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WD 2007/ 118087 PCT/ US2007/ 065876 DEVI CE AND METHOD OF
MONI TORI NG GROUND CONNECTI ON OF MOVI NG EQUI PMENT W TH
wo NeiLr$D8VE BEARI NG ARRANGEMENT  FI ELD OF THE PCWEBZDDTNGS876
The invention relates generally to a device and nethod

for monitoring a ground 5 connection for a piece of

equi pnent . BACKGROUND OF THE | NVENTI ON Movi n

B EVAREMNDIMETHRED QR NONITORWNG GRQUAD Q@‘éNEﬁTtT,ION OF

SYIEVING HQUBMENIgWI g NSEEATIYFWBEARINAel ARRANGEMENT

grounded during operation since the bearing

arrangenent used arEEDBD oFgHFANVENSRIGNSsuUl ative. |In

static-sensitive (electrostatic discharge - ESD) 10

appiThe &tvea%@l redafeseoasrally 4k a deyigeandvactbedieonenitrige a ground

ant to assure a good ground

Corggégiﬁec o) %Ctgto\lﬁ/é%ﬁlm%ﬁ%tor of the spindle and ground.

In a typi cal system a spring-loaded connection

bet ween rot or andBgCRGRAUNB ougad.INFENTION | a depi cts an

exanple of a typical arrangenent with a spindle 10

wi t Maving equtiprnent 2hag elmrlmué@lvﬁrb@mmm’ramgam@m Bicha air bearing

ul ative bea as a
oot SR, Fn iR sPRfbl SREE L il fpleoment
usctRirs 8Y defiliitive tsaladli-e Kintdticasepdiald @leclkOstatic HiRchaded €B3D)
and a magneti ¢ head 18 used for the test can be

apRlicatipns, srcherg dépki drivegad venicap@uci capiPnsnh it is Fmpegtang to assure a
u 1
gog'd g& M@E@eg‘&%ﬁo qugél ?Foq?roo\ggﬁ saﬁ%f[% g%‘?égﬁﬁﬁdrh% a(@Bféaf @@tern, a
sprg{gald)ladid:dkg)nﬁécttdn&)etv@fteﬂrrotlos aﬁd/ piooad isyusad.cBigptd lakepictsyanaxample
ically and electrically

spri.ng-1 oaded cont act
of g ﬁ%ﬁl&ealepmltéﬁépwﬁ% I&FWW Hirioton | scpptatedJente Hie sor by an
instf3tiSe %&r&%ﬁhagdch'ﬁ aft |aﬁ%51'11’§g5‘i tHisCRAMEke! ?ﬁjtﬂlé’ ?drﬁ@ﬁlhlyaptpﬁcatlon

a speci al contact 20 at the center of the ro
thewuespaidie thecsar disindrevegriatt 2 6elriepdsesanod & orageeticshend 18 hsed for

dle 10 24. Th | t N
tneBiy i G Sy Ha oo el S BRI i B iy be coused
wheg ki plat@n 6f(91{d Bk 26tbf ¥2) is ABELHRLELRAPEREE. ON shown

in Figure la is not reliable since the button 20 wears

of f Tan grovarding of e r@tnruswt;yptwlly Aecompdinheschy @ smingelpadeddgatact 20
ph%ﬁ,]c lata,ng u%cﬁ‘rll}:(rglelt h(gr{n%%ﬁd %o t e a(r‘%ororggll fr%rnlg Sv(floﬂl{rae}lcl:%t,em%ﬁt %5 This

corithé 1gélemdalc30¢mﬁ6¢tw@pically @si sathl colandenautheX¥pREuf e rotor
of ~sensitive conponents to voltages and currents can
whegeénthe aprangemeny s iextgpisandsoppeni @chasriadle d@ bandcrpst HodThe

sch?arl Bfhags aﬂaﬁ%gﬁl&? E?r; aglﬁghlg ABBKHL:t %Qest}ﬁfs\ﬁ%ﬁnﬁigh IS clarity.

rotor an grou oes not rel
Ths ppdcitd commcaet _shotévmmﬂtgnk lzoRabt rebitblodinoé tlmdmttbn ROmvgass off and
alsg rtl?eusrf)gmg% ql?sc E:oln?e?ct gg’n Ee?an uréb‘yo tfg{ugug lélncl:(liq thaerefore interrupt the contact as
shown in Figure 1b. When the contact is interrupted, the ground connection is lost and
dangerous exposure of sensitive components to voltages and currents can occur. It is
desirable to provide a device and method for being able to monitor the connection between
the rotor and ground reliably and does not rely on the spring contact.

A conventional method of monitoring a ground connection by continuity (such as

is shown in a Ground Master product commercially available from 3M Company,

formerly Credence Technologies, Inc., with further details of this product found at
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30 is shown in a Gound Master product commercially
avai | abl e from 3M Conpany, fornerly Credence

waemhneosyi es, Inc., with further details of tPCBUS2007/065876
product found at 1 WD 2007/118087 PCT/ US2007/ 065876
http://ww. credencet ech. cont product s/ product . php?pr odu

ct | d=CTC065, ¥20CTCO65RT) cannot be enployed in this
hitp:4zevve.credancgich. camépraducsy/ produgt.php HiradyctldFCAR A0S Ge20L TCO65RT)
. : | hus. it - g ‘
oo} be R A0 b br e GRBE PR BN fFeft
avdibbleng equi prment with insul ative bearing arrangenent

and_it is to.thk\t end . thﬁt .the present .invention is

di r d8tedl s SPRRIRYC OF VTR PRIVENTIICRETAC B MeRIfHE SretHbd
S e T S R G e S
thatithelpresest meagionesdmtgedf parasitic 10 capacitance

bet ween a novi ng nmenber and a stationary nmenber to

det erm ne whet her the nmovin nber i s properly
grounded via a con&gwA%%Fg%w%veEyﬂg}@i des a reliable

