WO 2007/ 120116 PCT/ SG2007/ 000102 BEND TESTI NG APPARATUS AND METHOD
OF CARRYI NG QUT THE SAME TECHNI CAL FIELD 5 [0001] The invention

rel ates toyhehilfd of testing apparatus for inpact teghirRenRhdonded
circuit boards (PCB) and el ectroni c conponents nounted thereon, an
nore particularly to a high-speed bend testing apparatus for

Siimul ati ng BERD TS PING WPEARATES ANDINE THOD 6F'¢ ARRYINBGET ThHE samE
BACKGROUND [0002]In the electronic packaging industry, printe
circuit board (PCB) assenblies having electrical corr})olr;entzI Im)un]t ed
thereon are tested against drop i %@g typi cal board-|eve
drop test, whereby a board assenbmg]éﬁlog Dfrom a 15 certain

hei ght and experiences a sharp accel eration pul se upon inpact. The

main foc e .drop. test .is to,as s .the reliability of the
i nt er con ei?@‘gﬁ_n%mﬁ 108y 'E?t'ﬁtﬁ\% tp ﬁeefrﬁj‘i ioééﬁs%aﬁp%'@mﬁ | impact testing
connecti on meiteeirclit®oBfB OB} BRd &l&@&fdnic 8bmpbRERMEABLISteAOMBERS and
thereon. 20 [0003]It has been found that the major failure driver in
these test sMPE PREICUaY toiephighreiesr berditegiing apperaheBdorasineslating free
I mpact. It | ; drop test nethod is
ti rre-consurxlﬁga%'\?\n&r%ﬁﬁggﬁF\@@Fﬁ@epgg{}??éd to raise the board assenbly
to the drop height and the quantity of drops required in standard
testing. 0The drop test method Isn@@g@&ﬁ | stent owing to the high
accel er a{lons and forces 25 causi ﬁ'? of screws and wear of
mechani cal fixtures. ' An effective solution to these problens would
be a bend tL..which rfornms bending at the free vibration i
fr equenci ei@?lﬁﬁéﬁeﬁgqu RRCKREINSHNH Y PriRtSR) gyt ppard (ROBbapsenplies
accel erati gpgfi i '

irRf eldBtriba) eh‘f@ﬁfo?n%brc]i‘etﬁ%%e%?: %‘Sct@étﬁﬂtaégg;ﬂﬁé %‘cﬁﬁ fér‘?%aect by

gravity) taken at the m d-point o ch a

abl e to cutthedwricalidagrddeveabyrep tests whembyod baerd easembly iardtopperlifrdm a

al so be r ; i ' h nce-of the

o ge | e PAThEIGh 2R SaEnEana shaf hedtiéilion Buisk iRgBTRBAFE 1RE ridS

and net hoddo¢us ofithudenp tepttib dofassesy ithe atliadiliy dfltbaiin@r@fnn@ﬁ‘ﬁs?, which

i ncl ude el . I kers.and uni versal static sters, for ,

exanpl e. F&&é\%}é&? F‘?Etgﬁ&%&l %pﬁ SR il Gonhection Hatwaer Ehe Pb anJ t?le electrical
components mounted thereon.

20 [0003]it has been found that the major failure driver in these tests is the free
vibrational flexing of the PCBs after impact. [t is also recognized that the drop test
method is time~-consuming owing to the time required to raise the board assembly
to the drop height and the quantity of drops required in standard testing. The drop -
test method is also inconsistent owing to the high accelerations and forces

25 causing loosening of screws and wear of mechanical fixtures. An effective
solution to these problems would be a bend test which performs bending at the
free vibration frequencies of PCB assemblies which range from 200 Hz to 1000Hz
at accelerations of up to 3000g (where g is the acceleration due to gravity) taken
at the mid-point of the PCB. Such a test should be able to cut testing times by a

30 factor of at least 20 and should also be more controllable and consistent owing to
the abéence of the large impact forces on the fixtures. Examples of such bend
testers and methods for simulating the free vibrational flexing of PCBs include

electromagnetic shakers and universal static testers, for example. However, these
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WO 2007/120116 PCT/ SG2007/ 000102 testers do not conply with the
above-mentioned frequency and acceleration requirenents.
[ 0004] Exi sting equi pnent and methods for including bending |oads are,
as 5 nent WEWTEWbe, i nadequate for reproduci ng the bERESHF07/000102
frequencies of a test specinen subjected ]Eo drop tes]Elggl yﬂ;gveral

[ est has m requency o
otz (1) - ORIREE EE SehORIRRe O birddi GO B SHRIENSar Ghauansy aivhaicposration
the requir egqliP&@batsand 30009 flexural vibration requirenments. 10

[ 0005] Theref ore, there is a need for a high-speed bend tester that
I s capable of simulating flexure over a w de range of frequencies at

el erati langh
Z??ect i ve ;P%mprgé%{g%é gen pgﬁgt ebag‘}émﬁ& %ﬂﬁ&wa%&@%aﬁ)% are, as
present ihvéabiaedpakomed w@qﬁe’tedfdr eepnodgceag p?e adsmgunn;g?freqﬁﬁaa@t %ﬁ;tg test
() s an
speci non, - ceaien SURELEE f byeh RIRE R uliewal SRUC et e mmaximem dest
profil e whetaguenay of elalytsewl%\l Heet-t(He)) apl ﬁr@@erﬂrél’édt}c?’né)g{ne‘f@' ﬁaﬁ%’%‘fall!]far
conprises a speci men 20 hol der 1 hat

|.egst one
test speci ﬂdﬁi%wr\f{;@ ’@Heézwdta@@ogé@w@bwbra%m refuisemeiitaul t
position, a deformation nenber operable to deflect at |east one point
on the test specinmen fromthe default position. The apparatus
further Wol§9054ERergforeoihetavisr a wieed fone mgmspaempenaueaecma@tammb of

am an t o) edeformalon
that o di ool Baauls TRKyR vl 8T PERL Biob ot REaiSid gt e RetgRb1an B oy
the cam t sesemaltiesamtgdaint that isaostefdutive t€ prodess endidparite 2RvdI0
defl ect the at |east one point on the test specinmen from said
defaul t position upon noverment of the cam [0007] The present
invention al so provides for a bend semMiagyapparatus for 30 . .
simul ating free vibrational flexing at high speeds and frequencies in
a test 1gpeci men, said apparatus conprising a camhaving a profile

2‘.‘?25'&‘;Zk?Piwoé?F%ﬁﬂﬁﬁ“%%@&%@éﬁiepr@??ﬁfé@ AoPAER B b e 5
test speci ttp@abrﬂ%gqgt at diigls spledhaandediequencies in a test specimen, said
apparatus comprising: a cam having a circumferential profile wherein at least one
portion of the profile of said cam comprises at least one waveform, a specimen
20 holder that holds the test specimen on opposite ends of the test specimen in a
default position, a deformation member operable to deflect at least one point on
the test specimen from the default position. The apparatus further comprises a
follower with one end in operable contact with the cam and jts other end
connected to the deformation member, such that a displacement of the follower is
25 according to the profiie of the cam, to actuate the deformation member
correspondingly and to deflect the at least one point on the test specimen from
said default position upon movement of the cam.

[0007]The present invention also provides for a bend festing apparatus for
30 simulating free vibrational flexing at high speeds and frequencies in a test
specimen, said apparatus comprising a cam having a profile wherein said profile
comprises at least one waveform on at least one circumferential portion of the

cam, a specimen holder that holds a test specimen on opposite ends of the test
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2 WD 2007/120116 PCT/ S&007/000102 specinmen in a default position, a
deformati on nmenber operable to deflect at | east one point on the
test specinmen fromthe default position. The apparatus further
conprises ¥GWWVEAES with one end in operable contact WEHSEHET/HEM2
and its other end connected to a |ever, said |ever being pivotally

borne by a pivot at a positigon 5 b tweenthet ends t her ., to
achi eve anSRRsHBSN ﬁ%arﬁ?\%%%FPﬁS‘t&ﬂ“ feimatioRdmegper AReY %r‘f[?q Alleast
def or mat i oghdTaie roncmart@si §;Siedhh§ﬁ %@n Whd Eefa%ﬂp&fsﬁndno Wapﬁﬂ?&t@@ﬂ:ﬂﬁh&f

the other end of the | ever opera connected with the follower, such
that the dé¥yppEgasn®fllower Wil ans w{m OP%’ah'@cQﬂ%ﬁQ‘ﬁngﬂ‘o’fhﬁr@nﬁ)ﬁBfi|ltlsé3tb$r

the cam t afr i A AY

bor ne Ieveérgﬁa 89[;{ %% d{e{)f%elé;%r‘tﬁd?‘%fe? % ESWO{ [SJf)qenlw %rﬁ\?ﬁe te@ﬁdr}y

speci mens f betmeealtﬂe dved @nldts therebf itorachijgoa amvmmsrte mo¥enméd afdhe oardngn
nected to the

adj usting ni sm o a Y Wi ch e

posi t1 on oft DRSS B dith OB rBRT FURmas o BRECh Lo G eghagh ¥ the
[0008] The pioeswBht bitHE MHé?fénHlﬂﬁtHT@rev@f eyérdby dophedtetBiiliothedblid@itdsuch
testi ng a test 15 specimen at hi gh speeds and frequencies. The net hod

conpr i ses: that treglispipermentadiee f%!@wfeﬁg% FPEHRE E%”'@o‘?fﬁf"ﬁsqfﬁ@e gamafhereby
having a 5&&&@{50 flet¥ibMatRhthémBel v?dfh'e ;@étaﬁ@g?ﬁﬁgewerpgﬁa tPlerfdct HHee

profil e of am conprises at |east rm a specinen
hol der thast leastdmnea preint @sthe tepespaimen frooppid idetaudiizsition g mevement

dorect at o1 sl ahg DA ol iog dnéeharerd (b RERERACRCER L by
posi ti on, whichlth@pesitioh bhthernevatdnibe afjested) bibngdhetaaistofihe levehe cam

and its other end connected to the deformation nenber, such that a
di spl acenent of the follower is according to the profile -of the cam

to act uat goote THE RESBIt iRVeriBRTTERhEOpFRRIRETEF BOh¥thdatoft fendbtedfitg ectest
the at | east one point on the test specinmen fromsaid default

posi ti okd W%%H@ﬁtspéﬁdﬁ Red é@ﬁve%ﬁs -ThedPEPAFATHEISEEM such t hat
the at |east, Owsﬂ@ﬁg an nd h@s%@ bgs%rfaﬂ?é csrrﬁm?g,hge% adanh €RELING" R

wavef orm act uat e ower end testi ng appar at us as
defined in t he cuppofedential padirewbersin of gastors peition of the profile of said cam

comprises at least one waveform, a specimen holder that holds the test

specimen on opposite ends of the test specimen in a default position, a

20 deformation member operable {o defleci at least one point on the test

_ specimen from the defauit position, a follower with one end in operable

contact with the cam and its other end connected to the deformation

member, such that a displacement of the follower is according to the profile

of the cam, fo actuate the deformation member correspondingly and to

25 deflect the at least one point on the test specimen from said default position

upon movement of the cam; and |

- Rotating the cam such that the at least one poriion of the profile that

comprises at least one waveform actuates the follower.

