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SUPPRE DI O FREQUENCY EM SSIONS 5 This inventi OBciRRedEat 0 @
; nset hod fo 838’%8& on of- the em ssion of radi'o frequency energy from an

: electrlcal drive conprising the conbination of an electronic controllér and
an electric motor, and to an electrical driJe adapted to operate in
~accordance with the nethod of the invention. 10 The control of operating
characteristics such as the speed or torque of an electric notor conmonly
i's achieved by use of an electronic controller which incorporates a semi -
conductor or other solid state device arranged to operate in a high speed
swi tching node. An exanple of an.electronic controller of this type is a
pul se width nodul ation (PW) :15 i nverter.

ION OF RADI EMISSION

This invention relates to a method for suppression of the emission of radié frequency
_ energy from an electrical drive comprising the combination of an electronic controller and
an electric motor, and to an electrical drive adapted to operate. in accordance with the
method of the invention. |

10
- The control of operating characte_ristiés such as the speed or torque of an electric
motor commonly is achieved by use of an electronic controller which incorporates a semi-
§onductor or other solid state dgvice arranged to operate in a high speed switching mode.
An example of an electronic controller of this type is a pulse width modulation (PWM)

15 inverter.

Said high speéd switching mode .devicgs are employed in a range of types of electrical
drive, e.g. fo_r the control of AC inverter drives with permanent-magnet motors, induction
and reluctance motors, servo drives having AC or DC motors and also switched reluctance

20 motors. . By the use of a high speéd switching mode type of controller ii is possible to
achieve various desired operating features such as smooth control of the output power or

torque' of an electric motor without a significant loss of electrical energy.

The benefit of the ﬂexfbility in control of an electric motor which can be achieved by
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however, result .in the generation of high levels of radio frequency
“ener gyrahnding paxiconment |tg causg uBageeptablg disturbance to neighbouring equipment. In

does,

some cases that disturbance can have potentially dangerous éons‘e'q‘xences. This has resulted

~ in stringent regulations, suéh as the Electromagnetic Compatibility Directive 89/336/EEC,

which are now established to ensure that new equipr_nent, and its installation, ‘will not result

in potentially hazardous levels of radio frequency emissions.

10
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The reduction of radio fre'qu_ency 'etﬁissions from electrical drives so that they lie
within acceptable .limits may be achieQed by the use of an electrical filter, but a suitable filter
commonly is unduly expensivc or b_tllky. Also, with an AC power supply the filter causes
some ecarth leakage current, which ptesents an eiectrical safety problem and may cause
protectivé devices to oper'até prematureiy. Other conventional techhiques such as arranging
that circuits liable to generate radio frequéncy emissions should be deliberately coupled to
earth or provided with an earthed screen are either ﬁbt possible or not effective in power

circuits where the earth and the power system are required for safety reasons to be

- electrically separate.

The present in;rention seek_s-to provid; an imp‘roved'_method for the suppression of
radio frequency emission.é from aﬁ electrical drive, and an elect’ricai drive adapted to operate
in accordance with the method of the invention. |

In accordance with one of its aspects the present invention provides a method for the

suppression of radio frequency emissions from an electrical drive of the kind comprising an

electronic controller comprising high speed sWit_ching means which generates high frequency

energy and an electric motor to which power from a source of electrical power is supplied

via saidelectronic controller, said method comprising providing an electrical screen to
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earth and the power system are required ety reasons t
el ectri cahbyy SiPsInas gt least a part of the elecmcal drive from which, in use, radio frequency

energy is emitted. Preferably use is made of an electrical screen which, at the least,

substamially wholly surrounds at least a part of the electric motor.

10 . The invention provides also an eléctrical drive comprising an electronic cohtroller
comprising high speed switching means which generates higﬁ frequency énergy, and an
electric motor to which power from a source of electrical pﬁwer is sup;ilied via said
electronic controller, wherein, in use, radio frequency energy which is 'em_itted from at least
a part of the electrical drive is received by an electrical screén which is connected back to

15 the input side of said switching means.

Preferably said electrical screen, connected back to the input side of said switching
means, serves at the least to receive radio frequency energy which is emitted by at least a
part of the electric motor. Optionally, but more preferably, it may serve also to receive

20 radio frequency energy emitied by thé electrohic controller.'

In at least this aspect the present invention may be regarded as relating to an electrical
drive in the form of a system in which there is a two-way interaction between an electric

motor and an electronic controller which incorporates high speed switching means, the motor
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5 'sWitching means. o
The electrical Screen may be cmhpriséd by a conventional.part of the electric motor

such as the stator and/or frame and)er rotor, and/or by a conventional part of the electronic
controller, provided that it is praCticable and safe for said 'confentional part not to be
connected to earth. For example, electrical windings niay lie in a- component (e.g. a stator

10 or rotor core) which may bé devoid of an intervening screen and that.cor.nponent may be
utilized at least in part as the electrical screem. The electricel screen 'alternati\iely may be
comprised by an edditionéi memﬁer provided within or otherwise operativ_ely associated with
the electricel, drive fer receiving radio frequency energy from at least a part of said drive.
Thus the electrical screen may comprise structure which serves as a screen and also performs

15 another function for operation of the electrical drive or it may comprise structure which is

provided solely to act as said electrical screen.

The invention embraces an electrical drive having an electric motor in which one or
- more of the convéntienal parts: of the motor and/or one or more additional membersﬂ prbvided '

20 for a screening function is/are emi)IOyed either alone or in combination with one or more
other of said conventional parts and additional member(s) to provide screening for the |

windings in the motor.

The invention teaches that the electrical screen is to be connected back to the power
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The nethod may conprise use of an electrical screen of a kind which

subst ant i afyloosilgl! Y surrounds at |east a part of the el ecptieabsmebaive from .
whi ch, in use, radio frequency energy is enmtted. Preferably use is made of
an electrical 10 screen which, at the | east, substantially wholly surrounds
at least a part of the electric notor. Fhe invention provides also an
electrical drive conprising an electronic controller conprising high speed

swi t chi ngupRiNA@ therfontrotler-Rrrtarthe elsptgonia sontraller ahd PoiBhL whigh is ahan ipukfide of j ¢
‘nmotor to which power froma 'source of electrical power is supplied via said
el ect r onitbe bightfreguenny enexgyraeneratingideries, inrthelicontroldeyaod cthakinasogseaquence stray
emtted fromat least a part of the electrical drive is received by an
el ect ri cahadivcirapencyhcurrent soupled éa thed sdresnk andoreturned) te ghet Electrquus controlleatort he
i nput side of said switching means. 20 Preferably said electrical screen,
connect echdwre lsupply tidpreveied fiontl GowingSintdithe power supply or an earth system. Radio

5 frequency energy is recirculated through the controller and the need for conventional filtering

is avoided or at least reduced.

The invention te_achés furthermore than iﬁ an electrical drive comprising an electronic

controller and an electric motor at 'leas; the electric motor may be devoid of an earthed

10 screen. The electronic controller similarly may be devoid of an earthed screen. Any
interconnection means, such as a controller output cable, provided between the electronic.
controller and the electric motor also may be devoid of an earthed screen. Preferably any

such interconnection means as well as the electric motor (and optionally aiso the electronic

controller) is provided wiih a screen arranged such that radio frequency current én be fed

15 back from the screen to the power supply or electronic controllei' at a point which is at an

input side of the high frequen_cy energy generating device in the controller.

" The electrical drive may comprise a pluralit); of screen sections. The sections may

be interconnected in series or parallel for connecting back to the input side of the high speed

20 sWimhing means; there may be a combination 6f series and parallel interconnections. One
of more of the screen sections may be provided .with a plurality of connections to another

part of the screen.

Capacitor means may be provided between said electrical screen and the electronic
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of a systemin which there is two-way i nteraction between an

Qé:régn iS 'n%:c (t:cgningaled %E}g&ﬂytor_ 5‘18 '%Hé?ﬁl pr%} Lurbﬁlf lo‘?CaMl %%e? electricé.lly _live
point. The capacitor meané may be part of a circuit forming f_he electrdnic c'ontrollc; or it
xﬁay be external thereof. In either case it serves as bloéking m.eans"tb prevent the screen
from attaining a high potential flfom the power cir’cuit, whilst. pei‘mittjxig the free flow of

radio frequency current.