Tt hod. 1§ . .y . '
caur it ARG de18o AL AHNG- SRS ABR rh Ve Tt wit
insalneios dearing antah herhdie id proeidtd dnat ualizes bicasiremsntp bOparddtc

that c rises a.15 noyi ng nber, a stationary menber
Capsaéﬁa}ca%e FRIHRS FSH ﬁ@a*}fgaﬁ%&%twnapy APl st pie Whether the

thBdberdd Y bfdthlled M8t CIRASUIER RVRBHANiddsG reliabl

mo?g%cggaenceg%ogtemggn t % novi ng nmenber Van? t ﬁe > e TeHable
megltoalttb omantyr thergoeumdopnnesions ob themeasog cqgpmeanacitt anmeulative
b bet ween groundi ng contact and the stationary nenber
“t''%or der to determine a connection to the noving
Menmygs, ih RcRERALEINE hNnb EntRAC NS c@SPFOVIdRE R Bomprises a
i nvention, a device of nmonitoring the 20 groundi ng of '
mexngobpraber, hatatiopra memiensepreatdskliroranies mogingmieprter py an insulative
beag?ng I%Jde% cetl?c?.{%tgthagtdmg%%raeg & é)lapaél 11.0 ac%%a?’c?tar?%a reltvg%nl tRe moving member

evi a Clrc asures a

an@teaSitioh§ry rEAPRE ibly de8s BEMGBRARANA chmi¢itiecRRBRh gad\thdéhg contact
stationary menber, and a circuit that indicates a
angt B\ sEdion Yy PN ATSIPT IICiRI RS 2 cqiieetiandp dimaaving fpember.

yet I@Q&B%ﬁc%@ﬁﬁ Ghotbr Jsﬁg toPURNEY Ao 3 ML od%.nfl&ﬁtoring the
nmoni t ori ng the grou di ng of an O%j ect having a
gramding@®f e obrct levthgea sibaing emabyer ardrb statisepa nahedr sdppraed by an

inSi sul ative beari is pravided. .In, tﬁe met hod, the .
nggg g?qrglgd%w&({gzgn gge ggsflg\% 3 & ¢eeuit that measures a parasitic
capacitance between a moving member and a stationary member, and a circuit that
indicates a connection to the moving member.

In accordance with yet another aspect of the invention, a method for monitoring
the grounding of an object having a moving member and a stationary member separated
by an insulative bearing is provided. In the method, the parasitic capacitance between the
moving member and the stationary member of the device is measured. Then, a connection
to the moving member based on the measured parasitic capacitance is determined.

In all of the embodiments of the invention, the grounding of the moving member is
provided by an adequate galvanic ground path between a contact connected to a moving

member with properties allowing for measurements of capacitance.
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novi ng nenber and the stationary nenber of the device

is measured. Then, a connection to the noving nmenber
wha®ed18987 t he neasured parasitic capacitance iBCT/US2007/065876

determined. In all of the enbodi nents of the

i nvention, the grounding of the noving nenber is 30

provi ded by an adequat e gal vani ¢ ground path between a

cont act connectBWﬁF@%%ﬂlﬂEjOFWWW pr operties

al | for surenent s ci tance.
00T HeSdn ST east0 5 AoRes e BT Ei ARSI AreRade of a picce

ofﬂdgmg%aw NEERt fritdYh SsulRivaBearddy; | | lustrate a typical
devi Cce for moni tori ng the groundi ng of a piece of

mov Frgyred diystretes an\matmtdﬂ of m ptﬁfea*tad\mnbmiam@m @f aFirguit thap

imilepie b B RTRiEn e GoRia i Tion STRRERT haprErt wit

angﬁquﬂdeggﬁﬂ@ctlon of a pi ece of eqU|pnent wth an
i nsul ative bearing; %ur es 3a and 3b illustrate the

wav Efiresd ag@éldéﬂoaﬂ@ﬂratwt £ havefeuns senskiomhby Hie deyigaskoven in
Fidur@br € 4 illustrates an exanple of an enbodi nent of a

%lV|ce for nonitoring the 10 ground connection of a

pi eCezudd 4 etistrpiee Bt cxdnifle afan aabibdEincntco flaedevidador mbhitdrehg the

5 illustrates an exanpl e of another enbodi nent of a
2royEgiceRGCHPN AbhPICES P ulnnﬁfélt JHOMdNREHREOCRERE of a

pi eﬁ’% W2 5 AAHLRITE B Wrfylle 9{“ &E&'eﬁiﬂo&ﬁn&% n% Aicdfod ‘rt{o?ltormg

strates an exanpl e anot her enbodi nent
theagrdmd eantdion afarpi¢oorof ngulpmentgwmm mdincolahecbdaoingpf a
i nsul ati ve [

pi ece of nment wt earing;, 15

Pl By AR &t eragle BRustana s Y BaRER devic? for
mdRBRsk MR roRld RnA&YLaRh PlechBR b(ﬁtﬁ%ﬂn&ﬁ WiEadmOMRGve bearing;

connection of a piece of equipnment with an insul ative

beaFigwy 7 dhitrafes glmr:@sntﬂﬁoam ag@hit ¢mmd1me@tspfardeewarf@1 e

of anot h 0 net.hod for.
mor%tﬂ%{]tl%mer%mt coap%clﬁgamfgll?heggpfg%m%meré vxblab%mglflatlve bearing; and

eqUIFRHREt s AV NS B Ml lustrd@h h@bx baa{%rmﬁothaﬂe@ﬁdﬂnbﬂaf a device

DESCRI PTI ON OF A PREFERRED E NT The invention is

angygrethiod dpampyitesgig the grsuad conngcden plcepigerio s iwernt wiith an
the ground connection in a piece of
HEHBB%&B&& %Mnth an air bearing and it is in this
context that the invention wll be described. It wll
be appr ecDatrad EDHINSEREFTION l0atA PR PRRY.D EMBOTIMENT

The invention is particularly applicable to a device and method for monitoring the
ground connection in a piece of equipment with an air bearing and it is in this context that
the invention will be described. It will be appreciated, however, that the device and
method in accordance with the invention has greater utility since the device may be used
with any object or moving piece of equipment with an insulative bearing and it may be
implemented using different circuits and components than those shown below in the
diagrams and those other implementations of the device and method are within the scope
of the invention.