30 The bend testing apparatus as defined in the appended independent claims offers
an efficient and accurate means of testing test specimens via the simulation of
vibrational flexing and hence, their reliability when subjected to a drop impact.



an efficient and accurate neans of testing test specinens via the
simulation of vibrational flexing and hence, their reliability when
subjected to a drop inpact. 3 WO 2007/120116 PCT/ SG2007/ 000102

[ 0009] The MV&AT/i29t16Wi | | be better understood wi th ref ePERSE2HTOMIR
following detailed description of the invention, exenplary

enbodi ments and drawi ngs, in which: 5 BRIEF DESCRIPTION OF T é
DRAW NGS [[00a9]T e giaventions wiflubeabettere updarsiosd with ciefrranseie the llowing

hi gh. speedy aafch HESLigin AR AMIRIAC SRbHRy il imbMCAtd Rawikds, in

[ 0011] Fi guré WS anot er side vie ment of the bend
testing aphihatus of Figure 1; [0012] Figure 3 shows an isonetric

vi ew of anot her enbodi nent of a bend tester according to the present
invention; 15 [0013]Figure 4 shows a side view of the enbodi nent of

the bendstesting apparBRIEF BESORIRTION OF JHEDRAWIDIES] Fi gure 5
shows a side view of an enbodi ment detailing the notor, fast 20
response clutch and flywheel in relation to the cam [O0015]Figure 6

shows an m F@ﬂfe[%had?éfa%mi\né@%ﬂaﬂgaméw@r ARRhespelE beb@Mbsting

noves |inear 0016] Figure 7 shows a side view of an enbodi nent
i ncl udi ng apphrepsassnting tothamygnsen; and | oad transducers;

[ 0017] Figure 8 shows an isonetric view of the enbodi nment of t he bend
testing apparatus of Figure 7; 30 [0018] Figure 9 shows a side view
of an em@qdommgmaz shbWe esholtersidevivis ofthendmbbdintBnt@f diie denddesting

speci nmen; 007/F12011 PCT/ SG2007/ 000102
appara us of Figure

[0012]Figure 3 shows an isometric view of another embodiment of a bend tester
according to the present invention;

15
[0013]Figure 4 shows a side view of the embodiment of the bend testing

apparatus as shown in Figure 3;

[0014]Figure 5 shows a side view of an embodiment detailing the motor, fast

20 response clutch and flywhee! in relation to the cam;

[0015]Figure 6 shows an embodiment of the bend testing apparatus where the

cam moves linearly;

25 [0016]Figure 7 shows a side view of an embodiment including a displacement

transducer and load transducers;

* [0017]Figure 8 shows an isometric view of the embodiment of the bend testing
apparatus of Figure 7,
30
[0018]Figure 9 shows a side view of an embodiment that allows both twisting and

bending of a test specimen;



[ 0019] Fi gures 10A and 10B show perspective view of the enbodi nent of
Figure 9; [0020]Figures 11A and 11B show a perspective view of an

enbodi nent j ' 5 a tenperature chanber. DETAILE
[ 0021] A hi gﬁ@ggggﬁ%end testing apparatus for sinulati %&??&e@bﬁ%b%'

vibrational flexing 10 in the testing of PCBs, according to the

present igd@m]k re§ ABA ARP$0B HBW pdtaécide i Of fHéeNfBSHiﬁiéht%ﬁFbeL%re

profile cOnpri'sés at | east one waveformon at |east one portion
the circur@erence of the cam a specinen holder that holds a test
speci nen on opposite ends of the test specinen, an actuatable
deformati on nenber operable to deflect at | east one point of the

t est specij¢e20]Frmesard did SR ehowa parshedtidebyew b€ anEethodimehichdeding
and a foll o¥ver. T{1e fﬁl I gwer has one end operably in contact with
the camarfiGNRSBIURFNENE®onnected to the deformation nember, such
that the follower follows the profile of the camand actuates the

def ormati on nenber correspondi nq_l Y 20 OOI%EEJ The camis typically
noveabl e linearly or rotationBE ﬁ%ﬁﬂﬂé@c TI@hbst antially circul ar
in shape with its circunferential profile having the at |east one

waveform Any waveformthat is able to actuate the foll ower
suf fi ci en{0821]4. highispeéy behe testing apreratus fof steulating: freendpratignal dlexing

it PO SRRl Surd S, Bbeh Bk PR T DB g SBlsod o com

sinusoi d, havine grbfile SiHeréin\eRic plosits oBprisdshat Ishaiuam daledtmon atsleast

the circunferentjal portjon of the cam |n another di t of the
cam 8 SRTnAOHPR o e P RTEEG o1 O G enSPRARPRARIIRS TR adera
nmay be di rhéis &l )SpP@stéS bhés tdiehbi feat spbaHRM, tarl @RtutSle Heformation
[0023] I n the enbodi ment having two sinusoldal features dianetricall

opposi te Beatbeptoperable fie defleguainleastenatpoit afibestestseedaen rubgn paid
i s appl jed : , ' |.a | :

oot LAt s BBLOLTRS A ARORio b Kbl Rydhebhed oy
si nusoi dal ericcadperady ihnceiast eitbottieream whd 1S aNERED?/ tookpted to the
PCT/ SGZOO?C/!e opn%gttzon_ member, such that the follower follows the profile of the cam and

actuates the deformation member correspondingly.

20 [0022]The cam is typically moveable linearly or rotationally and may be
substantially circular in shape with its circumferential profile having the at least
one waveform. Any waveform that is able fo actuate the follower sufficiently to
satisfy the requirements of bend testing may be used. For example, the at least
one waveform may be a crest, a frough or a sinusold, for example. Using the

25 example of a sinusoid, in one illustrative embodiment, the sinusoid feature is at
the circumferential portion of the cam. in another embodiment of the cam, a
second circumferential portion of the cam having the sinusoid may be

diametrically opposite the first sinusoid feature.

30 [0023]in the emboediment having two sinusoidal features diametrically opposite
each other, the frequency at which the sinusoidal feature is applied to the
deformation member via the follower is doubled. Accordingly, the profile may also
have a plurality (two or more) of sinusoidal features. In this embodiment the

5



si nusoi dal features are arranged al ong the circunference of the cam
ina circunferentially equidistant manner. (0024] As a further
illustrative exanpl e, another enbodi nent of the cammy have 5 three
si nusoi dal WMEHPUrBEI6al ong its circunference. In this il PUBSGEHDTAE102
exanple, the three sinusoidal features are arranged such that the

angl e between each sinusoidal feature, when taken about the ,
ci r cunf er eshusoiffal t featias aresapeIrd B9 dbyrdrsimieienceapl yhe Gamiig 2

the cam haé(x%uﬁﬁé\‘éﬂﬁél .@%EP{'?'%%@S along its circunference, the

angl e between each sI'nuSo eature, when taken about the 10
circunference of the cam is about 90 degrees. [0025] The foll ower, as

ment | oned §&s o ﬁgﬂgﬁ%@%}%vg%%ﬁﬁe&%gﬁﬁn&%?‘nlﬁrio;c{/ﬁngéfsoiatﬂe.c m may hav

iIIustrat; n, '1'n on ment ower e consi dere 0 be
a rigi d padee Siavsoidgalafentues alahg disecienthiéteatef bl thsngustrativeredim e, othe

the camas, the camrotates 15 about its, axi f rotation. A

2l er nat | VETSfn AR RRLFES ot BTNt Seh Bt BserRale, bebiern et
to the cangmpssidi féfur, WchSaRe§ abbid th dircOiférénc@lbP e EAR, is about 120
circunference of said cam Wthin the groove, the profile of the cam

i s cont ai riegreemdSimilaryolshewlsr thrioain girvge dowy siwisaidgl deataresnalong its
follows t | t I 3 ; |

the fol| ongropteel Facs B RcRAFCA itlistioef SRy WHECRIEN Bt the
frequenty dicumtiérehce béthearan,ds abest 90dedrhes.ot her end of the foll ower
Is attached to the deformation nenber, the deformation nenber exerts
a force on the specinen also in relation to the frequency at which

the foll oygo25]ang fdlbﬁ.fe]?,faﬁ ﬁehﬁ@é&ﬁé@ove?% @thib&ffﬁﬁect[a@@@?ﬂe’é’b@n. As an
testing apparatus may further c rise a motor. |In gne enbodi ment,

the notor 4StER§ap: @ﬁwmé@cﬁwnﬁﬁ% ilovion Gt B cRRISETGH TP e A Hory
anot her  e{lad H%iHecPbi bAE haRAL fofldws tRE pFIMObf fRYcdf RARBIRHh FRates
translate the cam 30 linearly. The enbodi rent having a rotatable cam

f urt her 1ot dlesaxds @f uetationadaptltainatiyeemgager yavdidniheafolowsr ey bef
bet een t R Aty LR Ao e S8 Hhay B3F0 pERIAE axRRTHih GRELEHdn e
t hereto. circumference of said cam. Within the groove, the profile of the cam is contained
and the follower being guided by satd groove and follows the profile of the cam
accordingly.
20
[0026]Accordingly, the follower oscillates itself vertically in relation to the
frequency at which the cam rotates. As the other end of the foliower is attached to
the deformation member, the deformation member exeris a force on the specimen
also in relation to the frequency at which the follower (and therefore the cam)

25 osclliates.

[0027]The testing apparatus may further comprise a motor. in one embodiment,
the motor is adapted to rotate the cam about an axis of rotation. In another
embodiment of the invention, the motor may be adapted to translate the cam

30 linearly. The embodiment having a rotatable cam further comprises a clutch
adapted to engage said cam at its axis of rotation at a suitable motor speed. The
motor speed is typically between the ranges of about 500 — about 2000 rpm, but
is not limited thereto.



6 WD 2007/ 120116 PCT/ SG2007/000102 [0028] The clutch adapted to
engage the camalong its axis of rotation is adapted to have a fast
response tinme. In one exenplary enbodi nent, a suitable response tinme
of the cl ubwa00t/rRotiéder to generate a single pul se | oadrP¢DSGIve7/400 81
specinmen, is 5 considered to be | ess than about 30 mlliseconds (ns).
This I s because given a benchmark notor speed of about 2000 rpm
(i.e. it takes about 30 mlliseconds (ns) for the notor to nmake one

r evoI uti onpgozdiitRe Q:hﬂéﬁ: Bdsngass '@?\E&ge\!"tﬂé cﬁ\ﬂveﬁoﬁgj) its %‘k%%f ﬁMattIBh ris @dapted

period of "one’revolution, or withinh about
exenpl ary @risveiaiast respanse timee I @@@@ngi@ptamembgdm@m a@@@letra@onse

ot o o o eihd O e O R 8 e R e ey e
magnet i ¢S odamsmr@d t@ bedgsethan aptzmltl?ﬂl millidecbatls (1@s). &l his is because given a

duced- h
- specc TSI ik b of g 200 BmGe: YRR Ak aseconds
bet ween t I‘(msfjﬁbptheaﬁ@tdﬂ@ Rhké ehe reloiatcH), Bk eksbRgadehé wru%vgfto

an "over-excitatjion" nmethod of clutch engagenent achieves a rapid
engagenentOH (Wil 12, PEROE Pft Ae dayRILEIbrofeiihnaebent BRVESY &3 2 further

appl yi ng %)érfﬂ:ﬂ&g eﬁﬁ@é‘c};&bﬁﬁw{séﬂé #R x%E S5 ma i Qb&ttddﬁ?f thd A Wée@lsd

operating vo for a very rre at the start engage
The vol tge abgut h@@ﬂmapuﬁjdampiwuteldtmes nbatntdve S@ch swibie tespanss mes

ot acabl o, MOFEE. Al noO e B FRRY RiFsRe UG of Gl Berttaosy
be advant ageousiugedracnatuoe-gapeluaci.ow i nertial mass so as to

facilitate the engagenent of the clutch. In this regard, it may be
suitable for 25 the camto be essentially circular while having a

profile dfouw]md aﬂbﬁ@r@ﬁbémmen’v\/am@f mgﬁssﬁe@dswguhgt@ﬁda@tugewihﬁr%s a
bending effects on the test specine The cam may fabricated from

any sui Yadlyehegt arpeged hﬁmegatfhgfn@@r 2 thee@fufqheh%ﬁ@@" apfembegingant the
having a | W bRedd i“Bye ca?gdon ! eti‘?décrbf”aﬂt%ﬁ' @hgad?ﬂelﬂeaf:ﬁtg\%s a rapid

rei nforced conposites, ycar bon titani umor
al umi num magew@m phike tiutahhier tl@rnmu @um—emﬁtatlm invehest applying lresharp

hi gh- Speedel@c‘?ﬂga[tp%?steeéf’ about 5 to 8 times the normal operating voltage for a very short
time at the start of engagement. The voltage is then rapidly reduced to normal
20 levels to avoid damage to the clufch.

