such as fillers (e.g., talc, etc.), colorants, toughening agents, fire retardants,
antioxidants, antistatic agents, and the like. The vibration damping material can optionally
contain fibers and/or particulates additives that are designed to provide an increased thermal

and/or electrical conductive path through the vibration damping material.

29



and the aggl oneration construction and its attachnment neans inside the
encl osure can affect the anplification of the vibration or shock force to
t he aggl oweresatioms i n t he shock indicator. Likew se, the siregksosrthocat or of
the invention may be constructed to take advantage of nmany or only a few
different material properties inherent in the materials selected for each
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nmoni t csigrificaat heigigiont avbate surface such as concrete or the like. Similar applications also exist

for other hand-held devices as well as any variety of electronic components and equipment. In

view of the foregoing applications, it will be appreciated that the size of the shock indicator may

be an important feature. Use of the shock indicator inside of a hand-held device will typically

require that the indicator be relatively small.

When placed in association with a device, consideration should also be given to the

hardness of the surface to which the shock indicator is being affixed because the placement of

the shock indicator in an end use application will also affect the shock indicator’s apparent

performance. If the shock indicator is placed onto a very rigid portion of a rigid structure, the

shock indicator will perform differently than if the indicator is attached to another portion of the

structure that is isolated from the stiff structure that is encountering the shock or vibration event.
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any and all shock events experienced by the device. In particular, cellular
t el ephones and other hand-held electronic devices are particularly suited
to be equwppadowis h the shock indicator of the inventionPCOEsSopaoid cul ar
application involves the placenent of the indicator of the inventionin a
cellular tel ephone. Current warranty practices within the cellular industry
preclude warranty coverage where the user has abused the device. Hence,
the shock indicator of the invention may be used in conjunction with
cellular tel ephones as _a _neans to_determ ne whet her the telephones have
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may be placed in screte 1 n ent dots around a central area on a base member and

thereafter covered with a containment member such as a protective dome. An organic (e.g.,
hydrocarbon) diluent may be added to the mixture of powder and oil to allow for the preparation
of a slurry with binder and powder. The diluent is typically selected to be volatile so that it will
evaporate after the slurry is deposited on the base member, thereafter leaving the agglomerated
powder indicator. The base member may be treated in a manner that enhances the color or visual
differences between the powder and the materials of the base member. For example, polyester
film may be treated with a black aluminum oxide evaporation process, such as that described in
United States Patent Nos. 4,430,366 and 5,766,827, to produce a black film that will serve as a
base member with sufficient color contrast to permit a quick visual confirmation of the state of

each of the agglomerated indicator powders. In such a construction, a device associated with the
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aggl oneration aid can change the threshold | evel at which the indicator
transitions froma first configuration to a second configuration follow ng
a vi brat iwoaB/ighetk so that the shock indicator can be olrsarusesiidom a
second or activated state. In the contenpl ated enbodi nent, two, three or
nore col ored indicator conpositions of an aggl onerated powder can be used
to indicate different levels of vibrational or inertial shock. In this
enbodi ment each of the aggl onerat ed povvder indicators is typically

formul ated to conprise the sane powder materials wth each of the
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one shWgiRess h‘%ﬁlﬁaéIPBIPaP?&EWP‘&%m% A&hLR Ber bpssaRtBEEsAOL Aol ﬁisgre%?%%"el n the
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di fferent shock iIndicators may be constructed to transi tion fromthe
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enbodi nmen ?D venti on ness 1ndica W th
indicator of the present invention includes that described in co-pendmg United States Patent

Application Serial No. 09/972124, filed October 1, 2001, entitled “Water Contact Indicator,” the
disclosure of which is incorporated in its entirety herein by reference thereto.

In still another embodiment, the protective film structure of the containment member may
comprise dimples, intrusions, protrusions, multiple layers and/or different material layers that
change the optical characteristics of the protective film. The inclusion of these features can also
be, at least in part, for the purpose of changing the strength of the protective film structure.

In still another embodiment, the indicator can comprise primary and secondary matrices
wherein the first matrix is an agglomeration of powder particles and the second matrix is
comprises larger glass bubbles or beads ( or other similar objects ). The larger components of
the secondary matrix provides a structure for the smaller primary agglomerated powders to

further attach and also can provide a structure with greater X-Y-Z dimensions and stability with

32



the shock indicator of the invention to provide a conbi ned device capabl e
of passively showi ng exposure of the shock indicator to vibrational or
inertial wbaskeroas wel |l as showi ng whet her an associ at ed pd#iso®199as been
exposed to water or other fornms of noisture. A suitable wetness indicator
that can be incorporated into the shock indicator of the invention include
conventional wetness indication paper conprising a white paper base, an

i ndi cator dye and pressure sensitive adhesive. Were the powdered
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s upon “the occurrence of a second (e.g., higher) level of

