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I NDUCTI VE LOAD SENSOR FOR DI MVER Cl RCUI T BACKGROUND OF
THE I NVENTI ON This application relates to an inductive

wo od/1sensor for sensing the presence of an i NPRIYUB2008/055765

| oad and wherein the sensor |ooks for voltage spikes.

ar o knodAP ST IRIOSPSTO R AT iR wsr ot ' ™
actuating the |lights between on and off positions. One

known switch is a dinmer switch. A dinmer switch may
be actuated t BAGE(GROUND O Ehdi EYVBENTION | i ght

across,_.an _i.nfi.nit er. f levels. Thus, a usey of
he sTHSdrBHER Fit BamtisRusiiSed songor o sfnRE T Presence
stegiin@RkiCe lcﬁm%hd @ef@iﬁ?&e%@ﬂl%@ lt%%s &8 ohhSOsAIGSOCI at ed
with electrical outlets in sone applications. As one

ex arrpEléCtﬂ@@h sysfems foii providggetontreko gmng@r%\klmwmn%wches are
t&ﬁ%gﬁ;? {n%@ deBYSd e‘tua%%g ?hei"‘%té%et%é’ﬁ’ bl h#c? HHHE%S déﬁegl%own

room expensi ve provi
sdpar gt € dimalat isigtcki r Audltmrﬁﬂdsxsmli afay B’dﬁusmatehetotcrhaﬁgé the
outlets controlled by a dimer switch are known. One

19?66&}%9& fetlight a@HSSe%@tﬁpﬂ% armygi plelerels s Thusta wseepbthesspace

y utilize the
ct |t%:(g ilfggﬁh%?éﬂ Sﬁeesﬁ%%k@gan exanpl e, the user
rmy riblmgmem ss/dmhaesotal'feraldooaslsocmh vath alacaoaal mmlesanmrsome
hr drg etc. Wen tqﬁéﬁ I oa are .inductive, ere,b1
CHIONE o e Sc BT SFATPI ﬁraw‘éf.l P RrROBRSPPBE he Sigble
él@ctrléjdl IGURE asOf wha @B B8V idiAB Wemmablel [BgHt RAWN | 'ar}o@ﬂh' OFhi@fd less
lighting control “circuits to provide a sensor for
@@nmlvﬁgthaheprpvflémgn@ ecpfratarightidg ctiricwié ahdaolviteh. abhus, electrical
%ll &t assocgﬁte with a dimrer switch. In
SCrOP PH% HEPESEAE B1°%h i nductive load is
det eca)ﬁéipﬂmdnpazkthrsgclateleatr@mﬁ@le@l it ek eneeis N Rap IS L@Entee
for identifying an inductive |oad by |ooking at phase

apser ek aky Wiliee thq elestuiedlypulleiior astight. As an example, the user may

plug in some other load, such as a vacuum cleaner, hair dryer, etc.

When these loads are inductive, there can be some concern if the power
delivered to the load is “dimmed” or lowered. Thus, it is known in prior art lighting
control circuits to provide a sensor for sensing the presence of an inductive load at
an electrical outlet associated with a dimmer switch. In the prior art, the presence of
an inductive load is detected by looking at a phase difference. The systems for
identifying an inductive load by looking at phase difference are relatively complex

and expensive.

SUMMARY OF THE INVENTION
In a disclosed embodiment of this invention, an inductive load sensor for a
dimmer circuit identifies the presence of an inductive load by voltage spikes. If an
inductive load is sensed, the sensor stops the dimming of the load such that the
power delivered to the inductive load is full “on” when the switch is turned on, or

full “off” when the switch is off. In the disclosed embodiment, a voltage being



5

10

15

20

25

30

and expensive. SUMVARY OF THE I NVENTION In a discl osed
enbodi nent of this invention, an inductive | oad sensor