[0030]In embodiments where the cam is rotatable, the cam is typically in the form
of a disc. The disc may be advantageously made to have a low inertial mass so
as to facilitate the engagement of the clutch. In this regard, it may be suitable for
25 the cam to be essentiaily circular while having a profile detailed with various
waveforms to simulate the required bending effects on the test specimen. The
cam may be fabricated from any suitable material that satisfies the requirements -
of the cam having a low inertia. Examples of such materials may be fiber-
reinforced composites, carbon fiber, polycarbonate, titanium or aluminum.
30
[0031]In a further embodiment of the invention, the high-speed bend tester,
according to the present invention, further comprises a pivot, which bears a lever
in a pivotal manner at a position between the two ends of said lever. In this

7



according to the present invention, further conprises a pivot, which
bears a lever in a pivotal manner at a position between the two ends
of said lever. In this 7 WO 2007/120116 PCT/ SG2007/ 000102

enbodi ment woome7/endsof the | ever is connected to the debormsetoonenoio2
menber, with the other end connected to the follower. The effect of
t he Iever being pivotally borne in this manner results in an

opposi t e nevbadimentfonehendakthedgvartisiceeneeledito the defarmatiee Mesmien vhth

nb
oo ¢ MBS LR el ESBRRler SR TRl Mt onehi
_rmv:am;nt wdrné meﬂ*ﬁs) haoner reﬁwms aharc oppmtwgbfmnedmf tﬁib@npla;\mitdltg@tavat
I NCl udes ust.l n necnani.sm con (0]
Lhe posit | D1 B daTHtaR AT O8T PO rereip el eshasf e teamale oot

the levey. thEhﬁh@rcaﬁaSéfltﬁg té‘@@ NERS SVeREb VRS ac@@ﬂd’irfg)id 1&g d@er@tmgqh@vement
even adjuste éy manual ly. In order to have a high 10 degree
e

pr eci si on, ofath W%W‘@hﬁ%ﬁﬁtﬁﬁhedﬁam h@%Pé@Fﬁ*\tpqm\)@ﬁm 8% aRAdivg}ing
sai d not or %%ﬂl%'&ﬂﬂ@éﬂekﬁé hAE) %PWb%W&&%?&tn&ﬁ%f% (/ot itself can

control I ed” comput er progr B el ement I'n one enbodi nent,
t he |i nearbe ra:i]mtaﬂ i aengfthe haxisleff octhealeven Teetadjusting recbeniser ey e

an angul ar Th| I S achi r peci 0 | &:
beari ng-no ?@ﬂ %%éfc‘f‘ qud%\fen[ %é@g e@‘ﬁgﬁg%@ﬁq@ zrﬁéﬁg%ngb hg% d ﬁ'gﬂ
caltoabl e1(9fdeg|3-@@\c¢rptre¢1goﬁaed dxeﬁﬁﬂary@?]ib@ﬁh“ieﬂﬂ of)fthcf pecdoms timﬁmeom Mewing
into an angul ar rotatio t erotatlona nature of t

| 0ad, "t o S SeIABEORAIRG RSB PRETRE ek e HeruolagOpkoled by a
adj usted t bt YroRfdhh @¥ém&dt h twisting and bending of the 20
speci nmen. ‘fbo @g] I'n a further enbodi ment, the apparatus may include a

di spl acenent transducer. The dlsplacenent transducer includes a push

rod -Sl ' daibddzégﬂf%gderp%%&ﬁleﬂt 3th@°ﬁfn°§a? rélefti'bﬁ feﬂfé Béfohrﬂﬁg&r?%ﬁbrﬁﬁélr is

ousi ng) B Shnect ormation
rrerrber b dedriverthd te ian gingsilalr irpdation. oThas I'SI aihdevesfwinenedbe speaimen ithder is a

rigid reference fra c d,.eit.he r
may be bagg%arg\g -Ro ‘I‘"ﬂ%f’@ecﬁ?é?@ﬁ%& B%lt Hg.fofaﬁgﬁ% éﬁcgrr%gﬁgb?réen? P QISIe of
3end: ng %@Weftﬁ@nemﬂ Ipfeat iefleetidn spénd ey spesinhdrs inta an ahgdﬁangotatlon
'SP acen'e(r)l;[Nm% tot the nga%onal nature of the load, the torsional stiffness of the specimen
holders may be adjusted to easily achieve both twisting and bending of the

20 specimen.

[0033]In a further embodiment, the apparatus may include a displacement
transducer. The displacement transducer includes a push rod slidably mounted
within a housing. A free end of the push rod (i.e. an end outside the housing) is
25 connected to the deformation member and the housing is fixed to a rigid reference
frame. The rigid reference frame may be located either upon the apparatus or
may be based on a further reference point. In this arrangement, a bending
displacement of the test specimen results in a sliding displacement of the push
rod with respect to the fixed housing. Accordingly, when the cam generates a
30 displacement of the test specimen, and as amplified by the lever, said
displacement is directly measurable and verifiable via said displacement
transducer. Examples of suitable displacement transducers include, but are not



rod with respect to the fixed housing. Accordingly, when the cam
generates a 30 displacenent of the test specinen, and as anplified by

the |ever, wahd71Migp! acement is directly neasurabl e ange¥REbdohaRh®
via sai d displacenent transducer. Exanples of suitable displacenment

transducers include, but are not 8 WD 2007/120116 PCT/ SG2007/ 000102
limted taimitédeaal livaalr akirigb dRbacement tareusdece(SVDT)VERd Mual-bridge
Hal f-bridge transducers with fast response tinmes. [0034]1 n anot her
enbodi nent raRssicgrs ai fast respensRiE®e8peci nen hol'ders rigidly 5
supported on | oad transducers. The |oad transducers rigidly supported
and bolted to the specinen holders such that when a force applied to
the test {pe¥Mlincmnother embodieent (e anparaipdnciudes gppeimea helders rigidly

measur abj e | r ' '
force i s§ a?o Pﬁtgb'?’ (g'l [g %{g téagggé%gée{gﬁ?reelﬁ Egﬁﬁaﬁggﬁ?ﬁgﬁ%”n@@ﬁo ford(’j:‘%m?eg
measur abl eto theapekmseroholklesdsuchathatiwben s forden applied toethpdeastespatohern ®ia

ond pi esor b8 depirEAighmeniay S ToGedpifieaslrafleruf Sifnaf HERRLMEE 1
appar at us ffyermhibditfint witdiigd§orde ROAPEIRI tottRETREst @batitenduriveyr iy Baid

encl oses the specinen and_allows testing to be 15 conducted af | ow
t enper at ur ©&ce FrHeeasAREr Ex@nples Of inag trAnsgureisydth Gt raseones hiclde: Bt
menber syang..P, ; AT aoxlel-W f ' ;
conpact 1({?‘egrrrf):\'elﬁgt lﬁﬁlé&gﬁg r%ge% I ncl Cd ?el%wgg?égaé)' eCdr%EﬁP? %n?e%‘étﬁ%:eggﬁve o
rockwool , eellsber foam and Styrof oaminsul ati on panels. Exanpl es of
cooling nethods include, but are not limted to, liquid nitrogen
cooling and thernoel ectric cooling. 20 [0036]Wth regard to one
enbodi nenfoodslime furtientérmbodimentt thedapmarahesnmhayefirineg indude st compact

speci men includes - Proyidi a bend testing apparatys.conprisin

cam havi ngte@p%gt,u&% @Fé’ﬁ‘ivg&ﬁc%r . qsgsvﬁgrg?‘??"ﬁgnlgggtang‘ﬁgﬂﬁfﬁqq gch%cﬁ‘f
the profs | gomfuctdi dt I3k ©aPetaIRSs. SBfe ahahBas walgecoraxial enings for the
speci nen hol der that holds the test specinmen on opposite ends of t

e
test speci AeRMAIQD meMmhare apgddTeh & pass through. Examples of materials used r%or
the compact temperature chamber include, but are not limited to, rockwool, rubber

foam and Styrofoam insulation panels. Examples of cooling methods include, but
are not limited to, liquid nitrogen cooling and thermoelectric cooling.
20
[0036]With regard to one embodiment of the invention, a method for bend testing
a test specimen includes
- Providing a bend testing apparatus comprising a cam having a
circumferential profile wherein at least one portion of the profile of said
25 cam comprises at least one waveform, a specimen holder that holds the
test specimen on opposite ends of the test spécimen in a default position,
a deformation member operable to deflect at least one point on the test
specimen from the default position, follower with one end in operable
contact with the cam and its other end connected fo the deformation
30 member, such that a displacement of the follower is according to the
profile of the cam, fo actuate the deformation member correspondingly
and to deflect the at least one point on the test specimen from said default

position upon movement of the cam.; and

9



a deformation nenber operable to deflect at |east one point on the
test specinmen fromthe default position, follower with one end in
operable contact with the camand its other end connected to the

def or mat i oWBDOHEWDEr, such that a di spl acenent of the PEF/BGET/0G0H2
according to the profile of the cam to actuate the deformation
nmenber correspondingly and to deflect the at |east one point on the
test speci nen-f rdeNiRGithe eemaguch paesithe oat lepsh omevpontinn of theheraftemthat

and 9 WO 2007/ 1?0%?%9&]%%'5? %ggg%% ﬁggg@ﬁg-acwg\{éQ&etfgﬁb@%m such that the

at | east one port t" COnprises east one
wavef orm actuates the follower. [0037] A further nethod of bend

testing a peciien using apof he 5..enbodi nent _of the invention
i ncl udgs P:[‘(T;Q/?%T(]fing&g %'eﬁﬂe%ggt Pﬂgg%{ﬁ[)atteﬂ"?% Rofpti SPRGMER d’éfﬂ%eﬁﬂoﬁlfr
a profil es vémbedimentbttheriofdrtion ¢uiddsses at | east one waveformon at

| east one circynferential portion of the cam.  a specinen hol der that
hol ds a test” s'g@af%a&ﬁn%%@gt@pérﬁigs ePMPAYNGhe test specimen in a

default position, a i Pﬁmge : : I
one poi nf on the tef?faggg%?*r\rgn% ro’m Pﬁgﬁé%&fﬁd&%ﬁ)@ﬁ,&%‘% (I)%%E\ERE?
with one end i nwapefpaEDICH aldeashone wirchimidrentizd podtion dfitbe cetmher end

connected to an end pof L eye Ld. | r_hei.n Lvotally borne
15 a pivot at a posi&t?isgﬁCl e%méoeigléﬁpgt tl‘@;ﬁe%%gstt eefcggw opog%ﬁtg\pgtc)lérpf
opposi t elhovenethe teét dpeeinereinendefalilt pbeitibever and the def ormati on

nber connected thereto wi.th respect to the venent of the other
gﬁd of the |ever opeP&Mr %B’hﬁé‘?ﬁ'gﬂ quﬂblpp}g é%PFB%E?SEBE%pPW&PntTH@

di spl acenent of test Qﬁbd‘"ﬂbhmﬂhie&jeg@mpﬁ&g]ﬁ}g],t o the profile of the cam
t hereby actuating the 20 deformation menber, via the pivotally borne

lever, and to deflecd Tlwesiwith eagtershén poprablewontast wéty thepedmnand its
from said def aubthePefid thiMeditPd alBYEBESlevit, dif16:R M beRB bivotally bore by

15 a pivot at a position between the two ends thereof, fo achieve an opposite
movement of the one end of the lever and the deformation member
connected thereto with respect to the movement of the other end of the
lever opef‘ably cor_mected with the follower, such that the displacement of
the follower is according to the profile of the cam, thereby actuating the

| 20 deformation member, via the pivotally borne lever, and to deflect the at
least one point on the test specimen from said default position upon
movement of the cam, and
an adjusting mechanism operably connected to the pivot, by which
the position of the pivot can be adjusted along the axis of the lever; and

25 - Moving the cam such that the at least one portion of the profile that

comprises at least one waveform actuates the follower.

