BEND TESTI NG APPARATUS AND METHOD OF CARRYI NG OQUT THE
SAMVE TECHNI CAL FI ELD [0001] The invention relates to
woheo7fieelld of testing apparatus for inpact tesPCmgG2007/000102
printed circuit boards (PCB) and el ectroni c conponents
nmount ed thereon, and nmore particularly to a high-speed
BENDI TESTINGIARPARATUS AND METHODIOE CARRYWG'QUTINRE SAME
flexing in the testing of PCBs. BACKGROUND [ 0002] In
the el ectronic packaging industry, printed circuit
board (PCB) assenblie & cal conponents
mount ed thereon are tz];%gﬁhggéﬁnsgl(?r op i npact by the
typi cal board-level drop test, whereby a board
s.dro d from a_certain height and
> [o@ﬁ@fﬁ%eﬁy@ tlans”%f?ﬁﬁs ERISEA tgsting ARRABASHRIcImPact testing
ThR A il B64RISOfP ofekfShic Gorh b
preI i abi | |Ity oﬁjs {1 tagpcoﬁngétlgrcgo, %@%ﬁggﬁgvﬁgd tthﬁzreon and
metig spayéiculary tel echtgheaieerbrbeedt testing eapearatush dorPEBnalating free

the. electr.ical, co nen unted thereon. [0003] It
V'h?f?'%@ e%"B%HW%@%? failure driver in these
tests is the free vi brat|onal fl exing of the PCBs
after inpact. It is also recognized that the drop test
10 method is tine-consuni n§A&MG§Qlﬂ\IDhe time required to
rai se the board assenbly to the drop height and the
quantity of drops required in standard testing. The

[0002n ties blaBiiohitpdckaglirkPind DS B Spriitea tcirewit Ib@atrd)(POB) assemblies
hi gh accel erati ons and forces causing | oosening o

h%\dﬂ@xﬁée%%ﬁl\ﬁ@mpmem%m%lt efresm @re destag amrﬁttdm@ impact by

SRR SR LR B, 85, BEBAESE B o

15 c%ndrmmande&pdmenbesarstmrpra@ae@@éhmizpmleel%&hﬁlp@bt The main

SRR K1 o i ot EhToP ot e o, s

Mﬁle%% p@éﬁél @nH%?éctﬁEé’l%ﬁn*é@héWb@ta&%r?ﬂfe d’b aMtPthe electrical
shoul'd al'so be

tlrres by a factor of at |east 20 an
coropenenistmolintaditkereod. consi stent owi ng to the absence
of the large inpact forces on the fixtures. Exanples
of such bend testers and nethods for sinulating the

20 [00033¢t Hadrsdrofaindf teitithe wbjdPFBAutenaliUsiein these tests is the free
el ectromagnetic shakers and universal static testers,

vipgatioaahiigxieg ofveleBs afierdenast diis alep rﬁﬁog@m fhahthendrop test
mbfHo PRS- TBRLLARRL ol SRS it e iR 6" Blde"e 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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requi rements. [0004] Existing equipnent and net hods
for including bending | oads are, as nentioned above,
wonedaquate for reproduci ng the bendi ng frequeRCTss2@(7/000102
a test specinen subjected to drop testing. The
uni versal static test has a maxi numtest frequency of
testérg deveotakcomply aiftHihe abulepmentiohed!fesduemeroaRd i scceleration
r%E@kerstf all far short of the required 1000Hz and
8"$M%8xur al vibration requirenents.
[ 0005] Therefore, there is a need for a high-speed bend
tester that is capable of sinmulating flexure over a
A xistinge esuiimeniuanc esethodacioe! iachuirgsberiding lbads are, as

o8 G BB Pl pRDBR hegusrties of a test
spechment subived k@ drd)s @4tRes The RRMErESSdthH® t@eﬁ W%{?aé Fhaximum test
for sinulating free vibrational flexing at hig speeo@

g
fragidengyeefudiy severah Herzatiz) sprat prasent elediroapagnaticishakers fall far

' - ' ' nf erenti al ofil
SAEBE IR Bfurdq IPORRZ ARl AP IR GReAirebiFernafs.
cam conprises at |east one waveform a specinen hol der

hol ds the test specinmen on opposite ends of the
W@Q@ﬁ@ﬁ%fer Srehers isaadigasuior bighespeed heneftestenthairis capable of

iR rab I int _pn_the
SIFERRIg BBRIS bl 2, BRI FladPr BRTlwERE B6rlbaBiaiatiuet up o
sdvgralttbousambgssarl that i tosteffeviivetoon®dand and cresRMLwell,
contact with the camand its other end connected to
the deformation nenber, such that a di splacenent of

the follower is accordingimapiAgypProfile of the cam
to actuate the deformati on nenber correspondi ngly and
to deflect the at | east one point on the test specinen

' f.aul t.. positipn upon vement of the cam
QB i B B A B3 TR B Ao rSmating fre
vibretibhalg flapipar at Usigh MpeedsUbal i fiBqlidRTed AT 3t ielPdpecimen. said

flexing at high speeds and frequencies in a test
ARNFERIUSESOMRYESIND: i pamaliardng erghicusifaterdiat profitawihegeia at least one

. of i j is ' . I at | east one ,
oL ERROL Yf S SRS S e WERBIaTLR specimer
halder dainholdssthectest speointeT ohhagpdsitedends b e @ &pBBIMen in a

s of . the testspecinen in a default

d%%@?ﬁﬁ%ﬁbﬁgae Bt MemhRSrPpbleals defiest @i fleagitonst point on
thé ggﬁ is%}tﬁm[%ﬁgﬁ%rggfgreg?ﬁfghﬁjﬁﬂsﬁgﬁﬁ R abp At futed P hprises 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.

[0007]The present invention also provides for 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
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conprises a follower with one end in operabl e contact
wth the camand its other end connected to a | ever,
wealw/ihenmer bei ng pivotally borne by a pivot aPC®SG2007/000102
position between the two ends thereof, to achieve an
opposi te novenent of the one end of the | ever and the
spderfmzrmmta defauinhesitiag rendefosmation meembw ohena@@m:defﬂ@t at least
Qver 1op

orb e SRR ehSr Bl P G bR TREA s o

compmle@%faﬂawepﬁmﬂqf@qé ehl QWperaﬂolé%ﬂfabt Rt metdsm and its other
profile of the cam thereby actuating the deformation

endmtmectad @ a trevesi saiddever brina@ivaielr boredby 8 Rivst &l position

he t t
oebffaind ST BB BR WOk S RRRE AR Mecone en
of A6 u@\térrqum@ aefoymaBibaBMbes Qma@t:@d m@rétba/vnh vespect to the
by which the position of the pivot can be ad]

mca\retm@ntthéhgfat@r@dtcﬁéhﬁé@@r operlY g coRBepied M  the fg"ower such
théﬂé? %égoqgc‘{rﬁéﬁ#&rthg [f&desje%‘cis ﬁgﬁ?ﬁilrﬁfohtﬂ% ﬁéﬁ@%he cam, thereby

ecl nmen at

actusgingeneidesormatdnmathidrodathe pbotally borae Ielverrg and be ddflect the
testing apparatus comprising a cam

at dgast GREIQlN ornthepiest BPRCINGEY e said B@g?é{lt mt'%k'??%movement
of %et(#h%,fnéﬂa &% us‘fiﬁ'g nﬁg%ﬁ@ﬁg{dpﬁﬁoﬁtcdﬁ%{eoﬁlﬁ the pivot, by

a sp ec er t s the te
whigte teposition of)tmspxt/et cardse afijushed alesy the eximefithehever.
default position, a deformation menber operable to
defl ect at |east one point on the test specinen from

[0 o Hﬁfpﬁ‘éééntﬁﬁ%ﬁtld?ﬂfurﬂlefr Prbeues 1oy hhnéﬂm%de@ldbérﬁd testing a test

'e contact with the camand its other end
speormmabﬂlgh@pleﬁds@érﬂdremian@leswﬁ'h’@dﬁetthmnﬂWTﬁeSa

t fqll h
b SPITEEE  encbelihy traingC S Gurbiinb  d, fampdeving @
cor gipsaREeHE Yreme vilerdief dtdehstidree poriibaasitthe peofileiofitsaid cam
on the test specinmen fromsaid default positi
moveerBRtises at heagtapRe AyRvelony: atsnegneR holdersthas Hais the test
th t ty ' -
. slabeacin WhoRRe e BL L R Rick iohA's SR BiSon. o

tesdefogrnaﬁonarraenﬂ)easombzré\bieemb |deﬂeb’e adpeasidede point on the test
inde'geendent clains 0 i.ent ang accu

f
meaflRe@menekeim, i 9@% tp@@?'ﬁ@'ﬂ’s v@lo‘("ﬁ%"g’ N&t ?%‘51 infoperable
vi bé&‘it'a@ﬁ%thf 'tﬁ‘é" Cfin 2884 ht%ﬁ‘bﬁﬁert BRY' carfidcidd |tbt bhéMﬂj%fbrmatlon
subjected to a drop inpact.[0009] The invention will be
bet memherdeuch tad amlisplacefrané of éha liower isarewding 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.