shock. capte aété@l@dcﬂ é@cyse eafirmly )oahe Gerigringe abgut the pndiesuee, Beth@eﬁhe phicets cl es of
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beads f{glgneratial dnd tbceﬁ]tdldag&) of a desired shock event. The impingement objects could be
glass beads, bubbles, BB’s and the like, and the masses, sizes and shapes of the objects can be
changed to achieve a desired movement within the containment member of the shock indicator.
If the containment member is provided with dimples or other surface structures, these structures
can help to direct the objects in striking the agglomerated powder when a shock event occurs.
Moreover, the additional objects can be designed or selected to provide a significant force when
accelerated within the confines of the containment member during a shock event.
In another embodiment of the invention, the indicator can include primary and secondary
subparts wherein the primary subparts are larger objects and the secondary subparts are smaller
objects such as the powder particulates described herein. The secondary subparts agglomerate

around one or more primary subparts to form a single mass useful as an indicator. The primary

subpart(s) may be attached to the base with the secondary subparts agglomerated therearound. A
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In still another enbodi ment, the contai mment nenber of the shock indicator
is attached to a desired location with an attachnent nmeans such as an
adhesi ve woasiltagmds i n a di sconti nuous coating or one that pariuSize®i1a

smal ler or larger area than actual base of the shock indicator. In this
construction, attachment can occur with one, two, three or nore individual
attachnment points between the base of the shock indicator and the surface
of the desired object. In still another enbodi nent, the shock i ndicator
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and thsgg I g , Sﬂgﬁ%&{%gﬁ%%g%g{s%ﬁ@%@gé ﬁ%ngwssﬂg ets(s)ofE% té %g@%%ﬁ?g}g c?r? be
changéds thosachirelififerantths Sihee primanyesabpertswi t hi n t he cont ai nment nenber of the

shock i ndi cat or | f, t.he coptai nment nber is provided wth.di.nples or

ot her surf ;[Bém%tp‘?rf@iﬁl?rdgg?n?Pﬂ@%éﬂvﬂlﬁ%gﬁrlg‘?a@% r?glpﬁsl%negfi ‘?’@’é?t °he obj ects
i N st rdoktaitfndnd thea®et M MBAEL BclpOMHEfroMABN diRe@idA K]l eivpat subs@titiSly thdameover ,
the additional objects can be designed or selected to provide a_significant

force SRS NS, SRIBRIPBHOR: EASIRRtPRaNaged 5ﬁfql ,‘ﬁ@gesdptotth%im i ﬁr@?ﬁls fox mer
dur | n?ﬁg)?l&l?gﬂg KnEM&htor hRANRL B8 ceSHRAIE MavOinotlBard SeOMhiR et &Rt fopdi cat or

can i rimary and secondary ubparts wherein the primary subparts
ar e | grogitioningjtiecindicatod within tbedonata rAttasimbera poimntamey baprovided taolsfidtatstheuch as

t he po r rti.cul ates described hereip. . The secondary subparts.

i g e i e s S St g S

usef ulasag agfchintelt FAHOH thelintrid buricy of Sikp@kinG®ht MBYbaeloatkasiledSid 4 he base
wi th the secondary subparts aggl onerated_therearound. A 33 WO 03/ 107015

PCT/ USBSns S pafachifm i fdjerier reighihescontiderpd 7 mult-agiaBiaiest o di sl odge from
the base ang ah&ﬁg%%‘&l £ 6r FRYRTRAN, sRElel R enIBIS ﬂﬁ&@hﬁy%@%ﬂcﬁeedttgﬁe

associ at ed ‘secondary subparts, providing shock 1 ndi cat i on. primary
subparshscicindicdtor emposuseintenier ad/orexerinasstasesipd thirthen moddpy theaesnsegfitiagrer at i on

of the, secqondary sybparts | omer.at ed aroupd the. pri.nmar bpart(s). Each
pri rrar%l}oéﬂﬂg’ﬁ?)f go)a %‘85? gV Z'Pl?ehlg‘g@;lﬁ%r SROTSE P ?@F 5%%01{ ég&lgq%%l}lg}g?ﬁo mary
subpardetermideddyahd@hogivaadommibepbf idaaionaM@idsiadded thhige deribecatvell actie be
positioned within the . contai nnment nmenber so that a shock event from any

di r ectRAsHioRiOF fheimpassgswidhip deaptampent mpwberphihe drelsindicglor €%t essi on,
tension, clg %}rg@da@f egﬁt%ﬁﬁer@ 8f1he fiVehifish, M iRait B ddnsHr&as Pliscdhs THAASyifdne
positioning the 1 ndicator wmthin the device mght be to have nore than one
at t ac hwremare pgdanplafesurfaces within the liquid. The liquid is as described elsewhere herein along

with one or more masses or added shear plane geometries ( glass beads, bubbles, BB’s, pins,

posts, etc. ) that can be of various sizes and shapes that aid in the shear thinning of the liquid in

response to a shock event. The masses increase the shear force into the fluid and provides

additional shear thinning planes or surfaces.