[0038]With regard to the above-mentioned method of carrying out bend testing,
the flexing frequency of the test samples is determined by the motor rpm and the

30 circumferential angle on the cam profile over which the waveform is spread.
Exampies of testing methods to conduct bend testing of samples are now
described.
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an adj usting nmechani sm operably connected to the pivot, by which the
position of the pivot can be adjusted along the axis of the |ever;
and 25 - Myyvi n t he cam such that the at | east one portion of the

profile th{O2EHMIM%ses at | east one waveform act uat es PRESEHPTHRER.
[0038] Wth regard to the above-nentioned nmethod of carrying out bend

t ﬁSt i ng, [umwhe)éxampﬂargqmmhod r%?tedtshg teiﬁséanﬁ;aa@h%/ insoldettied abmmoh;
the notor r e cu rentil a an cam pr (0]
ber Tont CHuRaS R Gomt Rt aheily e R osaegra el TV HEGSUL 5 the

conduct b%}b@cm b@ﬂgodefﬁa@faal Q@Ir@é@algq}ﬁ\h:cﬁ%ﬁ%hé% theD MR r2RMP l2hd Athéd 6
PCT/ SG2007/ 000102 039] One exenp Iar%/I met hod_of testing test sanples
e

may i nvol VBIMhes Qfdmﬁwerfmmﬁson thmsamgpretile Ae arpiloeirative exrmmrlpyif thrrecim
connect ed évae\\Fxﬁ Gor @@'oﬁn id %a{rﬁélﬂfﬁ% gpaeét? agagegfhrméb g%n& dgme%ﬁéaﬁag

interv epen
wavef or ns appotie aras),pand ithe. maords nuhhlmgt atBD0erpex,athe epea:ufnenhwﬂlebe

are 5 two h rofile spaced apart at 180 (i.e. at
di anetrica é&egﬁg@g&g ﬁéﬁ?gng he notor is running at 600 rpm
the specimen will be deflected at intervals of 0.05 seconds. -

[0040]The fr en of each_ def]ectjon is a function of notor speed
and 10 g’f %@L@ncﬂg%l gach oFefiqotipg t [sa i Wcﬁﬂﬁpegé'ﬁo’foérﬁpeed and

accor di fig Wéa/emﬁ} 5R418! hGAR! hfoP iifaie hurpofed, adﬁ’@ﬁflﬁ? fo tre Mlﬁ”oh%b

frequency, 8 is the rise angle (in radian) and a he notor speed

E); g;/lo: gt : S nuao(?) al avﬁzéjmenm%%pgéﬁ%ﬁg%xéﬁqg % éi‘g%('agagb) and

0.4188 rad), while the notor runs at a speed of about 600 rpm (or 10
revol uti or ipiie metasspsad revehions eanﬁewdbﬁwn@ngﬁhﬁfsfbaw qrecefith

pul se willg E? ﬁ?é?ﬁ’élﬁs LRREB :dahhg%éla“ws\%f@h' Mﬁédgoofgéﬁd S4-N8bout 0.4188

conti nuous d testing ne descri bed % e speci nen may
be subj ectrad), twhile thermetorotingedtiaepeerhof aboviapPOusm forplQ ravdbsdioan deor

of the i oaroAPHE Rl PR oE e it HRAS R BE TR M AP BET oy

[C041]Alternatively, during the continuous bend testing method as described
above, the specimen may he subjected to a series of defiections at various
amplitudes and/or frequencies. The amplitude may be adjusted by moving the
20 location of the pivot along said lever, while the frequency may be adjusted by
changing the speed at which the motor rotates, i.e. a higher or lower rpm. As a
further altemmative, a complex series of deflections may be handled by computer
programming which automatically adjusts the location of the pivot and the rpm.

25 j0042]Another exemplary method of carrying out bend testing is to subject the test
sample to a discrete number of deflections. In such discrete testing, the
deflections of the test specimen may be stopped immediately in cases where a
change in the deflection amount or deflection frequency is desired within a series
of varying deflection amplitudes and frequencies. In this regard, the test

30 apparatus may further include a braking mechanism that would enable the cam to
be brought to a halt after a given number of discrete deflections or after even a
single deflection.
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changi ng the speed at which the notor rotates, i.e. a higher or |ower
rpm As a further alternative, a conplex series of deflections may
be handl ed by conputer programm ng which autonmatically adjusts the

| ocati on oWQHETEIWSt and the rpm 25 [ 0042] Anot her exeRfT/aE300TEN0HAd
of carrying out bend testing is to subject the test sanple to a

di screte nunber of deflections. In such discrete testing, the

defl ections of the test specinen may be stopped i mediately in cases
where a dAG#M3E Al thecaldyetroentionedagramglanyr tegtifig ensthods,f theqeamayay e

desired w fhi |.e | fl. Felal | i,t ydes .and

f r equenci e@%hﬁﬁgg %i%édpr @6%?8{9 gﬁ%& ?‘gesgg%'%%ﬁ\' gﬁﬁﬁg réﬁﬂmgu IS?]HHW the test
i ncl uﬂeI a snfrakl'erfgif necing niesing, hBW}ONdeQ oﬁm@lg@f ii)ﬂ@eeﬁlafnrﬂ“@r d@?éy’eoﬂdﬁﬂfe
to a ha after a qi,ven nunher, i,screte, de tions or after even
2 Singlt Seeareed el 5 Teip iRl Bt cicaca e SaogesmED Gorsple
al | the abgyayai@nAtestamgBx el BENdihG SddrRetion hedstjort %?_tﬁénbeﬂﬁ( rﬁh} be
required to stop rotating should the specinen fail during testind.
Shoul d t heStPRRed b¥ giipgrdiisengacingrtha glutelstollawed by aderakingmd the aamahatto
prevent further danage to the 5 specinen and to retain the initial

failure condition of the test specinen for failure analysis.
Accor di ngl[{944]Mé&thb esgirah do dbé | aboiveensntionet dteénaintesting heethady, pegsitie test

st opped, by_eith i se i.ng the cl.ut f owed b rakjng of the
cam sha}(?. spe[oﬁjr@%iﬁ W#%?gtgﬁr%et %ﬁt ]H‘é'%le&gg(?/e@héﬁt?@nééb%@?ﬁst ﬁgth'qawptle.
net hods, passirihglyt et berd BRBFIaTEOSIrge! tHe Predut iVepitibRimay Alsb 8d dsed
PCBs and substthgégg, for exanple. Accordingly, the bend tester

np )

accor di ng Pdes s4ehpropRiiesal sinermatanals. be used to test the
flexural properties of other materials. DETAI LED DESCRI PTI ON OF
EXEMPLARY EMBODI MENTS 15 [0045]Figure | shows a side view of a

hi gh- speed bend BP&EJAILED CRIREIONNOF EXEMPLARGCEMBQ@DUGENTSt of the
inventipn. The apparatus includes a specinmen holder 2, deformation
menbers 14 and 15, a follower 3, a caml and a notor (not shown) for
rotating 0R23Bigure Thehaypea sile hewlelf 2 hglaspsed Her20 tegtiagi amrardfls

which is t%&io(fcﬁﬁglg ytoaoﬁgBem%todﬁriién €bf %Héj [‘%\S,e,%%%‘fm-rﬁé‘ eta;g];?arfa{.u%ugn%ludggea
specimen hoider 2, deformation members 14 and 15, a follower 3, acam 1 and a
motor (not shown) for rotating the cam 1. The specimen helder 2 clamps the

20 specimen 17, which is typically a PCB, at either end as shown in the figure. The
deformation members 14, 15 are positioned o be in contact with the specimen 17

as shown. At this juncture, the deformation members 14, 15 do not cause the
specimen 17 to flex. The deformation members 14, 15 are mounted on springs 16

to ensure that they are in constant contact with the specimen 17. The lower

25 deformation member 14 is connected to the foliower 3, via a connecting member
4. The connecting member .4 is merely a rigid body having the follower 3, which
may be a free wheel or bearing, for example, at one end and a connection to the
lower deformation member 14 at the other. The follower 3 is in contact with the
cam 1. The cam 1 is essentially a disc having a waveform along one portion of its

30 circumference. The waveform may be a crest, a trough or a combination of both

thereby defining a waveform such as a sinusoid, for éxamp!e.
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def ormati on nenbers 14, 15 are positioned to be in contact with the
specinmen 17 as shown. At this juncture, the deformation nenbers 14,
15 do not cause the specinen 17 to flex. The deformation nenbers 14,
15 are mouM@WOHROESrings 16 to ensure that they are | RCHOEWOEMO102
contact with the specinmen 17. The | ower 25 deformation nmenber 14 is

connect ed (0046} fre) bames rdtatdd,atha i@)%W@tCB' Wl HRITRRE as4|t S Gws éhe cam
r4 is nerely a ri body having the fo Iome

t
\(;/ﬁ Prc]ﬁc 'n23 pﬁlﬁmﬁﬂ tiig regrd) a@mb’@&? vergcak geplasempnietakes place aash tinel the
connecti on ey naﬁi 4 hg, o
f ol | owner Bf#’[gwlbﬂgcoht acto?/jvl‘sij ﬁ{eﬂﬁ&é cam 1l 11 Jn urﬁ ﬁ?sfa ?a@géern ﬁpaﬂo&
di sc havi ng’leénbﬁvé*ﬂdwh alsonie dmsepowentloailyofalortgsmm thier cfmiln\mreacas Thee

wav ef or est 0 nbi nati on af bot her eb
defi ni ngsa gr ?n\?s%cﬁeg‘érgg g%ﬂ}g%ﬁg’ s&gg%qe%%oicgev\%, e upwhrd
2007/ 12011moPéfWeSGZEO%OGbe®rﬂatu{>r®Gﬂéﬂﬂﬁér the caased thetshicimen her to flex
foIIovver3vaI oscillate as it follows the cam rofile. In th

regard, anUBiSARISHOUE} BiCOAFAVR MiaNaek fetitversabe sviamihe ioiewst pﬁ@sqsr@/er a
fol 'ower 3dppshese pifile, ftﬁl,ﬁsﬁécﬁﬁeﬁf\mﬂﬁ& @&Uﬁv@ard's”orttrlrd‘eo S m

.
deformati on nmenber 14 will also be raised vertica ong wth the
follower 3. As the 5 specinen 17 is securely clanped by the specinen

hol d 4 causes

the. aped? JOFIERIL SiBNCHTShaLtial Vevh 6 LT SR obfng 885831y

when the fof Figuee pdbsepeowesn 47 isiclamried aﬂmtr@r@gdzsc]ardgﬁeysp@%pgﬁgq\%
il fl . convex I

\(gﬁnot her e>s<| ‘g@ Vi evﬁ?)elf sé)e:%ﬁ'n%n 3?. ’%ﬁ'@gﬁoggﬁgec{%?g%% éﬁ"‘ﬁf% ?f@@q:!p)gmee

1. The speloiveemnd Ligper dbfompatoriméahbéer1Lagd t1b%§?éctm§lyt "I"hescﬁﬁ&‘nﬁﬁlbn

hol der 2. The sPem men 17 is also contacted on either of its |ateral

surfaces bYEIRETS PERAEIOUTIE QhBRINGSe MbiGRaPTESH th%ﬁ’ﬁ@rr@amnmﬁmhgs 14, 15
respect {yehpto b eIV R R su%ﬂ@@bﬁ i @gé@?%heﬁr Ofhes QﬁSr'ug;% @Q

press the deformati on nenbers 14, o the respect
surfaces dhetdpiospdionfasmpers %e’l%iﬂ mgﬁalm@omm Gonilan’em:tbﬁm nsaemlrmn

o Thous el Bl THBHRG OB aBkn A P ML SRR BT
i s connectaterigddo coeareecting mesntrr4, Avhicthhash aHalioveerfat isvesrréspahdings
correspondiig The follower 3 is in operable contact with the cam 1. In this regard, the
20 follower 3 contacts the circumferential thickness of the cam 1. The cam 1 is
typically left disengaged when not in use. The present apparatus also includes a
motor 23 connected to a fast response clutch 21 and fo a flywheel 22. The motor
23, which is directly connected to the flywheel 22, spins the fly wheel to the-
desired speed whereupon the clutch 21, which is also attached to the flywheel 22,
25 is engaged. When engaged, the clutch drives a shaft 20, which is connected to
the cam 1. The rapid engagement of the cam 1 via the shaft 20, by the clutch 21,
through use of the flywheel 22, allows uniform deflections of the specimen 17
because the motor 23 is allowed to achieve a stable (dr desired) speed before the
deflections on the specimen 17 are applied.
30
[0048]Figure 3 shows a perspective view of another embodiment of the high-
speed bend testing apparatus according to the invention. The apparatus includes
a specimen holder 2, a specimen 17 clamped at either end thereof by the
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end. The follower 3 is in operable contact with the caml1. In this
regard, the 20 follower 3 contacts the circunferential thickness of

the cam 1. wihmozauisk is typically |left disengaged whenpapkchidbagnr
The present appar atus also includes a notor 23 connected to a fast

response clutch 21 and. to a flywheel tor 23, which i
i roctly GHRRETOIORE RErPIIRIAORempers 1 ABd e 31 aptittbe aghq 2a.and
desired speeshmisss@upom.the clutch 21, which |s al so attached to the

flywheel 22, 25 is engaged. Wen engaged, the clutch drives a shaft
20, which is connected to the cam 1. The rapid engagenent of the cam