Figure 2 illustrates an example of a preferred embodiment of a circuit 28 that
implements a method for monitoring the ground connection of a piece of equipment with

an insulative bearing. Broadly, the method, circuit and device of the invention rely on



10

15

20

25

30

met hod in accordance with the invention has greater
utility since the device may be used 25 with any
wo@R)02a1808T novi ng pi ece of equi pment with an i PEUIUSI00VE65876
bearing and it may be inplenmented using different
circuits and conponents than those shown below in the
di agrans_and those other inplenentations of the device
pargpigiC grrassancabstwcnhqrofereand dpeatopel thp @qtente mqngar a connection
il
and: | st crruéanrta %Pﬁ a({ %%n?lgclt}lﬁ){ﬁ %@@&% %ér Grcll tg)frrrg%\ﬁgéjtgat rrle phergents a
rnefthlrd inevhi¢iothe gepund eogiication f@amevihg obyj eotfwah ph aselatfe bearing is

ment with an.insul ative bearin Broadl y, the
@%Vladﬁaraémctcaa%ataaw Sathyy thteﬁ‘éoﬂerﬂgfélﬁ ¥t y on 3

VO %QZ{r%ﬁ@@&a&%&&%&mﬁﬁéﬁﬁmg%ﬁﬁéﬂt%@ 51§%1a1t0ﬁglllator 30

capacitance between the rotor and the stato
thatrptoordes en iihsigosl vaa a:msis&n:ﬁﬁcm a camtdcti 34 (péuchi peufoams the same

ru iR 5 st S rishis b R ion v e Qi 69Dy,

par@SifiB Epdc Rl de WetviechmNd f&)@orqtll DA thdMthtBr @r}elb@%ﬁlt&ﬁlh\ls@gure 2asa
bearin IS nmoni tori ng Vi a par asitic capacl tance Is

camqtm - thie 1@@9t|9é38)pfft\’ltﬁ§>s igalvenicicomecgor egrehnd while h@ving high
lLud natin en nal
im es lane ag[tt%er %&%eng%m{ha arlrg\” ggsusea%foi%m moﬁltcfrm oaf‘?hegground

cofirR8tis. OJsing tﬁls)matlﬁdnﬂha(gto&dm(g\/i@ ptﬂ%d&ﬁrvﬁi)ﬂhﬁﬁndnﬁt@r Siadtkt and not
function_ as the button 20 of Figure | a and nmay be
vig they P@Wéﬁfe%oféae bw&orb%ﬁ Fagrrody to groupd dsgthy dn Oder fo use this

mefiRfRHet c%ﬁﬁ u , eehagegtt%a(ﬂry s%éar%&l ﬁrolﬂ?t:?%ts%&iﬁy frdnSe by using

repfesente as a pacl t
comwducrtad) mefﬂﬁ)dp,rmvh desylgmbctaws endcensieet, een t o ground

B ¢ PR 48 o Dt TRt E R EsT Eh Gt Show i

FigPOPe g b&ﬂcul'&-{s R b o B ecr 18 cRtQMdidng tl'legrotor 12 is
provided via the nmonitor circuit and not via the

brakenytbe siigoals of pcnmte Aoutd B m O cfrFiig shroevi m)Flgque Grave mﬂ‘»entlally

idelif s st RLESE BRI S e oot fo8 ke o2 M Hhe Bhtact 34

is gdod! PEAFabiANE 1M 14 HitRducIUNY R hir€f! thaBRefsm 2% Y6t B&hanges as
nyl on_screws and washers, etc. 15 Figures 3a and 3b

shavn insligwed bt He portivelen thesw aeafeinptandingyB tsevdeath dawves hpwmplitude

o g LAY o BB SHLRE 0P SAIEGLL, B RS

poﬁl't gnah aca@rdpet Btith the BREntkb1, Bithidtef dicke phdnodfeautht difference in
ure 2 are essentially i dentical as seen in Fi gure

amsa%d%me%gnal&ortﬂhf‘epk@éﬁﬁlaﬁtto f e i) can Be emméﬁﬁidntorféer to
moglg[glt ﬁ&%tcoﬁn%ché? B&%ﬁeﬂle%ﬁg‘éﬂ ddd\Be tR&d Ar?eiaﬁg{] 108b£ 8 ice for

as a resu wavel orm at pol nt ges as

mo?ﬁlosin@t/he grmun‘al lgsedoBthe phmsershrﬂ/ dlcfﬁbkemlcc: ist descritsed dfetorvinwith
re r%lnget to 1gure Iloavr\l/d ggtegar!n&e\,\%rf dev1cea HE momt%l%ng the ground based on the
amplitude difference is described below with reference to Figure 5.