~ The capacitance value of said capacitor means preferably is ;éelected to result in
presentation of a low impedanc_e at tﬁe ffequencies associated \a-vith radio fréﬁuency emissions,
but a high im_bedance at the frequency of the external power supply. A-bleed resistor
connected td earth may be'ass_ocia-ted with safd'capacitor means 's_o that the pdweerrequency
inducéd potential present on the electrical screen is kept smali and \;vithout any significant

radio frequency current being allowed to flow direct to earth.

The invention is believed to be particularly useful for the suppression of radio |

frequency emissions in the range 150 kHz to 1GHz but may be employed for the Supbression
of radio frequency emissions over a broader rangé such as from e.g. 9kHz to 2GHz or
above.

The high speed switching means may be of a kind which .h'as a switching time
typicaliy in the range 50ns to 2us and operating at a switching frequent:y in thé range 300Hz
to 20k]_-lz. However high speed swiwhing means having a switching time outside that range,
eg.a fastef speed of down to 20ns or even 10ns may be employed and may be caused to

operate at a higher frequency such as in the order of 25kHz or up to 100kHz 6r above.



controller and related to operation of the high speed swi tching neans, and
radi o freqwﬁggﬁ,ﬁgergy emtted fromw thin the el ectric nopeficasspoascei ved
by an el ec i cal "3creen associated with the not or .bei ng fed back to the

el ectronic controller, to the input side of the high speed 5 swi t chi ng
means. The el ectrical screen-may be coﬁprised by a conventional part of the
el ectric notc uch.as the stator and/or fra and/or, rotor. and/qr by a
convent | onal  TieiEt freducheXenkteh esne ke s hiRl spsiehiog idrs Bpfeafl wil
practicable and safe for said conventional part not to be connected &o
earth. F atek figpeency digher thanqthe frequencysinhersntly and intgntionally, genarated %g 8
stator 10 or rotor core) which may be devoid of an intervening screen
and t hatcircaitpiesign tof tieyelpesranic contepblenand thas higher fraquency maycfall| within jacwide
screen. The electrical screen alternatively may be conprised by an
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the electrical drive for receiving radio frequency energy fromat |east a
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‘The electronic controller may be of a kind having an intermediate frequency stage,

which may, fo_r example, be a DC stage.

10
| In the case of an electronic controller having two or more stages of which a first does :
not generate high frequency energy, the screen may be connected back to a poi'm Which is
between those stages a;_ld is at the input side of the stage(s) which .generate high frequency
energy.
15

Particularly if a motor fraﬁe is not available for use as at least a part of the electrical
séreen, for example because it needs to be connected to earth, the screen may comprise an
electrically conductive layer incorpérated between and insulated electrically from tﬁe motor
windings and at least_ some of the associated motor structure such as a frame, stator core, or

20 | rotor part of the motor relative to which said motor winding§ are located. Thereby, in
| accordance with the present iriven;ion, coupling of radio frequeﬁcy energy from the motor
windings to the motor frame (e.g. an earthed frame) is sﬁppressed significantly in comparison

with a conventional configuration devoid of any such electrically conductive layer in that

location.



provided solely to act as said electrical screen. The invention enbraces an

electrical drive having an electric notor in which one or nore of the
conventW¥8i¥P4763rts of the notor and/or one-or nore addi P¢BFEIM¥43ber s

provi ded 20 for a screening function is/are enployed either alone or in f
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addi tional nenber(s) to provide screening for the windings in the not or .
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As considered in transverse cross-section in'a plane perpendiciilar to the length of a

motor winding, the electrical screen preferably is arranged to wholly surround that motor

winding. The winding and said screen may lie substantially wholly within a slot in the

motor. The windings in each of a plurality of slots in a stator or other part of a motor

preferably are each surrounded by an electrical screen. Screens for the 'windings in the slots

may be electrically interconnected for example by virtue of at least a part of each screen

extending lengthwise out of a slot' end so that a bared part' of one screen is in electrically
conductive contact with a bared part of another screen. The need to prOvidé a wire

interconnection thereby may be avoided.

An end-winding screen may be provided for screening of the end-winding from the

frame and/or from other parts of the motor such as the rotor.

Each of the motor windings in the slots of a stator or a rotor may be surroundgd by

a screen of, for example, a sleeve-like form; the sleeve may be fabricated from laminated

material comprising an electrical_ly conductive layer arranged adjaéent_ a layer of insulating

material or sandwiched between two layers of insulating material. Alternatively, the
windings may be screened by an existing part of the motor structure and an additional

member. The windings in the slots of a stator, or rotor, may be screened in part by the

structure of the stator or rotor core and in part by a covering screen, e.g. of strip-like form,

L3
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utilized to perform a screening function.
From the foregoing it will be understood alse that the present invention proyides but .
is not limited to an electric motor in which an electrical screen is positioned between the
10 windings and at least some of the remaining structure of the motor, such as the frame or
stator or rotor part of the motor. In accordance with the aforedescribed aspects of the
invention, that electrical screen preferably is connected to an electronic mnﬁoller prdvided
for controlling operation of the motor. |
Whilst 3—hhase AC induction motors are commonly used and the presént invention
15 may be applied in relation to motors of that type, the invention is not limited in its
application to any specific type of AC or DC motor. Thus, it maj be applied, for example,
10 other motors, such as AC permanent magnet motors and reluctance motors.
The invention may be applied to an electric motor and to an eleetrical drive having
20 an electric motor of a kind which operates from an AC supply of ahy number of phases, or
from a DC supply. It is applicable in any situ_ation where the supply has a separate earth
connection which is not permitted to be connected to one pole of the supply at the equipment, -

i.e. the supply at the electncal drive.
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be interconnected in series or parallel for connecting back ta the input
side of the high speed 20 swi tchi'ng neans; there may be a conbination .of
series ywag9sp@Efl | el interconnections. One or nore of tircTeBs@M4ZECt i ONS
may be provided with a plurality of®connections to another part of the

screen. Capacitor neans may be prov'iéied bet ween said el ectrical screen and
the el ectronic WD 95/ 24763 ' ' '

PCT/ GB95/ 0Q442 6 .cqontrol lLer. or é..extern - ' ' troller
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the external power supply or any other electricall ive paqi.nt. T '
capaca kind inwhieh ampjectrical sareenghetginafter referrad jo s ﬁ§°{‘%%deéls‘é‘8'?ﬁdﬁpﬁové%ﬁt rol | er
or it muy be external thereof. In either case it serves as bl ocking neans
to pr ampnokinityetostbe bigh speed switching means of the controliér to receive radio frequency

energy generated by said switching means and wherein said controller screen is connected

5 to the input side of said switching means.

It is particularly preferred that ‘the controller screen is located in proximity to
terminals of the high spe#d' switching means, .e.g. to lie between (any) such terminals and
earth.

10

The ﬁiéh speed switching means may be a solid state'dévice..' It nﬁy be of a kind
mdumed on a heat sink and in that case it is provided by the present invehtion that a
cdntroller screeh shall be interposed between the high speed switching means and the héat
sink. |

15

In the case of an electronic controller of a type in which the' high speed switching
means is ins.ulated e'!ecu_'ically from a heat sink by a layer of insui'ating 'mater'ial, the
controller screen may be a layer of electrically conductive material which is embedded in that
layer of insulating material of sandwiched between that layer and an additional layer of -

20 insulating material. A controlier of this type may have an electrically conductive housing
for the high speed switching_m’eans ahd that hbusing may be connected to a terminal such as

a power input terminal of the controller.

‘The high speed switching means may be of a type having a ba_se plate which is



5 fromattaining a high potential fromthe power circuit, whilst

perm ttingghhenifsse flow of radio frequency current. The capnGBbsevae val ue
of said capacitor neans preferably is selected toresult in presentation of
a |l ow i npedance at the frequencies associated with radi o frequency '
em ssions, 10 but a high inpedance atl the frequency of the external _
power supply. A bleed resistor connected tg earth may,K be associated wth
sai d capadectrisellydnslated, internally feom dhas, part of the, high; speed SWitching neans Whigh o ¢
on the electrical screen is kept small and w thout any significant radio

f r equencgenerates madid fiequensly [epergy.- tlo thatsaseithecrontroliere agreen mag be comprised by e

i nvention is believed to be particularly useful for the suppression of

radi o fr ggidebase/plawl 54 ilayes of eledtrieallyoingdatifgOmadebialt mayl bd-provided ibesween tenfpasey ed
for the suppression of radio frequency em ssions over a broader range such

as from gmae sOleEl ah@ BEHReaY sidOVAlterhBvel e SBMPGIIes Weicehi Mty lb‘saamgaﬁbfbe
of a kind which has a switching tinme 20 typically in the range 50ns to
2lerg]s agRRRY Boidben mareRidl drfibidaed in' Iy U Ynsultihf Fhale? AP frod i Eniernally
' between the base plate and the part of the high speed switching means which, in usé,‘

generates radio frequency energy or it may be sandwiched between that layer of insulating

material and an addi_tionél layer of insulating material.

