‘Mutual Inductive Contactless Starter TECHNI CAL FI ELD The present invention
relates to inductive contactless starters nainly designed to start a
conpressor notor with a starting capacitor or a common singl e-phase AC
notor. BACKGROUND Si ngl e- phase AC notors usually conprise a rotor and
stator conposed of primary, and secondary w ndings. The secondary w ndi ng
is not only used t o st ar Muthdg Imductiviolion@ktdessWwaaker duri ng nornmal operation
of the notor. "therefore. the conplete secondary winding circuit of a
single can be represented with a secondary w ndi ng operation
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close at power-on to tine-lagged open is inplenented, and thereby notor

st ar t uptakigp.i Mpdcarenioadl mbdawevdEconhf@ioa URE sélzfonﬂtlﬁicvh@ﬂﬁ?@ starting circuit is
usually implemented with a Positive Temperature Cocfficient (PTC) component. When the
motor starts, the starting circuit works. and the starting current in the secondary winding
flows through the PTC component. causing the PTC component to generate heat and thus the
resistance increases quickly. and finally disconnects the starting circuit. During normal
operation of the motor. there is a small current passing through the PTC component
persistently, to maintain the thermal resistance of the PTC component and thercby prevent the
motor starting circuit from acting. The power loss for maintaining heat generation in the P1C
component is usually about 3W. Since such motors are widely used. the heat loss results in
severe waste of electric energy.

In China Patent Application CNI052228A. an electronic circuit for starting
single-phase inductive motors is disclosed. By utilizing a triac that gates on in normal state
and gates oft by timing in the motor starting circuit and associated gate-on/gate-off circuits.
the switching of motor starting circuit trom close at power-on to time-lagged open is
implemented. and thercby motor startup is implemented. However. the amount of discrete

components employed by the circuit has an extremely high demand for rehability in the



conponents enployed by the circuit has an extrenely high demand for
reliability inthe - | typical application case, in which the notor has to
start intermttently and frequently during long termoperation, and it
reduces the reliability of starting circuit to a great extent; especially,
the working current of several mllianperes passes through the resistance
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in a notor during startup’is different to that in nornal operatlon and

utili zegrait rByllife8 HtscetRipeMb it r RS (IR mbidr et B i Uik @Tosed G the tithegonver t
the main circuit current (total current in m)tor) signal into a voltage

si gnal . citomitanekt be an, off patvetr svehat iherapidithi zesheainigrefiehenee forcrarant tirset t er "
and a "current conparison circuit” to conpare the main circuit current

si gnal bakpelthe heacpeasgtic olif 2@t altal uémealnd Odeswishéhe ompavdt byelwaysunt to
control gate-on/gate-off of the triac connected in the notor starting
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auxiliary circuits such as "reference current sett

current in motor) signal into a voltage signal. In addition. that invention utilizes a "reference
current setter” and a "current comparison circuit” to compare the main circuit current signal
with the preset current value, and uses the comparative result to control gatc-on/gate-oft of
the triac connected in the motor starting circuit. and thereby attain the object of control
open/close of the starting circuit. However, the resistor used in the circuit samples the current
signal in the main motor circuit into a voltage signal. Since the resistor is a pure resistive
component and the current in the main motor circuit is usually at ampere level or near ampere
level. the resistor will cause heat loss at watt fevel or near watt level during the entire motor
operation process. Though the circuit can start the motor. it degrades energy utilization ratio
severely. Furthermore, the circuit utilizes auxiliary circuits such as "reference current setter”
and "comparison circuit”. all of which degrades reliability of motor startup function to a
certain degree.
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and "conparison circuit”. all of which degrades reliability of notor startup
function to a certain degree. SUVMARY OF | NVENTIONS - 2 An object of at

| east some of the present inventions is to provide an inductive contactless
starter for single-phase AC notor, featured with high reliability and | ow
power |oss. Thus, in accordance with an enbodi nent, an inductive

contact | ess s5f abfelf of Qf leaSi B&hE ﬁhﬁ@%ré@tm{\@ﬁn&ﬁms% PooMedgd indlib@vaot or
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i nductiless. contactless starter can conprise a current nutual -inductor L
conposed of two primary coils and a secondary coi], a gate capacitor Co. a
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current mutua uct or can be co to an outle ernlna of t he

second%ma&ﬂéa@gtaﬁerOJantcBﬁ]pﬁmé Qtuht Atk ALANRAr OfohipBseAQRe RinhdFRLYilCOIi |
L3of the current nutual-inductor L can be connected to a power 1nput