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.



detail ed description of the invention, exenplary

enbodi nents and draw ngs, in which: BRI EF DESCRI PTI ON
WORTHEOIDRAW NGS [ 0010] Figure 1 shows a side PCESG2607/000102

an enbodi ment of a hi gh-speed bend testing apparatus

according to the invention; [0011] Figure 2 shows _
[0089PT e ingrtionv indivbef betier emdeditoratwitth refarebeado the following

testing apparatus of Figure 1 : [0012].Figure, 3 _sho . .
dellen sammempiEn it eeonvanither aelanl pelioegts,af Wawings, in

.gaster according to the present invention; [001 3]

Igure 4 shows a side view of the enbodi nent of the

bend testing apparatus as shown in Figure 3;

[ 0014] Fi gur ' ' L ment
detailing tﬁaﬁﬁﬁ%@ﬁﬂ?&@m@&ﬁ%ﬁ I and fl ywheel
inrelation to the cam [0015] Figure 6 shows an
enbodi nent of the bend testing apparatus where the c

h .
[0 iguire feshaws a [siite 6pw efiareembepiugntofsa B'@hviilc@ﬁdol?ergﬂ‘]ce sting
enbqdi t & ' i spl t ot d d
anpheit PanusBE e BB 40 e 5 shows an | sonet

Figure 8 shows an isonetric
vi ew of the enbodi ment of the bend testing apparatus
of Figure 7; [0018] Figure 9 shows a sj dg Vi ew

| . 1 0 n _
10 [o0drtbbigurer? shaws andtbeissiget iew\afsherman mmoqfﬁéeﬁaer@ testing
te ' ;{.0019] Fi gures 1C0A and 10B show
apﬁ@f%ﬂ%@fFWéiLw of the enbodi ment of Figure 9;
[ 0020] Fi gures 11A and 11B show a perspective view of

an_enbodi nent including. a Ien‘ﬁterat@]re chanper . d test
[0032tRigure Ekews BTy iR YieR AT gROlISE sntisigenLat pfpnd tester
| (T i free vibrational flexing in
ac?ﬁﬁ@é#‘ﬁ\%ﬁ%géfa@g’éﬁg%m ding to the present
15 invention, conprises a camhaving a profile wherein

[OqS@gigﬁfrgf I4I ghgv(\)/gp 5' 868 \"J/‘itevJ %?Sﬁeoré%t\)/@ﬂr%feﬂ{ "Bfthe*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 flywheel 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;
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one portion of the circunference of the cam a
speci nen hol der that holds a test speci nmen on opposite
wendw/1eé116 he test speci men, an actuat abl e def oPO®BISGEIV7/000102
menber operable to deflect at |east one point of the
test speci men when said specinen is held by the
[0099FRigores HOAdm1d 18Bdstw pktspeetive Viesv bbtHeoembolisentref Figure
end operably in contact with the camand its other end
9; connected to the deformation nenber, such that the
follower follows the profile of the cam and actuates
the deformati on nmenber correspondi ngly. [0022] The cam
[00R6]Figpres A anl ¢4B|show agerspective vawof snamiodimentineluding
be subst an circular in shape with its
a [eMPeIRPEs € ?rbﬁyproflle having the at |east one
waveform Any mavefornrthat is able to actuate the
foll ower sufficiently to satisfy the requirenents of
bend testing may b® LED-BE JIIGN t he at | east
one waveform may be a crest, a trough or a sinusoid,
for exanple. Using the exanple of a sinusoid, in one
[ooahwsmgra%péed eEbadicBBAG apbBfatas fiers sintLilaeg free Vibrational flexing
circunferential portion of the cam In another,
in éh@desmtofoFPCBﬁe aeapiding dedbardrieseptii@ndion; gomprises a cam

ol s e B8 RS0 fB Bnom o a as
onkQstadn lof thé eirenvbfstenes of iy cam, avspadimeadiadér that holds a test

features di arretrlcally opposite each ot her
SPEEIERIE 9By ORPOSIR Emdehaf éﬁfﬁ&@%ﬁ gRFCIMEL: (71 chua:\iame dgformation

mei@b&h dedifs tdé?l% ‘E'tP@éstVér?e PBﬁltfdﬂth%V‘@"st 's%egr?dgﬂ fthen said

cor ng y, e may a have a plurality

spétimernis heidehy d:hﬁe spearsrmml hbldeeaand esfollbwer hTke follower has one
embodi nent, t hesi n feature rran

engdn QPg¥; nlf\epgrﬁ@ {q ﬁé e Ga; ﬁn ﬁ?ﬁ" & qoglnfggl%d to the

de?&%é?lioﬁtﬁi&nwan%a&h thaP#H f@rowé‘rtfbtlbwé the! prafiteabf wee cam and
exanpl e, anot her enbodi nent of the cam may have three

acfuaies theideformation srerabengprespoadingint erence. In this
illustrative exanple, the three sinusoidal features
are arranged such that the angl e between each

[0022]VRei 8ain fieatypically Winesveabhe niiraaiyt drheotatronalll‘pf e&rreincmaay be
of the cam is about 120 degrees. Siml arl ?
substandialy Rivular durShapRyNEh dil Ciraiifareaiak DsR ﬁj 'a%\"ng he at least

on%;\w%Ué‘Fo%e%ﬁr whiErAROHEit B8 ke o %ﬂb’cé'tﬁé%ll&%r sufficiently to

ure taken about the circunterence of
satiafy) thesregbireme®@ déberddesting may be used. For example, the at least

one waveform may be a crest, a trough or a sinusoid, for example. Using the
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.

[0023]in the embodiment 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
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[0025] The fol |l ower, as nentioned above, is operably
connected to the cam As an illustration, in one
wentdizemat , the foll ower may be consi dered t oPOE/SE2007/000102
rigid body having a wheel at one end that follows the
profile of the camas the camrotates about its axis
S|n?§c|)|dat deatunes Aareahtranged i alengatireerciicomibietioet bé the cam in a
0 rably connected to the cam may be
C"@H“%(%W%&H%Ué‘ﬁﬁﬁa%f §roove al ong the ci rcum‘)erence
of said cam Wthin the groove, the profile of the cam
is contained and the foll ower being guided by said
[00834Px/ a fartiderf iﬂU$tm1tis/et¢xarmlef ahethef emtwotuaﬁn’a@%theonan@lnyay have
0026 Ac rdi thefoJIo r oscill e | f
5 throg seiqd) TPRLTeR Bldrghs SredRreRgt cRepRubkRRS examote, the

thr@é”@h@‘é@h@ﬁ feBiréd1earet kefanged alich Nhat olheowRigld hetween each
tached to the deformation nenber, the deformation

smnteab'lei fetere, svhenttaked ahout fthe sisewntasanes o6 the) cam, is abaut 120

debfhs SRR, 8L Tl P AR BELFAS B s

cirdhidtehcs, ARBdritfe Befida eath s@ﬁ@omﬁbwbtmtwhémfakentahout the
i s adapt ed to rotate the cam about an axis of

10 cirewntareoee of hesrsnHgrabowb8aidegmesf the invention, the
notor nmay be adapted to translate the camli nearly.
The enbodi nent having a rotatable cam further

[0028]THd fotiowar Césltn@htiede@fabdve Osepgtgisly s@ndecteoh tatthe t:am As an
axis of rotation at a&g bIe notor s

illuglgatien.i i anpperaBediinaE: TedRliower maa/d%c @Slger&sf ufoa Taid body
haé‘llﬂg o a%g 8% ggbtémt tHa$ fé\%\/ﬁé {H8 b é B?fr% é‘ar{‘loé)é)-ﬁie-r&‘ﬁ*n rotates

0 engage t ecama Its axis of
15 abouot #siads ios ratiiphed\rt altbanative maenew espschﬁetlne rfellower may be
enbodi nent e res

opBRDIEFRRRREE! 45 BaErm By it EApEVHE A s i & Srfgion the

cwé@m?é}én&@%ﬁ‘ sé@e@érﬁEWItHﬁtW@Qﬁjd%r &5k bRoflke of 65 chﬁh&@ contained
about 30 mlliseconds (nms). This is because given

andetherfﬁﬁwembe@g @ifided hyf saie @ipoveeodriohe\s ﬂae nrﬂfllma'etéle cam
ace(g@hﬁ 0 mlliseconds (nms) for the notor to nake one
% ion), the clutch engagenent will have to occur
20 within a period of one revolution, or within about 30

[002BiAeprainghive thes faliower L aIRod e overligalyg in orelglign to the
freb%ﬁg’t whit Rk &SinPfotaldsl Akahe JNREr 1Y 87 #eFBISWEE RRtRched to

res se 11 nes
the deformation member, the deformation member exerts a force on the specimen

also in relation to the frequency at which the follower (and therefore the cam)
25 oscillates.

[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.



include, but are not limted to a wafer magnetic
clutch or a magnetic particle clutch or a
woedwaedtar mat ure-gap clutch. [0029] | n anot hePCT/SG2007/000102
enbodi nent, the high-speed testing apparatus conprises
a flywheel arranged between the notor and the clutch.
In such an enbodi nent the use of an "over-excitation”

(0o gRARE Al iRy BRRERE el B B aRBimiatonip adapted

to havelaviast ARrzpbyisa tinfe. JRdNR Bledtplancembpdiméentot éd@table fesponse
to 8 tinmes the normal operating voltage for a

timenefrthetalushain arHer & gemer@fe arﬁwj@mﬂe loggdo the tt%féépie@lmen is
5 cof BBl B el THAEHIR SATESbAIE TEPFHR LS LARTES aven o

ben@hmaﬂb hmtoﬂ: Bpesdvfiaboly 2008 tom i(net hdakey mbotxt ao dhitliseconds
be advant ageously nade to have a

(mgﬂgqrt 1ihﬁl m stospage qne f%’@i“l'tfqna’t (ACY ﬁlé't(ghﬁﬁ@@m?mo‘f‘”” have to
ockde \n}?ﬁ’lHte‘"ah getht@F ée%ﬁmlo' llthﬁm %Hb&ﬁ@oe rﬁ‘sorlnt Qefurther

camto ssentially circulaf whi havi ng
exelmipéary ethvodimeng niers thav&rmnm tinoe $3 aublattm)ms ethe motor speed

10 is A LABR cubaies Ghclighes, Matieve sl saiatipdroponss tmes

inciiiid, Plut %?e hBﬂnﬁﬁé’dﬂd QSUC%ISm%E;nbﬁ@ clfch Bﬁ% InfgrfeticPArticle clutch