In still another embodiment of the invention, the indicator can comprise a combination of
colored materials that will facilitate the visual determination of whether the indicator has
transitioned form the first state to the second state following a shock event. For example, the
indicator may comprise a first agglomerated powder present at a low concentration in a first
color and the second agglomerated powder present at a high concentration in a second color. In

a first state prior to a shock event, the colors of the two agglomerated powders appear distinct

and both colors are visually observable to an observer. In a second state following a shock
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positioning the indicator wthin the device. Attachnent points may be
provided to facilitate the attachnent of the indicator to the base nenber
and/ or t owplg/1otoh®er conponents of the device such as an &crachsent4 poi nt
to the internal surface of the containnent nenber, for exanple. Such a
means for attaching the indicator m ght be considered a nulti-axis
attachnent. | n another enbodi nent of the invention, single or nultiple
masses may be added to the shock indicator enclosure interior and/or

L RO RIRE e I L

det er m giggde ylok h?pl@iﬂ%}tﬂ@tthéi@déﬁ colstidaeto B 1@dalcbn&nahum&heaﬂ@e§bxmrt he
device as well as the position of the masses within the contai nment nenber

of t heakBe RiXipg pLike opWHEHaEcles|that ST hwhern s Paitislen eregfisrerédi nvent i on, t he
i ndi cator c@ipE Ivms%nmb&ﬁ%g deighU e \efoh'ﬂag&%en%scﬁe&ﬁn BRr itRL @béurfaces

within the liquid. The Itquid Is as descri el sewhere herein along wth
one or apmﬂfosaatm@sfdhe owenitioa sl netHesitedgb dmespgaimeonsirestiqns lahbsvetbeamls, bubbl es,
BB' s ef,c.. )..that can be of.various, sizes and.s es that aid
°n ¢ helhilies. Kb 46 bl iy iRG FEpniEhE it o g AT BRRO0RET e

MBS s eslaiés (Eehs Badehteflee diat k@€ end ditriort Aedifib] Gurendin @ &Reatioaddilei onal
shear thinning planes or surfaces. In still another enbodi nent of the

i nvent figjshedisheck indicaigt deviceaos e¥asinle @ t@ﬂﬁ@ﬁﬁ@lﬁ%ﬁqgéhoéqmd%tpbﬁieeveperm%ser ials

that wdphp{s@lykistat lir AGhREDE BFLL, A5 Qlgnivieh srl‘fen?na Qffiefator has

1 Bén

transitioned ormt(ﬁ) PII’S ate to '?%’I secong Sstate g a shock
event . ccmng,@némilaa adheh:eve layed; in athich (Wethe Doageris se vasitfle nstil tegghioger at ed powder
present at a.low.o ratlon | a.first | or, a

o ontrRead s SHae VR LER G By edtrued R R Er S e EEE O or . 1

a fir sissahbly eolﬁhrsivel’strélﬁgtlaoﬁﬁheﬁiﬁl@mmb\/1c& Bisu€s it Sheafevich eerhis &ggdiger at ed

powders .a distinct .and both colors are V|suaIIy observable to_an
obs er vt At the relsess Faangs ESDREAAARAARE nagh dtiecm4S b lagrs o9 dssribed in U.

PCT/ USQ 31 381 4,778 28810 GBQ@IHE 1. aﬁ@&lﬁﬁﬁifl@t g eﬁ&ﬁ@gﬁfeﬁng @P@l@%o E&ﬁ‘ﬁfssﬁq and,

in the dispersed state, w || appear a single color, ally as the
secondthe otdsr ofthe napufabtering Weps inothe ebmwealesqn’oeéfmeﬂtmd n‘myr@t chpmgadewlthoah d the

nixing er rtic hat.. Qccur s mhen articles a

di sper se gl%%\ﬁ}eﬁ% V& ?Sg% Uonn%ﬁ%e inl8 tlonof et’haebaig%% natnl BACHAL E‘%&%Paﬁ%? é ribed
in detiidg prbien&lﬂdml bk mlflgmmﬂmepn@tte the dxtridnee of NutRIk eGdht ladd Which Iptddedted t o

t he specjfic con ructions . that have hee descri bed. Changes to the basic
const r’tfft’?]t fiiRyA seqop %‘ﬁéﬁu@t’@n%ﬁeﬁp%e iy shogk RYEnk Ednicais &0 29 Pl?sﬁﬁ"ell heldhe to the

P TS i M A At e o
shock ¢onsfirusiadde infeease er ipelpcrease the sensitivity of the device to customize the device to

transition for the first configuration to a second configuration only when the predetermined

threshold shock has been experienced by the device. In this manner, the invention provides a

shock indicator that can be customized for a particular application where shock indication is

appropriate only for shock events exceeding a threshold value at which components or the like of

the associated electronic or other device are more likely to experience damage or harm from such

a shock event. Additional unforeseen changes and modifications to the described embodiments

may also be possible which also may be equivalents to the components described herein. All

such modifications are contemplated as being within the scope of the invention, as generally set

forth in the following claims.
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conprise layers of (a) a planar, light-transm ssive |layer; (b) a

i ght-transm ssive inmaged rel ease coating; and (c) an adhesive layer; in
whi ch (i )wbhe/iomage is not visible until becom ng permaneatiysovi®ibl e when
the rel ease coating is separated fromthe other |ayer(s); and (ii) the
assenbly cohesive strength of the indicator device ensures that the device
remains as a single wunit after the release coating is separated and the
imge is seen. Such |ayers are described in U S Pat. No. 5,770,283 to
Cosselin et al. Additionally, the exact ordering of the conponents and the
order of the manufacturing steps in the above described nethod may be
changewnak ishOitmedihangi ng t he basic construction of the invention - i.e., a
base and an indicator that is capable of being presented in one
configuration prior to the experience of a shock event and which presents
itselfqin n in response to a shock event to indicate
to an %bse?%§§£$2§?&?ﬂib&g%€%%% has experienced such a shock event. The