Figure 4 illustrates an example of an embodiment of a device 100 for monitoring
the ground connection of a piece of equipment with an insulative bearing. The circuit 28
may output signals at points A and B (as described above with respect to Figure 2) and the
signals pass through a set of optional amplifiers 40 and 42 that amplify the signals. The

outputs from points A and B (or the outputs from the optional amplifiers) are fed into a set
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and lags in phase (by a predetermned tine lag C) as
conpared to the original signal at point A In
waewondaste with the invention, either of theseCT/US2007/065876
phenonena (the difference in anplitude of the signals
or the phase shift of the signals) can be exploited in
order to nonitor the connection between the contact
of Hytsiai @ tyried rphaggrpogg)gpﬁgq)rééldpatam@éb@ weplemgentodsas a commonly

gﬂﬂg e phase
kngﬁﬂfﬁﬁgfgggpg% §%% ﬁg%f¥0m1mﬁth reference to
hﬁEWQWﬁEuém&mﬁl@M%HMﬁmﬁbﬁgﬂﬁbﬂ&ﬂMﬂﬁﬂme nonltorlng t he
httoyound ba 60200 : Ade dlffere '

33 ﬁ@d%@éﬂotﬁcﬁt T%Ehﬁaﬁ%@%ﬁ%%o%o;&l 9@}921 'P%66 h@@nf@m

monitoring the ground connection of a piece of
__EE@DQBiBQJNJﬂlan)h@@bahm&eob@aﬁgm@samw@esanQIWﬂmaan

ut. signal s at as .descri

s Rt bl B0l 4 Pltesio Qi o8 ek SPRRGskgE Sih no
sighfill QFER pRakediffifon QPBIRBE] tha8RIZhhLK cREced4H pRRet 1At tthigtindicates a

amplify the signals. The outputs from points A and B
gogdeonnhetiagrchuiess the eentedié4 speicvndwhaghs iofiper af)a mp@ed adltage
51gnar111 a% tsgl‘ovg t Tyglcé’\f?&%f)oc? ﬁ érsjéggegtger‘%ggya ?amga?cefo ﬁg% tﬁe cmbnector to
grduma lie pEss tatrd 1@&11@tat@mmhétyntlak nmhmwpioﬁppurhsnbmdphmmw Between

an XOR gate (descrlbed at
therpeying Migibet syLBE statiergry amnehsh pharfyePs Phrir-Pparngpifdlicis in the
o b 9SO P SRR S8 PSR SLHlS s PR 5 pynd of
the-anded@anpaitie disGedagad &bf the moving member is a few picofarads.

331Adv ed Circuit-Techni guesS 02/ 80219724- F666
- 483’%@ 911 B AR RO et 19@%9 pﬁ Srenee Rpfween
thefs@%v&ingﬁﬁs]:e% @{ i§ phliRnB ABR AL, Wafs&'s@th% rbara@ﬁﬁeogf)&@ﬂaﬁce and the

[iTmt, the ph ase conparator 44 indicates failure of
resgltmgmdia@ahffa@nca)fmr wichrtypoof ejugmadnt sinfe tdvd tprasfecquipment may

b th i m ..
noye &P Furpait Shag e abR AReTo B BBt vabnPRa st rhen. iis
poskfblé & BRI Gy ﬁifhctc&déﬂﬂe RHth @t ifvehti@PPadwiiPbd #0&tol8onitor the

si gnal as shown. Typically, the difference between

par@alpaéamﬁ@@ef(amhaﬁ@d@fwm@@) for most, ifgrop ahcpfithe gidiseengmpicces of
eqﬁlgmegﬂ \lxltl’?' n%]gm#réc' béc'a%’l%% ﬁ&&) tg he I’P-Epa%lt y&k&ﬂag@%ﬁ?fﬁe&l &. The

aci tance
dewit@l Oomay yptiaisie ﬁnahﬁdeomeLEly |z16 aﬁﬁ/oaa bubeany gt ﬁmncmdal e pass/fail
is.in the range of 1000 to 4000 pF, depending

copditiait o fhe gEHnd gpRIcstioh e AR SPtEE ﬁléﬁ%léotfﬂ)f@ Flt?lﬁr?éilcéfloo cpebe used
f
for%pﬂﬁ&%&@ eg?ﬁac & Al §§§—gﬁ%ﬁ% i e&ﬁ?ﬂgES@ s‘g%a%fg%% T"%?% i's

ant IFedupad dlatrsiebst exdtmye oﬁhaﬂleer@nfobémmmd: ef hd¢twiexhl 0 for
t hese two i nstances. dent however, to.assess

molnﬁgrl%];hgsgr?qn@ C@QB%C@IOP g%e @162% 8 ?(Hléprnent with an insulative bearing.

This device relies on the amplitude change of the signals to monitor the ground

connection. In this device, the signal from the contact 34 (point B in the circuit 28) passes
through an optional amplifier 60 (to amplify the signal as needed) and then is rectified by
a circuit that may, for example, include a diode 62, a capacitor 64 and a resistor 66. The
output of the rectifier is connected to a first input of a comparator 68 (implemented as an

operational amplifier) and a second input of the comparator is connected to a reference
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resulting phase difference for each type of equi pnent
since each type of equipnment may have a different
W@awasido8T capaci tance and therefore a differ eP€T/phage065876
difference. Then, it is possible to make a device in
accordance with the invention that will be able to
nmoni tor the 20 parasitic capaC|tance<égnd phase
volercrdr dhthe)conmctinpbetwern thegontet 34 gd thpeoten Brepdbesignal at
theoBEEs oy R TR dh R 6 R DA e R e
levﬁh@hmpn oA high}owtpm kigdel).alf cobizcion botseon thee douzzeanddt8e rotor is