I nertia. anmpl es of eri al
ora|rbéu¢®-afmatw-gapmwsht es, carbon fi ber

pol ycar bonate, titaniumor alum num [0031] In a

further enbodi nent of the invention, the high-speed

[oohsnﬁ hRSthEr . erRABEGIREMY the Hl@ﬁ-S@é@&efétstthV@éﬁér@ms comprises a
further co;‘rﬁrlses a pivot, which bears l'ever in a

15 flywheekara bew\eaeratmd@ptqrcandom/@@wht ﬂf@sum asrergbegliment the
us§ 3l 4 e“&ve%r-é{l-}l]t%{iéa fﬁ?&ﬂ@HEBf cn.gtgﬁ SH% g?%m{eﬁte alcﬁge%s' a3 rapid

connecC formation ne
engagemenhef trexl clutch Ittetrﬁ@blamzv@verTé)&ntafuﬁlectmvoWest baplh/ergea sharp

bei n vot al | orne in this man resul t
elegh; .pﬂbean\%?%ﬁ% 58 f‘ﬁ‘@%‘ﬁ% T@rﬁ@aEPP?'F?émQ Qeafﬂrda tvgey short
e t
i 59%*%%&%? SFOFHEIRrE NhaRE & Sorl ARl RREbd 18 normal
20 Ievmm\amtdamagg todhe lotutciper at i ng novenent of the
follower, which contacts the cam The pivotal point
i ncludes an adjusting nechani smconnected to the

[00BOMAtemBSERTHNANErd iR PASI iEiretatabie! iR EaMas tygisalyfin the form
can be_adjusted along the axis of the |ever. The

of adjiset Thrydissconalibenadvantagequsly madetp bave arﬂ@mmedral mass so
as ¥ ?chﬂtgjtéj?r{eegngé(gém&‘{ta“ the ditkch! H\e{hié Peéla%,eitz?nggl QQ suitable for

25 the cam to be essentially 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



degree of precision, an exenplary enbodi nent of the
present invention having said notor controlled
weadparsizong nechani sm may have t he notor controbPtesGky7a00102
conmput er program el ement. [0032] In one enbodi nent,
the linear translation of the deformation nmenber is
errdmuiwaehtacd;n&oem oftigulexer isocennanted Thitle idgfqma‘ti@nemember with

5, S cSRE e B SRS RRTAEHE 6l bin ivotaly

bofRPRhEs RanAERYEIUs Y ah@ghdsitd @\%véiﬁéhle@ﬂthé vreferidef the lever,
test specimen into an angul ar rotation. ng to the
Q

and dhadieformation membsr coneecteddheraie with mfmt the mavegent of

5 by So ST By PHal A4 BsSabibing movemon

of RO FSlowdt, AHieH thRtactredtamntThe pivord paimt meh,me; an adjusting
include a displacenment transducer. The di spl acenent

mechanisi cenneeied fa dbe pivaisAcerdingly H%P?S'H%ﬁhl‘?if e WVPE jtaelf can

o BT oty AR o€ o Sk AR, mov oo
cofgBisd bynd mb&)rhmuéw@ ddjusted esly oaraaliygild ordéetereye a high

frame. The rig referenceframs Ioca d either
10 degfféﬁ] of IPée%i?iﬁﬁr é‘f‘u%XQSY‘p REY/ epbasieent éﬁ%\e r'”Ve”t'On having

sall | fs'tfc{t&nggntpcﬂlé?# agjkgtnﬁ n?etﬁ{arn?éﬂﬂqﬂs)?%av?tt%r}ﬁbﬂﬁ ontrolled by a

acefmen st specinen results in a sliding

codimmémegam abémehe push rod with respect to the fixed
housi ng. Accordi ngly, when the cam generates a

di spl acenent of the test specinen, and as anplified by

'[OOtSQgIn' Sﬁéremgﬁﬂiﬂwéﬂtsmé“ﬁﬁ%mrah&a‘ﬁbh%ft’ché gefstHiaiiBhemember is
and verif e via said displacenent transducer.

15 coaxem@d és anfanguilarabiagioi é’blsaeaebmvedrvdwwb@r@acmelm delder is a

{ otl i t.ed t
oeBbedhSuRRh i RchbFaL Y SR8, h AR copabie o
coh@&ttingesaiangfedri dafectibl G¥sthe! fesarspebipier mbtodanmﬁgulari‘mtatlon
appar at us i ncl udes speci nen hol ders rigi §’[l%§'l gggrt ed

Owingl tocthet rotatiomat Batire phéhe ipad. tha desianad the specimen
ho\?éie%ohta dpaney Q{e g) Ie%s{i;ﬂgacﬁé‘?}é' BBth MIsﬁﬁgsaﬁ‘d‘onrHWé of the

orce est specinen Via the
20 speefmegmmat i on nenber said force is measurable by said
| oad transducers. In thi s enbodi nent, when a force is
applied to the test specinen during testing, said

[Odcﬁgﬁﬁrdeifggﬁgz Lbfrﬁ%cﬁ@ﬁagiﬁ’é espidratiRadhay anekideess diddidcement
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



are not limted to, piezoelectric, strain-gauge,

capacitive and piezoresistive load cells. [0035] In a
wouod7nes1ienbodi ment, the apparatus may further pPClsGR@e/000102

a conpact tenperature chanber which encloses the

specimen and allows testing to be conducted at | ow
l|mlitedp&r afimsars vafibklec b@piesement! fraceducers dpédThgnd dialf-bridge

g defor&rfaftl on rrerrbeg&s and PCB to pass through.
traE§ yesra Wik TaghiesPrape YM&Sd for the conpact tenperature

chanber include, but are not Iimted to, rockwool,
rubber foam and Styrof oaminsul ati on panels. Exanp
[0064]lnoandther embasiment chedepparatusainglyrias BPaFimen h@lders rigidly

i d ni tr en ooI | n
5 subbHiT 45T e RS Po8 Mt HETRELTE Wt BT an boted
to ﬂ\éﬁbé‘é}%efnolﬁol@@fﬁjs@@ﬁfﬁd‘ﬂ Qvitert 8Fbreepasplisento thel teé’BSpemmen via
Providing a bend testing apparatus conprising a

ther gefargaiioni membresr saidi farce iomaasutide dynsaid lpa@éfart%’élcers In

i iR & Roice e RerBR b SRR R, A sing, sai

foreBgs h’f%u@ébI@PES@&hb%sQﬁd@a@frahb@ders withpfast r@ponee anclude, but
default position,. a deformation nmenber o

era
10 are@vot dipritesk t, e:a%zoaﬁerénq@oﬂmmcqwgee C@egt:mg% 'ﬁZPFeo’ﬁ'ﬁt'Ve load
ce@%e default position, follower wth one end in
yjer abl e cont act vvith the camand its other end
connected to the deformati on nenber, such that a
di s Iacerrent of the follower is accord

[00354in pefusiner rembadimand, the pparatig @@voﬂﬁf@?rdﬂawﬁb%rcompact
teﬁﬁéfﬁﬁféo%ﬂbﬂ@e\‘ @H@ht%aééése%et%c%eh% MB@sPRisthg to be

e test specinen om said default position upon
15 comdueteengt ddwtteenpeaaiuresan@he Mhamben malls agardaishopagings for the

| east f th f
Gt SERo TR PR BB L o BURl B8 or B R o o
thé %Hb%btf@?ﬁﬂ%l@tlﬁfa dranfberasdludg Huttaes hos pmﬁxem@ reskwgol, rubber
anot her enbodi nrent of the invention includ

foamoandjsng'o&)ammw%tm W%{ﬁp%*%mg§sc‘2frﬁﬂqh§‘9ﬁﬁethﬁdéé'ﬂ‘fmde but
orf B4 g W SRR RS O eAf
20 portion of the cam
[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 to the deformation
30 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
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a speci men hol der that holds a test specinen on

opposite ends of the test specinen in a default
woasiTiizeng a deformati on member operabl e to dePCesG2@/000102

| east one point on the test specinen fromthe default

position, a follower with one end in oper abl e cont act

Wi-t thvmg:am aguin | Suchotifer thenat deasteehedpdrioANor sk Yrofile that
a lever, said |ever belng pivotally borne by a pivot

at aCoBBriseD At Isashres Wavefaribadhates: therfallawen o achi eve
an opposite novenent of the one end of the |ever and
the deformation nmenber connected thereto with respect
[0067]Anefurttmrmmthoﬂ ofiebehtietesting o tdst bpaeimerpeusihd y another
nnect ed th t r]eilefollower such that the

5 eEﬂ merhefine fverkigndagiidesr i s accor ding to the
f L the deformation
pr qﬂrbtn@m% a bl d‘%é’s?ﬂn tékﬁa?g%tor o

V|at e plv , and to defl ect
the at I eaas:’amahevnpgmtprofﬂet\hleeremsambpmfﬂmnoﬁmisesa{\tdeast one

def aul t t nt of the ca and an
e e D S T

by whi ch 4 BSe@iﬁﬁérF h@lﬂe@fthéthlﬁ‘olﬁé\@teétaébe‘@:ﬁné‘ﬁldﬂﬁbﬁébsne ends of
al onget he axis of the lever; and - Mwving the. ca

10t hatthe iestspecisaen lrb@detawttpcmtm the profile that

conpri ses one wavef or es, t

[ 0058 w ch Py RAop ShEmUBL R EAIE fo (FBR: Holash op Foint on the
car rigstngpetithel @ideh trRsdéfadlt poRiohl eXI ng frequency of

the test sanples is determ ned by the notor rpm and

t he ci r cinfelioxvar with ang endnint areerekle sestact iy de cam and its

0 GBI 3o ATLAPhLEP Bl bome by

15 desac pivetlaf @mlt@mbebmmni ﬂfeytwmeh@si tlﬁ)érebﬁibl%té\@sén opposite

sanpl es | ve the |nuous running of th
m)tTp dPO‘éﬁttae%‘h@? PRe €18 oﬁ'ﬂt%d?%%r e 8. dqfﬁt@atm |member

\rNﬁSLHohanteHhﬁte?@t%C\'Nﬁﬁrl'egﬁé&gtodﬁfé ?&L &t 6fnflf‘er ¥®#e? end of the

depend on the notor rpm and the nunber
wav dé@rnepaerablyheorometendt afithl ﬁqe fadlowver) Slu(tl’sthaitﬂ'teedlsplacement of
t he

exa if there are t m pr of i
padia Tajsver B eSafofd 15 ol el Poaprp. SfSisBy;tubiing the
20 endsjeformiuticrNmambel, vig the! PIVatalAtbPRE 18R, driteto deflect the at
specinmen will be
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.
Examples of testing methods to conduct bend testing of samples are now
described.