1 V' a th%@dﬁyhgaew?m@mweq 14nd 4875480 IS db)% folnMidh @4%8{ 14

allo orm ections of the specinen cause t
23 i s ali cweldhe oppenhdafommaticst mbmbe( 45 rem:sactleejy Bmaéeh‘obnamiemehéaers 14

e TR bR TGP s

testing apparsappsriedogrthé ra@pbmtmmramwmtahdnmthmw apmpredisios sprdlgd ORs
a specinen, hol der ,2, a ,speci 17 cganped at |ther end t hereo b%/_{

the 13 2 HePF" ‘?L'"I@aqﬂ@m% Cﬁﬁtﬁ) ‘fééio"@"&@é Hihcerspeidhe specimen

def or mat i Ofha EIAESHS
assenbl y (1318-l [ 0049] %gng@? Sfﬁ'a%’ ?jgnmécgﬁﬁ?gﬁg%[@é’e}?gtat&ggﬁg along

def or neltd dhe spetimen W tospramidetne singleeer multiplenprinbipending drorxample, the

respecti Ve‘do}ﬁtac-trp&n‘?'?{[ﬂhg% mﬁé'?'béé’ £ FLURLFREMBRZ ARk bedn

conpr essi on spr orna I'on e e suppor
by t he apbe almsoﬁayanmc% badldaswhld:h thwtaciohpriatesal eoriage ohihe shiecimdrna7
upper deforna{hﬁgn ne 15 .1 s. bi as downwards to contact the specinen

17. The FHEPREPIdSP? ‘8?*“&@&/%9 ed to provide suitable

contact points along 10 the specinmen 17 to provide for single or
exanpl e, the contact _points of the

mul tiple 5953 bendi n tr)
def or et HI030EHs cam ssefsblyn1q omupises bl 1mdy fasé reaponsgeciishn{not
cylindri calholpgli QSfIM"eCéP fﬁnbaﬁ{otémsl af ehatt ser fa%e[eaoion%ﬁsr epl iwe

17 on either side of the electrical corrponent cam
assenbl y lemenfs@%ﬂ@ wRntion, sthe deflowers g gadiaked e dhe (Iawer deformation

member 14 via an adjustment mechanism. The adjustment mechanism includes
series of intermediate parts, which will be discussed in greater detail in Figure 4
20 that follows.

[0051]The cam 1 has a profile that inciudes a waveform 40 that may be formed by
a crest, a trough or a combination of both fo give rise to a sinusoid profile. The
cam profile is formed to generate, for example, a sinusoidal wave at a specific

25 circumferential part of the otherwise circular cam disc 1. The motor 23 drives the
cam disc 1. The motor 23 may either drive the cam disc 1 directly or indirectly.
Should the motor 23 drive the cam disc 1 directly, consistent deflection pulses
may not be possible as the motor 23 would require sufficient time spanning over
several deflection pulses to aftain the desired speed. However, as described

30 above, should a fast response cluich 21 be used in conjunction with the flywheel
22, as in the previous embodiment described in Figure 2, consistent deflection
pulses would be possible.
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shown), a flywheel 22, a notor 23, a shaft 20, and a follower 3. In
this enbodi ment of the invention, the follower 3 is linked to the
| oner deformation nenber 14 via an adjustnent nmechanism The

adj ust ment WRR¥EAMOEW | ncl udes series of internedi ate pBET/EGARDIHID2
wi Il be discussed in greater detail in Figure 4 20 that follows.

[ 0051] The[O‘ﬁ?ﬂ%r \WhBfker athBr:%to'rezé Rfled NRLULSS @sday G r@ﬁt”S} g s !Pl@ﬁéct&a)fhé’e

formed by est, a trough or a conbination of bo lve rrse
a si nusoi mwe@ﬁent@f thm@amc@akﬁrlsﬁtan@ml’@ed tr thedlower gefmmmgn migmber 14

exanpl e, |

tho. ot her WaledD iR 4B b aBe R sl s e WILEE MR b i
1. dfl'he rr})'rdetalléﬁ‘ h@aseselttdfeﬁalcdnhmngém cfathedtan 1 ederiecd lljc_}acbbntlo the test
i ndi rect ou rive t a I SC irectly,
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woul d 1 equhdchiabishi.l GURER fhidTEnSRAB] NBeOV&Ker Sc@f@zrn@eluo@hefdw@mbepn14 in
pul ses to attain the desired speed. However, as described 30 ab ove,

shoul d a fcagperaligpowitle the uurner2delpEmaliany membehj1dnaxesls @i farce e the

fl wheel o)

Comel ot oncEGER, {1, TRE Rirfed) WepIRENeTB ihe fodue) °f soleRhOHsE 1 the
PCT/ sezoomcmmmlr{zmmqammmtutm thretcam @ik dr Wies thiedoltavardl sioves
directl di rect .t he verrent o{]&? F(ﬁ m.di sk | d
O oeohiiby Sliet B k8 iy, Aeiol I B sttt ftoRF o s frolveli S, e pwar

and the adijreeﬁd]‘ﬁﬂhe!‘mQhﬁ@i!cﬁﬂQr ddfbeiativnl helberdq4ds abr@tédbitier directly or

detail. The result of sai e t of the cam!l rts a Ioa onto
the test Higsy ﬁ%ﬁhQ_?aS‘i‘/mé‘n%?e a?fﬂefcééhe %Wﬁﬁékﬁpf@ﬁp?ww % WRGRr

3 and t hetﬁé’fdﬂé%@?ﬁ%od&%ﬁﬂ%‘&arw&%ﬂé hhﬁcﬁ@@ﬁ%ghtt'ﬁ% fbl'RiWér 3 moves

def ormati on nmenber 14, in cooperation wth the upper deformation
menmber 15][n éx@W@N%[df(bFQ?@O@nD?H@?dI%@)@@l whether therlpwey gfafprgaation member

di spl agamantisOhehbied’ hldor HARENPEHORIS HokdEs, the lawer deformation

novement/ ci rcu erentra ure o camdis
f ol | oner memb@srma@ o exctusited darmgpreoin Ieﬁhem/anctkpwwdaomdewnwatchmanner

def or mat | SHmRRBTectd B ShEUREE acfollBV Gl octiy or indirectly as
the case may be, to deflect the specinmen 17. Correspondingly, when
[0053]With reference to Figure 4, the bending displacement is induced by cam 1
20 on which a cam foliower 3 travels. The displacement waveform of the cam 1 in the
present embodiment is a single bump or crest 2 over a very small angle, with the
rest of the motion being a dwell. The reason for this specific cam profile is two-
fold:

25 1) To reduce as much as possible the motor speed (rpm) required to produce
a bending frequency of up to 1000 Hz. For exampie, a crest over an angle
of 24° will reduce the rpm required by a factor of 15. Otherwise, a motor
speed of 60000 rpm would be needed for a 1000 Hz test, a formidable
technological challenge; and

30

2) To increase as much as possible the dweli time, which is the time required
for the clutch and the brake to engage.
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the follower 3 noves over the camprofile, which is a trough, the

fol lower 3 nmoves in a downward direction. Depending on whether the
| ower deformation nenber 15 14 is actuated directly or indirectly by
sai d fol | oWe?2087/120h¢ | ower deformation nenber nmay be aBCTEGHE7/00§102
nove in either an upward or downward manner thereby deflecting the

speci Men FeGAIH\RIHS clﬁt@ﬂ%ﬁlg?ﬁ%{%@eﬁggﬁ E&Gs ?%sghgaﬁfp%w?t ne bgandl s
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cam prof i r@tarysnmmr 23 Gdak: FRPuré)3)Tibat ethycioe aguipped Rh I%‘Pusér'léb'd%r tzﬁe(tsee

notor s U|red to produce a bending frequency of
1000 Hzpjeﬁgidrrg a%yrﬁ:llgég? Ogm an angle of 240 will reduce the

rpmrequired by a factor of 15. O herwi se, a notor speed of 60000
rpm woul d a 1000 Hz test, a form dable technol ogical

ded for
chal | enge[&%‘ﬁﬁ%gﬁw Toatiopraskteadsplacemant pidbeifoliavene acb/vahipilﬁedfey

15 W0 20051 SR SR SR et g PR AR medhatiem
engagementInc Iidrs 8davers7ddbe gram fdJItDWH\BB s cmagsfcstg?:/tg rmf g(r:ug Eang o@fthe

A or ool Amniitifo R 7 ARE & Soby i@ga*a@m%@a**fvmwia iSigensigined toove

actuat or dm Dniyrmjletmwﬁnasdzﬁecttbﬁwrtﬁe m?éa?r Ss?ﬁ? ﬁ#l@&iéﬁ%@"ur\{aﬁh is

W th encoder (see gure
x%/olrjer S?nu [)L%g?gﬁjj ke "IaCH‘l?tt‘?roW whigh Pﬁéh@ﬁ §®$la@feltﬁe¢ﬂnn@f3timglmember 9.
fol | over DrareraRfhidritRsl B¥ar A8aRM 45 $stingeps g&w&% LSRR LODCS in th
previ ously. Thta adj ust rrenlt r{ec a?n sm es atﬁeverngg &Fﬁ% géﬁ’n €
fol | ower @pPQS'F?OCHF%'@PEdThQ)dIéEPP?@ﬁ@fm&i@n i%limited by t1dlimeariguids 1@ | ever
7 throygh a connecting menber 4 which is constrained to nove in only

one transl ational direction by the linear guide 5. The mddle |ever
pi vot 8 i §055]The adjustment mechanism described above aims to amplify the effect of

the displacement of the follower 3. When the follower 3 is displaced vertically
upwards due to following the rising portion of the crest 40 of the cam 1, the
amplifying lever 7, which is pivotally mounted on pivot 8 rotates anti — clockwise

20 about said pivot 8 such that the connecting member @ and 13 are displaced
downward. Accordingly, the lower deformation member 14 also moves
downwards thereby exerting a lower pressure on the lower lateral surface of the
specimen 17. In this regard, the upper deformation member 15 now exerts a
greater pressure on the upper lateral surface of the specimen 17 than the

25 pressure exerted by the lower deformation member 14 on the lower laterai
surface of the specimen 17 thereby resuiting in the downward concave deflection
of the specimen 1.

[0056]Correspondingly, should the follower 3 be displaced vertically downwards
30 duetoits following a depression in the profile of the cam 1, the amplifying lever 7,
which is pivotally mounted on pivot 8 rotates clockwise about said pivot 8 such
that the connecting member 9 and 13 are displaced upward. Accordingly, the
lower deformation member 14 also moves upwards thereby exerting a greater
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adjustable via a linear actuator 11 which pushes against its _
connecting member 9. On retraction of the linear actuator, spring 12
noves the variable pivot 8 in the opposite direction. The direction
of notion MD20HI20EE by the |inear guide 10. 15 [ 0055] TRET/aGi00%00rENt
mechani sm descri bed above ains to anplify the effect of the

di spl acemeptesefiret ba Hhel bawenatdral \Wiglck hsr el suMhed 12 B R A6, the
wards due to following the rising portion of the crest

vertically

40 of the E'%ﬁ#‘ife exeried Ry theyilowen gelrmationinemnbes 19 vot thel jowasulatesel

on Pruot Ssdiisran ranthosiolear SOl Rl U aH bl
ec

t he | ower @réftgemnamate@afbemrfam af de mpeelmel’ddﬁnwmsdsemﬂtferlelﬁme upward

exerting:a rﬂ%ﬁ?x | ateral surface of the

speci rre% 1 né ﬁg;ﬁbi’gat@é] %‘%ﬁmﬁﬁﬁ def ormati on nenber 15 now

exerts a greater pressure on the upper lateral surface of the

speci nen the | ower deformation

remer 14 1 IRGafafR SrBRiay e Boas i dieeerdn o praremy 17

resul ti ng ihe hhmsdﬁww&hgﬁiaﬁﬁvwhréﬁf |n%RdeQ”the0fa dd? 96LdER Lnd me
[ 0056] Correspondingly, should the foll ower ced vertica

downwar ds adjpsighle pivoti§, alsaollaws thg b@ﬂdé@ramslit@de inbe ijqst&nf éﬂwtematrcallye

oo SO AR PR O ISR R
9 and 13 asanfidleps avddotjpekatdiisohetednaiengings. the | ower def ormation

menber 14 al so noves upwards thereby exerting a greater 16 WO
2007/ 120116 PCT/ S&007/ 000102 pressure on the lower |ateral surface

of the spgeos8it shbuld ngetrhjﬁd ‘maﬁé hllgméccélé?‘iréﬁé %r@ﬁ@r?fe%& Pﬁsfhig?gsategrd
I def n nenber n e lower. |ateral surface i
tg\z,i\ﬁrt he 89%‘&}5558“8@?3( éﬁc%r‘gﬁ'f@F?eﬂL?pHé? i dpeghplasins seRbeas m@ycarhowt@

upper | g8 ) cﬁt&&nﬁ?&st@fmé@ﬁaﬁ%ﬁfﬁeatﬁg hENiroFRaid mentherd 94!
6 5oL

5 concave deflectlon of the specinen art fromanplityi ng
t he bendi ngsiBgpnetaldeayilikelyt wgutt dnttae Bigbcﬁl rmmsnm7$tlffr1else kaingistesdead to

mechani sm p uhbghhk Welfitsh Fhm RERlY doHtAS Wit He deRRHafidlf members and/or

damage to the bearings.