WO orosa2gtesmer circuit identifies the presence PET/HBR008/055765
i nductive |l oad by voltage spikes. If an inductive |oad

i .se the. s ns r stops.the di nm of the.l oad

%Weaﬁ%ﬁ‘etl %f ﬁ&%@ %F@ﬁloegrlg}f Y ip H@aﬂ%&a@ﬁ Ipad, ﬁﬁla ppeallel

ﬂa‘tﬁ lhas (anhlgﬁ\'fiﬁlﬁe@aﬁ%e sdwm;&a b&ltatgb'i n&d &e@mssr chtthultivobf higher
when the switch is of In di scl osed enbodi nent, a

mi»ﬂag@g eltvei A detetri Wpétnag@ the non@r flowd t¢ thedpab @n@caeﬂolbilge dimit

hadentd Mo proREhRh oS A ORs sonb ke BB bec oo

conduwhbry @ vattadgd @es odeatst Besmit Thlgis d@th |saW&T and the path will
vol tages, the power flows to the |oad. Once a voltage

hecpine qogdycsaehedt this @Opléar alsigapl piagHt Bewbyegmael this path will

I
%EI%IS]?%&Q{% ﬁg%lﬂgfjtﬁ%f ?(%%Pfse IXXH?]% Sfalc,s\é?re :Tﬁg% n%ﬁ ﬁ%tlhz%chto turn
the dimibecdramitaacidthat 1t\ne loer tihnssthp @ontr, bat plogiuek it in at full on

circuit downstreamof this path will comunicate a
@]ﬁHﬁf that an inductive load is sensed. This signa

i's utypyl] aﬁglogeﬁle&ﬂﬁcghlﬁlgﬁt & hif Bfo"‘VYHeH Wi Rt H};?tt ?ﬂe diB& to

| onger dins t ower rovides 1t In at
aghicvalthe mmbedamne/aordiuswlt;s éﬁm&ﬂb othisemdy, bt hebpditdetipsal zener

rovided with | east one dio o achi eve the
R b eop et aaesey PprResh ol UFhi s iy 6 o TVSs in one
bRt 'V&Qﬂﬁad)nezﬁzf@ﬁg Q' lngevél?agE Nans) @rﬁﬁ thé0bth&IRaving a much
suppressor, or TVS). There ar€ two TVSs in one

leglhmd/pﬁm limigj T he diye \Mﬁhf thedow womga/bmttageart phihe siganldeircuit,

avin h.hi her vol limt. The TVS
R B O Byt i o180, KPR R i B gy Fordt v
[Ris§e8 WdwnsEeeh thidagh Whe RBighhlecisétin &f g@irtdie lthdvkigialafoemove the
net, a voltage fromthe | ower voltage TVS passes

QBWM§ﬁH@@ﬁﬂWh?8db%1WW@Uéﬁﬁﬁ%P circuit to generate the
S' gnaf e%g SER SEndrRad TG th%'ﬂrgééh{ ivahor itk 128 @fderstood

frorn the following spemﬁcatlon and drawings, the following of which is a brief

description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of an overall lighting control system.
Figure 2 is a schematic of a dimmer circuit incorporating the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Figure 1 shows a lighting control circuit 20 for a building. As shown, a
plurality of dimmer switches 22A, 22B, etc. communicate through a wireless
connection to a multi-channel receiver and controller 24. This receiver may be as

available from Enocean, and available for example under its Product No.
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These and other features of the present invention can
be best understood fromthe follow ng specification

wapwsdeaes ngs, the follow ng of which is a briRET/US2008/055765

descri ption. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure

' bl.ock di ram of an. over t.i contraql ..
é‘fr@éﬁ? i llﬁs%og MATCHSE [retvEt ¢ ‘6¥relﬁssoﬁ‘¥ﬁfg‘g @Fﬁebﬁ’inmng on
thﬁ(iﬁ’&d?ﬁbﬁ‘t&ﬁ gniyNBelioBSE N od HBIGQ?['DVEQ% AYekED
DESCRI PTI'ON OF “THE PREFERRED ENMBOD NT Figure 1 shovvs