10



defl ected at intervals of 0.05 seconds. [0040] The
frequency of each deflection is a function of notor

wepewd2and wavef orm angle. Again, for illustraPC¥sG2007/000102
pur poses, and according to the relationship 2p of / =-

rooigitne BrEplay ahyhafi st B Sabes madhuone tRE continuous

runtirRy 6l thel ABHr BAY thefdbythe 3294 BbMtedtéathdroi. Waehvalr msgft in the
the camprofile is sinusoidal having a waveform ang

spesimgpdeging Alefigstag: ab inteals wauch daperd methepstor tma “and the

e ERERR P38t B9, DRI A AHPLIH GBS r e ar

5 twaowsefoiid obetirbedin préfite . sfRedlapait eatal 80el(ye. dtidiargetrically
the continuous bend testing nethod as described above,
OpRafdtes gads hedndhe U@oéq;bjse&lﬂ%ng Pta6Q@,TpEy He specimen will be

de‘f{‘fé&gﬁ%i“ﬁ)ﬁaﬁt%\é’;ﬁ%%édﬁdﬁ' i tudes and/ or frequenci es.

ted by noving the | ocation
of the pivot along said |lever, while the frequency nmay -

oL ke S BB b ol S
C | d
0 e ﬁpwméﬁ Sl SRR Y, latonshi
Jﬂststh | oc t.he pivot ~and, the
of ﬂhoWﬁ@ e ot HBaRr SR PyiTg Bae i dian) and
testlng is to subject the test sanple to a discrete
o isultbeamoioi sgeéd eéte:vomtmnslperwcbnd) assumiegttbat thegyvavdierm of the

carh O eal% P SHICEL i, BB e BHARle 1 SO BCH (A 04188

rad)TME tAE HBIdraehikoR é%%@@@”&fyabéutd@@@ TS (’Brtm fegblutions per
Series of varying deflection an‘glltu es and

15 sedansuibedtessiency of Hhe sindgaiddlefiegtion psiseaitl heaheutritdpHz.
further include a braking nechani smthat woul d enabl e
the camto be brought to a halt after a given nunber

[0041] AlicseatBiety, delitimg t thensowtinudfuse bepd etesting | m@ltieod as descrlbed
deflection.[0043] In all the above-nentioned exenp

abevast theg SReSIRtSs Mayh dec aubiralpdn &0 raeéerlﬁ%ooteeﬂ%wns at Various
am@ﬁ :één%?qdélgf"ﬁleﬁufehﬁeﬁp%’gﬁﬂgflﬁfd'e Ay B9 ab‘f&été&‘%gum?vmg the

est uring testing,
20 Iocb’aormraﬂdhal pitok alloagesmdflavdamarvhltéatrmgé’equem;e nsmebenmﬂ]usted by
f ai l

t d
cndigiind Sk SpRef] dtorhichithe Toteh oS SO bickibr or ONEr pm. As
furlpRP AieehARE! acédmprRx(dticat biodefictibAs ntabeanhdisd by computer

programming which automatically adjusts the location of the pivot and the rpm.

25 [0042]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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stopped by either disengaging the clutch followed by a
braki ng of the camshaft. [0044]Wth regard to the
weahowva20mat i oned bend testing nethods, possi bl eCctss007/000102
speci mens include, but are not limted to, PCBs and
substrates, for exanple. Accordingly, the bend tester
according to the present invention nay al so be used to
[Ooggﬂh anghé | BovEaheRficHE! bkéﬁl\}g rr\_{z I\/E? W?étﬁbdé' fthe cam may be
Al LED DESCRI PTI ON OF EXEMPLARY E
requUcMGIoFBigEr tatinghshauld the dweginaen Gl dunmg; rﬁestw@eeshmﬂwthe test

t' t ' t nbodi [ f the
safrilf (8P RRRGH BT, 3 St . bRl S SRR R ) dirpSige to the
5 spéeihnahd oo reRirD eies inttfhl #8ithird Tonditiodl dfoertedt sgesiti@nlfor failure
and a nmotor_ (not shown) for rotating the cam1l. The

anglysisi ndecaidingdt.  thec bepgingt ﬁ@fl@,@ms etation whitbe cem) may be

st&ﬁ@%‘détg# olywnegtof %g{@ﬁ}@iﬁeﬁ@cﬁ”@@%&@ ng;oeftthé%gh?shaﬁ

contact with the specinen 17 as shown. At this
[oujﬂuncture the deformati on menbers 14, 15 do not cause

ALV Ehetegrech ta the aRquexmentiened hendsiesting meatheds. passible test

0 sobSs,FRABKE STt DAPYRE 0 POR o Sokab Y, B exampe

Acdefdimgiyt hherbmuhtmterlaﬂcoosdmgmmm pobﬂemtum&rmohlmwlalsb be used
onnectin r. 4. The, connecting nenber 4 is
to Y5t 7S, G E G oPREE? SRIAETERIFI0] | over 5, i oh ay
be a free wheel or bearing, for exanple, at one end
and a connection to the | ower deformati on nmenber 14 at
t he dPEFAILERDESCRIREION O EXEMBLARY EMBO DI MENTESN
1. The cam 1l is essentially a disc having a waveform
al ong one portion of its circunference. The waveform
[00AB)Figare T'sifdws @ tdiddi0leW of £ Migh-8pée®béHd Resthg apparatus
t her eby defi ni g& a waveform such as a sinusoid, for
acexdiig do[ 0026F Qdﬂ’(@e@brﬁflfh%tla‘v%lont h&he oppRateius includes a
spé%lHe ﬁ&lHH‘ Qt Sefdy ahoﬁ%érﬂ faﬁ@”i‘BoraQI"o'll{z\ﬁer BNg téé'n‘ﬂ and a
upwar q"7ert

mo&anc (ncbtl srmownn)efdrotdta)wmj ti3e rmaas els 'meESpéhmem heldb‘r 2 lmmps the
ef or tion, nmenber i

I ]
20 spSffier et ahiehds SierbaRTCA: 8huer e A Sowreihedioure. The
defb?mbﬁ@nﬁﬁ@rﬁﬁg%‘14715 are Séifl&lxéfdfd tsgrg?goﬁeécﬁ RRhYRE ShBBhen 17

der 2 e upward ement o ef ormat 1 on
asreheber. Atthisjigesture dhe paafomeaticry membertsxm,pﬂ\ﬁrcbts nobicause the

sp%@g%éﬁ?g\%ﬁgﬁ%nengéformap é)/r(\3 rrns’eemkgérs“ﬂf3 nlé are mounpevc\ieon sprmgs 16

15

to ensure that they are in constant contact with the specimen 17. The lower
25 deformation member 14 is connected to the follower 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 example.
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drop in the profile, the specimen will flex downwards,

or in a convex manner. [0047] Figure 2 shows anot her
weide/zoley of the hi gh-speed bend testing apparar8e2i /000102

Figure 1. The specinen 17 is clanped at either end

10048948 et ARG TR IVRF 3 o DechES AE R Bligh e cam
profile. lrotids regetdupnepwiet centiddl eiispi@deiaest thite@bctdeach time the

tively. The deformation nenbers are nounted on
fo{éqwgrnéspa%&ﬁscﬁvw thes risgeolide G ioninniife e Jawen geformation

m%@ﬁo%ﬁ_t'ﬂ? Wifi SRSt &%eeni%ﬂe:e\%hczdﬂg;?or Qlitht B ﬁf@ﬁ&h&’a%' As the

he springs t|on ers 1
spebinben il nisasecurelys taarhpednbpcthenisplecintien siedene) the upward

DR Of Jhen SRiatien; SiecaiToddodanast, thesiasimeg 17 to flex
udﬁf@@ror"fm &\‘?ﬂoﬁﬁa\b@%aﬂﬁr{e‘?l b%W@érs%{ygthéﬁtrFeoforlIS?v%?{b%%QQs over a

The follower 3 1s iIn operab contact w
dr@ram the profitehittse spedmen will élekmidvvmnmrds cointaachisvexv@anner.
circunferential thickness of the cam1. The cam1 is
typically left di sengaged when not in use. The present

[O0ATPRIGRIrE R ShSs hﬁ@ﬂh@@@ﬁieﬁ\n&@t&&h%.q}pzz T éna @eﬁnbaa?paratus

response_clutch 21 and to a e not
of \Kigure ils Therspeciger dinisciauped atr&ktherymﬂetbleraﬁ bys#henspecnmen

hoﬁcfbert Ctﬁf@b%{p%ﬁ 1-t7 § gﬁley ) et@g%ﬁgq?wd? nglgq?tm@equr@fes by the

lower angagper thfrmaﬁGﬁ&ﬂ@ﬁwbetr@eMCéﬁd q5 :@l‘spé@tﬁ/eay shad Heformation

20, which is connected to the cam1l. The rapid
MAREFeRtenmoyniachan earNgsWaichrress ihe dgfprrrwlonh@embers 14, 15

f
o € 1008 4l 0l bl 7. b 10 orabe
therdeﬁrrnﬁﬂonsnahiﬁem;d?lt d5dohmeaintain cﬁhetdrﬁ conatact ?glhr @) specimen
f t t t he speci men are
1755wt Gefloging T shes e dwelhe Jovaheelanitonerieber 14 is
coRRBERE o TESHHPRRE rREmbBE 4hvBltsRsed qu‘gﬂﬁeF:?%ﬁ it8 S&orrespondlng

appar atus according to the invention appar at us
endndihgdiadlowes e i irewpesiilercantact witle cheecart 71.clrattpedegard, the

N A M

typicullyalettadis @sgeeysal WhaR not @48 TiRe Q#éé&rﬂ%ﬁp@ﬂat@@% %cludes a

14 and 15 are the | ower deformati on nmenber 14 and

MQipphes PBNEFiRaLIPchiaft ivwones ¢leishedt pudity a fisvdheel 22. The motor
2SI Aok W TABIE G T . wppet o o
desired speed whereupon the clutch 21, which is also attached to the flywheel 22,
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 (or desired) speed before the

deflections on the specimen 17 are applied.