20 [0059FFigure 5 shows a side view of the embodiment of Figure 3 and Figure 4
detailing the shaft 20, the motor 23, fast response clutch 21, flywheel 22 and
brake assembly, which comprises a coil assembly 26 and brake armature 27, in
relation to the cam 1. Directly connected to the motor 23 is the flywheel 22. In this
embodiment the flywheel is designed as a massive flywheel which is necessary

25 for overcoming the extremely high torques (up to 8 Nm peak) created in this
embodiment by the high speed of testing and for ensuring a smooth rotation of
the cam 1. Attached to the flywheel 22 is the fast-response clutch 21. When
engaged, the cluich drives the shaft 20 which is connected to the cam 1. When
the clutch 21 is disengaged, shaft 20, along with the cam 1, rotates freely.

30 Attached to the shaft 20 is the brake armature 27. When the brake coil assembly
26 is engaged, the spring loaded armature 27 is pulled and locked against the
rigidly mounted brake coil assembly 26, thus bringing the shaft 20, and the cam 1
connected thereto, to a sudden stop. An essential use of the flywheel 22, brake
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adj ust abl e pivot 8, also allows the bending anplitude to be adjusted
automatically 10 by software instead of manually by hand. Al so, the
range of adjustnent may be continuous and not just at discrete

i ncrement sWQ BOE8Y1% shoul d be noted that the hi gh accePEF/a61087ien0102
encountered in high speed bend testing nmay necessitate the use of
tough pl astssamblycl26a27panyclasbozsppese ThEIPQA) isr thadtpes iallewrenge i@llse

f fab f ti 14 15, ' et al
| Tkel y e Ao 6 i GeaTatt 1RD 8¢ Prpeldl Survls Risaading © Ay
the speci Wbﬂ 4 rapl| rjagemennbiahic Wutth Rhefolleled Bt & wingle rdefiestiorn gliee,
damage to the bearin 20 [0059] Figure 5 shows a side view of

enbodi rrent wich Fllﬁuf@'%ﬁ}’eéndmm%télm Yasisgnopagmene chdhe slytch h?:é‘ “and
motor 234 Eﬁéégsérﬁélﬂ%%e Btlallk%%ti% V\flﬂhéﬂﬂt‘ﬁ%'ﬂg%%e@f‘ﬂz ahf fs riész:%ﬁg@ leMstch

whi ch corrprl a coll assenbly rmature 27,
rel ati on t@1i biagleapnise @idingcat brghcﬂmeds ésidifficulte anftewe becduse tthe motor

fl ywheel A

massi ve flémgpg%spé% %gﬁéﬁgég I@g%bﬁlyb%g\%é\ﬁe(g#%ér%{ glsgl{ llr%’qoys'
El gﬂ tor qgm;r(ouptheabz&kélrasg;aabw {(26e2R)esingle ﬁ%@ﬁaﬂh@dlmpb?dﬂye#@eause
i gh speed of testi nd for ensurin rotation of the cam
1 Yt aoneda et ol By down Sta severl SETRetBB OSB! Ut ch 21, vhen
engaged,jgt he clutch drives the shaft 20 which is connected to the cam
1. Wien the clutch 21 is disengaged, shaft 20, along with the cam1,

rotates f rf@@ﬁQILO@@ththaﬂ'l@e@Bmd Brefidigalmany 18 whieh prawdake thsafanmeotan
When th b 6
Trent e SDBEEnG 0! o BREAV, KatohCAlIRNCAARAF Y defiéeis Bid BEEIPOARE fiducia

coi | assgrrmr?rk 18, Thatughtbsansgr 19 is hleo sisefud aQGI allawg theaisead i the cam 1 to
22 brake P3Poapdagt el sheaEohick Blowd BEBEOLuutiE R er ol S AR,
f ast reasommekwmh pdésibe dvrelk tirh& € thé bluters2hiy engagese | oadi ng of

the test specinen 17 to be generated. Single pulse loading is
achieved by a rapid engagenent of the clutch 21 followed by a single

def | ecti onopg4 g %uré’\'B' gHowsSarh SnibpiRfentroreRbaliaidy tdting \ﬁ@a@m@m@e e

the clutch 21 and 5 engagenent of the brake coil 26. hout t he
f 1 ywheel ggaré]ﬁ'aoy%ﬁslﬂnqaélyp@rtgg ephpdipent of Figure 6, the motor is adapted to move

the cam 1 in a linear fashion. It is also shown in the present illustration that the
20 cam 1 is not circular in shape but is rather elongated.

[0062]As in the embodiment shown in Figures 3 to 5, the motion of the cam 1 and
the displacement of the follower 3 are amplified by the adjustment mechanism
mentioned previously. The adjustment mechanism includes a lever 7. The cam
25 follower 3 is connected to an end pivot 6 of the amplifying lever 7 through a
connecting member 4 which is constrained to move in only one translational
direction by the linear guide 5. The middle lever pivot 8 is adjustable via the linear
actuator 11 which pushes against its connecting member (as in Figure 4). On
retraction of the linear actuator, spring {not shown) moves the variable pivot 8 in
30 the opposite direction. '

[0063]The adjustment mechanism described above aims to amplify the effect of
the displacement of the follower 3. When the follower 3 is displaced vertically
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21, single pulse loading at high speeds is difficult to achieve
because the notor 23 needs to pick up speed and this is only done
over several pul ses/revolutions. Wthout the brake assenmbly (26,
27), singl ¥ QpuFR0Gadi ng is not possible because the EBEWSG0A/110102
only slow down after several deflection pulses. 10 [0060]Located on
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oo ol TE0R 14t §RTohef Iordl Shitale Bl AR AT, \‘?@ﬁoqyu@sy tngi
adj ust nentfh%dewaWEﬂimmmNeMeatdmdhe $pedimenciam 25 fol | oner i's

connect;gd to an end pivot 6 of the anplifying |ever 7 through a
connecting nenber 4 which is constrained to nove in only one

{rans| at | {06 Catresmingstioli rigeAowanads GisplHesd éﬁﬁé By EYFwards

the |inear actuator
Soi et | bR 3H st e g o
I \V,0
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above ai mthatgth ﬁn‘iﬂﬂ"ﬁe?t"ﬁ%@@ﬂb@cii aid 1Brm'edils;piaeeziermmarmf Atdwedinglyl ener
3. Wenst 2007/ 120116
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ali t su a e
rerber o Dot GRE 35 388 bl sFutinetin coptioRyI 1 onning e atera
surface is greater than the pressure exerted by the upper deformation member 15

on the upper lateral surface of the specimen 17. This results in the upward
20 concave deflection of the specimen 17.

[0065]Apart from amplifying the bending amplitude directed to the specimen 17,
the adjustment mechanism, which includes the amplifying lever 7 and the
adjustable pivot 8, also allows the bending amplitude to be adjusted automatically

25 by software instead of manually by hand. Also, the range of adjustment may be
continuous and not just at discrete increments,

[0066]Figure 7 and Figure 8 show a side view and a perspective view of a further
embodiment according to the present invention. Figure 7 shows deformation
30 members 14 and 15, specimen holders 2, displacement transducer (which
comprises a rod housing 30 and a push rod 29) and load transducers 28. The
push rod 29 of the displacement transducer is connected to the upper
deformation anvil 15 while the rod housing 30 is attached to a rigid reference
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def ormati on nenber 14 al so noves downwards thereby exerting a | ower 5
pressure on the |lower l|lateral surface of the specinen 17. In this
regard, the upper deformation nenber 15 now exerts a greater
pressure oNVQ@HWI/I¥PEr | ateral surface of the speci nen RCT/SEG7/000&02
pressure exerted by the | ower deformation nenber 14 on the | ower

. i ' d
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di spl d... A d t he owe efo i on

2 movesHRE HeiRE e ne ity rRegitosies B R bebalied oy chube
| at eral suebbgsechhehlg. specinmen 17. In this regard, the pressure

exerted by the | ower deformation nenber 14 on the |ower |ateral .
surface is greater than the pressure exerted by the upper defornation

menber 15 [o@gIFRfureP eing Pldiiret R BRACIEE ohBR SRGAS TRy B dlisBective

results in the upward ncave detlection of the specinen
[ 0065] AparYiews om aarpiurther ngmbbadineshdactprding| ia ue @resct elveotidrne This

[ 1 : ' t iS ich.includes the anplifying
ever 7 ramppiiteof b BhBTRle SRGRRoN el Sur 15 uBS i trtmipRghen hoder
anpl i t ude 2 thdtehcid jths tesd ?ebimmi ircakdl'yg _'a}ﬁarh)er&f[iét ngwisﬁﬁtﬁ??\ﬂisﬂﬁg and

|1 hand. . Al so, the range_of a stment may be caonti nuous
and not | BN af seRdpel S BRE AT o WISSLE] Inegt e ScuaTaRR Gdr oY BYShaw
a side Vi uiRed deANSRAF YA &5 8 BudHidofnarBSDRSH ERahpRE CAELhAT
to the present invention. Figure 7 shows deformation 30 nmenpers 14
and 15, sp¥EITHEANHERdwhishin ténsie seanesied te specimesrhqldgrs @ thaseys adisst

d h ] : ) I u 8 .
push o 25t R EaP U Shesmer ndlits £ 28 B e Bl ReE "on, OB ygne
def or mat i dreagings 1321 Thatgresinogre holder Bootitedn 8pposing tdirectined tboeactr oibhir]

reference ; o9, VO AA0M btr Al S5609 USIGA2 while the other rotates in a
counter-clockwise (or anti-clockwise) manner. Accordingly, this results in a
bending of the test specimen 17 such that the test specimen 17 is now flexed

20 concave downwards. Conversely, on retraction of the deformation member 15
(i.e. the deformation member moves upwards), springs 16 rotate the specimen
holders 2 in a direction opposite to their earlier rotation. Owing to the rotational
nature of the load, the torsional stiffness of the specimen holders 2 may be
adjusted fo achieve both twisting and bending of the test specimen 17.