i ndi cat or dévlce%b&wmhmngmﬁeﬂwnbnmdame@mdSmbnstructed to increase or to

d t t t f t d t
Caner e on oy IO RGO A B Rl S0y wnen
the predet qﬂﬁmangcbfnidiﬁa@@m*npbr@hm@ kutipags baaprieagelil eneath] byalide (iglavi ce. 1 n

this manner, the _invention provides_a shock indicator that can be

cust oni zed fsconfigupionwhep the shackdndicaser inkes BrstHae Priphigiasherloavent and
appropri at &;;9p ¥, sef:@ﬂd c%tﬂ g{fraﬁ&’?@hén EXGREA NI AoliDHES BRbSH Mak YSRindhI Ch

conponents orf the l1k t he associated electronic or other device are
nor e Ilkelwhbdi@wp@anénce damage or harn1fron1such a shock event.

Addi ti onal foreseen ch d nodi o descrij be
erbod nent <Oy BB STrIRE RS Fub R "I SLRLIR SR e
conponent s idg@isaot bedulfeeeei n. All  such nodifications are contenpl ated as

being within the scope of the invention, as generally set forth in the
following clainms. 35 WO 03/107015 PCT/US03/19014 What is Cained: 1. A

shock 3 ndi Gﬁk%oclﬁ‘ﬁméét'oﬁ b Waipd Pvhé&eRARE sv.tbz‘éftﬂgf the fﬂd‘ic%ﬁor %bﬁﬁnﬁﬂﬁat@neﬁe cond

side; (B) an indicator associated wth the first sid e base, the
i ndi cat or cﬁ@h?pited giontytha grqupwondisting ozﬁtonenm\@@martlshb,;ialm&qurt pigmeuntbgay.t s

conprising s terial n L configuration when the
shock indi ca acl)l?l T & elta?s’t ﬁg? blﬁ%%?ngpf?leforegi €k event, and (i) in a

second configuration when the shock indicator is in a second state

(oLl 909, 2 Shosk event L 300 1 O eals 35200l SS9, Al second side o

4. The shock indicator of claim 2 wherein the subparts comprise a first size and the
indicator further comprises another component comprising a second subpart larger than

the first subpart.

5. The shock indicator of claim 1 further comprising a containment member disposed on the
first side of the base and enclosing the indicator therein, the containment member being
transparent, thereby facilitating the visual determination of the indicator in either its first

or second configuration.
6. The shock indicator of claim 5 further comprising an impingement object within the

containment member and positioned to impact the indicator during a shock event to aid in

transitioning the indicator from the first state to the second state, the impingement object
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indicator to a surface. 2. The shock indicator of claim1l wherein the
subparts of the indicator conprise material selected fromthe group

consi sti mngoaB/10mmer powder particles, talc, flour, pignentCTalsay19014

ceram cs, alumna, netals, and conbi nations of the foregoing. 3. The shock
i ndi cator of claim2 wherein the subparts are surface nodified. 4. The
shock indicator of claim2 wherein the subparts conprise a first size and
the indicator further conprises another conponent conprising a second

subpart larger than _the first. subpart., 5. The .shock indi.cator .of, claim1l
further coﬁ%&?@p%ﬁnhmﬁéﬁﬁgﬁﬁﬁﬁﬁF%ﬁgﬁ%ﬁ?b%@%ﬁ@?@ﬂg%ﬁmfﬁgmm?$F§%’@ﬁ%e of the
base and engdiAgésadicbRbiAdbe eforf.t herein, the contai nment menber being
transparent, thereby facilitating the visual determ nation of the indicator
in ether its first or second configuration. 6. The shock indicator of
claimb fur LSl 0 | RLREEHE M QR Y i nment
nenber%and %%%%??gﬁ@%bﬁ%ggﬁ%g%%qﬁJ% |nd?%%%g#%gﬁ?ﬁﬁéﬁgpgﬁgggs3@2%? to aid

i n transi tshock mdichtoe furtidi cahmise§ meanstth endicatesdxpetiat ® weinesse second st at e,

t he i npi ngement object 36 WD 03/ 107015 PCT/ US03/ 19014 selected fromthe
group consisting of glass beads, plastic beads, ceram c beads, bal

beari ngls anthecpodl inaich@n of S1&ne0ivheréin thBBasz O£ Kilrh B Bk lirtek cahiigigla wher ei n
the indicator conprises dry materials and the shock indicator further

conpri ses ndiEmgniingampaREt e fsdiFisideothgeitiaeniatipg cRROIERLRArTMERat or  of
C! aim 1 V\’heﬁ]ﬁ{ Ratbhf D 8REnkS 1 vﬁlgula?éon{rgﬁ bQ@&%@n{ rdﬁtlﬁéar?l%tféﬂ Ebrbdnfand
differentiating conponent on the first side, the differentiati ng conponent
conpri si ng the ifdidatormat eri al to enhance the visual contrast between the
differentiating conponent and the indicator. 9. The shock indicator of
claim1 wherein the indicator conprises an aggl onerated powder in the
first gtateTiydheék tndicatos BOEKineY SMbred e thdibabid @6:3pMsep @negflombratddgosdeond
state follow ng a shock event, the indicator subparts conprising particles
of the powd@rthe it statp griehigAshpeiieeat Bid aghispersss RPWdsiAR theisgeandstatdi cat or and