[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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are supported by the apparatus frane 25 and with the
conpression springs 16, the upper deformation nenber

wa30078120i16s downwar ds to contact the speci men RET/SGR@7/000102
def ormati on nenber may be adapted to provide suitable

oSSBTyt RS (Al S B e 25 e

a cafhsdmmgipt s of the deformation menbers 14, 15 on
the specimen 17 may ‘be in the formof cylindrical
bodi es which contact the lateral surface of the

o0 BT 8, S 46 S 66545 bmaton moer 14

5 andth@ué@éﬁdéf@ﬁ@ﬂ&ﬁﬁn@mﬂérmdI@@beﬁhfém)TheidéfoWVaH@rh nZémbers 14
a notor 23, shaft 20, and a follower 3. In_this

an¢ b sue ﬂmunt@eﬂ onHMprEsRIoNERIingRd & dhesipner defarmatigrapembers

4
ord, SIS inE SRR o B ind Sl Tl BB AT Sbripos 16,
thel uppr oo i atiopamiembentiseis biad UoWaMr(Btnss(ﬁdacﬂhgrs;m:enen 17.
detail in Figure 4 that foll ows 1. The cam 1

Thg dgfasmatientmamberayde’ aﬁamépcnfﬁvlge Suﬁablerwt% poits along
10 the %Ségﬁﬂenﬁﬁtocél%% de ﬁ‘)rtsIr é“EJr %?lﬁﬁ)l%odﬂilh B‘ér‘\cﬂﬂ ?rb?ieﬂnple the

IVE rise oasnus ecam
corﬁtacm;mmints)ofqee&tdbﬂnaﬁmr mnabm‘bGM a5som mmatlmmvb? atay be in

f t th
theCJor Bt iadiinal DOBIoR WD SRRt 1S iFiH) SCHERS Of 1 apegimen 17

on&ﬂh&hﬁdg‘?ﬁ%e g%cffﬁ‘)él ebiipeheff.i ve the camdisc 1
irectly or 1ndirectly. Should the notor 23 drive the

camdisc 1 directly, consistent deflection pul ses may

be ossi bl e as the motor 23 would r ir
15 1008fiTec cBRY SerarBoi A roriPuces SsdRa) B cEfpgpse cluten (not
shdSWh)Seé faviddlapp, theneesi 28dasprER. 20j0wades, falbwer 3. In this
descri bed above, should a fast response clutch 21

embgémnemit S oier G felleavar! 5 ipdaKeg Ao e owarrdstormation

e t
B S R S T
serrlmi oﬁ” miéfmtrdlatesparﬁﬁ wiaioh avik beldidecussedl in greatendlatait il Figure 4
tg(a}gm)vemant of the camdisk 1 is transmtted to the
20 that {iRloWSdef or mati on nmenber 14 via the fol lower 3 and the

adj ust ment nechanism which will be described later in

detail. The result of said novenment of the cam 1 .
[00&%Hhescam|Tolaas anprofilelibat instudep @WﬂﬁefonmAwtf@t may be formed by

vert| Cﬁg Oh Plaaggm {Hau% 5frb tﬁq gol%e rris;‘g t%ngl s?nhu%oid profile. The

cam proﬂle 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 attain the desired speed. However, as described

30 above, should a fast response clutch 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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mechani sm Wen this happens, the | ower deformation

menber 14, in cooperation with the upper deformation
woroiraroiks, exerts a force on the speci nen 17. pCTISG2007/000102

vertical displacenent of the follower 3 corresponds to

o032 RyiRREE HEe rhplobuet unn, e Sl st o Ahe o uftodty, the

mo¥e¥neRt bt BARSdisk g tFHdraved (8 the I6RELHefdiniitiod Mefber 14
direction whereby the | ower deformati on nenber 14 is

via #e fellowsrd andthelpeipstmenionechanisee whichhwilk be deasdbehater in

oo, SRS ARG e S CBRBRE A, o e
5 spdoirags 7, e tHed v aioal d%ﬁl’é@éﬁ%ﬁtmf&héq‘om\@étdmﬁmemé adjustment

Dependi ng on whet her the | ower deformation nmenber 14 .
megkanrismu at\ e thisct DgPRANS, néhe elovey slTrmaiiony member3 14, in

cootplé?atgqqhv\%itrfj §h8r l"@?%ro AefGREbn ”ﬁ%n@ﬁeraqt‘ju aé)%gg; QY FHEE on the

I either an up or downwar d manner ther
spdiﬁ?éﬁﬁ?.nmhéh?rﬁmcdigplacﬁn@ﬂtb Cbgn@ieygoll[owl 33 Wdriesponds to the
reference to Figure 4, t endi n i splacenent is
moyergeHaramieseRtiel sHUGWe 6F fhecsamrdies amﬁ\{hesﬂ tedotper 3 moves
10 OVG-FELEIGdbaQ’IW ?r‘b?ﬁg?'\khi)ﬁ’ﬂvlﬁfgrdfégﬁ thB&ofdmeL 3 R MYed #SSRt upward
enbodi ment 1s'a single bunp or crest 2 over a very
diretivshl wizergbg thaildwert tieformatiomimdérhbentdd ii® actusited) edher directly or
. ,dwell. The reason for, this specific camprofile is. t
indfgily 2 fiorease b ado ARRCaDeRETTBRE WhGarseBPh 5ol when
thefoRSWer $Aitvelthve? e BEMCSORID MM B & HBAYRNHE Bflowsr 8Mnoves
1000 Hz. For exanple, a crest over an angle of 24 wl|
in a clowewvard elirgstion e Pepesdingyom whetber thef lover dafaemaliere member

15 14 o TGRSR ol ilrachng S dafo e R e dbwl femation

meﬁibérnﬁé?%@ RAE toamonesiai Sititert 48 WVl oF MewnwWairgé manner
is the tine required for the clutch and the brake to

thegghys@rflerding the specimen agaerdiRObngagenent, the camis
designed to have a very | ow mass nonent of inertia
(I'). The cam 1 shown in Figure 4 is a solid piece.
[0058]\¢ithn ad¢fewaaice, toaF iged &, des begndimgydibplasdmpnéds induced by cam 1
reducing I, The tuatocr. driving the camjs a rpotar .
20 on ik a $9my tollewer iAol ThRAISHAGEBENLYRIHBER Yo caln 1 in the
pre8BACERbodMéRES aFifYieumhp 'R 'cre®ta® BUéNg vBR} ShallRifgle, 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 example, 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 dwell time, which is the time required
for the clutch and the brake to engage.
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[0054] The cam 1 notion and the displacement of the
follower 3 are anplified by the adjustment nechani sm

woratzitaeed previ ously. The adj ust ment mechani SECT/SG2007/000102
i ncl udes a |l ever 7. The camfollower 3 is connected to

h h
To B0 Rk $Ritef sBaueienEine chun e sioried te Barb voveny low mass
moml@hVoﬂlﬂ@rﬂer fm et dpnal sHBWr?th Figtir8¥ i& rég?éllo&ﬁ@&e gNliéjrﬁatlvely,

| ever pivot I s ad] ust ra a'li
spo&@twgﬂ rrlqy Gﬁl%dﬂpé@@ fiet r@d},mlngsi Ths aoumtect:{rlm@gnm@o@am is a

mta?r%ves AT g[)ﬂl@f p#ﬂ&étgﬂgﬁrﬁéaﬁ@tﬂgél‘f@? @y g@?‘?@ﬁ{ 24 (see

Flgiii'e5}ifdr¢|¢éésmingfmawrirp,m, is limted by the linear guide
10. [0055] The adj ustnment nechani sm descri bed above

ains to anplify the effect of the displ acement of the

oot (WIBR A0 L0 pBer Sy AT 5 e vt

theoﬁdhb&nemieﬂeohﬁn&fm trhentigrvdl préieugPTheY AdiBstn®®r méchanism

ich is ofally nounted on pivot 8 rotat'es anti -
'ncm&8§mlgﬁaﬁotﬁes@m Tellower & isueonnasied ttﬁeartﬁg\depwohg of the
A n
s e8P T dnk & ShRRLAEP ROV E A5 BRANRL o move

in are peeyramtatmnagdmedtmmy thedlirriar guide 5hEhé @M?ﬁle' lal@ @ot 8 is
e upper

ce of.the s In this regard
2 Pb e RoinaRE AEBEIGET hl RN e SAaIod i Gonasss enember o
Ontragabtide of kied ‘ﬁhé!ar §Hiru%?&'e s&éné Qﬁzf Fn%%%"iﬂ@ vefi tbh@Bh\}gteg in the
pressure exerted ormati on ne n
opRasite |difgeton.athe dlre@imrf efmaotmbn tshiemiseeb by e liddart déde .
resulting in the downward concave defl ection of the
speci men 1. [0056] Correspondi ngly, should the

[oossjrrhevmjuamt dhedhaasd d@cﬁbéé'ébﬁv@%‘{@f@?nﬂﬁg e  effect of
é following a depression in the profile o
the jdisplggemept P? ﬁh‘hgfolo lewerr 37 When dhe |f9|kpweloﬁafsl q"spiaoed e\dartlcally

|
oGP AP CRSANYE SN GO S 1. e
amplifyiag devexct, owtilchglsmlvdtlal@é hmite(?l &hopivat 8 Qaidw@’r@gg S—b?igckwnse
ng a greater
abog'lﬁsstaﬁgo' Hv‘éeﬂske# pﬁm"%gﬁ&% qgéﬁf )égggltfﬁg"@&g& e ﬁii arendisplaced
dovirtWard! egaesrdin ﬁh@SSIH\Fv@r eZi oﬁ‘ﬁﬁtlgfﬁatrﬂgm gY‘B';l#a alsq .moves

def or mat i on menber 14 on ower eral “sur
dowgmees thetedy exesting aslowee peec&smecbrbmet loeveu ppieral surface of the

r 15 on the er |ateral surface of
spef e 2. T B g e SRR s 650 et -
greater pressure on the upper lateral surface of the specimen 17 than the
pressure exeried by the lower deformation member 14 on the lower lateral
surface of the specimen 17 thereby resulting in the downward concave deflection

of the specimen 1.