25
[0068]Figure 11A and 11B show perspective outline and hidden-line views of a
further embodiment according fo the invention. This embodiment is essentially the
embodiment of Figures 9, 10A and 10B, and further includes a temperature
chamber 34 that encloses test specimen 17. The temperature chamber 34 allows

30 the bend testing to be conducted at low temperatures, for example. Alternatively,
higher temperatures may also be used. The chamber walls of the temperature
chamber 34 contain insulated openings 35 through which the deformation
member 15 and specimen 17 pass through.
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frame (not shown). As the upper deformation nmenber 15, which is
connected to deformation nenber 14 through screw 31 (see Figure 8),
is deflected by lever 7, it noves push rod 29 which slides within
sensor houdY;yo3miixsher eby regi stering a displacenent REHSGROHENG102
Speci nen holders 2 are rigidly bolted to |oad cells 28 5 thereby

al | owi ng measurenents of reaction forces at the supported ends of the
test specinmen 17. [0067]Figure 9 and Figures 10A and 10B show a side
vi ew and [p@69fRigtres @2 shivaesa fibwalidgrathef a endibold 11200 fachend iesiing @ ekt

Tember 15 SHRAMENH Moo APeBE: ARACHUPHAPS D% P GIbit Ko SISt The step

speci men if203ust ;ﬁoﬂ”@@@beﬁd’r@fs’tm ag?ér@m B@l‘tifbeln&ltésﬁntga@miatubemw@ga
of said test specinmen 17. \Wen t i near deflection applied by |ev
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one speci eRCTsT B dagts bPaBBRcE UeRhSTRDdeitie o bofn at ool
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results in bendi n st speci S

Cooul mif Bhd: i BT ontast WER dhe oAb e canectgd to the
retracti O'Eieﬂfrmta'ﬂ@n %r%é&a%h&ﬂtﬁﬁ 'ﬁbcﬂéplééeméht dFthé *Ptﬁio‘é%fr% H@édr@lﬂgﬁ@?wr
noves upvvards) rings 16 rotate the specinen holders 2 in a
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t f | i onaly St f j 2
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hlddenllnewe hegr . enhodi nen r
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9, 10A andoiliiar. Altdmiativelpeanynef theesther temppiatuembodinaniebedd tettitg
encl oses test spec n 17.. The tenperature chanber 34 allqws 30, .the
bond & oot ARGIRIDR DB NNGETRN S PSHDPaABEYe ARG cousse Blegtih wed ih He
Al ter nati wédiMod. hi gher tenperatures nmay al so be used. The chanber
wal I s of the tenperature
20 [0070]The aforementioned description of the various embodiments has been
presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and obviously
many modifications and variations are possible in light of the disclosed teaching. It
is intended that the scope of the invention be defined by the claims appended
25 hereto.
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chanber 34 contain insul ated openi ngs 35 through which the
deformati on nenber 15 and speci nen 17 pass through. 20 WO

2007/ 120116 PCT/ SG&007/000102 [0069]Figure 12 shows a fl ow di agram
of a nmethod 1200 for bend testing a test specinen at high speeds and
frequenci es. The nethod has two steps. The step 1202 is to provide a
bend testing apparatus, said bend testing apparatus having a 5 cam
having a circunferential profile mhqgg%& | east one portion of the
profile of said camconprises at |e wavef orm The appar at us

al so includes a specinen holder that holds the test speci men on
opposite ends of the test specinen in a default position, a

def or mat iVkataestbigieddper abl e to defl ect at | east one point on the
test specinen fromthe default position and a foll ower with one 10
end in operable contact wwth the camand its other end connected to
the def orimati bendmentrey apuatis fdradimaladhg [freacebmeibnadffldxhg tohighWtedsSand
according to.the profile of the cam to actuate the deformation

menber cor r eSFBAFIRYINA HEPEEMeR SR SRPATEHECURPISE St one point on t he
test speci nen frpemnsRdvingetRiintfeRAGA pr@He WRERIn HOMEIER poPfior S18hE Bd¥ile of
The step 1204 is to rotate the camsuch that the at [east 15 one
portion of t#d pHpEpIpriseh gt leash ape Weeedorat, | east one wavef orm actuat es
the follower. i e .ot . exenpl . i ts
bend testing - anpspaiie: Spldé JeRls i, ARbuBCHE bkiE R I Rfies
course al so fgecusadnadefank posigdbiod. 20 [ 0070] The af orenenti oned
description of th& various enbodi ment s aﬁ beeg present ed Bor i
purposes of il | AsTHRIRABIGN Innbes Spriepleite qeflect at east foepqing pgdhe fest secimen
exhaustive OfrofnGhd HeéThillt pdr@idnN¥eNtion to the precise formdisclosed,
and obviously many nodifjcations and variations are possible in

light of the di scfQlsterraideignpgnd|in onezabie coparsgwith dke cpm andofe agfer end

the inventi 05%;@@9%?&8 RS dR¥rhRGoC LRLTE:, ARPEMHRD dRpIDER&E Bt A SN

What is clai
according to the profile of the cam, to actuate the deformation member correspondingly

and to deflect the at least one point on the test specimen from said default position upon

movement of the cam.

2. The apparatus according to claim 1, wherein the cam is moveable linearly or rotationally.

U

. The apparatus according to claim 2, further comprising a motor, wherein the motor is

adapted to translate the cam linearly or rotationally.

4. The apparatus according to claim 3, wherein the rotationally translated cam or linearly
translated cam further comprises a clutch adapted to engage said cam at a suitable motor

speed.

5. The apparatus according to claim 4, wherein the rotationally translated cam is a disc.

6. The apparatus according to claim 4, wherein the linearly translated cam is a sliding

platform.
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1. A bend testing apparatus for sinulating free vibrational flexing
at high speeds and frequencies in a test specinen, said apparatus
conprising: a camhaving a circunferential profile wherein at |east
one portion of the profile of said camconprises at |east one

wavef orm a speci nen hol der that holds the test specinen on opposite
ends of the test specinen in a default position, a deformation
menber operable to deflect at | east one point on the test specinen

fromthe fault position,,.an foll r wth.one d.in . operable .
Cont et i eh Pk apRaR afiiBl s Rab o Bier bkl s S omed dBb G iaiasignal
nmenber, suchcénh@} benglhsplpas elvBdtived the Rtdrahd eweilutblSsuch Gl kit 108tibxl tdfre
profile of the ca to actuate the defornmation nenber correspondi ngly

m ! [
and to def| eftatehzbont the gxisof gr#iggalme @M.t he test speci men from said
default position upon novenent of the cam 2. The apparatus
according to claim1l, wherein the camis noveable linearly or
r ot at i onald.yThe gpatites aspprdimatta slage dowhiérsig thoatdtaat medyavieforvemprises a crest,

conprising a_mtqr, wher.ein the tor i.s dapted to translate the
cam | i near | yagrlrgu%otaasfnlu(s)cﬁglof?l?y%mr@ﬁagloggﬁé?ozt us according to claims3,
wherein the rotationally translated camor linearly translated cam

further corrprLses a clutch _adaPt ed. to engage said camat a suitable
motor  spekd e apaHatS Heserdingsoaelan & nyiaren dhajckiteh ivaefasi Fespprse clutch.
rotationally translated camis a disc. 6. The apparatus according to
claim4, wherein the linearly translated camis a sliding platform

22 7. The @pphe annasatecerspudinggtotadeiny Qivwhessin therfasteespoueprlutsl ngmprises a wafer

fl ywheel havj . T ional ., centre being anged in-between,th
not or and thlenggrll eﬁ’tccgﬁlgcfl}b i ¢ R haemraa%r%tgagngﬁl&@eﬂ rb MIETEUS é%arté%%ﬁumh'
the axis of rotation of the cam 8. The apparatus according to claim

7, wherein.t at | east one waveformcopprises a crest, _a trough, a
s nusoi d orl gﬁ‘i/ SRR AROBINS FoPEBR 1DowharRe B bast Aespanss LyFkibaga fesponse

claim 8, whefikbf lBethah Wb 6b tiBiséRls mgponse clutch. 10. The
apparatus according to claim9, wherein the fast response clutch

conpri ses a wafer
12. The apparatus according to claim [1, wherein the cam and the deformation member are

fabricated from a material selected from the group consisting of fiber-reinforced

composites, polycarbonate, titanium, aluminum and composites thereof.

13. The apparatus according to claim 12, wherein the waveform has a rise angle that is

between about ten to about sixty degrees.

14. A bend testing apparatus for simulating free vibrational flexing at high speeds and
frequencies in a test specimen, said apparatus comprising:
a cam having a profile wherein said profile comprises at least one waveform on
at least one circumferential portion of the cam,
a specimen holder that holds a test specimen on opposite ends of the test
specimen in a default position,
a deformation member operable to deflect at least one point on the test

specimen from the default position,
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magnetic clutch, a reduced armature gap clutch or a magnetic particle
clutch. 11. The apparatus according to claim10, wherein the fast
response clutch has a response tinme of |ess than about 60
mlliseconds (nms). 12. The apparatus according to claim11l, wherein
the cam and the deformati on nenber are fabricated froma materi al
selected fromthe group consisting of fiber-reinforced -conposites,

pol ycarbonate, titanoldverdkiiionshdng opaapRSIohas: (B BOtamldd iENGher end
apparatus according to claim 12, wherein the waveformhas a rise

angl e that i sconEeiRedpadpisutsatddaver betgaitotdlyhymeleyp @aot atlapositidychetveen
testing appar it diis Hefkab oBileld #onthBIAhb AR bt #¥ bRYoR of thlbver and
speeds and frequencies 1 n’a test specpi men, sal d apparatus

conpri si ng: atleadaftranating neengdreo tornectath ereedto wathi rdspeciothi the mooemert € sheadther
| east one waveform.o at least one cjrc erential portign of the
cam a speci n&N ﬁg]F}t?er]lFV?rrPéJFr I%Pé’n‘éCt?deg'ftHgIbeei‘ﬁlr‘?ﬁ’ﬁr’&Habﬂ"%&etcgsljé??a’%‘e@f"f
the test spegidm®ilowdr B adedrambtito BRSHOIRLS tHe 88H,0hBRbY QBuABIERBE deformation
operable to deflect at |east one point on the test specinmen fromthe
defaul t posi t isHPenFinthegiysglst bane kvemand iradsflscobe ehispe ope mele on e test
the cam and i : I r being

pi votally bor%]}(’:-ie C%%Qgﬁ%?\r}gig d%%ﬂg%g%gg? ?Igor? Jé‘fem}ﬁ/gegtnﬁ%gm%’%gends

t hereof, to achi even adjugpygosédhenism\ermbly cofindchrd tomle @wat, bf whivh thepaition
and the def org%tion ne erd.c?rarr}lzcte ther@ﬁ_‘o with respect to the
movenent of t ReTSERAYF AP AOTEdl P S BEPR VY connected with the
foll ower, such that the displacenent of the follower is according to
the profile of the cam thereby actuating the deformati on nenber,

via the pilvotldf 13ppyaupectudiar © ghamy b ydfree the piatignally gepslged cpysi farther
on the test  SReCLIRRIGGCMaSREYD S8faatkdid RO b i@ DxiV R Rt RCIE it e tdfor
cam and an adjusting nmechani sm operably connected to the pivot, %y
whi ch the pospetd.on of the pivot can be adjusted along the axis of

the |l ever. 15. The apparatus according to claim 14, wherein the
rotationally translated camfurther conprises a clutch adapted to
engage saild. Chenpiaritisa®stdingdfo dlgibal3, ditled c@mptidih@ b lfwieéldavingRe®thtional

centre, being arranged in-between the motor and the clutch such that the rotational centre

rotates about the axis of rotation of the cam.

17. The apparatus according to claim 16, wherein the adjusting mechanism is controlled by a

motor.

18. The apparatus according to claim 17, wherein the motor is controlled by a computer

program element.

19. The apparatus according to claim 1, wherein the specimen holder is a bearing-mounted
specimen holder that is rotatable and capable of converting a linear deflection of the test
specimen into an angular rotation when said test specimen is linearly deflected by the

deformation member.
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16. The apparatus according to claim 15, further conprising a

fl ywheel having a rotational centre, being arranged in-between the
notor and the clutch such that the rotational centre rotates about
the axis of rotation of the cam 17. The apparatus according to claim
16, wherein the adjusting mechanismis controlled by a notor. 18.