t er m nahd A sadghdaryteenm ?alg c@pacitbeCgatifac Tapricd PoC résistorRsechndichamal sal  of
the second prinmary coil L3 of the current nutual -inductor L can be

connecttixdsetondany auit L2bf the kvl mihaif inthineoidr camebseyconhaxdedhg thé gathelenoddr , a
second termnal of the notor operating capacitor C. and a second ternlnal
of the (gat ¢hecapact.tamd Ceccond térrisd! dfdheriserandot doflecaPT® e@micstedrio Rtfirsan he
connected to a_second electrode A2 of the triac. A second term nal of the
PTC re§|le§tr@¢e Bkl hetrisdne dradnal 6f e e WAFAUHE CAPAFHOD - @tda?f‘tfli“ﬁf@a ddlfaci t or
C . gﬁllng @k gnt current signals @A%h th cur.r g ctor t he
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down t%omllllolfmﬁe curl'rglytemutﬁ.la mductor ? can be connected to an outlet terminal S of the
secondary winding of the motor MD. A terminal of the second primary coil L3of the current
mutual-inductor L can be connected to a power input terminal A and a terminal of the gate
capacitor Cy. A second terminal of the second primary coil L3 of the current mutual-inductor
L. can be connected to an outlet terminal M of the primary winding of the motor. a second
terminal of the motor operating capacitor C. and a second terminal of the gate capacitor Cy. A
tirst terminal of the PTC resistor Rt can be connected to a second electrode A2 of the triac. A
second terminal of the PTC resistor can be connected to a terminal of a motor starting
capacitor C..

By sampling relevant current signals with the current inductor, the starter can
effectively control heat loss of the current sampling system down to milliwatt level (i.e.. the
starter 1 a "zero power loss” starter for single-phase AC motor). and thereby improves energy
ctficiency greatly. In addition. the starter has a simple circuit and fewer components. and is

reliable, improving reliability of the motor starting system while delivering motor starting

function.



Starter is a "zero power |oss" starter for single-phase AC notor), and
thereby i nproves energy efficiency greatly. In addition, the starter has a
sinple circuit and fewer conponents, and is reliable, inproving reliability
of the motor starting systemwhile delivering notor starting function.

BRI EF DESCRI PTI ON OF THE FI GURES The above-nenti oned and ot her features of

t he i nveRigopESArsETIofehFERBIMGaReS descri bed below with reference to the

drawi ngs of preferred enbodi ments. The illustrated enbodinents are intended
to illustratEhe bbdvenatntiomed i andt othbre féanventol ahs . invdngiods aldchgsd dentiaiane t he
following Figures: Fig. | is an electrical schematic diagramof a starter

ci r cui tdesomzdrhgttvedvithreicowe danlesedrawintgy od préfeged embodimesist | Thandlusirgied 2 i s an
el ectrical schematic diagram of a second enbodi nent: DESCRI PTION OF THE
PREFERRETPEUBEODE MENTSGshien stiatehbeingbiot inibthedRvanyane  ilve depipacqanid

starter f r S|qgg hase AC nmotor are shown in the part of the attached
dra\/\,ing@'e ﬂ&*ﬁg Sa polygon in dotted |line, an associated notor MD bei ng
represent ed p

n one.t naI of
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resistog; ﬁ%ih&@ﬁﬁBHﬁ%?t%ﬁ rnm nal of the notor starting capa0|tor CS can be
connecteé to a termna P a notor operating capacitor C. a termnal of a

second pri megiy, mlalneée%lcaasé@ﬁmleataﬁmafgaé&n@;@%samrmCo and the outl et
termnal Mof "a primary wi nding of th notor MD. Atriac T can include a

first elect rlOEQCMPTI&)T\S@@WQ’&@R@UN@G@MD@D@M@I\G@e el ectrode G The
triac T can be incorporated into the starting circuit in the orientation

il lustrated SaveraFegdodimenndo2an Asiusih@woniaet]Esgstar2r fomsisgdnephesthadi metot s. one
termnal of the notor starting capacitor C 5 can be connected to a term nal
of the ®TGhewsiistler pRt of The aadhed drarinmiznanclofedtiiea potseon istdatted rgecapaci t or
C, 5 can be connected to the power input termnal A one termnal of the
gate calaesittet mepr MRdesnacpepdiiehhy dEir¢ne dadkditepri mary coil U.