the first siioﬁggg% atsﬂgclp?_\%ﬁt, ﬁlﬁeqm%té su:g- éfrfsecroﬁ‘fg;liisiglg lpgl{ti%leg 8f BePulves. a Vi sual

contrast ther ween. e shoc di cat aiml erein the
i ndi cator conprises a solid and a liquid. 12. The shock indicator of claim

11 Whe{& In ’h?eeshgail fngicgt%r”gf élgi?r'fl evhgrle?ry thf;f1 Pn%igapo? allcll Hxlélfgstl s1sde of the base

comprise different colors to provide a visual contrast therebetween.

11.  The shock indicator of claim 1 wherein the indicator comprises a solid and a liquid.

12.  The shock indicator of claim 11 wherein the solid comprises a clay and the liquid is

mineral oil.

13.  The shock indicator of claim 11 wherein the solid is selected from the group consisting of
exfoliated organophilic clay fillers, silica particles, glass particles, inorganic pigments,
and combinations of the foregoing and the liquid at 23°C has a surface tension within the
range from about 10 x 10 N/m to about 80 x 10 N/m, a density from about 0.5 to about

2 grams/cm3, and a zero rate shear viscosity from about 1 x 1073 to about 1 x 10° Pa-s.
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mneral oil. 13. The shock indicator of claim1ll wherein the solid is

sel ected fromthe group consisting of exfoliated organophilic clay
fillers, wolosaeroparticles, glass particles, inorganic pigmPemtEsys/1amnd
conbi nati ons of the foregoing and the liquid at 23C has a surface tension
within the range fromabout 10 x 10"3 NNmto about 80 x 10"3 NNm a
density fromabout 0.5 to about 2 grans/cnB, and a zero rate shear

Vi scosity fron1about 1 x 10 3 to about 1 x 106 Pa-s. 37 WO 03/107015

PCT/ USQ3/ 19 4. The s indicator gof. claim13 mhe ein t |.ui d
compri Lbs ala YarkindEAOE PEAAFP GhFPRE P Comeras AUat BRI Ui ds
and oils, sabi adrefitiby of QEeneIRiddase dilf ishtfraterl HydfsR A®on BHERR, 0il8] siRloaé O |,
glycerols wat er .and conbi nati ons of the foregoing. 15. The shock i ndi cat or
of cl ai m 112%ef ppsral ablrglraplsg WateHad copbinaigns ofghetongssitent  associated with
the first side of the base, the differentiating conponent conprising a
first side and a second side and an annul us extendi ng through the

di f f er &nt i atherspodomdEandf clhinoid furthef ¢ongtrismigdaliffarentiringeompdneni de, t he

i ndi cator positio t h st one of the.fi i de or
Lhe Sacond Srasegh i Bt fhidd G RERE JRe oA e combonet: somtricind F ek ur oo
surface. 16sideldifd a566Hd didekindaihQhmdhs &tdidmekhronbie el différbftiasihk deihpdidt sur f ace
corrprlses a mcrostructured surface, the mcrostructured surface

associ at ed Wpmihefiet side rthasegandyide, fhe ingigasar muloaéd wihigheaniuiseatileast of
channel s argangad ﬁ[.‘lﬁ’[ s@deoér%ﬂeeée%&gﬂ ?ﬁﬂ?ﬁjﬁé Vﬁl?freﬂi'n é)ﬁicb%ﬂé&ﬁ'cﬁmﬁﬁ JRghsing an

opening to permt e ingress o en t e Im tor 1s"in second
state. 17. shhmetusddswkia¢endi cator of claim 16 wherein the m crostruct ured
surface conprises a regular array of precise structures having a shape
selected fromthe group consisting of symetrical shapes and asynmmetri cal

shapes16.18. Theh@oah@alatondf Saitn®15 FhereindhdRtduchiel firfacd fanprzans for attachnment
is selected fromthe group consisting of adhesives and nechani cal

f ast ener s. Migrostrpgured sEKaGen Hiedriciostrestured sirface asspented withibe fshside plohe
attachnment COIR(4 cfe?ﬁn al%hﬁéf ch%éaéis ah%ﬁ! G8Ra 55%{&}1%1 Ep%erh NgL eases the
e | C a SNhocC

shock force transnltt at or ur|n event 20. The
shock i ndi cmrelsofongirsing ab, opening hepermgriipy ingiesgofdlitid ahemihesndicatdray era
positioned agn th first side of the base between the base and the

i ndi cator, steﬁoé’dtsfaé?is m ssion | ayer

17.  The shock indicator of claim 16 wherein the microstructured surface comprises a regular
array of precise structures having a shape selected from the group consisting of

symmetrical shapes and asymmetrical shapes.