10 * ‘The controller screen may be in the form of a barrier layer which provides a physical
barrier to the direct transn'iission of radio frequency energy from the high speed switching
means to the heat sink or, for example, to anothef and typically earthed component.
Alternativély the controller screen may be of a kind which surrounds, i.e. substantially

wholly contaiﬁs, the high-spced switching means.

15
The electronic controller may be of a type in which the high speed Switching means
is connected directly to a heat sihk such that the heat sink may be electrically live. In the
| case of an electronic contr_oller of this type the present invention provides that the high speed
switching means shéll be insulated electi'ically from the heat sink and that the heat sink shail
| _ 20 be connected fo the power 'mpﬁt of the switching means ina cdnﬁguration in which the heat

sink acts as a controller screen.

The present invention further teaches that the controller screen is to be connected to

the electronic controller at a position which is on the power input side of the high speed



to 20kHz. However high speed switching neans having a switching tine
outside that range, e.g. a faster speed of down to 20ns or even 10ns nay be
enpl oyawb 95m4763%ay be caused to operate at a.higher frequaTiBIsSOeHzas in the .

order of 25kHz or up to 100kHz or above. WO 95/ 24763 _
PCT/ GB95/ 00442 7 The high frequency £nergy gener at ed by the high speed
switching neans typically will be at™ a frequency higher than the frequency
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5 | The connection between the controller cheen and -elect'r'.onic controller power input
may be effected via a capacitor the éapaéitance of which is chosen b ‘present a low _
impedance at the radio frequencies of concern, but a high impedance at the ﬁower supply
frequency to the electric motor. A resistor may be connected betwe_en the controller screen
and earth to prevent a build-up of static potential. |

10 |
One capacitor may be interposed between thé input S.id'e. of the high speed switching
means and two br more screen sections which comprise the electri'ca.l'screen of the électrical
drive, e.g. sections assoéia_t'ed With’ one or more of thé controller, motor and any
interconnecting cable, and similarly, one or more sections of a motor screeﬁ séctidn if that

15 is of a mulﬁ-part form.

Embodiments of the invention will now be described; by way of exan':'p'le only, with

reference to the accompanying diagrammatic drawings in which: |
20 FIGURE | - shows in outline an - electrical drive in

accordance with a first embodiment of the

present invention;

FIGURE 2 -is a longitudinal sectional view of the motor of



The el ectronic controller may be of a kind having an internmedi ate frequency
stage, Whi GRoGB¥g7¢3 Or exanple, be a DC stage. 10 In the casgcfEpéesiossz
el-ectronic controller having two or nore stages of which a first does not
generate high frequency energy, the screen may be connected back to a point
whi ch is between those stages and is at 18he input side of the stage(s)

whi ch generate high frequency energy. 15 Particularly if a notor franme is
not available for use asFi8urdkast a part of the electrical screen, for
exanpl e because it needs to be connected to earth, the screen may conprise
an electrically conductive |ayer . incorporated between and insul ated
electrically fromthe notor wi ndings and at | east sonme of the associated
not or struct ur BIGURE 3as i3 & simplifieds sextion on@helin®B-26f Figufeot or part of the
notor relative to which said notor wi ndings are |ocated. Thereby, in
accordance with the prespnt invention, coupling of radio frequency energy
fromthe notor '

5
FIGURE 4 s a transverse section of stator windings in the
motor of Figure 1;
FIGURES shows in de‘t_ail the electrical screen shown in
10 Figure 4;
FIGURE 6 is a section on the line 6-6 of Figure 4;
FIGURE 7 is a view of a detail of the end of the stator core
15 ' part of the motor of Figure 1;
FIGURE 8 illustrates a variation of one of the screen
sections of the embodiment of Figures 1 - 7;
20 . FIGURE9 illustrates an interconnection variation for the

. electrical drive of Figure |;

_ | FIGURE 10 shows in ~outline an electrical drive in

accordaiice with a second embodiment of the



-

wi.ndi ngs to the notor franme (e.g. an earthed frane) is suppressed
significantly in conparison with a conventional configuration devoid of any
such eweosRé®sal |y conductive layer in that-|ocation. = PCUBBEWHR763 .
PCT/ GB95/ 00442 8 The el ectrical screen between a notor w nding and part " of
the electric notor may be of a Iam'gated construction. It rmay conprise a

| ayer of electrically conductive m;teri al sandwi ched between two | ayers of

i nsul ating materi al e?ent' invention: - AS considered in transverse cross-section
in a plane perpendi%u ar to theé length of a notor wi nding, the electrical
screen preferably is arranged to wholly surround that notor w nding. The

wi ndi ng and said screen may lie substantially wholly within a slot in the

FIGURE 11 shows in outline an electrical drive in
accordance with a thifd embodiment of the

5 present invention;

FIGURE 12 shows part of a high speed switching device for

use in an electrical drive of the present

10

invention;
FIGURE 13 shows an electronic controller incorporating the
switching device of Figure 12;
FIGURES
15 14 & 15 show alternative switching devices for use m the
controller of Figure 13;
FIGURE 16 shows another electronic controller which may
incorporate the device of Figure 12, Figure 14
20 or Figure 15; :

FIGURE 17 shows an interconnection variation for the

devices of Figures 12, 14 and 15;



.
notor. The windings in each of a plurality of slots in a stator or other

part of avm)%%{ﬂ&r eferably are each surrounded by an el ectpdricBesaedgen.
Screens for e W ndings in the slots 10 may be electrically -

i nterconnected for exanple by virtue of at |east a part of each screen
extendi ng | engthwi se out of a slot end5so that a bared part of one screen
is in electrically conductive contact with a bared part of another screen.
The need to rﬁl&m{ﬁﬂ& whews part of @preleetnicab drive dp aespréangebe avoi ded. 15

An end-w ndi ng screen may be provided for screening of the end-w nding from
the frame and/or from otitheanoger embodimentofithe investiar; amd t he rotor. Each of
"the nmotor windings in the slots of a stator or a rotor may be surrounded by
a screen of, for exanple, a sleeve-like form the sleeve may be fabricated
from | am nated 20 material conprising an electrically conductive | ayer

arranged adj aEEIRE 192%B6wSin blink el BROE! AkdiAkal UrivedRdwi ched between two
| ayers of insulating nmaterial. Altérnatively, the w ndings nmay be screened

\tl)mynsn exi sting part of 0‘%’%“@%%“}‘8&%%&?&@%@‘? addi ti onal nenber. The

ings in the slots at or, otor, my be screened in part by the

An electrical drive (10) (see Figure 1) comprises, in the example of this embodiment
of the invention, a three-phase AC induction motor (11) having a rotor (22) the speed of
which is controlied by an electronic controller (12) which may be of a type known per se.

‘10~ The controller (12) is connected to an external three-phase power supply (17).
The motor (11) is of a special construction which incorporates an electrical screen

. described in more detail below.

15 In contrast to a conventional configuration in which, typically, the frame of an electric
motor is connected directly to earth, and reshlts in a flow of radio frequency current to earth,
in this embodiment of the present invention the motor (11) optibnally may have a connection
to earth for the purpose of ensuﬁng elec;rical safety, but any such connection does not carry
radio frequency current. Instead, the motor has, internally of the motor frame, an electrical

20 screen (9) which _is connected to the electronic controller (12) via a connector (13) whereby _
stray radio frequency current coupled ﬁo the screen.is returned to contrbller and is prevented
from flowing into the earth system. The connection of connector (13) is to the power input
to the controller and thus to the input side of a high speed switéhing device which forms at

least a part of that controller. ’



structure of the stator or
e. g. .
not adjvag edMqe7é3ne not or sl ot.

to the input side of the high spequswltchl ng neans, or it may be

separately connected. The covering

creen may be of a | am nated

rotor core and in part by a covering screen,
of strip-like form 9 which extends over that part of the w ndings
That . covering.screen nmay [RETIGBISNMdL i cal
contact with the stator or rotor core via 5 which it my be connected back

construct LrﬁF n@ordﬁéﬁ lé%i%greg r(gygb xsE?ﬁﬁ‘@tﬁinoﬂ;r ' :r&gi&anall%lﬂﬂi{%é i ke

form and

will

10

15

alne yas

be understood al s6 that the present invention

'(i) a screen assembly (14) for the windings '(23) located in siots (19) in the stator

(24);
(ii) laminated end screens (15) for the ends of the stator core; and

(iiiy  conductive wnndlng end-cap screens (16).