The apparatus according to claim17, wherein the notor is controlled
by a conpuioeThe @ﬁm@f’fﬁdﬁc@brﬂﬁ%ﬂb claifl 19, Fkeréih RiRy latiBe-afoaaied shaihéh Kkd]@r® of
1, wherein the specinen holder is a bearing-nounted specinmen hol der
that is rotatapfisstabletesipeabsetesss.converting a |inear deflection of

the test specinen into an angular rotation when said test specinen

is linearly deflected by the deformation nenber. 24 20. The

appar at us Zdcdbe dppryatio agording o¢laiwh &r feithert doenphisiag iandjsplenteedirapdcienesaid
hol der is of ,. an adjustable torsional. stiff s. 21..The. apparat us
accor di ng todléﬁﬁferlﬁl %{I?ﬁaﬂ? R o S ?‘ﬁ’ﬁ&é 51“%%2)’&183%1%???&{1} gﬁ%‘%ﬂf@e?"?ere a
said di spl afesrend oftthapstiucels doavdctd 8 theuRforimatobkaBa ind MREYueHg is fixed
wi thin a housi ngﬁgne e a free end of the push rod is _connected to

the def or mat [chTIREFEEFensh famResuss (adt Agending disalgcement gt tiedesy spesiraeroisawlts

frame, such phaliidndegidthedi RhAGRIBM wih rés?ﬁ:t 1 EAE ARPEROLRR, results

in a sliding displacenment of the push rod w respect to the fixed
housi ng. 22. The apparatus according to claim1, further conprising

| oad transducgrs. rigi.dly supported. an okted to.t.he s ime ..
hol der s su%éhcﬁ}?afi P paangtgsr 88"05%‘% i 8d° lcgntﬂeR'tnl]égrt Copprd Rﬁi?%n?cﬁ‘@em rigidly
def or mat i on smpbeed iagd easdinalhe sipeimai Holdagduth ahs dUCHES apded Bhehe test
apparatus according .t cI?i m 1, wherein the test specinmen i s encl osed
by a conpact *PEFeRfe %ﬁ‘ﬁrdé CRARBERCRBHIT MerRbleRy Nkt leed BpEARGREs f or
the deformation nmenbers and specinen to pass through and contact

said test specinmen. 24. The apparatus according to claim 14, wherein

t he speci énThoprheratisacgonding tp spimdu mthertin Gpdest speninkeol iel enclosed by iagompact

rotatable ang capahble, of. co 4 ' . %Sf [ of .t he test
speci nmen i nt o an anguPar r o‘:{a\gﬁ%ﬁlgaﬂ%#tésd;?%rnfn gtfglg%tgcaf%r??enﬁmpésn Heﬁngjgl?slayd
def | ect ed byspehimnende hassnmbiginamiswhart sagbiest Eheciragpar at us according to
claim 24, wherein the bearing-nounted speci nen hol der is of
24. The apparatus according to claim 14, wherein the specimen holder is a bearing-mounted
specimen holder that is rotatable and capable of converting a linear deflection of the test
specimen into an angular rotation when said test specimen is linearly deflected by the

deformation member.

25. The apparatus according to claim 24, wherein the bearing-mounted specimen holder is of

an adjustable torsional stiffness.

26. The apparatus according to claim 14, further comprising a displacement transducer, said
displacement transducer having a push rod slidably mounted within a housing where a
free end of the push rod is connected to the deformation member and the housing is fixed
to a rigid reference frame, such that a bending displacement of the test specimen results

in a sliding displacement of the push rod with respect to the fixed housing.
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an adjustable torsional stiffness. 26. The apparatus according to
claim14, further conprising a displacenent transducer, said

di spl acenent transducer having a push rod slidably nmounted within a
housi ng where a free end of the push rod is connected to the
deformati on nenber and the housing is fixed to a rigid reference
frame, such that a bending di splacenent of the test specinen results
in a slidig tiesphpeaieatedding 8 AN 180GuMel NLohPSRRE L 10b@ thASIckrsCHgidly
housi ng. 25 27. e apparatus according to claim 14, “further

conpri si ng | S&@ortediasd rodes to ithe gpspimeny ppldensesich ribiatbolifereel appligdhto the test
speci men hol : - ' Len via
the. der o mat (g nah e e RtorBahH SEERT kS NEs £k yERIISED

The apparatus according to claim 14, wherein the test specinmen is

encl osed conpact tenperatuyure chanmber conprising jnsylated

openi ngs %r ?Pﬁ%pr{%éﬁ‘nbsrar?ﬁ?ﬁ tﬂﬁt‘j?ﬂ%rlg’ - em%‘l?etggﬁ%‘??“fl ‘ﬁégéoiqqgé’@g‘ﬁ’mpm
and contact sdipdrdn@stchaRB& dBRipris. indil4RT BRshis BENR de@sitalbn dehfbets and
speci nen at hi gh speeds and frequencies, said nmethod conprising

provi ding a BRSAHNNES PRisghysa g watasbiwist iesfispepiman.cam havi ng a
circunferential profile wherein at |east one portion of the profile
of said cam conprises at | east one wave form a speci nen hol der that
hol ds t he 9% #t msthed ioffband restgpo $ist speemtts @ fhighhspetdssind fsqueencimn sdid neethod
default position,.a deformati on nenber operable to deflect at |east
one point on“YPEYEt  specimen fromthe default position, a fol | ower
wi th one end ipgiodpRigaletd eafih@sipatisitotipdsiggm and its other end
connected to the deformation nenber, such that a displacenent of the
follower is accor@i 5§ beVithe promipenty nrpfdle cubgreip it Jeasy ghe popion of the
def ormati on n?ﬁggé0f£@{&ﬁ@&ﬁ&ﬁkgghxggp dodeflect the at |east one
point on the test speclnmen from sai efaul't pdsition upon novenent

of the cam and Rotapengen theldenthas olds tthatest Rgecaen emsppwite epdy df de test

of the profilg %ﬂg& coqphkﬁes at | east one waveform actuates the
fol l ower. 30. R "#ePHod Acdsr |Iﬁ’g to claim?29, wherein the test

speci men is a pri nbedkfemiativh tm&aBdrdoperable to deflect at least one point on the test
specimen from the default position,

a follower with one end in operable contact with the cam and its other end
connected to the deformation member, such that a displacement of the follower is
according to the profile of the cam, to actuate the deformation member
correspondingly and to deflect the at least one point on the test specimen from said
default position upon movement of the cam; and

Rotating the cam such that the at Jeast one portion of the profile that comprises at least

one waveform actuates the follower.

30. The method according to claim 29, wherein the test specimen is a printed circuit board
(PCB).

31. A bend testing apparatus for simulating free vibrational flexing at high speeds and

frequencies in a test specimen, said apparatus comprising:
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(PCB). 31. A bend testing apparatus for sinulating free vibrational
flexing at high speeds and frequencies in a test specinen, said
apparatus conprising: 26 a disc that is noveable linearly or
rotationally having a circunferential profile wherein at |east one
portion of the profile of said disc conprises at | east one waveform
conprising a crest, a trough, a sinusoid or any conbination thereof;

a notor adapted thtdlis%ﬁﬁétdﬁ thob B 1liSGrlY lof @REfiohaly hEQhaL icRB@hieYential profile
wherein the m)tor conprises a fast response clutch adapted to engage

the disc at ¥ @r@m%wétﬁmmm@pe’é@e psotdlp 6F paid dish spaiprises iehicapioing svavRipm
t est def aul t
es SpECI rregb z?étjeéth'e rr@gg?l lemt.l&') &exea?lg caﬁlpﬁlg &Fﬂl[e}ep éa el au

posi tion; |on opera ast one poi nt
on the t est speC| At glaptel ¢o tefisdaié thephiwi lideorty oard‘tallohml\tgewhuwieixhhe a®tor

d bl t ith the di d it d ted t
he def of mat FBFPARGRbER. Serine i HiirCicatishaft 05 BruiadF FofEesed ©

according to the paabidiRe@holdae tcht B6idsttRe @&t HtcRndohen AP RIBRhELDS the test
menber correspondingly and to deflect the at |east one point on the

test speci mefPeFimIB 4idgfaykPatilieniposi tion upon noverent of the disc;
and a flywheel hth”&fMa%ﬁtﬂﬁé}Hﬁé &%Eatbﬁee o Rehbg rfe@ﬁgﬁ% k)&ihp%}xvﬁgntest
at the

the notor and the clutch suc r ot atlon centre rotates
about the axsmciofenrfoimatheaiefanft pokiionti sc. 32. The apparat us accordi ng

to claim3l, wherei he fast response tch onse

| ess than about 60% :}r:llltl?wege‘@ ge Fﬁfg)m Oggraﬁ?ﬁgntﬁ%p‘ga}éttﬁ%ﬁﬁﬁéﬂ‘? d‘isncggetroend
claim 32, whesmakdled he thi slefoanstidnntet®EQISIBA iten zﬂ‘ﬁl’ébﬁ&erﬁérﬁ off @brboak@dis
froma material selected fromthe group consisting

fiber-rei nf ofCeNLGPD BTG Of the1dist aliorssateethe ﬁﬁﬁoaﬂ@tmm@vhﬁwﬁmﬁapan@ngly
conposi t es t [er @ Qeflecidhe A 12RNGh ﬁﬁﬁt‘ dﬁqh@%gﬁg LitkRn fFQn ﬁzméﬁﬁﬂ P&iidrBfon

vi brational flexing at high speeds and uencies In a
speci nen, sandveappdrhthgslissomsr i sing: a cam haV| ng a ci rcum‘ erentl al

profile wherein at_I n Qrii he rofile,of, said cam
conprises at |east ageﬁrw %\%\?al\%e?rmg g mtap%nﬁggm bfﬁg@ gEgnefe it %gf’%’st%f Ruptor and
t est speci nethe olutehpymok iHaethe Retati@fal tdn@er@stes about the axis of rotation of the disc.

32. The apparatus according to claim 31, wherein the fast response clutch has a response

time of less than about 60 milliseconds (ms).

33. The apparatus according to claim 32, wherein the disc and the deformation member are
fabricated from a material selected from the group consisting of fiber-reinforced

composites, polycarbonate, titanium, aluminum and composites thereof.

34. A bend testing apparatus for simulating free vibrational flexing at high speeds and
frequencies in a test specimen, said apparatus comprising:
a cam having a circumferential profile wherein at least one portion of the
profile of said cam comprises at least one waveform,
a specimen holder that holds the test specimen on opposite ends of the test

specimen in a default position,
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specinmen in a default position, 27 a deformati on nmenber operable to
exert a force on the upper and | ower surfaces of the test specinen
to deflect at | east one point on the test specinen in an upward or
downward defl ection away fromthe default position, and a foll ower
with one end in operable contact with the camand its other end
connected to the deformation nenber, such that a displacenent of the

follower is accordidgortibhen@hedri Rrdle thexaam fdres aatMatpbhend lower
def ormati on nenber caqrrespondingly and to deflect the at | east one

poi nt on t heSWESes ehik; REEPesime 4@ ideflerifahlgast prespeinopn disoisst sciaearia an
of the cam 4 ny f [ ' at high
speeds and f%@ﬁ%eﬁgiﬁ%swgrgidghﬁé&?ﬁtg?§ grg%pt?? g‘fq?%t E@g\%nglanmg a bend
testing appar atus edniewsi wigh oae cadnihayére aostactcwith eéhe nam ahd prsofthdreend

wherein at |east .0 rtipen of the rofil f said camc rises at.
| east one waV& f %?‘?:1% gﬁ%ﬁltgg’f%tﬁorh&e@ Wt %ﬁaglad 15p 8‘3‘?‘3‘&0%[5%853 Wer 18
on opposi te suedaligy] totthe pidBé of SP@emMachidtedthed @b@bthitiddafémb&®orrdspondingly
def ormati on nepber operable to exert a force on the upper and | ower
surfaces of PHEOEEFIdpasiIpshoRopafandke et speaimen feswres3id Hefpulp Rositipn upon
test speci mepoldméi of WaWasd or downward defl ection away fromthe
default position, a follower with one end in operable contact with

the camand its other end connected to the deformati on nmenber, such
that a displ ac n t f ol | r is according,to.the profile,of
the cam ts‘:%‘ %c gtgl éeo? %eend(;gefsténrgnaafe:éﬁsr?eﬁ@%ea‘lf%1%105;'1)?%1&&51% feﬁﬁ%ﬁ?wgn%?lq Bicthod
defl ect the edmprizsgt one point on the test specinmen fromsaid

default posit n.novenent of the cam and rotating the cam such

hon. dugéz b 2
that the at | SHSi93%2 PHYYIEIHE BBPARHECYRFSN% t hat conprises at | east
one waveform act uah&am A&ih®lal QWBMmferéfial profile wherein at least one portion of the

profile of said cam comprises at least one wave form,

a specimen holder that holds the test specimen on opposite ends of the test
specimen in a default position,

a deformation member operable to exert a force on the upper and lower
surfaces of the test specimen to deflect at least one point on the test specimen in an
upward or downward deflection away from the default position,

a follower with one end in operable contact with the cam and its other end
connected to the deformation member, such that a displacement of the follower is
according to the profile of the cam, to actuate the deformation member
correspondingly and to deflect the at least one point on the test specimen from said
default position upon movement of the cam; and

rotating the cam such that the at least one portion of the profile that comprises

at least one waveform actuates the follower.
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