a |ighhd r@ewchﬁﬂmormnumgat@s 20thf o rmigrdsentreliarg26, Aghich in turn

Somiir Rttt A b Sl 2T TSt e s g Blctintensity

el ¢raCASNNBOAL 80BI &ter ARNHoGANikI IR didflner [dHcSit 28, there is a
recei ver may be as avail abl e from Enocean, and

lagchiprodgsitiont4r Ax meprienadnabeme ene mrpeRGcal thus. lpghvprpsrogon is to
]%E\Zenﬁ g?m%e tg tﬂ\énfogh %]?1% hi ?I?du\éff&et 1%%1 1sv&bolhﬁéc?es(ftost

on t 'S 1 nven ? oned
as o riBinﬂﬁ&Sd:lEﬂuﬁ 2y peilloftrayd ie FlguTeh 8. ree e]ncwat @#hicrocontroller
conmmuni cates with a mcrocontroll er 26, mhlch in turn

CeAtruA absesvibth imedulated wnal inpub @t bere 40 midyis signal then
%‘&rﬁﬁ%%%g&gfcg&ﬁﬂﬁg Ip%ﬁiolﬁetbbg tflgf $hd ¥ rQszerls:cﬁ%QE@‘l;oﬂtfog ?h;véded by

, own Wt cl rcul ,
& pear ef MOSKHIsdboxp44Ht ddiconuid 6leméatsrvaﬁt1n boed Mbd¥.eandddenay

ur pose, of thi,s | oad protection is to prevent
PR B gk B e S T b o BT e B Bt e e o
s@lb()vﬁuiﬂ Figir8Ean@l Hﬁb‘l’o‘éedz%l | ®-penkiihgt b%ﬁtd abﬁhda:lhgﬁ”s%rlgl no.

shown, a microcontroller creates a pul se w

}M@ﬁ:ﬂl%%éﬂef&le@ pg Mﬂrcln hpLR00Zs ndpoing 480 XThiose of graab- ltl'hmtprs of this

SRTEIRRCR F5inv Sl FE GoBld, DR ik Elep Sl R

Pdveerei rcui t elenents W thin boxes 40, 42, and 44 may

be replaced b dinmmer circuit. However, in one
enbodfh?e‘?ﬁtpmt wydipeneg gircuit passes toward the load 30. As shown,

the load 30 here is plugged into the terminals of an electrical outlet 31.

A pair of diodes 50 and 52 are positioned on a line 80 parallel to electrical
outlet 31. One of the terminals of the electrical outlet is connected to neutral at 48,
as known. The TVS 50 preferably has a high impedance, until a low voltage limit is
met. The low voltage limit may be on the order of 5 volts, however, any other
voltage may be utilized. The TVS 52 has a high impedance until a much higher
voltage limit is met, on the order of hundreds of volts, for example. Again, the
specific voltage should not be limiting on this invention, however in one
embodiment, it was in the area of 200 volts for 120 volt AC power.

As long as there is no voltage spike received back upstream from the load 30,
the dimming of the power directed through output 47 should occur normally.

Line 80 effectively clamps the power. If an inductive load, such as a vacuum
cleaner motor, is plugged into the electrical outlet 30, then there will be back EMF

pulses, when the load is “dimmed,” which create voltage spikes.
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shown in Figure 2 and disclosed in co-pendi ng patent

application serial no. 11/684834, filed on March 13,
wWQo®3/ 1242251 ng Ji an Xu, one of the co-invent or SPGF/USI0E055765

application, as its inventor, and entitled "D nmm ng

o e SO RS s RS ULERL S i TAB . 0n

SS %proltééé%f liRah130ohgicervs sohHagRdupMta. do'@@#stream into the

termnals of an electrical outlet 31. A pair of diodes

BgnahndcBR and ehrpegi 4n eniisdl enipker [S¢aed 8Gisser&. | Bie puspose of the
el ectriccal ,outlet . 31..L One .qf the terpgjnals pf .the .
Cé‘P%%{OF PO S e 5&? t&}ﬁﬂ‘é@? s&owovaﬁseﬁlt?tarrg- a}?e%sé?r & resistor
39100 capbldRorT365 t&RtHRE §r@Fidb kivheh@shsnh calirdl RGH8RCOutput to an
until a low voltage limt is nmet. The | ow vol tage
Qutprtiindigaforlencdy). thecssiardy! ipproyided|te mitfoevisent. any

ot he rleeoxlfotlﬁg? ISRy thg A glloldé %6 18 Jﬁ@leﬁ\@ tﬁezre Riord3 hjilrgpcreates
i npedance uhtil a much highér voltage ITmt 1S net, on