The screen assembly (14) (see Figures 4 and 5) comprises sleeve—lik_e f_ormations (18)
which wholly surround the windings (23) in the stntot core:,slms (19) and extend along the

full length of each slot. ‘

As most clearly seen in Figure 5, each screen (14) is of a lsininaied construction
comprising a layer of an electrically conductive material (20) sandwiched between two layers
of insulating material (21).- This screen (14) is used in p.lac'e. of, rather than additional to,

the normal single layer of insulating material usually provided as a lining in stator slots.

Each screen (14) extends lengthwise beyond the ends of a respective slot (19) so that

the ends of neighbouring screens (14) may be electrically interconnected in the manner shown

“in Figure 6. Thus, at the ends of a pair of neighbouring slots (19), outwards of the slots,

“the neighbouring side wall portions (25a, 25b) of the sleeves (14) each have a layer of the

electrical insulation material (21) removed to expose the layer of cnndu_etive material (20).
An inner insulation layer (21) {i.e. a layer closest to a wi'nding (23)} is remqved from one

(25b) of the pair of neighbouring side walls and an outer insulation layer (21) is removed

In a further

variation_the Iot wedges tricall duct t I
may Hé’“ﬁftf”?‘f‘ié@ i‘ﬁ?sfée‘g &ﬁ;f\{n@g'gg?%&ﬁgg 1|‘unct|yorcionFlrngI ;/ﬁe_rr?o(ratralggl ng it

and



pFovi des but is not limted to'an electric motor in which a non-earthed

el ectrical j s positioned within a slot in the notor gy dpoRohatween
t he w ndi nagggﬁ%g%#t | east sone of the remmining structure of the notor,

such as the 15 frame or stator or rotor part of the notor. In accordance
wi th the aforedescribed aspects of the jgpvention, that el éctrical screen
preferably is connected to an electronic .controller provided for '
control | i frgmothe odter sideofall (2Sanof the paithi Tiats, Sshpin thecbaféd sidel walli ends axet fotdedar e
comonly used and the present 20 invention nmay be applied in relation to

not or s of fiah@airisy BE end igcel (26ROF iNstator Roie therd teselts, rat ithias endFhieg af sandwich any
specific type of AC or DC notor. Thus, it may be applied, for exanple, to

ot her not &fr%n#eﬁiéﬁh%ig&éﬁfgr&% IfRBRdUCti VR Hafdrial B30 i dfreét doRlaeE A a§i &n 25

The i nvent may led to an electric notor and to an el éctri cal

drive havineh<iikifi ByeF (£1) BP0RE sidb vil238) MY Sin8REARY Ber C3bf the/Sthet SRR Y

of any.

5 wall (25b) of the neighbouring pair.

Figure 7 sh_on part of one of a pair of screened end-plates (15) each for.'providing
screening between the stator core and an end-winding. The plate (15) may have an electrical
screen constructed as déscribed above with reference to Figure 5. Depending on insulation

10~ requirements the layer ofl conducting material (20) may be plabed on .one surface of the plate

or it may be incorporated in théf. structure.of the plate.

Each cﬁnductivc winding end-cap screen (i6) (see Figures 2 and 3) alsd may be

constructed substantially as described above with reference 1o Figure 5. Depending on

15 insulation requirements the conducting film mfay' be placed on one surface of the cap or may
be incorporated as an internal layer. The end-cap screens (16) provide screening between

the end-windings and the motor-casing (8).

In the aforedescribed consu'uction eaéh of the Screen sections is comprised by a

20 componéht which is either additional to the standard, conventional components of the mbtor,
or is a substitute component, as in the case of the screen asserhblies (14) for the windings

.(23) and which are provided instead of the- standard single layer of insulating material

between the windings and stator core.



nunber of phases,

or froma DC supply. It is applicable in any situation
where the supply has a separate earth connection which is not permtted to
be connggbeshzé one pole of the supply at the equi prentpcricedsiobdae supply at. .

the 30 electrical drive. WO 95/ 24763 10 The electrical drive of the
present invention may conprise an eLaectronl c controller of a kind in which

an el ectri cal screen (hereinafter r

erred to as a controller screen) is

o't ecer v AR AR bRodEnG iy GRRERa N GRES-TBHIBuRIR, ndBniat ano”

to recelv

wher egonveriofialqrand afahé iotards ased to previdy) a¢ least ib part, okieofl the s¢raav§ecﬁbﬁ§e of said

swi t chi ng nmeans.

10-
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The motor is constructed i ina manner substanttally similar to that of the motor (11) described

above thh reference to thures 1to7. However mstead of providing each winding in a_

stator core slot w1th a screen (14) (see Figure 4) of a laminated and sleeve-like construction,
the stator core (24) is employed to provide a part of that screen section and conventional

insulating material (not shown) is provided between the windings and stator core.

As in the case of the motor (11), insulation is provided between the stator core and the |

frame, the frame typically being connected to earth. Screens are also provided over the end
windings, corresponding to the screens (16) of Figure 2. By connecting the stator core back
to the input side of the htgh speed swutchmg device of the controller (12), the base and side

walls of each slot (19), as vnewed in cross-section in Flgure 8, serve to screen three sides

of each winding. The fourth, radtally inner side of each wmdlng (23) near the mouth of a

respective slot (19) is screened by a strtp-llke conductmg screen (27) arranged with its
longitudinal edges in electrical contact with respective side walls of the slot. The screen (27)

is held in poSition by a slot wedge (28), insulated in conventional manner from the winding |

(23).. The screen (27) is connected back to the centroller' via the stator core and therefore
all four sides of the windings, as viewed in Figure 8, are screened.

If the electronic controller (12) is not positidned adjacent the electric motor (11), such
that an interconnecting cable (30) (see Figure 1) is of a signiﬁcant lehgth and liable to emit
radio frequency energy, that interconnecting cable may be provided with _e screen. A
connection of that screen to earth in a conventional manner would result in the capacitance
between the power conductors of the cable (30) and the screen naving the same effect of

increasing radio frequency emi_ssio_n from the drive as the capacitance between the motor

‘windings and an earthed part of the motor. To avoid or reduce that effect said screen around

the cable (30) preferably is connected to the same part of the controller (12) as that to which
the screen 9 of the motor is connected It may connect via the aforedescribed connector



It is particularly preferred that the controller screen is located in

proximty %Jsﬁﬁﬁhna' s of the high speed swi tching neans, gefGBYs0O4d2e
bet ween (any) such termnals and earth. 10 The hi‘'gh. speed sw tchi ng neans

may be a solid state device. It may be of a kind nmounted on a heat sink and
in that case it is provided by the preégnt I nvention that a controller
screen shla3ll be interposed between the high speed switching neans and the
heat sinkl315 In the case of.van el ectronic controller of a type in which
t he high speed switching nmeans is insulated electrically froma heat sink
by a layer of insulating material, the controller screen may be a | ayer of
el ectrically conductive material -which is enbedded in that |ayer of
i nsul ati ng nainstead|ofar direstcinoeationp theneleetrica] sscrden yafr the rmiotan (bl dindfasnary
| ayer of 20 insulating material. A controller of .this type may have an
el ectri calier¢omrodngdable(30may figerconnect with the controller (12) through a capacitor. One
5 suitable arrangement is shown in Figure 9. A capacitor (31) is incorporated in the connector
(13). Optionally a bleed resistor (32) is provided, in this case between earth and the screen
side of the capacitor, to ensure that the power frequency potential present on the screen is
small, the value of the resistor being chosen also to ensure that no significant radio frequency
current is connected to earth. The value of the capacitor (31) is chosen to present a low
10 impedance at the freqhencies associated with radio frequency emission and a high impedance

at the power frequency..