As shown in Fig. 1. one terminal of a motor starting capacitor C can be connected to
a terminal of a PTC resistor Rt. The other terminal of the motor starting capacitor Cs can be
connected to a terminal of'a motor operating capacitor C. a terminal of a second primary cotl
L3, a terminal of a gate capacitor Cy. and the outlet terminal M of a primary winding of the
motor MD.

A tnac T can include a first electrode Al. a second electrode A2. and a gate electrode
G. The triac T can be incorporated into the starting circuit in the orientation illustrated in
Figs. 1 and 2.

As shown in Fig. 2. in some embodiments. one terminal of the motor starting
capacitor Cy can be connected to a terminal of the P'TC resistor Rt.  The other terminal of the
motor starting capacitor Cg can be connected to the power input terminal A, one terminal of
the gate capacitor Cy. and one terminal of the second primary coil L3.

In all of the above-noted embodiments. the combined outlet terminal Z of the primary
and secondary windings of the motor MD can be connected to the power input terminal B.

Further. in the above embodiments. the variation of current in the primary coil L1 of
the current mutual-inductor L is specific. and the phase relationship between that current and
the current in the motor starting circuit is specific. depending on the motor MD. By choosing

from above embodiments as appropriate. the phase relationship between the gating current in
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In all of the above-noted enbodi ments, the conbined outlet termnal Z of the
primary and secondary w ndings of the notor MD can be connected to the
power input termnal B. Further, in the above enbodi nents, the variation of
current in the primary coil LI of the current nutual -inductor L is specific,
and the phase relationship between that current and the current in the
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and the current in the notor starting circuit can be optiml, and opti nal
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switches fromgate-on state"'to gate-off state. i.e., the current output from

t he cuxriruegﬁecnutpéafbnhM%Qppﬂgpmgt drop automatically to a |l evel that the
triac T can't be triggered, so as to disconnect the starting circuit and

acconpl i sh nwithin sdhartttinpe alls tshoworirtot ftertdoaptabsp. tiat mbhe MDren tiwerdrot or VD
begins to start, the starting current in primary winding of the notor MDis
hi gh. bbe ufidrel cwitches fiom gdie-osetondapytewithdiarg i.cofthe herradtotpwDrés thow. The
current output fromthe current nutual -inductor L triggers the triac T
under tqweredoR Al ingreref L rhist dree ewaniathity adwiel thet thaterct heweldye ttikgeredar t i ng
circuit begins to work, causing the current in secondary w nding of the
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of the motor MD is low. The current output from the current mutual-inductor L triggers the

triac T under the domination of the second primary coil L3. and thereby the starting circuit

begins to work. causing the current in secondary winding of the motor MD to increase

quickly and the current contribution from the first primary coil L1 of the current

mutual-inductor L to the current output from the secondary winding takes the dominant role.

As the current output from secondary coil L2 of the current inductor L increases quickly. it

triggers the triac T in the starting circuit. which causes the starting circuit to enter a working

state. As the high starting current from secondary winding of the motor MD passes through

the PTC resistor Rt in the starting circuit. the PTC resistor Rt generates heat quickly and

thereby the resistance increases quickly. When the temperature in the PTC resistor Rt reaches

to its Courier point. the resistance reaches to the maximum value. which can be enough to

disconnect the motor starting circuit. Now. the motor MD enters into normal operation state.

After that. as regulated by the foresaid principle for selection and adjustment of the current

mutual-inductor L. the current output from secondary coil 1.2 of the current inductor can't

trigger the triac T. Therefore. the motor starting circuit is disconnected completely. and the



triggers the triac 1 in the starting circuit. which causes the starting
circuit to enter a working state. As the high starting current from
secondary wi nding of the notor MD passes through the PTC resistor Rt in the
starting circuit, the PTC resistor Rt generates heat quickly and thereby
the resi stance increases quickly. Wien the tenperature in the PTC resistor
Rt reaghgs rediQoi R$ 1604r b@¥erPOdnat thekdhe ft@&érﬁ%@tﬁ‘@t@: hegiebes H@pt hehdrXidTum

val ue, which can be enough to disconnect the notor starting circuit. Now,

t he nottanpdviluenireths RN aediaomBl dopertata oalushedrethe té&hpanturdiat theasorkegul at ed
by the foresaid principle for selection and adjustment of the current

mut ual <hpidercnent. itis imhessgue fogthe toat punt the semsetsnd &y e cgigkred b thsfeurignt cur rent
inductor can't trigger the triac T. Therefore, the notor starting circuit
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thereby its te erat re b grns fo dro