[0056]Correspondingly, should the follower 3 be displaced vertically downwards
due to its 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

16



concave defl ection of the specinmen 17. [0057] Apart
fromanplifying the bending anplitude directed to the
wepewimnenel7, the adjustnment nmechani sm whi ch paTiSad@s/000102
the anplifying lever 7 and the adjustable pivot 8,
n st.ed.:
PRt R0, bUEy TR Rete of 48 hehfiefol Jrofhin sagar. the
pré¢sme exertedaryetd lowpusiaiemtationy nMembentidneausheansiver lateral

suffgbele Stectes enihg resiice SrarPoRy BRABRAL detmaon rasmber 15
onS BREQppeRdafepst 5@{%?@53& NRE e%é&@%ﬁ) iPeTHRE M {sg HObhe upward

plastics such as pol ycarbonat e or COITpOSuI|
5 coneave daflactioprofith®speaiiamg1T.he def or mati on nenbers 14

and 15. Using netal may likely result in too high a

spring stiffness being needed to prevent the specinen

[00B7PAbARTION HARIARY e therdi®y @ﬁffpgiwi&t Hﬁactaa%%%hs \A%cirgen 17,

and/ or damage to the bearings. [0059] Figure 5 s

the adiustimeantomechenismowihiatindtides diee appifdngi lgvee 7 and the

LLing..t hatt 20 the.not 3 t response .
acf AR Db 4w e bR B miBiss 5o iR Sttomatically
10 bycsyfiwdrecifst@atadfl manasiPby hdbdantsd) Rk §aAsERf WdRusthent fay be
relation to the cam1l. Directly connected to the notor

coptinyaus ard nptjkskal digorete incrementsabodi nent t he f1 ywheel
is designed as a nassive flywheel which is necessary
for overcom ng the extrenely high torques (up to 8 Nm

[0058%k shoukiabe thdted tthatsthenhigii acsleratiohd @nabghtesd@adl Hidh speed
testing and for ensuring a snpoth rotation of the cam
bend tepting eay recestat ;}m%é@e obtough plastigs isuchspemelycarbonate

, e ol it ey | f
15 (PEY Y] b BRI fani Rfin o erGlrhatl, Hn5et3, 4 gnd 15.
Using anstahgaape dikelyhedsult2h, teo drigh va tspringestifinmss, beingahesded to

o e el b o 288w A oS ancror

daffigend theddegdngs.mat ure 27 is pulled and | ocked agai nst
the rigidly nounted brake coil assenbly 26, thus

bringing the shaft 20, and the cam 1 connected

. d ' f the .
20 [005BIELRe 9 U080 AR 0 SASSAMER of ol aure 4
detdilingcthe2 shaft 20)athet meyora28 ofustiragbengychech @Aadifywhekl 22 and
e test specinen 17 to be generated. Single

|
brat%aa'%sr?gnblg, y@mfbmp%esaarw PegRly Afear brakammature 27, in
rel&didh &t darh . IRy R8nAeSloBb thd FidtEF 5 Wt fheel 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 clutch 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

17



which is foll owed i nmedi ately by di sengagenent of the
clutch 21 and engagenent of the brake coil 26. Wt hout

woOher7iihymbeel 22 and fast response clutch 21, BCTEG2007/000102
pul se Ioading at high speeds is difficult to achieve

asikégﬁ%‘)‘rl]tfsz ho71Bhar fadf r@?&ﬁ*m%et @Iuﬂ:!hcm Ug tﬁ@?@ﬁe@%@owhélﬁgle pulse

one’ over sever al puI ses/revol uti ons. Wt hout
loading lof dhe test spabinyer{ 18 to be)gensiraigde Single pulssdepdigaiis achieved

t ble b . d :
oyhhurePd aprdemanr iane ciEl ab el s Sillle Rty puise.
wmalm is | pllswkidwaihfddiafenk thB, disbhgdyaragnt adfe thee cfueehin 21 and

an opening, or a reflective patch. A light sensor

5 emgem%wthmb%@wu% Véithauidhe flywbeel ?-Zn’alﬁﬂ fagf regppnse clutch

o e Bl 32 B i O PR motor

23 pbé@yves ptkalp bpecdaatrthisnig orfly dohesiver tseusrahipuissisirgvolutions.
t he maxi mrum possible dwell tinme for the clutch 21

Wéhgtafgt@e l{reb%.@ps@r@mye(% ZRbVBNGIR PulRGoBRRITGL 1S ot PRESIBiE REcaUse
thE%H ﬁ'%ﬁ‘?ﬂgfﬁ{wsdo‘(m?éﬁelr%e?ﬁ'ﬁéf@éﬁén hh&%@” y. I'n the

Mot or |saaptedto nmove
10 t he camllnallnear f ashi on. is al so shovvnlnthe
Ilustratlontht th tCI

t
[0&0?1383@@9 arstheeararl i 8 lea{s'@ mqr@"dézwigfﬂf maihe K&'tRE forh of an
;f%?ﬁ’r?di'd@kf?%ﬂ\\f@ gb gk rﬁ%eﬁséﬁ@def g@é‘i’u@ﬁ of e fiducial
cam e di ower

and t pl acene e fol are
markp1 8 f Tiel ligiyt sdnsoadpustalmmsefabamrﬁuaélamdheurtsﬂe@ in the cam 1 to

o bSHREh e S Bl 55 PR EA B MR AR 1%, ol THEE atowng
15 thefmémmbs&werméw% fér they SlUEh 21 'REemgEgd.ng menber

IS constrained to nove in only one
translatlonal direction by the |inear gU|de 5. The

OGRSl S b IR e s er o

cdrasnévesirpary. H the@mbedinant ob Figuret 6ietheimetar is adapted to move

thg Gain b5 8PS TasTT.cL 1% 180 TEVENITHE RS sration that the
20 cagﬁqugﬁogmréﬁ%?m&% 18 o} pgflerg@ggfaa_l fy the effect

I spl'acenment” o r 3. Wen the
fol | ower 3 i s displaced verticall yupwards due to

|0WI se 4 ofth cam t anpl.ifyi
10982183 e athodBp S i PR 2o g et bl cam 1 and
th@disp l’acéhfé%'ﬁ‘@f%ﬁe%%&heﬁé' é’repél’ﬁ@hﬂéﬂ pycihet Adjustriént mechanism
connectl ng nmenber 9 and 13 are displaced downward.
maotionetl meyiousie Thevasiustment 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

18



def ormati on nenber 14 al so noves downwards thereby

exerting a | ower pressure on the |lower |lateral surface
wohod7neonpeci nen 17. In this regard, the upper PCT/SG2007/000102

def ormati on nmenber 15 now exerts a greater pressure on

17 th th
oo BRLAIE o KEFiE 1 Fre AP atine Gar s eiranpiingdRvarT ouich i
pivotey! mm@htddaéreﬁﬂ}ot S%ftér?t% i L BRCRARG! AB3Utshid Eﬁfoﬁ Wsuch that

resulting int downwar d concave | ection

es%mﬁé!ﬁg mempesFandot3d @@drs@iangldydovs"mndd Alcberdrngly, the lower

sol P b S PR UL SBUGHRHES ertine over

5 prebsutdien aing laveti lateralesirfacé ofhé GPetitnd ’V'PH%' thi r‘é‘@%\ﬁi EiHe upper
pi.vot 8 rotates cl ockw se about said pivot 87su

defgﬁ'@lat'?‘ﬁem@mh‘?écﬁ MPWreaNssts g gradtars psessudé spi atbedupper lateral
sur@i’@&d t@é@%ﬁ@é@ae?rgi 7 ttlp]etérlé‘ zlp)é ?)\A%SH% freé}re ta:rtg’g he E-E&\?eésééfp@natron
memberrrm bavibe Ibweeﬂ@tbrél Lw‘r@@e off thbrepezRB6h nﬁnthb?eb;r Resulting in

|s re rd the pressure exerted by the | owe
the ﬁ‘@&?eﬁﬂp%ﬁ f theesnesitaen at er al surface i's

10 greater than the pressure exerted by the upper
def ormati on nenber 15 on the upper |ateral surface of