& fignadodelic lbic 6tundreds of volts, for exanple. Again,

the specific_ voltage .should not be Iimting on this )

i nventt PIVhORSTERDIE AN Firebarib dicnibift 00 Fan RayMyIc4ty gack into

ﬁﬁel@éctl%g%f\fégis:t&sf@ Fand 29 . Viglid isAGt BRWRE ofﬁcﬂi@ﬁﬁ% Fl?giﬁ’g the

tft :

tﬁere I's no voltage spi ke received ackyupstrea
ditmihgadcBidry offiesuch nhmt fgll gowtehes delmerediar et edputh4 Dwdien a
out put 47 shoul d occur. normal.ly. Line 80.effectively.

St e hoRpu i i "Rhaaite iTiod it Wingeh€ Sghgf Srine 60
BAEPUTIliS2RRY bEREQY. . 1S plugged into the electrica
outlet 30, then there will be back EMF pul ses, when

t he |MWetdblys FiglirenZedisclosehi « hirorie athechvabuldgéetenpitosisivivveliage

PR T9% BBIR R GE8ad M e iR i YRist§8Rad bt s ks
VS isigh WRh SRRk AmhcHonINs} coald batuesifhe ® Gaadt negative

circuit, and through an optical coupler 54 and o
sréesseoto dsect Path pefithesendoegativc spipeci trothedgguid circuit, the

A58 0o R PP,y SRS LS BB pon o
dody i @kraid the photsdiadt i 6t tholciroviecart be chatfgpdito detcatmegative
spikes rather than positive spikes. It is expected that most inductive loads would
create both positive and negative spikes, thus the detection of one or the other should
be sufficient.

While the present invention discloses the inductive load sensor attached to an
clectrical outlet, it should be understood that hard-wired connection to other loads
could also benefit from this invention. Morcover, while the invention is disclosed in
a building lighting system, which would typically operate under AC power, it should
also be understood that the present invention can operate with DC power. Finally,
the inductive load detection of this invention can be applied to applications other
than dimmer circuits.

While a particular type of diode is disclosed for the elements 50 and 52,

anything that can clamp a voltage up until a voltage limit is met can be utilized.



out put indicator line 60. Aresistor 6 1 is provided
tolimt the current. The voltage fromthe TVS di ode

wGosa249200pl ed to the resistor 63, and creat esPEI/ER2PA#55765
on the Iine 60. As shown for exanple in the box 40,

he |'ine. 60 can conmmuni cate back into.the inter i on
L O P BT R IR G I Ve sy e MOVS et
BGh e¥{shEsyt urni ng the dimmng circuitry off such that
full power is delivered to the output 47 when a signa
i s publtinghhe peadenped embodingot ohis onvratiomdiah ddeidisclosed, a

usin he. si l .on.line 60 to sto i o n e
AN it S Sl ool nl A Bns woula
aued dlitelpt afet sdepsidfi tR MOEAtREME BB KRS redsbn, thePRISWRgE claims
that the | oad 1 could create both negative and

shesidtbo\studigsd tealstermingthe tipe sqpps iapgh coijten of i jnaention.
functionality could be designed to detect negative
spi kes, or to detect both positive and negative
spikes. In the Figure 2 circuit, the diode 100 woul d
bl ock the flow of negative spikes. By reversing the
direction of the diode 100 and the photo diode in 54,
the circuit can be changed to detect negative spikes
rather than positive spikes. It is expected that nost
i nductive | oads woul d create both positive and
negati ve spi kes, thus the detection of one or the