When the ure in the PTC
resi st SPCRIOYPH 5 Iy ugl"ﬁfeb?r“ot %Ptléﬁﬁ@r%tt}r%@ﬁpgﬁﬁ%k fop gt and

ri agenBa Byt trté' P RRRT gl et e bbb Rdng MM Sl T
| MUt O, DG DELTRLAL | S DoAIRTRL 0 ROSEANL O R A A5 he result

there i's no current pas rou esi st or t hereby the

PTC resi st orArFﬁou\g\rl Itrlles@qtveﬁrﬁeﬁr ahe heatqihebuenthe tmtqr o MR8 9 Peefaindi
restarts: in that way, the notor starting circuit will keep in that state,

until teRtbotiRbicts Sidopamphst haughetihgsgidontenhéRngilkave iheattiet selesed i n t he
context of certain preferred enbodinents and exanples. it will be

under stioaatibys thiese lskiohd aetle i spetifiealar tdiskchatd tdnebodiresentto dtheenttéroasveext end
beyond the specifically disclosed enbodi nents to other alternative

enbodi rerhodinaandy end/os aisesod! e inviepedntsi ok ohnidus vidolisationsiahi capuiadntsand
equrvalents thereof. In addrtron whi | e several variations of the

i nvent ﬁ}éﬁtso halie BddAns Nk wheral dederansed the weertians kvReiechodipkincad ons,
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inventions. Thus, it is inténded that the scope of at |east sone of the

pr esentshbuld &Btuh@dStood that various features and aspects of the disclosed embodiments can be
combined with or substituted for one another in order to form varying modes of the disclosed
inventions. Thus, it is mtended that the scope of at least some of the present mventions

herein disclosed should not be limited by the particular disclosed embodiments described

above.



‘herein di scl osed should not be limted by the particul ar di scl osed

enbodi nents descri bed above. -6 WHAT IS CLAIMED IS: |. An inductive
contactless starter for single-phase AC notor. the notor conprising a
stator conposed of at least a primary winding and a secondary w nding, a
permanent|ly operating capacitor C connected between outlet termnals of the
pri mar WiaAd [SSEcomdaDyYSsw ndi ngs, the inductive contactless starter
conprising a current nutual-inductor L conposed of two primary coils and a
secondary codil. angatdaceepacitaoiesCostargert foiragndie-phagt &\ (PTadtor.edies hortorRt .
wherein a first termnal of the secondary coil L2 of the nutual-inductor L
is  CcoORPBEHEMR foldopaeBPerdct raderss aotrinde winfie and angroadazcligintedni nal  of

t he secondary. coil is connected to first electrode Al of the tri c T. a
ter i nBFm@Pe‘%/tWeOIPFﬁ?tHPg GHar I ﬁgcoeaﬁé% pedween outlg dermipal of al Pfeﬁ*afty e ¢ st

Blr’ : gi )%ec%giiqrv M'“ Pos[ ﬁ]he m(q?tilchlv'e clmﬁtd%g(:t OtaILCI“ cga %E@%%ﬁcgg‘%r g]muﬁlal mdu Fe ¢ first
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second primary col mut u |ndudior connected to a power

i nput  t@&IrnR, whednfl adfike il oPind HRo8BL€ cotapast EH?:erQal mdagepndist er m nal
of the second primary coil of the current inductor being connected to an

out | et chfedicad a WhtofeldchedpiG drahy rivendiang aGtcdnllecmmihdrof e secaddy tat ix nal  of
the notor operating capacitor C, and a second terminal of the gate capacitor
CO, andomzeteditna figst Elersoda At of thaltriof Ttaterndi@ afelsd siber oReraiisg cqgmm¢oteéd to a
second el ectrode A2 of the triac. a second term nal of the PTC resistor
bei ng éehmeenen! pothg fremyinmal cofl 14 aivhomusekindupgr Le apesoind germasal of the
first primary coil L1 of the mutual-inductor L being connected to an outlet terminal S of the
secondary winding of the motor MD. a terminal of the second primary coil L3 of the
mutual-inductor L being connected to a power input terminal A and a terminal of the gate
capacitor Cp, a second terminal of the second primary coil of the current inductor being
connected to an outlet terminal M of the primary winding of the motor. a second terminal of
the motor operating capacitor C, and a second terminal ol the gate capacitor Cg, and wheremn
a first terminal of the PTC resistor Rt is connected to a second electrode A2 of the triac. a

second terminal of the PTC resistor being connected to a terminal of a motor starting

capacitor Cs.