Ina sgcqnd embodiment of the invention an electronic controller (40) (see F igure 10)

is of a type having an intermediate, DC frequency stage which incorporates a capacitor (45)
15 (or two capacitors arraﬁged in series instead of the single cabacitor (45) if that is mbre
appropriate having regards to relevant considerations such as, for example, voltage ratings).
A first part (41) of ;he comro_llef acts as a rectifier for a supply (39) and a secoﬁd part (42)
comprises an array of power transistors or other power switching devices which convert the
DC into AC to.drive an AC motor (43). The.electrica.l scréen .(9‘) 'prbvided, substantially in
20 the manner described above, in t_he motor (43) is connected back to the controller via
connection (44) which, as illv..nstrated,. serves as a DC link between said pafts (41, 42) and

constitutes an input side to the high speed switching part (42).

The connection (44) may provide a direct connection between the motor (43) and the



for the high speed swi t chi ng means and that housing may be connected to a

term nal such as a power input termnal of the controller. The high speed
swi tchiwgoseme3 nay be of a type having a base pl ate whPEHGRE/00442\\
95/ 24763 : . _ PCT/ GB95/ 00442
electrically insulated internally frzg)mthat ‘part of the high speed

f

swi t chi ng neans whi ch generates radi

contr Qéohﬁﬂl&(\(hﬁ)e e irli%? eﬁg ; t‘i@élf, t'ﬂégggﬂgﬁﬁﬁ 44} ﬂl% ﬁ%g@graﬁ At e

el ect

ayer bl ol B rlinh Bl B A0 PR e Gopieh BEFYY PR o7

i nsul

rically 1nsulating mater € provi etween t

ating materjal provided .

requency energy. In that case the

i.aternal |y between the base,pl.ate and the part
of 1 el FRgrPoi i e oPRNEHGR oL REFIRIFS I, A FAPRGET INEOICRS HLIE LaPEEIPR enay

energy or it may be sandw ched between that |ayer of insulating
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(44) of Figure 10 similarly may have a capacitance value chosen to present a low impedance
at the frequencies of r_adio_ emissions and a high imp‘edance at thé power. frequency.
Optionally a bleed resisf_ot (also not shovo)n) may be provided between earth and the screen
side of a capacitor associated With the connection 44), _in a mahnef similar to the provisioﬁ

of bleed resistor (32) in the arrangement of Figure 9.

Another variation .of the embodiment of Fighre 10is Sho-w"m in Figﬁre 11. The Single
invertelf capacitor (45')l of Figure 10 is tepliced by two capacitors (45°) arranged in se'ries.in
the controller (40’), and the connection (44°) from the screen of the motor (43’) leads to
between those two capacitors (45°). There thereby results tiie Béneﬁt of the @acimr 31)
'of the Figur'c'9 arrangement but without the need to p'rovid_e an additional ca[;acitor solely

for that purpose.

In addition to.providing that a motor screen"(9) and 'optionally ﬁlso thé screeh of an
interConhecting cable (30) is connected 'bac'k'to the oontrollér (12, 40) as aforédescribed, the
controllér may comprise a high speed sw_iwhing deVi_ce which similarly is scrgéned frorﬁ earth
by a screen, referred to as a controller screen, that is connected to the controllér at the input

side of the high speed switchin'g device.

The high speed switching device may comprise a semiconductor (50) (see Figure 12)

mounted on a base plate (51) ;vhich is externally insulated éle‘ciribilly from a heat sink (52)



material and an additional |ayer of insulating material. 10 The
controll erg8GEspRs My be in the formof a barrier layer whpehcaismoustes a
physi cal barrier %o the direct transm ssion of radio frequency energy from
the high speed switching means to the heat sink or, for exanple, to another
and typically earthed conponent. Alter2htively the.controller screen nay be
of a kind which surrounds, i.e. substantially wholly contains, the high
speed switt alconyentioral nanmer by @ncintesposedivsulasion rlayer {3k n [gecasdange (wigh then

whi ch the high speed switching neans is connected directly to a heat sink
such t hapreséie ifneeatios ianlelevarjcabscreene(S4) iis prdvydedi beeweenrthe fbasecplate G1) and the
electronic controller of this type the present invention provides that the
hi gh spegghe Sitk((S3). MDhe Enkrolier strdentis eletsichlty RBuialed didn il Base plat(5ljby wat
sink and that the heat sink shall 20 be connected to the power I nput of

the swit Eﬂﬁ&id}ﬁﬁﬂﬁ%ﬂo@la’i&ﬁsbﬂﬂ@i‘siiﬂ&_mai:éa #bhGhe héd® siaRalvhith Hiay?te éarthed 2

control |l er screen. e preésent invention further teaches that “the

contgr ol | By aft GG&58nd1 Jaye? ) &Oéi&?ﬁct,a(fqnshﬁtion material.

The controller (12) may be of a kind which uses direct switching from the power line
in which case (see Figure 13) the controller screen (54) may be connected via connector (56)

to a power input terminal (57) of the controller.

10
If the high speed switchiﬁg device is.of an intemaily insulated type in which a
semiconductor (60) is insulat_ed from a bas_e plate (61) by an iﬁterposed léyer (62) of
electrical insulation (see Figuré 14), the base plate may be used as the controller screen and
an additional layer (63) of electrical insulation may be provided between to insulate thé
15 ‘controller screen from the heat sink (64). |

In another construction of a high speed switching device of an intefnally insulated type
* (see Figure 15) the base plate (70) may be mounted dire(_:tly 6n the heat sin_k (71) and the
convemionﬂ si_ngle layer of electrical insulation between_ the semiconductor device (72) and
20 the base plaie may be replaced by a sandwich an;angemem of two layers (73, 74) of electrical

insulation having sandwiched therebetween a single screen layer (75).

In the embodiments of Figures 14 and 15 the respective controller screens (61, 75)

may be connected via connector (56) to a power input terminal (57) as aforedescribed with



k]

the electronic controller at a position which is on the power input side of
t he hi gh speed WO 95/ 24763 ' :
PCT/ GBOB0OOS783 12 swi t chi ng neans. That connection may PRI/EBISOAM2p0wner '
input termnal of a controller which enploys direct switching fromthe :
power l[ine, or one pole of the DClipk in the case of an electronic.
control |l er which uses a rectifier_fo??owed by an inverter. 5 . The
connect .on between t [ roller screen and el ectronic controller power

i nput M °‘b’ﬁ%ﬁ%‘g segfe?‘ggéf capacitor the capacitance of which is chosen to
_ present a | ow i npedance at the radio frequencies of concern, but a high

| npedance at the power supply frequency to the electric notor. A resistor

may be connected between the controller screen and earth to prevent a
bui | d- up Othgtcgmrgll?;dp@mm af a kind as described with reference to Figure 10 and having

a rectifier part (41) followo;d by an inverter parf 42). In ihat case the re.épective controller
5 screens (54, 61, 75) of the high speed switching devices of Figures 12, 14 and 15 may be

connected to one pole of the DC link as shown by Figufe 16.

The controller séreen (54,: 61, 75) may be connected directly to an input to the high

speed switching device as shown in Figures 13 and 16 or it ;may interconnect through a

10 capacitor. F igure. 17 shows a connection arrangement which incorporates a capacitor (8 1_.).
The capacitor (81) lies between a connection (80) toa conti'ollér screén (83) and a connection

(84) to ﬁe input to a high speed 'sWimhing device (not shown). The (_:apacitof (81) has a
capacitance value selected to present a low impedance at the frequencies associated with radio
'fréqueht.:y. emission and a high 'iinpedance af the pbwer frecjuem':y. A Bleed fesistor 82) is

15 connected between the connec;ion (80) and earth and serve§ to pf‘eveht a. bu'ild-up of staﬁc

potential.