[Ooﬁﬁ@m‘mprondmglw shibids thr@sﬁculd\/rmrl 3 Udﬂdrspl@\@@ddvérﬂﬁélbw@ownwards
[ 0065] Apart from

dug fpprlte @lbﬁ/&\é) % gt U eCIrrgﬁ{]ﬁ prafigotithecare d. the amplifying lever 7,
whigp€§| rﬂﬁﬂaﬂy mdd’rﬂeé%nué angt ro@%ﬁgf%cﬁ{ﬂa %"‘egb%ﬁt ?HBHRI/S?B such

the anplifying |ever t he pIvo
thaythe carnn@qéwq ireembar Sngnama raterdhsplménie updjanst Adcordingly, the

t ead of nual Iy by hand.
15 Iom%rtd%%éét ﬁ'\g@(% i% reﬁr'éa\?esﬁﬁgwggjsc rehﬁ@@ma greater
pressiirej ontthat lodies Clagiral eﬂﬁé@émﬂttﬁe $PGREnF UL tl?rsar'fé%ard the

e 8 show a side view and a perspective view o
pre??}?r?h@(e%%ow 1ad t lowes iefprmgatien tmem ees‘e41ton tiverfoven. lateral

ou Y8 erdasP e, (81 LR TS el Mh Yk ARECh Eber 1

on (clw erngasr Iagarsbsarfdca afuthle spEcIRRn and 'Hkﬁ@deéulﬁé‘%ﬂl!ﬁér@pward
ush tﬁd 29 of th; di spl acenent transducer is
0

20 con%%mgigﬁg QL IRE SPEEEeHAf or mat i on anvil 15 while the
rod housing 30 is attached to a rigid referencefrane
shown). As the upper deformation nmenber 15, which

no
[OOG%JA@aHrfm amplifyinef thenbaricing rwmdrétudddrrebteuu@hthecemrr&en 17,
the TadjiEE &AW ErShisnt S WiSTH G8LEdeYihetY amplrfyrng lever 7 and the

adjustable pivot 8, also allows the bending amplitude to be adjusted automatically
25 by sofiware 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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it noves push rod 29 which slides within sensor

housi ng 30, thereby registering a displacenent
worewureirent . Speci men holders 2 are rigidly betrsd2aa/000102

| oad cells 28 thereby all ow ng neasurenents of

a2l 0 8 8% b SRR BPAReRs BGT3H sppnectea o
defdrmationghember aw tArsligbeseRa (/eféeth\ﬁew‘) id defllch®r by lever 7,

enbodi mnent according to the present 1nvention. This
it ragrRIPHEh {0t vaiely sides Wwihisrsanscs Rousinee30, 1herghy ragistering a

dlsrb"f’écfen? nt%ﬂ@&éd}gﬂle{?}‘t:.ﬁﬁécﬁm%pt%%erg(yt % t{l@g@/ieof%t@ﬁg Go 4% Bells 28

such a fanner I"ows
thérebyllaﬂgwth‘fg seaburentnspelcrgmtion forcdsent theeslipptd ends of the
deflectlon applied by lever 7 causes defornation
tes{spEEMEL1{ 5 push downwards, for exanple, against
protrusions 33, which in turn are connected to
speci men holders 2, there is a first angular rotation
[0067]Figare (2 cndeRigured etGA 2aras 10Beghawea rsiden tvielv cand  perspective

) t at [ 32. ., The s eci men holder 2 rotate
vieWs S5 gu TG ﬁérgggemerttoa@a% i 1ier the. Bressis’ mvention. This

enTRREMERMACLAR orlEPYefb e‘ﬁ%%’i"ﬁ?ar‘i@? Cpfaé tﬁ!’ﬁpggyﬁén holders

rotates in a counter-c vvlse(or anti
2 thabheold thee tast dipegingen urhlsacln eslanser that betldivsgoath twisting and

17 h h 17
be iR S dek Sesiian. 1 Webnus S2kar Befefah 2bple bifever 7
cali§ss ct@‘f@mmdrprmemmemé%(l pugh HBRNARIQS, Mad @iaﬁ‘ﬁﬂ@eragamst

noves upwar ds springs 16 rot ate the speci men hol ders
profrysions 33 whichdn tempas eannestadhis $p%mm|end10|¢lens(ea ita@re is a first

et 1 S4B UGS 26 ! 48k oprotetona
beardhgs B2d The spatingee Holddr 2 vetatd mgopsking riiedtond td Bach other,
t est sgem nmen 17. [0068] Figure 11A and 11B show

L.enOngpd ??'U@%@Pfq%emﬁﬁdrqﬁ@déf@qmif@ Whtlgs the adhenretates in a
coﬁl‘ﬁé?@ld&ﬂﬁsea%i;’r%ﬁtFSIOEﬁNfsE ME}ﬁﬁQ{: Alcordihgly. gﬁQdV%‘,ﬁP& in a

I's essenti al enbodi nt o i gures
bendiBg einthef tast Iseecmm tl desuch thextyibe destr epe:dnmdmei? 3¢ now flexed

copEian BPNER ST oD Y FISSBert FIGGHRE 20 CeptitpRmamber 15
(i.d. ahetRTERNAGOH Afemb& nRERkRvardss, esittgsV$6 Wotd?é Qﬁérspemmen
terrperatures may al so be used. The chanber wal |

holdees 2ifpa diregtien oppepite taheioeadien rD’E&i@InatCMlnGﬁ@rﬂWﬁg@tatlonal
na&ﬁet&rf?\lég%a‘gj'tﬁg ttopﬁoﬂglf fiffRidsCBf the specimen holders 2 may be

adjusted to achieve both twisting and bending of the test specimen 17.

[0068]Figure 11A and 11B show perspective outline and hidden-line views of a
further embodiment according to 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
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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10

15

menber 15 and speci men 17 pass through. [ 0069] Figure

12 shows a fl ow diagram of a nmethod 1200 for bend
woest7ingiia test speci men at hi gh speeds and PCT/SG2007/000102

frequencies. The nethod has two steps. The step 1202

is to provide a bend testing apparatus, said bend

testing apparat us having a cam having a

[ooe“df]Ff#IFE ?F‘F ﬂ@&vi ddég?ﬂ?ﬁb?'a”rr@%hdcﬁﬁéo PHEHOM tdftihg a test

sai d cam conprises at |east one
speoamen ak mug‘fhepaertmaad dsacmemmesnarhadastmdslp@etmmﬂw ddre step

1200 B ouBR S8 e SRR R ¥ having o
canT IRl é’%ﬁ‘b@ﬁ#@rehﬂaldﬁr‘dﬁ%?ﬁvh@t’elh R ashaPpoRibnast thBerofile of

test Specinmen fromt def aul p03|t| on and a foll ower
saigyi ¢am ommpnsles ratok@@shml’@ saveiom wiheh apparatam alse inciudes a

ot her t r c
socPyeh JF0e BACHLRE b 108 FEbANE: RCOBEIR, ppBcd to st
spéchﬁe:ﬁ”’r@é'de‘?a@[f pb@lﬁoﬁ agdef@rnastionahenibee opefabilens ideflect at least

nber correS{)on i ng y and to deflect the at | east one

oneppom oprtheHes e@QCI@eacﬁ%rihErdﬁfa%peS@eﬂ ANc 3 fplqwerowith one
1
ord TR o0FBEE Forie DR P BHE AR LM SRR o e

defofmhtidrenicheatberc sugh ttsatsa displapaatent o€ thefeiowenisatoardasy to the
the foll ower. Alternativel¥q any of the other

protileenbihg gaBhigdrstEates thredg r@f@pﬁgﬂ& % arespongingly and to

def{?'ggg{laf %ﬂ@ﬁsﬁénej Eﬁgﬁ queg?gth%ecf%g ‘Pnrg)rr]rt? I@gi:(]iz(?eféhﬁ B08fion upon
modesient pf trencarn. (Tie stapi 1202 isntoadtaterthe dam; shekrihat the at least

resente s _of |IIus rati.on
ondaseiahor dho. PRt Bl compHRRb &t e HeORE NMAGPUR aftuglys the
follb\hlgi LAk ah%l?nta'n?nof thé NANEF RKEMPIHrYT mBLERA&RE bherthdesting
VI ous nodi ficati ons and variations are
apgmamsmféhe m\lertyhn a$ denrerikfdsab@se haatenuige also e used in the
t é]ended that the scope of the invention be defined by
cl ai ns appended hereto. CLAIMS What is clained is:
1. A bend testing apparatus for simulating free
vi brational flexing at high speeds and fre nci es

20 [00Z0}Tet atgreraniianed ARFCAPHAR ablushe oRFPHS | A ogrees hils been

25

pre%@ﬁ‘é@igfo? O;?Ln{p%ggé ecffeiﬂ{Jét?étoW aht '@eé@ﬁ?ﬁ@hnltaﬁs h&2 er‘?dk?d to be
portion e profi sa| cam conpri ses at | east

extenstive\oeftor 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

hereto.
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a speci men hol der that holds the test specinmen on
opposite ends of the test specinen in a default
woasiTtizeng a def ormati on nenber operable to debPtesG2@u/000102

| east one point on the test specinen fromthe default
position, a follower w m%end i n operabl e contact
with the camand its ot connected to the
def ormati on nenber, such that a displacenent of the

What fs0ihiP¥& it S according to the profile of the cam to
actuate the deformati on nenber correspondingly and to
defl ect the at | east one point on the test specinen

1.f Aobrendi testieg aapparaosi fdrosinisthg TBeeneBatfnal %xﬁ@“at high
t cam

2. %’%&a{g&gj atus according to claim1, wherein

i SPHTVRALY HeALRREPE ) Briesicipacinaemal sajd apparafiecomprising:
appar AR d : e ri.sing a,.