ot her should be sufficient. Wile the present

i nvention discloses the inductive |oad sensor attached
to an electrical outlet, it should be understood that
hard-w red connection to other | oads could al so
benefit fromthis invention. Mreover, while the
invention is disclosed in a building Iighting system
whi ch woul d typically operate under AC power, it
shoul d al so be understood that the present invention
can operate with DC power. Finally, the inductive |oad
detection of this invention can be applied to
appl i cations other
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than dimer circuits. Wiile a particular type of diode
is disclosed for the elenents 50 and 52, anything that

w@ansaterp a voltage up until a voltage |imt PGI/B81008/055765

can be utilized. Exanpl es of other appropriate

conponents include vari st ié] ch as MOvs (netal

oxi de varistors). Althoug %ﬁgferred enbodi nent of
this invention has been disclosed, a worker of

ordinary skill in this art would recognize that
ker t sl wirpwticdipatagns woul d cone wit hin the scope of

this iny ntlon Far that QW N

shout 4 ARG a3 et SRS o b 8Fs of B yRAgfiy oM atan
Gedtti@tougiut thyi RlehtifyRigt 4 @BktideAipile, land A Silch&lWding sent when an
conprising: an inductive |oad sensor which senses the
ipfedtizgdendds saed-nduct i ve 1 oad at an el ectrical out put

by identifying a voltage spi ke, and a signal being

sent when an inductive |oad is sensed. 2. The circuit
As SeT hef (ﬁfctlh ak Betdbah M dlainwh, avl&éréinttli\@inidﬁdmnba(ﬁsehst&ds part of
sensor part of dimrer_ circuit faqr providing

qrt%;r% %Pir mreYding st piligwlto ditpthe, clesfeicd; @Wavt the signal

SN B difindcIFBRE 10GhSElhimh0 (R QBerdédTBLAg t he

el ec rical output. e cirfcuit as set forth in
claim2, wherein a line is provided parall el to t he

| ectrical output_.and includes elenents t hat. ve

i gh | HpStRatce Sseiosih '8 YBM ageqrfiHid NG “hararigshiratl o e
ARG LMt ﬁﬁtpiﬁ%hfdgﬁ cléRlchBARat! Hal & hlgh mTﬂ%%aﬁderlfe%\ﬁ a%ltage
set forth in claim3, wherein the elenents are di odes
I§mit,Tng ac¢ motd conductisstabbe thia vioHags! limia 4, wherei n t her e

are two diodes nounted in series on said line. 6. The
circuit as set forth in claim5, wherein a first of
gaid gianiﬁaitfaaset&omh gh@hiny 8] Wiag€in lthd@lembfa Bredidesa
second.

5. The circuit as set forth in claim 4, wherein there are two diodes mounted in

series on said line.

6. The circuit as set forth in claim 5, wherein a first of said diodes has a higher

voltage limit than does a second.

7. The circuit as set forth in claim 6, wherein said second diode supplies a
voltage downstream into a signal circuit when the total voltage limits of both said

diodes are exceeded.

8. The circuit as set forth in claim 5, wherein said diodes are bi-directional

zener diodes.

9. The circuit as set forth in claim 2, wherein the electrical output is an

electrical outlet.



10

15

20

25

30

7. The circuit as set forth in claim®6, wherein said

second di ode supplies a voltage downstreaminto a
w@r@aats2es rcuit when the total voltage |imts BPET/OBL0N8/055765

said di odes are exceeded 8. The circuit as set forth

in cl m.5, mhere sai di odes are bi.-directional
enerﬁ&ﬁ GErait asget 18i9 ?aelau% rgp g Gpymer Grepyt gppratss with

Xbeoeicp the electrical output is an electrica
outlet.10. The circuit as set forth in claim 2,
wherein the dimer circuit operates mﬁth AC power. 11.
jﬁ neegod of era contro Cl rc)