Normally for electrical safety at least the frame of a..m'otor needs to be connw@ to

earth. However, this is not neceésaty in cases whére it is practicable to provide sufﬂc_iem

20 electrical insulation around all accessible parts of the motor. In such cases the preseﬁt
invention teaches that it is not i-l'lways necéssary'to' provide the aforedéscribe_d additional
screening (14, 15, 16) within the motor and that the motor structﬁre ‘or appropriate parts

such as the stator and/or fra'mé'and/or rotor may bé con_nected .tcl) thc.ie'controller so that stray

radio frequency current coupled to that motor structure is fed back tb the controller. That



10 One capacitor may be interposed between the input side of the high speed
swi t ching 54.,§51d two or nore screen sections which conppcp@pbiishaaz
e ectrical 'screen of the electrical drive, e.g. sections associated with
one or nore of the controller, notor and any interconnecting cable, and
simlarly, one or nore sections of a nB3or screen section if that 15 IS
of a multi-part form Enbodinents of the invention will_now be descri bed,
by way otonagetianl raaybe gireck for example s described with seferenpetoyFigyred) agFigurmit.c
drawi ngs i n which: 20 FI GURE | shows in outline an
el ectri cet itdnayise indirectc farrexample via arcapaditor as deschibed mitht referericoao fFigise 9t
I nvention; FIGURE 2 I s-a | ongi tudinal sectional view of the notor of:
Figure 18 shows an example of an electrical drive in which the entire, conventional
5 parts of a motor (90) are employed as a screen which is 'connectéd (91) back to the input side
of the high speed switching means. Electrical insulation (92) isolates the motor from earth;

the output shaft (93) also is provided with a section (94) that is an electrical insulator. |

Figure 19 shows an.electrica_l drive (100) of the type in which an electric motor (101)

10 and an electronic controller (102) are interédnnected by a cable (103). Tﬁe motor, controller

and cable are each provided with a respective sc:eeti section (iO_l’, 102’, 103’) and the three

séreen sections are interconnected by connector l(104) which connects with the power input

;ide (105) of the controller. Typically the motor screen section (101°) may comprise a

plurality of screen components (e.g. for the windings in core slots and for ehd windings) but

15 alternatively it may be comprised by at least the frame structure of the motor. I.n an
alternative arrangémem it will be understood that tﬁe connector (104) may connect to an |

intermediate stage in the controller (102).

The degree of suppressidn ot_' radio frequency em_isSions attainable by the present
20 invention will either avoid the need to provide a filter or will allow use of a much smaller,
and thus cheaper, filter and/or with less earth leakage current, than hitherto would have been

necessary.



WO 95/ 24763 _ ' :

PCT/ GB95/ 00442 13 Figure 1; FIGURE 3 iIs asinplified section on the line
3-3 of Wipesdex: 5 FIGURE 4  is a transverse section ofcTetEysoedsni ndi ngs in- .
the notor of Figure 1; FIGURE 5 shows in detail the electrical screen '

shown in 10 Figure 4, FIGURE 6 is a section on the
line 6-6 of Figure 4; FIGURE? _|s?éV|ewof a detail of the end of the
stator core 15 - part of the notor. - of Figure 1;

This Sheet Has Been Replaced

[T || IIl ©cams

1. A method for the suppression of radio frequency emiss.i"ons.fr'om an electrical drive

5 (10) of the kind comprlsmg an electromc controller (12 40; 40°; 102) comprlsmg hxgh speed
switching means which generates high frequency energy and an electnc motor (11; 43; 43’;
101) to which power from a source of electncal power is supphed via said electronic
controller, said method comprising providing an electrical screen (9; 9°; 14,15,16; 54,61;
75; 101°,102°,103") to .recei\lre radio frequency energy Whiéh, in use, is emitted from at least
10 a part of the electrical drive, | .. |
characterised in that said mét.hd:d' comiprises electriéall;y édﬁnecting said electﬁcal

screen back to the input side of said switching means.

2. A method according to Claim 1, characterised in that use is made of an eiectrical
15 screen (9; 9’) which at the least, substantially wholly surrouhds'a-'pa'r't of the electric motor

(11; 43; 43°) from which, in use, radio frequency energy is emitted.

3. An electrical drive (10) comprising an electronic controller (12; 40; 40°; IOZ)
comprising high speed switﬁhiqg means which generates high 'ffeqﬁéncy enérgy, and an
20 electric motor (11; 43; 43°;101) to which power from a source of electrical power is supplied
via said electronic controller, characterised in that in ﬁse, radio frequency energy ;Vh-ich
is emitted from at least .a part of the electrical drive is received by an electrical screen (9;
9%; 14,15,16; 54; 61; 75; 101°102°103") which is connected back to the input' side of said

switching means.



FI GURE 8 Il lustrat esumua T f one of the screen sections of the
enbodi nentwofos@amgar es 18 ”’Iﬂ"{ﬁmg? Lm FI GURE 9 i I us PCTIGRYS/00442 .
i nt erconnection variation®or tihe rical drive of Figure 1; FIGURE 10
shows in outline an electrical drive 25’ n accordance with a second

enbodi nent of the WD 95124763 " _1: a "

PCT/ GB95/ 00442 14n RieB&RAl diHite’ Stor@iRs tE'c%lﬁlf 1in %}9&‘.‘& d in"thaCitl fedd?Ghe Blecrric

electrical drive in accor(iance Wl‘ﬂtﬁ at |r3 en%-g |ment OP t%{e _
motor (11; 43; 43°; 101) and any controller output cable (30; 103) or like interconnection
means provided between the electronic controller and the electric motor is devoid of an

earthed screen.

5. An electrical drive according to Claim 3 or Claim 4, characterised in that the
electrical screen comprises a conventional part (24; 61) of the structure of the electrical

drive.

10 6. An electrical drive according to any of Claims 3 to 5, characterised in that the
~ electrical screen comprises a member (14, 15, 16; 2‘7) which is additional to the structure of

a conventional electrical drive.

- 7. An electrical drive according to any one of Claims 3 to 6, characterised in that, at
15 the least, said electrical screen (9, 9°) substantially wholly surrounds at leasi a part of the

electrical motor (11, 43, 43°) from which, in use, radio frequency energy is emitted.

8.  Anelectrical drive'according to any one of Cléims_3 to 7, characterised in that the
electrical motor incorporates an electrical screen comprised by at least one of the frame,
20  stator (24) and rotor'componems'of the motor and arranged to receive radio frequency

energy em'itted'by electrical windings of said motor.

9. - An electrical drive according to any one of Claims 3 to 8, characterised in that it

comprises interconnection means (103) for the transmission of power from the controlier

I
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resent invention; FI GQURE 12 shows part of a hi gh‘_

speed sw tchl ng devi ce ﬁﬁlﬂwﬂn ectrical drive of the present o

i nvention; 10 FI GURE 1 ll ,Hmumom ¢ controller incorporating the

swi t chi ngweewﬁea of Figlre®12: P GORES 15 14 & PETIGBISIEROW

alternative switching devices for .use in the controller of Figure 13;

FI GURE 16 shows anot her el ectronic conjgoller V\/m ch may incorporate the

device of Figure 12, Figure 14 20 - or Figure 15;

FI GURE (102 wowe mbtor UOI); @acieof itwinétontiecion fnia;ans héontroller, and motor being
provided with a screen (103’, 102’, 101 ’) to receive radio frequency energy emitted by at
least a part of the respective interconnection_ means, controller and motor and each of said
screens (103’, 102°, 101°) being connected back to the input side of the high speed switching

5 means.

10.  An electrical drive according to any of Claims 3 t0 9, chafacteriséd in fhat capacitor
means (31; 45°; 81) is provided between said electrical scré_en and the electroﬁic controller
or an exterhal power supply to said controller, said capacitor means being arranged to ensure
10 that the electrical screen is nbi connected directly to the external pdwef suppiy or any other
électrically live point and said capacitor méans having a capacitance value which presents a
Iow. impedancé at the frequencies associated witﬁ radio frequency emissions and a high

impedance at the frequency of the external power supply.

15 11.  An electrical d-rive'according to any of Claims 3 to 10, characterised in that the
electronic controller (40; 40°) has at least twb stages (41, 42) of which a_ﬁrst (41) does not
genefate high frequency energy and said electrical screen (9°) is connected back to between

~those stages at a point which is at the input side of the stage(s) (42) which generate(s) high
- frequency energy. . -

20
12.  An electrical drive according to any of Claims 3 to 11, characterised in that the
electrical sci'_een (14)is an _elgctrically bondu‘ctive layer (2(_)) of a laminated construction
comprising a layer of elecirically conductive Imaterial having adjacent at least one surface

thereof a léyer of insulatinggaterial (21), said electrical screen being positioned at least in
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devices of Figures 12, 14 and 15; WO 95/ 24763

PCT/ GB95/ Oqeggn%,‘;}dfl GURE 18 shows part of an el ectri cal drlm/cmsmmrdance
wi t h anot her ment of .the invention; and FI GURE 19 shows in outline
yet another electrical drive in 5 - accordance with the
present invention. An electrical drive (230) (see Figure 1) conprises, in

t he exanpl e of .this, enbodi ment of..1he.invention ree se AC i nduction
not or (11)Paﬂ§\?F‘YF§“éh‘? groir ‘(‘?gﬁngf ﬁ’e’t’éﬁgéas%fa‘%ﬂm’éﬁ?f ng“%'fﬁ@gﬁ ed by an

el ectronic controller (12) which may be of a type known per se. 10 The
controller (12) is connected to an external three-phase power supply (17).