18. The shock indicator of claim 1 wherein the means for attachment is selected from the

group consisting of adhesives and mechanical fasteners.
19.  The shock indicator of claim 1 wherein the means for attachment comprises a material
that reduces, maintains or increases the shock force transmitted to the indicator during a

shock event

20.  The shock indicator of claim 1, further comprising a transmission layer positioned on the

first side of the base between the base and the indicator, the transmission layer

38



38 WD 03/107015 PCT/ US03/ 19014 conprising a material to reduce, maintain
or increase shock force transmtted to the indicator during a shock event.
21. The swoak/10mds cat or of claim 20, wherein the transm s®CaUSOay®I4
conprises a material capable of changing the threshold at which the

i ndi cator experiences a shock event. 22. The shock indicator of claim 20,
wherein the transm ssion |ayer conprises a viscoelastic material having a
storage nodul us of at |east about 1.0 psi (6.9x10 3 Pascal s) and a |l oss

factor of at |east abgut .0.01 at th erature apd fre uency whi ch the
shock i ndi CEIBISIES Iﬁ%@dﬂ?‘é@ejdu%?agﬁ%’é prnﬁﬁ??asthB?k Cecqaéﬁg t er ein the
vi scoel aStllﬁdlﬂﬁbleﬂurﬂﬂgds‘fm@l@é\%t ed fromthe group consisting of ur et hane
rubbers, silicone rubbers, nitrile rubbers, butyl rubbers, acrylic

rubbers, fluorine-based eI astoners, fluorine-based rubbers,

styre but-adi Of: I The
shocknlﬁndl crg[%osfﬁg&? ma]l{é%%g%alﬂpvﬁ)ér e:g}r% Et %hgﬁ%%g%i%?%{]&@%gésn%gﬁ%ﬁ?ls es a

mat eri al  sebahi¢ efichianging theahpslonid atcvalish e iimijcandr experydnatsesshoelpevept.acr yl at es,
silicones, cyanate esters, polyesters, polyurethanes, polyam des,

et hyl ene-vinyl acetate copol yners, polyvinyl butyral, polyvinyl butyral-

pol yvizyl amRtsBbEk ia@RMoy 6BE15im BR Vh¥redCthy h@ﬁs@mbﬁ&ﬁla?&%hfp@f@és%vmd&@ﬂa% ks and
conbi nati ons of the foregoing. 25. The shock indicator of claim20, wherein

t he trans mm&mmi bhaygn stmatgerm@b@sa)f at lagst a’oxplltasf)tpsc(ﬁr&tl@rgl Edsczﬂelaﬁdhémksf rom
the group G at es ar bonat e p m des,
pol yest er s,k %saﬁ re%&‘?%ggtodp%]la ﬁe@ﬁ‘é@urgﬂ‘%}c‘;&l}ﬂcﬁq 08 é“ Qaﬁrene

bl ock copollyﬂ@as pol ypr opyl enes, acetal polyners, polyam des pol yvi nyl

chl ori des, polyethyl enes, polyurethanes and conbi nati ons of the f or egoi ng.
26. The shock i ndi cator of claim 20, wherein the transm ssion |ayer

Compr 56 an L DGSELLL BR,EGELT 98,10 01197015, AT LSO 9014 27, The

shock T ndi cat alm1 conprising a cators
associ at ed gmttpf’cdnlsneurig ofstretbamberublferd, bxhc&nmbbammﬁtnlamibhm duut}d ornbenssl ng a

| lity of indi b t h t |
B ¥ anged (R TSR BpSRRe T s tar s B Re bl i SO BUeeiadgha (115 i n
a second cabtess)aid EqfibihaidneOF e faesdlfEK event.

24.  The shock indicator of claim 20, wherein the transmission layer comprises a material
selected from the group consisting of acrylates, epoxy-acrylates, silicones, cyanate esters,
polyesters, polyurethanes, polyamides, ethylene-vinyl acetate copolymers, polyvinyl
butyral, polyvinyl butyral- polyvinyl acetate copolymers, epoxy-acrylate interpenetrating

networks and combinations of the foregoing.

25.  The shock indicator of claim 20, wherein the transmission layer comprises a
thermoplastic material selected from the group consisting of polyacrylates,
polycarbonates, polyetherimides, polyesters, polysulfones, polystyrenes, acrylonitrile-
butadiene-styrene block copolymers, polypropylenes, acetal polymers, polyamides,

polyvinyl chlorides, polyethylenes, polyurethanes, and combinations of the foregoing.

26.  The shock indicator of claim 20, wherein the transmission layer comprises a

thermosetting resin.
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28. The shock indicator of claim27 wherein each of the plurality of
indicators is constructed to transition fromthe first state to the second
state at wboskomyents of different severity. 29. The shoekTiusds/c@tor of
claim1l further conprising: A containment nmenber di sposed on the first side
of the base and enclosing the indicator therein, the contai nnent nenber
being transparent, thereby facilitating the visual determ nation of the
indicator in either its first or second configuration; and An inpingenment
obj ect di sposed within the containnent nenber that allows the inpingenment
menber to inpact the indicator during a shock event. 30. The shock

i ndi catxy  of Tied gobk 2ioakR oeERik I euriRPL&h a PRFINEY of HALRSFs LQIREdISes
surface structures. 31. The shock indicator of claim1l wherein the subparts