. that di cat the ass/.faj ondi ti on of. the
interpHes ThoNENaRAL B6 cRrlectds Elrg&an@dquoamaﬁﬁ%f la@& gthf%9ure status
by 6y Rtk Snall Ol iR FUR PUkiRaSEEe PHPARa P ANREXRE BRpus,
alarm ‘energency stop of the tool, etc. Figure 5
LEIBLU@EEHI@Szﬂnwmwhuwhslﬁguan®ther enbodlnent of a
devi 1 nDnltorln t he onne tjon
et Qe it Chirsne Afve ABa et GRMET IR 4ie 20 for
mAAGYHAE tHe@rd 18R @Anédidn TR Ipidct decfipied with AMRselb@Rring. In
to nmonitor the ground connection. In this device, the

thig flgyried 120; e quiut é@ﬁt hetcirguit ¢eropanen® GOrbét (seowein rrbﬂlngtlre@)ls
thr t|o [ fi |
prcglhcf'e%igg 6.Irl] Ih ggga}] ;) gta%oh glhrg?ll as arrglg o, oc(egsolgyw éﬁllt-m A/D

combicieti8l. Tllnatieﬁaa/lzd pafrfcﬁmmlw Qmel fﬂﬁ&twﬂels&hdjdl@@@ sbdwnan Figure 5
capacitor 64 and a resistor 66. The output of the
ang g4y 3lsq ]érpwdg aéwg Magyng gf gOfsiemgg of ﬁ%@ct @fstvgen button and rotor as

ln(ﬁé)d QL;ang§ (J“hgg ﬁget 1&dn 38 rﬁ? P%g %tﬂlé)aﬁﬂlled and rnomtored by

con i nput mparator Is
thxmnmsmhgdnﬂ@Oa reference 5 WD 2007/ 118087
PCT/ .US2007/ 065876 olta e.7 | f the connegtion
bet Rkt ik | foorcort deethgam e ohionternt ihe EHtiod coptgtion of the
mo\?mf!n%r}%mﬁér 1h R8s GRMoACHe 'g?odnﬁ\@oﬁﬁ@stlbﬂ?s HOMAYHd GBaltering the

' indicate that it 1S below the set reference
osdikatet frécshovmbﬁshaagmgghe wltupaf a sa,pgcnmr)thatldfeteuumae dtei fmquency of

the, qs&\rﬁg \Kl;l{elﬁ)gg m atpr r}dsgclh?ﬁhlpa aréef%enigrglﬂg% \E\%lt& sgd may %e used

for tREl AR @Scthdte af@ﬂl'pitﬁ € CSdseiiMforI00Ys sholv@VoPlubtddtionl M@ -
As with Flgure , this device 110 may have the sane

osaliatpint &) is comEpgsedmnf aAeangistostl 02, raystat04s Kawsitpts 18P gld8e 110 and

1 lél %1,10(1: élgﬂgtg 61 1|4|a|tn§%t16 agggra‘agn ?é%ﬂ? ogcﬁgtoy %twﬂ g/tléill?{%/n and is not a

Vi ce nonitori

sutg @ i thiS IRBREIN. OfhedhdRetdis @t amf 1 BOptopide @touﬂdtﬂatlﬁfbr rotor 36. A

insul ative bearing. In this device 120, the output
caacHRce R fermedunt the &fﬁbﬁ@ﬁb@ stgtyr glso (pgﬁmmt%ﬁn ﬁF@T&}P% the)
osdlﬁatﬂlo g,gllrln . o%pr%%%g gg r@‘é%nﬁr:th eaélé?%c‘c_?h;oﬁ g%él{heggl the circuit
or g@nth@s bhﬂngﬁig tha' bsmllaiewﬁrmeﬂ@() Tﬂmréforel;rhy khewmgnige oscillator

e B0 554 0 S SR b B

bet ween R, tRNo@pE JTeROEscAfitor 100 is connected to an optional buffer 111
that reduces the influence of load on frequency of the oscillation. The output of the buffer
111 is connected to a bandpass filter comprised of capacitor 120 and LC tank using
inductor 122 and capacitor 124. The output of the filter is then rectified by a diode 126
and filtered with capacitor 130 and resistor 132. This bandpass filter is tuned to the

frequency of oscillation when the contact of the rotor with ground is satisfactory. Thus,
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i ndicated by a change in the signal that can be nore
preci sely neasured and nonitored by the processing
wW@rioy/18087 15 Figure 7 shows yet anot her net hodP@F/US2007/065876
nonitoring the ground connection of the noving
menber. In this nethod, the ground connection is
nmeasured based on altering the oscillator frequency .
whgy tharaingineropeity granpdedsthegregnpnayiaf @scitlpfar isdhe eamg efeyfficiently
. . of
AR SESRREY of e RS UG L RN URERAY 100
grdund of He ratvovedin@hheded, shaGdtduehtyzofldSciblaton tianges dfdGhe sutput of
thestrdlevor TS e n esiotpt corgnuop > ahich has & reference
volkARARKBhFALGo ith Qbond ]ng)uft‘ Wdefﬁ%h@&%shﬂﬂ%ﬁ@%éoﬂ%o%d ground
and 116. Operation of such oscillator 1s wi dely kKhown
statind It shonldtbeanotasithptentherdypas loif osdilaterstcanhe eqimdlyiumsell cudr 3 the
114 tand 116 Tg%%\r/tl de gr oulrlwd gt%t h f or I otor 36. A
ong Bl Ot QR SPifedd W' EREPFOLINUTRd the stator al so
par Figird8A Bpict L@iitidnRemilfi€o @sssk bf RiguR7, T it Mei¥erent way of
Dependi ng on a contact 34, the capacitor 36 is either
determining fe¢quengyt devasionr ImBigure fusthe Heiegd Iy thhrgame oscillator 100
. illatgr fr ney...rheref or know. ng_ .t
i3} e G B AR oM HIES 2 Rl SRS Bt rlemaps of the

osdilorr &t @bt labeladl GoRigtuel YA gF ruhid@ldvioe, inAtad dffa Haindptse fifter and
the output of the oscillator 100 is connected to an

detsgfer gristaupravreomnten 140 ispged. r o shasen inHagyR APy 8 mehagy 142 for
Sy LSSl B 0RGHLT Rcs AR RAL Pl motos

thecfosqpensed thé ocdlfraari it oompa6d endrdf@eha@ntoltage imgstG0144. If the
i nduct qr 2. and capacitor, 124, The out put he