Aome it ARPERLREY SRR AP SRT sE 0! dsPhmrBit gy of

and Cbrﬂﬁikiﬂ% d fighnRQWRcu Ry DM il chihDthdpoRlee pEdvided!to an electrical
outl et; and sensing t he presence of an inductive | oad

quilet; lgad electrlcal outlet by identifying a voltage

spi ke eﬁﬁﬁ “he dBﬂe.ﬁj@cQT{fﬂa SinddR)e S\Maan rf‘r{h% neqéjc(fﬁéa]\feoutlet by

| oad 1S Se set

idldntifwingraevaitage Ispile ahd stpppinigdiithnfiag abwel when aénduoiaet load is
and i ncludes el enents that have a high i npedance bel ow
$7%dt tage Iinit, and are conductive above the vol t age
limt. 13. Alighting control circuit conprising: a
plurality of input menbers for directing a user

Kont r'iile mi:‘rgndilas l;ed) fmlt:immlatini 1 erwhesan d linomt proivided parallel to the

IG5 B (D10 Pl ieg eG4 e gl insh Ceogce ppLage timit, and
&yemucaéé@&vem(ﬁtag@%ﬁst for such dinmng by said

user control signal; and
13. A lighting control circuit comprising:

a plurality of input members for directing a user control signal to a
controller;

said controller communicating with a dimmer circuit;

said dimmer circuit providing an ability to dim an electrical output based
upon a request for such dimming by said user control signal; and

an inductive load sensor which senses the presence of an inductive load at
the electrical load by identifying a voltage spike, and a signal being sent when an
inductive load is sensed, the signal causing the dimmer circuit to stop dimming the

electrical output.

14. The lighting control circuit as set forth in claim 13, wherein the electrical

output is an electrical outlet.

15. The lighting control circuit as set forth in claim 14, wherein a line is
provided parallel to the electrical outlet and includes elements that have a high

impedance below a voltage limit, and are more conductive above the voltage limit.
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an inductive | oad sensor which senses the presence of
an i nductive |load at the electrical |oad by

WO dwat2£293 ng a vol tage spi ke, and a signal bei PQI/E8298/055765

when an inductive |oad is sensed, the si gnal causing
mer circuit to sto electr| a

B pﬂJ{ Astingcanirel iy gs Brioin Qe o e B adfC plgmens are

difd&! ai m 13, wherein the electrical output is an

el ectrical outlet. 15. The lighting control circuit as

set forth in clain114 wherein a line is provided

r al t he ctr ca t a
B et iginte oaGP EiCR st i S0 10625 thgge are two
dlbdestmo@f&narssnmnesaﬁplwctIve above the voltage
limt.16. The lighting control circuit as set forth in
claim 15, wherein the elenents are diodes. 17. The

ivéﬁght”j"ﬂkglti%gﬁl rcg)lrnggl El%ﬂétt asass‘et %&Ith ﬁr? E%ﬁn 19 %)h@[lem a:%rst of dsald

erern Serres on
dibm.ha§.8hig’ﬁbﬂvdyl'tatgbﬂﬂnﬁ’gthamﬂbe’sd secoidcui t as set fort h in
claim17, wherein a first of said diodes has a higher
voltage Iimt than does a second. 19. The lighting

ntr j t, c ;
gﬁcoﬁgkhﬁ%gg&gﬁgﬁﬁﬁggkgﬁgg P%ggﬂhgggg%%ggnﬁﬁﬁﬁﬁﬁgmﬁ%k@nm
dodm alllppa‘,iiex euvdltagh elownbtecanotied avsigbh@garduitnvhen tfe toet hvoltage
Fald des g %Fexceedeg 20. The lighting contro
B0 bt Sd Bloden PR 08 a1 m 18, wherein sai d di odes
are bi-directional zener diodes. 21. The |ighting
control circuit as set forth in claim13, wherein said
%ﬂ ur al'iet hghsimgioeptrel ereviiersseipfoothi ideslamn & ethesdn siidriagdes are

aid receiver comunicating with said

b& OdﬁlieF%?I}aZ %e?/nee{r dicass.

21. The lighting control circuit as set forth in claim 13, wherein said plurality of
input members provide a wireless signal to a receiver, said receiver communicating

with said controller.