of the indi cttothe figitsideof therpre, sechandipatonrpmprisingiarerality of indieaser subartage
size and s eqwgﬁg)%rtss&lﬂﬁﬁ{s#r% s8fid ﬁaéﬁﬁpd}&n?ézlcg(riﬁ?% & Onti g!g?@o@ﬁrgogg(? 2 gﬁ/o%fcag €

si ze being |ess an the rst average s he secon

aggl oner at edventoanddiipinea secombroafigumtien fpllewhizar sheclk evehor m t he i ndi cator. 32.
The shock indicator of claim31l wherein the primary subpart is associated
with the base so that the primary subpart will dislodge fromthe base upon

the ocor r ernge sRbckan@baskor GMRIT7. witReiN\Gh A M/ SRR ikE0R6r3 30dhstrdded The

shock indicator of claim1 wherein the indicator is positioned within the
shock i ndi c&® Bansiiéen e the figyodate o thp secppdsintgmy shpck evantoef different sayesity.
substantially the same shearing, conpression, tension, cleavage and/or

peel forces into the indicator. 34. The shock indicator of claim 33 wherein
t he i nd9cat diheiskoghasditatoneictlaimt Ihfurthé¢rtvenphisink: i ndi cat or usi ng nore than one

attachnment point., 35, .The shock i.ndi cator, of cl ai further conprjsing a
cont ai nment  menbét CHFABBEU B HIQPOSF?PEfhegcfrﬁfegl%forﬂt%eebﬁﬁg%f%mgosg%cﬁl%si ng
the indicator theiddaforandein@E ebitaiiinet Berfiber MeinkitRheardBIBESh A ElIASRLC at ed
with the interior and/or exterior surfaces of the containnent nenber to

further nodify tHE Vgehasieanipstionof therpdiratorigicitberdis firgf of sedené Ronfigaration36.
The shock indicatgy of claim1 wherein the indicator conprises a viscous
liquid with one or nore shear plane surfaces within the liquid. 37. An

assenbly conpri siAmgnipiregesknicdbjdchdispestdwitbin thé edmaifimerstsoemlser dcht wildws e

I roni N . e .
electronic impingement member to impact the indicator during a shock event.

30.  The shock indicator of claim 29 wherein the containment member further comprises

surface structures.

31.  The shock indicator of claim 1 wherein the subparts of the indicator further comprise a
primary subpart of a first average size and secondary subparts of a second average size,
the second average size being less than the first average size, the secondary subparts

agglomerated around one or more primary subparts to form the indicator.
32.  The shock indicator of claim 31 wherein the primary subpart is associated with the base

so that the primary subpart will dislodge from the base upon the occurrence of a shock

event.
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device selected fromthe group consisting of cellular telephone, personal
digital assistant, hand held conputers and digital caneras. 38. A nethod
for the maouwBactows e of a shock indicator, conprising: (A perasosiigegs a base
conprising a first surface and a second surface, the second surface of the
base associated with an attachnent neans; and (B) placing an indicator in
association with the first surface of the base, the indicator conprising a
plurality of indicator subparts, the subparts conprising solid materi al
arranged (i) in a first configuration when the shock indicator in a

first 33-at elhssheek indicgtor ghelain byvdgiein tpdndiqafor is prsificsied W#Hi“c%?l?fioljgr ation

when the Shﬂgﬁajo% it %holﬂ@ et ﬁ'oﬁl%ﬁi? Aftectiinalifl ifnPhd OMshg A SROSAmevent . 39.
The nethod of c ﬁ o

alm 38 turther conprfsing placing a containnent nenber over
the first sieadngtompresdiers tensiod, deaynge dnd/drpdéldatcey inta the iskeatai nment nmenber
bei ng transparent, 41 WD 03/107015 PCT/ US03/ 19014 thereby facilitating the
vi sual determ nation of whether the indicator is in the first

conf i gsd.at i Die hock Hdicare onelacoBd vleten thoimdictdr isihitvatdethafthedhatin 38
wherein placing an .indicator in association with the first surface of the
base conpr i $€atgrpHag MoFthan eneAtiaghment eigbei atjon with the first side and
thereafter drying the slurry to provide the indicator in the first
configuration. 41. The nethod of claim 38 further conprising: providing a
di f f er @nt i alheghoclimdimatenof claige b firtheecomprising heontdipment shegebeplispesed bathe t he

differentiati conmponent _conprising. a.fir Sl e l.de and an
annul us extéﬁgg%o{ﬁﬁ? gflg& ﬁm& ﬁlgg?%q'lufgf tggglﬁtlclactﬁri%é]eéelﬁ8%%‘3’%%%%&@%? %ﬁqﬂg}%@’% rst

si de to themageond asdotiatedawith thé intdtidr bhd/st extérile safacehef hecomsnsicnte
conprising a structured surface; and placing, an i ndicator in association
with the fimemberfpiygher grodiy e rpspopserqfithdhoc H#tﬁaFOé’é%ag‘P&%ieﬁaﬁt he i ndi cat or
Wi thin the annulus. 42. The nethod of claim41l wherein the structured
surface conprises a mcrostructured surface associated with the first side
of the3®aseThd sheckindicetor oficain &avhstenf the endieatqycomiprigesa visceguligid sithgye of
preci se structures hayin h | ected fromthe group consisting of
synunetri ca?rIélﬂrgﬁe%argnageg%@a%%rse‘?ﬁiﬁgzﬁe@cﬁ}é%'es, the precise structures
defining a plurality of channels arranged in a predeterm ned pattern, the
channel s conprising an opening. to . permt _the ingress of fluid within the
channef% wheR 8KEbIRAmEAEISEE thesshopk dicatos qficlaim { @ssogigled il ar’i‘ﬁhq‘?gﬂmfif claim