frefyqrcy of pygt fahion s Wb qoeePiERe fiis &f&%tegzsfte% HED ) R daggound

cotMifibh KSARREMIRE tJ BOsANFhcRP hid e m3Rod 14V 1%045’5315&[2@& Step 144. If
filter is tuned to the frequency of oscillation when

thet finaucnat iadiffapéntt drealam orissnicd m gep i The deyidesif Fcguoe §A may be
Thus, 16 2007/ 118087 / US2007/ 065876 when the

cagly;ifp einée\ggidolﬁg}gl AMYFAPRERA™ t he frequency of

osCiWhiRt tBE fdrSgdiR@hsaRn WithStefckdel @nh p¥rticElPSBbSBmeReLS the
frequency of the bandpass filter and the output of the

invgatiers ttowill be appegsiatqd bt these skilindnig tlet art thet ehspees inghis embodiment

[ : fr cy.. of i 4 [ C:
ISR R AORHRlo RSl SO HI0RRS. 0o
of datodds eehirley b3 thoamrhaddslaikd4 whi ch has a reference 5

vol tage 136 connected to its second input to define
the threshold voltage of good ground status. It
shoul d be noted that other types of oscillators can be
equal |y used, such as the one built on conmon 555
timer, as well as other solutions. Figure 8A depicts a
solution simlar to those of Figure 7, but with

di fferent way of
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determ ning frequency deviation. In Figure 8A the
device has the sane oscillator 100 10 with the sane

We@L@memo87 as t hose shown in Figure 7 although BEEUS2007/065876

particul ar el enents of the oscillator are not | abel ed
in Figure 8A. For this device, instead of a bandpass
filter and detector, a frequency counter 140 is used.

CLA®MShown in Figure 8B, a nethod 142 for neasuring the

1.

- t he The Phierifesainnld wdysrain thegircut Suthey epmpises opper

ground connection is shown using the device of Figure

8A. Anrphyéss aeptpiiedg: t he frequency of the oscillator is
conpaﬁfgmgg>%m§nference voltage in step 144. |If the 15

f requency OB "SL& M ation is within acceptable limts

(t est edsthtibnatyepehBO) sepiaRd fEdne tHgresite meaibdi by aMinsslative
determined to be satisfactory and the nethod 142 | oops
back to Seupgrand |f the frequency is different, an
alarmj s | ' - [ '

my bl ST By S ERerk e T ARELE R o BBl g Mbmber and
VWi | e t héhd oregoi ng has been with reference to a
particul ar enbodj nent of the 20 invention, iL wl| be
appr ec2@aHCPAYSR 05‘1%? fQ dictntng gomicetioryiorthe Fgnyiggmember.
in this enbodi nent nay be nmade wi t hout departing@from

blgé an

D00 MR DB e 78R SR A e Pl s e pe from

compid d¢ondc comaciay giogndrenber ; a stati onary nenber
separated fromthe noving nenber by an insulative 5

. beamhpgbjcat st chaii I, Gthckeid HRtciTBR SRS cdmPaded ah bufput signal whose

capaci t ance between the noving nenber and the '
st atmphidg changsedenchdisg@arthe grogadiag sprnecton ohthe srdvarg member.
to the noving nmenber. 2. The object of claim1l,

. WheldE nbjehieofailaioud, whictain tercirconpuilse sompeascsr rbgifler ofrcuit that

an 10 el ectrical contact tg the i ng_menber and, an
o e ERHER M Bl R0 Boatth e oL FigRtang & deice that
CONt@aparkthdla@iplithdedf tHNR cOid BSittp@fsighlaPAnd alsefddRiec&ighal to
the circuit further conprises an output signal whose
anpPraide achapgesorgaansichy thit ndieates tha geiuaging connection of the
connect o the noving nenber. 4. The object of
claﬁéﬁgg%$érgintrm circuit further conprises a

at

Ut ectIlhfe o Jrectcolf’ c‘fatfrlnt4, tvvﬁlerein the device that compares the rectified output signal

and the reference signal further comprises one or both of a comparator and a

processing unit.

The object of claim 4, wherein the rectifier circuit further comprises a diode
coupled to the output signal, a capacitor and a resistor in parallel, coupled between

an output of the diode and ground.

The object of claim 1, wherein the circuit further comprises one or both of (a) an
output circuit that indicates the grounding connection of the moving member and
(b) an oscillator that generates a signal having a frequency wherein the frequency

of the oscillator depends on the connection to the moving member.
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15 rectifies the output signal to generate a rectified
out put signal and a device that conpares the
w@epiitaese of the rectified output signal and BCT/US2007/065876
reference signal to generate a conparator output
signal that indicates the grounding connection of the
nmovi ng nenber. 5. The object of claim4, wherein the
8. devilhe oblest ofchripal adicraie thegaret festhes GerpDiises jagyailof opput signals
and
705, LSRRGS A LA SOPLUAERIGNT B whoh!
of aleaiber.4, wherein the rectifier circuit further
conprises a diode coupled to the output signal, a
9. capagk bbjecEdTlaAmr § Shetedi tHertineait &hrtiRk coaptifts abhbet dvdearator
an out put of the diode and ground. 25 7. The object of
cl atht gompgiey bicphaseeof¢he pair of quiiput isienals opp PHPEL agiaspputput
bot ): C
Igllgggl tflﬂ 1n&9ate$fﬁte% Ufnaln:’g c%hﬁecttllaﬁtof lﬂ%%&\ﬂh%% ‘r?)%s

grou |ng connec e novi ng nenbe

osc | ator, t rate a aving a fre

bR R OE REG R g he Cﬁrsu%i'%f*ﬁer SoBP R s e R o
the EIRANECA bioRalthavinbe bRy WRFbAthe Fedion&PO7thd b8&GBator
PCT/ US2007/ 065876 . The object of claim1l, wherein