not or aé \l’;’\ﬁ@r ei nﬁg hgﬂ rr(r%ﬂgrgh?{gg]a 'gjpf)ljéé{q%? g'?@i%s&o@e&?@'on of
c alinel proélerdfysaid camt aatripnsesl at. ledst cHeewaRsTafat Us

according to claim3, wherein the rotationally

tr ansl%?&%‘:'%‘ﬁ %9'31?'7 ﬁ@&hoiﬂst theriephelerivwm 9nipppesite ends of
C ORItk i : L0 engage said camat a

sui tab??pn%g@FHgﬁgﬁé@? Eézﬂ{é&é’ppar atus according to

cl ai m&defgnmagion membeopattanelid Yefleenal kbeton@npdik én the
di .The .a r at,u ccording to claim4, wherein
t h%g‘ ?‘gee%?“ﬂ) ffﬁﬁ%? gf%d‘?tc%ﬁtloé'_' a sliding platform?7.
The appesiRis RIS Ul BAdtiA 6ﬂ>é’r‘amescoﬁl‘é'by0\ﬁfh HYRGhe A its
a flywheel having a rotational centre, belng arrangg
i Rthek weed 1crenastedr tandhehalefdnmations unlentea; sbeh that a

r of;at;i t about .t h is of rotation

[ SHE0NRbn BRUAE ERALES BBRUEAT S, T Sothi B bt B, o
wrantedte theedeforinadish membererRisPoRaMRN 8RS B Béﬁéé}’ the at
trou a si.nusoid or any comhi nation thereof. 9. The

ough
ad‘ﬁ%%a%% RRib PR fy testcsnacimen fipror said defauttl position supon

a h@vdmERBHARE&aph Ut ch. 10. The apparatus according to
claim9, wherein the fast response clutch

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

3. The apparatus according to claim 2, further comprising a motor, wherein
the motor is adapted to franslate 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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conprises a wafer magnetic clutch, a reduced armature

gap clutch or a nmagnetic particle clutch. 11.The
weappeEriatue according to claim 10, wherein the PasisG2007/000102

response clutch has a response tinme of |ess than about

60 mlliseconds (nms). 12. The apparatus according to

claim1l, wherein the cam and the deformati on nenber
7.amgef ' i3 i f

opoiTaraas oDy o PR S, Hyth EFhGHHG Ahiifed HalRg o

pEtigtiena meatre, beingaairamgedaindvdtwesnahe ncotopasittas clutch such

t T arat us, accordin o.claim12,
W2 8% refonal P BB RBIRRe BofiBo el Pidiion & Geicneer
about ten to about sixty degrees. 14.A bend testing

aﬁz aratus for sinulating free vibrational flexing at
hi Eﬂ %@@Sa@@%l@@u@@am 1,rwherneirs the @t deasinone avaleform

a risings having a profile erein
ERAPASS o RO i, B FRRRREE! B BolBbietion Brest
| east one circunferential portion of the cam a
spheci men hol der that holds a test specinmen on opposite
9. eﬁg% APP3FFHS AeePrding & wisim; & whersimiha cluiteh is afast response
dgfiymati on nmenmber operable to deflect at |east one
point on the test specinmen fromthe default position,
a follower with one end in operable contact with the
100@6n and its other end connected to a |l ever, said |ever
beh

FRRALSI RGCEinge oy Flaimy Oy vhefein, the Jpst sespansreeltch
t & pMSeLB AR, id QA ' \ t
of t%e_one _eﬁ?ﬁgﬁlggﬁ%mf glver ’a%gs?ﬁ%qgggﬁrgh}négii% m.‘” a
coageetiepardicle dutchwi t h respect to the novenment of the
ot her end of the |lever operably connected with the
foll ower, such that the displacenent of the foll ower

111 Bheaappardititg atcortig °F Qhikh 400fhERIN s‘i'?@é&ﬂ"{s lutch has
actuating the deformati on nenber, via t%e prvo ael(l:y
bR FeRPONge dme ghlgss tharepbewt 60 mdlisacondagmsdne poi nt  on
the test specinmen fromsaid default position upon
nmovenent of the cam and an adjusting nmechani sm

120 apparatenacsirdingtto didim Pl woherehythehédih and the deformation
member are fabricated from a material selected from the group consisting

8.

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,
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the position of the pivot can be adjusted al ong the

axis of the lever. 15. The apparatus according to
wohkei7mdds wherein the rotationally transl at edPCasG2007/000102

further conprises a clutch adapted to engage said cam

at its axis of rotation at ita or, speed,
The af atrngﬂ%ab%rawgore%ragleaf C?fagq?ﬁ%tr R Bint on the
CABBdRlchflord rbhy WheddralR PoBfiod, | ot ational centre,

bel ng "arranged 1 n- bet wee e motor and the clutch
such ahfailowke with aneoead it erparableocentast Wﬂbuﬁhet bamagng its
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claiml1l7, wherein the notor is control

obitrrioee pdafrthenlevarmnt thelgefomnatien mmb@rscmeﬂ preto

b FaRRed ey B Shiien REITher SrRE IR d5rd, lnver apgredly

¢oRAbERd alitte ey eolldvigr, @uth nBat théedis Iabeﬂfemfoftthé foloWwer is
SpeCI men into an angul ar rotation en said test

geeerding tpsthei pecfile yofdtia cemedthejehhactidtioontiie sleformation
\'ﬁ%‘?gﬁ&?&h g;regénf?)%@r&s#ﬁﬁ 1BESP NG &é?ﬁ%ll( ?ﬁ‘aﬂgeaosg one point

aring-nount ed speci nmen

2 thettestl shdcimen droah saidi défaelsqs)osﬁoﬂu upoe rmppemahtist the cam,
according to claim1, further conprising a
@ingpl acemsnt transducer, said displacenent transducer

havi n ey i h
V\,here%a ree eg?}ﬁ?ec?"anﬂs%*?gﬁ)sh rg ﬁgé%%ﬁn@cﬁggﬁ%t'@wmc
dieé positibn oif theepivet cam betddjudied slong the akixefthedewen i gi d
reference frame, such that a bendi ng di spl acenent of

the test specinmen results in a sliding displacenent of
15t e RipDBraLAS é’&cb?dlh@%@e&élrﬁ 0|4I Rendreethd evtatiosally2#anslated

The apparatus according to claim1, further conpri si ng
| card furthers deroprises ageluioh adgnied te@ngagetssid ean gt ita@xis of

BERIER YPUHE BPERRM on member T8 measurable by

sai d load transducers. 23. The apparatus according to
aim1, wherein the test specinen is encloseﬁi a}
Mee having

16&%@@@6\{%%@95@@@ th slana 1% dWiEhersERTRPTISEg 13y
0R&BlABRal 2entrd€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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def ormati on nenbers and speci nen to pass through and
contact said test specinen. 24. The apparat us
weacerriding to claim 14, wherein the speci nen hetdsG2003/000102
a bearing-nounted specinen holder that is rotatable
and capabl e of converting a linear deflection of the
test specinmen into an angul ar rotation when said test
S [ f y e
20° ﬁﬁvp;b é‘ﬁ&}gﬁﬁ;s{rﬁg@gfdl g;fousc@’%&ﬁ?rgbl \r%\%t%gﬁcﬁg m@éérﬁ@ -mounted
vépercirnen hbeldvésiof algadmstatddt@]semaimhﬁmwer is of an
adj ustabl e torsional stiffness. 26. The apparatus
according to claim 14, further conprising a
21%!%"33&%@05 ARG Ct%r clafl ¢ flirfRiraséRBAding r AnBsBIS€sment
havi a push rod sFidably mounted within a housi ng
vinansslugef,r eendemhismacemenqom@msduqer hayihenéc tatsht cod h%!ldably

e Ecbfinre noGtnd Whely 3. MG Ry s blFEEad B Breidt o

t{he Héﬁﬁm&ﬂ@ﬁ' Membe?sahd shé nh@us%% dé rxedi &plznciglhe néfepénee
the push rod with respect to the tixed housing. 27.

Tiemeppaethal aabeodinordisplacemankpiithe fast speginien results in a

SO BBt AT LM Ernled REFRLARE Alising

applied to the test specinen via the deformation
nenber is measurable by said | oad transducers é‘? '@e
Z%Eb@moaéataémrm@gtte fdalan v furtheih ep@PAsingelopd dransducers

SHR SIS BRI bR R e

namm@dstoahd teﬁamemnen vigptesdéfbrration aremlcenisas¢asuxable by
test s CI men. 29. A nethod of bend testing a test
spRidil rﬁ'f‘sci’H‘@’iSspeeds and frequencies, said method
conprising - Providing a bend testing apparatus
conprising: a camhaving a circunferential profile

zaMﬁbe eippaeatus easerdingetopdain dnwhereindhe testispectiner i enclosed

LM M N
t@éﬁ)rn‘!@ﬁ@m PRSbBrsPaste 5 padimapoi®i pagthrough and contact said test

specimen.

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
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a deformation nenber operable to deflect at |east one
poi nt on the test specinen fromthe default position,

wea 20@likomer with one end in operable contact weCHl/SGh@7/000102
camand its other end connected to the deformation

di he foll i _
e At et AEbpRuRor e RETRENGhinl Bk pediiion iutts n a
deén@trr@diispracmebfwﬁw@i@d&mkésp@@fitdme%@d%dusﬁﬁ&

at | east one point on the test specinen from sai
default position upon novenent of the cam and -

' t t e ne portion of
2o i, REEB AR BB L8 BlnbPB5oaaREpl hetloers
aaigidly esugpeetedobh@vissited3® tHé &paBinad hatdars Buth tat a force
claim 24, wherein the test specinmen is a printed
cigrrlied 1o dhe testspspimen via the deformation member is measurable by

said load transducers.

28.The apparatus according to claim 14, wherein the test specimen is
enclosed by a compact temperature chamber comprising insulated
openings for the deformation members and specimen to pass through and

contact said test specimen.

29.A method of bend testing a test specimen at high speeds and frequencies,
said method comprising
- Providing a bend testing 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,
~a deformation member operable 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 least one portion of the profile that
comprises at least one waveform actuates the follower.

30. The method according to claim 24, wherein the test specimen is a printed
circuit board (PCB).
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