13.  An electrical drive accdrdihg to any of Claims 3 to 12, characterised in that the
eléctrical écreen comprises a controller screen (54; 61_; 75) p'rovided in proximity to the high
5 speed switching means to receive radio frequency energy generated by said switching means,

said controller screen being connected (56) to the input side of said switching means.

14.  An electrical drive accofding to Claim 13, characterised in that said controller screen
is posi.tioned between earth and terminals of the high speed switching means.

10
15.  An electrical drive according to Claim 13or Claim 14, characterised in that the high
speed switching means is mounted on a heat sink (52; 64; 71) and the éontroller screen (54;
61; 75) liés interposed between said high speed switching means and heat sink to provide a
physical barrier to the direct transmission of radio frequency energy from the high speed

15 switching means to the heat sink.

16.  An electrical drive according to any of Claims 13 to 15, characterised in that the

controller screen substantially wholly contains the high speed switching means.

20 17. "An eléctric motor characterised in that it comprises an electrical screen _(l4§ 24,27)

positioned between the motor windings (23) and the remaining structure (8) of the motor.

18.  An electric motor according to Claim 17, characterised in that motor Windings (23)

lie in each of a plurality of slots (19) in a part of the motor structure and are each surrounded

AN v “‘Hlsl‘"”imrmi‘m‘"



The nmotor (11) is of a special construction which incorporates an

el ectrical screen described in nore detail below 15 In contrast
to a cOREMSnal configuration in which, typically, tFECTHGBINA04E an

el ectric nmotor is connected directly to earth and results in a flow of
radio frequency current to earth, inosghis enbodl ment of the present

i nvention the notor (11) opti onal |y may have a connection to earth for the
pur pos by @h efseerival sgecl @4t 240F). safety, but any such connection does not
carry radi o frequency current. Instead, the notor has, internally of the
motor frame, an electrical 20 ——screen (9) which is connected to the

el ectroni c.con'émmuﬁ (I connector (13) whereby stray radio
frequency curr nlu m)"m,,mg screen is returned to controller and is
prevented fromflofing i htosthe earth system The connection of connector
(13) is to the power .input to the controller and thus to the input side of
a high speed switching device which forms at |east a part of that
c%ntroller
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VO 95/ 24763 THIS SHEET HAS BEEN
PCT/ GB95/ 004¥Restfaréihe mot or el ecilri calREAGED (9) donpri ses péwesosiiar
screen sections all within the notor Trape (8), tThese sections (see Figure
2) being: (i) a screen assenbly (14) for the windings (23) located in
slots (19) in the stator 5 (24); (ii) lamnated end screens (15)

for the ends of the stator core h uct; ve vm ndi ng end-cap
screens (16) re (s % If )
sl eeve-1ike foprg?g?ﬁ;éd E}P Wat ]h gla? L FOYR &%%ng@ ’(23)
in the stator coresots ) ﬁ % o6f each

sl ot. As nost cIearIy seen |n |gure , eac sc e ZI) Is of a lamnated

construction conprising a |layer of an el ect ricall y conductive material (20)
sandw ched bet ween two Iayers

l. A method for the suppression of hdio frequency emissions from an clectrical dtive
5 (10) of the kind comprising an elactmnlc controller (12; 40; 40°; 102) comprmnx high speed
| lwm:hiu means which genemes high frequency cncrgy and an electric motor (11; 43; 43°;
" 101) to which power from a source of _e_!eclrml power is supplicd via said electronic
controller, said method comprising providing an electrical screen 9; 9'; 14,15,16; §4,61;
75; 101°,102°,103") to receive radio frequency energy which, in use, i3 emitted from at least

10 . apantof the clectrical drive, |
 characterised in that sald method comprises electrically cbnnecting sakd electrical

 scréen back ta the input side of said switching means.

2 A method according to Claim 1, characterised in that use iis made of an electrical
15 screen (9; 9°) which at the least, substandially wholly surrounds a part of the elsctric motor

(11: 43: 43") from which, in wse, radio frequency energy s emised.

3. A method according w Claim 1 or Claim 2, charasierised in that said method
comgprises electrically connecting said electrical scruh'_bn'clg 10 a position which _:ewel for
20 the supply of electrical power 0 the switching means.

4, A method u:coiding to Claim 1 or Claim 2, characterised in that sald method

comprises alectﬂally connecting said electrical screen to s mn-eanhed position at the input
-

side of sald switching means. -
This Sheet Has Been
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|| THIS SHEET HAS BEEN
15 of insul ating matleri al'RERUACEDhi s _skreen (14) is used in place of,
rat her than additi onal gl e layer of insulating materi al
usual Wi ognanes ded as a i ni ng in stator slots. Each scP€uGBYSiMN342ext ends ’
| engt hvm—ee—beyvﬁd—-t‘he—e*h‘d’—of a res¥ective slot (19) so that the ends of
nei ghbouri n be electrically . interconnected in the manner

s (1
shown 20 B i3 il 3 us “ lmmﬁl“ “mmﬂl‘waof nei ghbouring slots
(19), outwaﬂ : u ts the nl u portions .(25a, 25b)
of the sl eeMHH ' have a layer 6f the'el ectrical insulation naterial-
(21) renoved to expose the | ayer of conductive material (20). An inner-
i nsul ation |ayer (21) {i.e. alayer closest to a winding (23)} is removed

f r onS.one AmSlgrriskl diive Nm)rmwhhggﬁ!bm sblmﬂhal(ll; Q&dﬂ‘n W2)er
insul ation layer (21) is renoved WO 95124763,

PCT/ contprising Mgh 3peed switching means whlch gcm hlgh frequenny enr.rgy, and an
eleciric motor (11; 43; 43"!01) mwhu:ll powar fmm a source of electrlcal po\ver is supplled

vis said elact.ronic conuoller charmethed in Ihll m use, ndno froquency mgy ‘which
is cmlmd from al least & par: of the electrical drive is reeeived by an elecu'iul screen (9;
' 9%; 14,15,16; 54; 61; 75; 101’102'103') which is conmcled bank'to t!le input side of said _
switching means. i : ‘

.6. An elecu'iul drive accordin; 0 Claim 5 characterised in that at lem dle eleelrlc
motor (11; 43; 43"; 101) and any cnntronu- output cable (30. 103) or lllne inmwnmm
means provided between the electronic controlier and the elecmp motor is devoid of an

7. An electrical dnvc according to Claim So Clalm 6 élumrznsed in that the
elecmal screen is connected 1o a pnnuon mhc input side of lhe swilching means that serves

for the supply of clectrical power 1o the switching means.

8. A clectrical drive according 10 Claim S or Claim 6, ¢haracterised in that the

20 eleétrim! screen is connected o 8 non-earthed position at the inp_ut side of the switching

9. An .elu':lr'ic_nl drive u:édrding 1o ihy one of Claims $ to 8. characterised in that the

supply has s separate sarth connection which is mteonnectcdwayoléofthe-powu supply

- AMENDED SHEET (ARTICLE 18)



fromthe other side wall (25a) of the pair. Thus, when the bared side wall
ends are f%éi%dztd at agai nst an end face (26) of t he. st at orpcazEdsHuaz €
results, 2nd face, a sandw ch ars‘angenent of 'two | ayers of
conductive naterial (2SF=FrdFrect—con
| ayer (21) of one si eTHAﬁISHE@%\ -‘
side 5 wal | (25b)) of tREPLAG bour | ng pair. Figure 7 shows part of one
of a pair of screened end-pr €ach for provi.ding screeni ng between
the st at oo dwreloctical drivend- wi ndi ng. The plate (15) may have an el ectri cal
screen constructed as described above with reference to Figure 5. Dependi ng

act and | ayi ng between an insul ating
i nsul ating layer (21) of the other

on insulation 10 requirenents -the layer of conducting material (20) may
be pl aced on one surface of the pl ate or it may he incorporated in the
structure jgf t A} décicl die€ Ehnwmbm&s%r»ﬂ o TRaraEibRisd inihar the ce

Figures 2 and 3) also may be cons ruc ed substantiall'y as descri bed above
wth referﬁgﬁﬁnf B&] mgga on 15 i nsul ation requirenents the
conducti ng m may be placed on one surface of the cap or may be

i ncorporated as an internal Iayer The end cap screens (16) provide

screehi ng bet ween

11.  An electrical drive according to Clmm 10, characierised in: that the electrical screen

is comprised by a part of the clectric motor which l: not connecied to earth.