t he depandsipr thegoppegtiop @i Medng msaiber.of out put si gnal s
whose phase differences depend on the grounding
l1conitbeobjent affclaimel Grphicregn thawirbeit further Tmepradsf ent ogboth of (2) a

t f t h
C o Mdtiay 1 S Rutb o ik b cllidiof BhoREn® BRSPS 0 o
out pltjudiicgdatie R3bitla tibidh & gdo® BaER QB fBUhe mdvBiRaherhbidexists
i ndi cates the groundi ng connection of the novin

menBed a campargies ap bjigut sighal dlog) e bandigey Blter te ﬁée%rméwlgnal to
f
S Iu gggﬁ?&%‘[g? % éhaﬁ%?dlé‘ﬁmgs Cgtét{\}\ga e E&?’ﬁ ctlcgée %e[ﬁghl%%lngfm?rﬁ%er and

avin reqguenc
oscib)l afr@uencleqrnts c@ﬁplédﬁ@ the® ﬁmldkttd)ﬁhat(lfetdrim&le@mh/d fagquency of
menber. 10 11. The object of c¢laim 10, wherein the
ci r dhgiascillator gad g%’ﬁ%ﬁ?ﬁ augna) Ardienting s skitet of thg C%nnectlon to the

bangﬂgﬁ? coupled to the oscillator wherein the
ban pas I%I%tef i's tuned to a frequency of the
12 0S CI Jle%ticoer %0%‘?‘[0%11 rg&ﬁp C& 281 btjé)ct 'ﬁQ\% ni%réq%%gr and a
xi &4 af h
rat rom e

r an
ban @t}@,ﬁﬁlﬁarff Irﬂd’n&fer E@aﬁdté’(ﬁﬁ}eﬁﬁm@lﬁaﬁ‘l’djﬁahng Ghe deney @ingising:
signal indicating a status of the connection tq the
novi ng? G dhat gpsures a parasitic capacitance between a moving member and a
stationary member; and

a circuit that indicates a connection to the moving member.

13. The device of claim 12, wherein the circuit further comprises one or both of an
electric contact to the moving member and an electrically conductive path from the

electric contact to ground.

14. The device of claim 12, wherein the circuit that determines the grounding
connection further comprises an output signal whose amplitude changes depending

on the grounding connection of the moving member.

15. The device of claim 14, wherein the circuit that determines the grounding

connection further comprises a rectifier circuit that rectifies the output signal to
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15 (b) a frequency counter coupled to the oscillator
that determ nes the frequency of the oscillator and

wW@emensoes a signal indicating a status of thePCT/US2007/065876

16

17

18

19

20

21.

22.

connection to the noving nmenber. 12. A device of

nmoni toring the grounding of an object having a noving
menber and a _stationary nenber separated by an

i ns@pnraty @ refdricd wytput plang epfl adlewigppiat spmparedthe gectified output
Ci r Cui t Lt i - het :

o o AR 30 DA S RAS AR el TRdicares
ci r chel grotifthitg comthectainast the mowningatdnasert o t he novi ng

menber. 13. The device of claim 12, wherein the

Ci r QUk efibé bN&hint DIPrHeBES tHRNR VR tRAtbmPhreathe rédteiddroueput
contact to the noving nenber and an electrically
condigitliapd theyckerenasignabfurthsr eqnentises enc@yrosle of ¢ gomparator and a

gro e device of claim 12, wherein the
cirggg?ﬁ%ﬁggﬁgeternines t he groundi ng connection

further, co I,ses.an .out.put signal . whose.anplitude ..
chandedeHRoBrIPRG ! Sarersil t St st WD ARUEL Tompes ¢ dipde
MOV icigh | EEIBBE outhbt sidiug, aC@Ehéiﬁ‘)r @hd & k&istorld paretielr ebuplddigetween
circuit that determnes the grounding 30 connection

f ur eRERPELHPRE divde and exoundi er circuit that rectifies
the output signal to 9 WO 2007/118087

PCTTusde07¢ 06887612, gdvedinthe arcpi chat fletetmines thetereing
and a devic hat conpares. the rectified output ..

si gfMeEHe! ﬁ“ﬁﬁ“g‘f EreneE” 4Py QFO tB“thé%@:lSaWéOSS P@%%?pdéffgrte{%?es
out gefendiodihd glolAdink BENIERLGS of thh end3iURAEMBE. connect i on
of the noving nenber. 16. The devi ce of claim 15,

whengk QediBeof@Yine 68, titeif AIRAIER i BcteffifnbS B EraRI
5 signal and the reference signal further conprises

one comchborhfusthcacaoprnpas apbascanthparatqurtivt essipangs theirthase of the
17. The.device of claim 15 wherejn the.rectifier :
o + Bt ot S P Ee s g Rl u RS B e i A5 b he erounding
out peiinceti@Nat the tovaiaabhbér. and a resistor in parallel,
coupl ed between an output of the diode and ground. 10

18. ThBRcHEYHLQait] 1£hAHcRRid the MRGT Flfhdr Iagm?ﬁge%%.htos@ih%r that
determ nes the grounding connection further conprises

a pgencrges osigpalthagingndisuwysehqtiagiee fteduceerolibs oscillator
depattendton B BhRUHSh I RIS hded!, the moving

The device of claim 20, wherein the circuit further comprises one or both of (a) a
bandpass filter coupled to the oscillator wherein the bandpass filter is tuned to a
frequency of the oscillator when a good connection to the moving member exists
and a comparator an output signal from the bandpass filter to a reference signal to
generates a signal indicating a status of the connection to the moving member and
(b) a frequency counter coupled to the oscillator that determines the frequency of
the oscillator and generates a signal indicating a status of the connection to the

moving member.