38, further 1 GoMNEes{ed GoRl @Y P YofidiBa 8 cdiMardd b Rohs, Mardbha difidi safstht,

hand held computers and digital cameras.

38. A method for the manufacture of a shock indicator, comprising:
(A)  providing a base comprising a first surface and a second surface, the second
surface of the base associated with an attachment means; and
(B)  placing an indicator in association with the first surface of the base, the indicator
comprising a plurality of indicator subparts, the subparts comprising solid material
arranged (i) in a first configuration when the shock indicator is in a first state prior to a
shock event, and (ii) in a second configuration when the shock indicator is in a second

state following a shock event.

39.  The method of claim 38 further comprising placing a containment member over the first

side of the base and over the indicator, the containment member being transparent,
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to anot her surface. 44. The nethod of claim38, further conprising
providing a transm ssion |ayer in association wth the first side of the
base bet wwenstibmibase and the indicator, the transm ssi onPCags03/1®ohpri si ng
a material to reduce, maintain or increase shock force transmtted to the

i ndi cator during a shock event. 45. The nethod of claim 38 wherein placing
an indicator in association with the first surface of the base further
conprises placing a plurality of indicators in association with the first

42 WO 03/107015 PCJ/ US03/ 19014 . side of the base, .each indicator conprising
aphﬂaHtW@FWﬁ&%%%ﬂ%ﬂ%%ﬁ@@@%@%@ﬁ%ﬁ%%%ﬁ%mﬁﬁ&ﬁ@@ﬁdWMeHaI

arranged (i dordfBuAtibl bSthe SQBhd SoHrRlutMInPrior to a shock event, and (ii) in
a second confi gﬁati on followi ng a shock event. 46. The nethod of claim 38

further conprising associating an electronic device with the shock

i ndi , ' : fromthe . i sting.af
tol eprie, TREPEEHLPFRE FEMdebit ' HERHS GARRLAILARR ne R Wi
canera. 47.offhebaretbogriad depaitme3Slwheineaissocpkian with thafitshdde atdothereafter

association wth the first surfac of, the_base_is acconplished by screen
printing © hmsdhe ey s He TR PUf i RESOREI GG ot hod of 1 ai m 38
wherein the shock indicator is provided in a first condition to transition

froma first state to a second state at a first shock force; and further
treatifl thEhe mhbedkof ¢eainc3d Grthercompsisighproviding a diffarestiatingtoespondter t he

further tre 2 shock. . 14di '1% apnstti g state
to a secon d%té&g%‘géd \g{tﬁ ghes%gtosﬁ(%f c}sfﬁlgéc ﬁa@% ﬁecdé\fffé %tgartlﬂg %bxtnb&ﬂen{ 5(9ﬁﬂr?sufg' d ikt
side and a second side and an annulus extending through the differentiating component
from the first side to the second side, one of the first side or the second side comprising a
structured surface; and placing an indicator in association with the first surface of the

base further comprises placing the indicator within the annulus.

42.  The method of claim 41 wherein the structured surface comprises a microstructured
surface associated with the first side of the base, the microstructured surface comprising a
regular array of precise structures having a shape selected from the group consisting of
symmetrical shapes and asymmetrical shapes, the precise structures defining a plurality
of channels arranged in a predetermined pattern, the channels comprising an opening to

permit the ingress of fluid within the channels when the indicator is in a second state.

43. The method of claim 38, further comprising providing a means for attaching the indicator

to another surface.

44. The method of claim 38, further comprising providing a transmission layer in association
with the first side of the base between the base and the indicator, the transmission layer
comprising a material to reduce, maintain or increase shock force transmitted to the

indicator during a shock event.

45.  The method of claim 38 wherein placing an indicator in association with the first surface

of the base further comprises placing a plurality of indicators in association with the first
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46.

47.

48.

WO 03/107015 PCT/US03/19014

side of the base, each indicator comprising a plurality of indicator subparts, the subparts
comprising solid material arranged (i) in a first configuration prior to a shock event, and

(i1) in a second configuration following a shock event.

The method of claim 38 further comprising associating an electronic device with the
shock indicator, the device selected from the group consisting of cellular telephone,

personal digital assistant, hand held computer and digital camera.

The method of claim 38 wherein placing an indicator in association with the first surface

of the base is accomplished by screen printing the indicator onto the first surface.

The method of claim 38 wherein the shock indicator is provided in a first condition to
transition from a first state to a second state at a first shock force; and further treating the
shock indicator to a second condition such that after the further treatment, the shock

indicator will transition from a first state to a second state at a second shock force.
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