A method for monitoring the grounding of an object having a moving member and

a stationary member separated by an insulative bearing, the method comprising:

10
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19. The device of claim 18, wherein the circuit that
determ nes the grounding connection further conprises
w@2phassestonpar at or t hat conpares the phase of PETTESDB7/065876
pai r of output signals and outputs a phase out put
signal that indicates the grounding connection of the
nmovi ng nenbher. 20. The device of claim 12, wherein the
Ci r cui MePsYrRS @ PaIapifip crrasHangs bsegon|thg @eovingapember and the
gener at ega,5j-gnal having a frequency wherein the
frequency of ‘the oscillator depends on the connection
t 0 t hedatmimgg agnherding2dn@dction e thdenovieg okembbabaye®On the
wherein the circuit further conprises one or both of
(a) a baﬁaﬁ5§§p¥?wv%9%@6ﬁ%wsd to the oscillator
wherein the bandpass filter is tuned to a frequency

230f tThe meshad afgleom AghshegingHethuEns HedarasHia @PetanepHrther
”E”E’gﬁlﬁgg%s %ﬁe%Fu hé cgp%m{cg%g{we%ﬂ af} .‘éie%{ffcaféo%@aac't odlrPed to
t he bandpass filter to a reference signal to
gendrahesngngindgreal i ndicating a status of the
connection to the noving nenber and 25 (b) a frequency

24 Coumhe incgidnifethin®@ 3l hacRarintasatiap tHhabadahes Batwes dh@cctric
frequency of the oscillator and generates a signa
i ndiceestisgnacciadde tle Hpving ameaden é@%eb FOPriYoh AncapmVigihe
me n@%a‘cit%l‘?tﬁ b’étv%%h I?I?edelgé%ficmgf%&r\biﬁga b!ﬂﬁ td %%lﬂlﬂg WY th%frnoving
an obj ec aving a nmoving nenber and® a stationary
menaeinteepar at ed by an insul ative bearing, the nethod
conprising: 10 WD 2007/118087 PCT/ US2007/ 065876

25 MEagUE infeghodl dFlaai A2l ﬁnﬁaﬂ@ﬁgﬁ@ﬁ@mﬁﬁﬁﬁw SiputEHaNGhose
menber and the stationary determ ning a grounding.
connaBglifuda changeh denepding@nitbhonngiag sennsstiomef thewyinegagember.
parasitic capacitance. 5 23. The nethod of claim 22,

26 whe b methealnfrclang 25Shwhprmaddt¢ringniog pecgroamdbieg Eenmictteon further

conpri ses neasuring.the capaci.tance between an

o cBYTPERS TEORT I MEB S I T o e ORBUL g igerace a

24. rdhigicaBtitpasigial Gh@tdmpadinghe h@bRtudBAShE R@tifiBEoutput signal
capaci tance between an electric contact connected to

t he anby rHfgrereniiatal fagengeatc & ePppIreios ontprsHgiah ghat Hslicages the
ca ' e n l.ectr] contact with a path
ARSI DGR fEppapel. com et wh e e

to groun
27. The method of claim 22 further comprising outputting a pair of output signals
whose phase differences depend on the grounding connection of the moving

member.

28. The method of claim 27, wherein determining the grounding connection further
comprises comparing, using a phase comparator, the phase of the pair of output
signals and outputs a phase output signal that indicates the grounding connection

of the moving member.

29. The method of claim 22, wherein determining the ground connection further
comprises generating, using an oscillator, a signal having a frequency wherein the

frequency of the oscillator depends on the connection to the moving member.

30. The method of claim 29, wherein determining the ground connection further

comprises one or both of (a) tuning a bandpass filter to a frequency of the oscillator

11



25. The nethod of claim 22 further conprising

outputting an out put signal whose anplitude changes
walepentiosy on t he groundi ng connection of the POWUSY07/065876

menber. 26. The net hod of claim 25, wherein

deternining the grounding connection further 15

conprises rectifying, using a rectifier circuit, the

out piken giggad FoRnsciiRihiorthe moxingraembaricattssund sampatigga output

and %ﬁ or rial&% ﬁra ? AP fédaer% %ncte Iﬂ%nﬁﬁ%geflérggs glﬁg‘ﬁlﬂt indicating

si gn ef Brance Sig
conmpataaisarf tlmﬂqmut:ctmngn dle mhahg memhtmamas (b) heing grftagnehiaygounter
connect nenber , 27. neth d of

Th
cl aP?HPé!%P ﬁOl}B? H%Z]l Qr)rror};\é :digg‘rrﬁaleéhﬁ g‘aql,tepﬁgogthsgﬁcrl ger and generates
out Ufongf YARhEne ggﬂ%@%@ﬁ&Qﬁ%&%thﬁj@kgﬁﬁﬁg%bgﬁﬁgﬂ on

t he groundlng connection of the novin

The nethod of claim 27, wherein determning the
groundi ng connection further conprises conparing,
usi ng a phase conparator, the phase of the pair of

out put signals and outputs a phase output signal that
i ndi cates the groundi ng connection 25 of the noving
menber. 29. The nethod of claim 22, wherein

determi ning the ground connection further conprises
generating, using an oscillator, a signal having a
frequency wherein the frequency of the oscillator
depends on the connection to the noving nmenber. 30.
The met hod of claim 29, wherein determ ning the ground
connection further 30 conprises one or both of (a)
tuning a bandpass filter to a frequency of the
oscillator 11 WD 2007/118087 PCT/ US2007/ 065876 when
a good connection to the noving nenber exists and
conparing an output signal fromthe bandpass filter
to a reference signal to generates a signal indicating
a status of the connection to the noving nenber and
(b) using a frequency counter coupled to the
oscillator to determ ne the frequency of the
oscillator and generates 5 a signal indicating a
status of the connection to the noving nmenber. 12

12