12.  Anelecirical deive according 1 Clalm 11, chasactsried nithat the electrical acree
10 comprises a convemw pm (24; 61) of the structure of the elecirical drive. |
'13.  An clectrical drive according to any of Claims 5 10 12, characterised in that the
elecrical screen compriges 2 meniber (14, 15, 16; 27) which is additional to the structure of
| a conventional electrical drive. .
15 |
14.  An electrical drive according 1o any one of Claims § to 13; characterised in that, at
the least, said clactrieal screen (9, 9°) substantially wholly surzounds at least a pant of the
electrical motor (11, 43, 43°) from which, in use, radio freqnency encrgy is emitted.

20 15. Anelecirical drive according 1o any one of Claims S to 14, characterised in that the
| electrical motor inéuporm an clectrical screen éomprhed by at: least one of the frame,
stator (24) and rotor components of the momr and arranged 10 weceive radio frequency

energy emitted by clectrical windings of said motor.

W
e i
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t he end-wi ndi ngs #f
construction each TH'§P§$'";§'E;*@‘;931B§%'Et
whi ch meossi2hgsr addit.i onal tp '?he st
not or,

(8). In the aforedescribed
ons is conprised by a 20

he wi ndi ngs

stator core. WO 95/ 24763

PCTI GB95/ 00442 18 In an alternative enbodi nment

now descri bed with

conponent

msymms of the -

or is a substitute corrpon t-ﬂ t he screen
assenbl les (14) for the w ndings (23) !n]ﬂa low ded instead of the
standard single layer of insulating-

and

ref er thce Avekpigianiadriye agoordiagdaany oonef/Claimohin 13sharagierisedelnidaod i s used
to provide, at least in part, one of the screen sections. The notor is

constumprhﬁ lmmmhermunbitmtfoathbmmbn of powerafromfthe lcontmalleor (11)
descri bed

10

15

20

{102) to the mator (101), each of the interconnaction mam, controller and motor belng

provided with a screen (103", 102°, 101°) o receive tadio mqueqcy enetgy emitted by at

least & pﬁt of the respective inumom_icaion meant, contraller and motor and each of said

screens (103°, 102, 101°) being connected back W the input side of the high speed switching

l7. An electrical drive lcootdnng to any of Claims'S 0 iG chm:xerued in that capacitor
means (31 45°; 81) is provuled between said elccmul screen and|the elecunmc controller
or 8n external power supply t0 said controller, nld capacitor means being amnged to ensure
tlmtheemmul screen is not connected directly lntheextermlpoweuupplyormynthar

- electrhllyhvepomundnldapacuormmhvmacapclunuvaluwhnhpmua

low impedance at the frequencies associated with radio f:equcm_y emissions and 2 high
impedance a1 the frequency of the external power supply.

18. A clecical drive according 10 any of Claims § 10 17, characterised in that the
etectronic controller (40; 40°) has at least two stages (41, 82) of which a first (41) does not

generate high froquency energy and said electrical screen (9°) is connected back 10 between

those stages at a point which is at the input stde of the stage(s) (42) which gonauls(:) high

fnqmw enmy

19.  An electrical drive according to any of Claims § to 18, characierised in that the

elecirical screen (14)is an electrically conductive layer (20 of 8 laminated construction

This Sheet Has Been Reilaced
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above with reference to Figures 1 to 7. However, instead of providing each
Wi ndi NG | Ny exaq763 Stator core slot with a screen (14) (se d.:ll,&y’s ‘f& of a
| ami nat ed and sl eeve-Ilike construction, gshe stator core (2 I's enployed to
provide a part of that screen section and convent i onal i,m__au_ﬂg material _
(not shown) is provided between the w ndings and stator ‘
case of the motor (11), insulation is provided between t|p bﬁ%qﬁéﬁpm%l&m
the frame, the frame typically being connected to_earth.

provi ded comptising@ Iyl ciCelectricaily domtyetivecmatesiaimwing rdjibent talb deasT omemstabd 6)  of
Figure 2. By connecting the stator core back to the input side of the high

speed SWigh&Bbf 1y bf RuiliidgRusRI (D) hid cleckdal sérdsn péiibnid AC1edatlih S Of

each slot (19), as viewed in cross-section in F|gure , Serve to screen

t hree si [ % i de of each
hr e ((igg) Ew&a momm m@&siw il slot .{.mg}ez@

wi ndi ng near e nout a respec I's 'screened by a-
strip-like conductl ng screen (27) arranged with its 15 | ongi t udi nal
edges in electrical contact wth respect ive side walls of the slot. The

t I
convint | dRar I fefib i3 et i 3o o8 CUBR 3w ) sopcdbrita™f e
back to te?ectrmp e lgormp\ﬂlgat &%m e%tsgrrecr? f.%eﬁia nlg) lt:rrc].vgnrd%a ?nr groximuytothchlgh

speed switching means to receive radio frequency enctgy generated by said switching means,

sald coatroller screen being connecied (S6) to the input side of said switching means.

10 21.  Anelecirical drive according 10 Clalm , characterised in that said controller screen
is positioned between earth and terminals of the high speed swiich,lng means.

22. An elec&ical drive mding w Claim 20 or élaim 21, characterised in that the high
speed switching means is mounted on a heat sink (32; 64; 71) ind the controfler screen (54;
15  61; 75) lies interposed beiween said high spood awitching means afid heat sink to provide
physical barrier 10 the direct tranamission of ndio frequency enefgy from the high apeed

switching means to the heat sink.

23.  An eclectrical drive sccording to any of Claims 20 to 22, characterised in that the

20 controller screen substantially wholly contains the high speed switching means.

24.  An electric motor characterised in that It comprises an elestrica) screen (14; 24,27)

positioned between the motor windings (23) and the remaining structure (8) of ths motor.

) A Oy T R et
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all four sides of the w ndings, as vi ewed in Figure 8, are screened. 20

If the electronic controller (12) is not positioned adj acent the electric

‘not or  (WQP5/24763 h—th --a-—e-----a- ng cabl e (30) (sepcrGBomoeasd) is of a
significant | endt fﬂHmEHE&“raleSBEENe' 84radi o frequency energy, that

i nt er’connecti ng jicabl eRERyABEDpr ovifjled with a screen. A connection of that
screen’'to eart h Yr—a=¢on Tanner would result in the capacitance
bet ween. t he povver conductors of the cable (30) and the screen having the

same gff ec |ncr 0 fre N .f drive as
t he c@paci %gé? w “é)@ar‘%ﬁ t he
notor. To avor d or reduce tlgt ef fect, sai d screen a ound the cabl,e (30) .

pr ef eHa iR MS‘%M%‘&‘%“’@W@%W"{ a5 each su F?E')‘&gs that to .
‘which the screen 9 of the notor is connected. It _‘rray connect via the

af or cbiysn slepizigal ssrese £143 124 R7)-

s Th“ﬁmﬁiiﬁz"illlled ] IIIIII i

10

13

20
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VID 95/ 24763 . PCT/ 3B95100442
19 (13). I%éﬁgﬁ_lﬁf a direct connection, the electrical screaveessnotdaz not or
(11) and/or i Nt erconnecting cable (30) nmay interconnect with the
controller (12) through a capacitor. One 5. sui tabl e arrangenent is
shown in Figure 9. A capacitor (31) is i rporated in the connector (13).
Optionally a bleed resistor (32) is provided, in this case between earth
and the screen side of the capacitor, to ensure that the power frequency
potential present on the screen is small, the value of the resistor being
chosen also to ensure that no significant radio frequency current is
connected to earth. The value of the capacitor (31) is chosen to present a
| ow 10 i npedance at the frequencies associated with radi o frequency

em ssion and ‘a hi gh i npedance at the power frequency. In a second

enbodi nent -of the invention an electronic controller (40) (see Figure 10)
is of a type having an internediate, DC frequency stage whi@h i ncorporates

a capaci tor (45) | l{, 1
30

(

A=




15 (or two capacitors arranged in series instead of the single capacitor
(45) if that i e appropriate having regards to rel evantpEeesss@edsat i ons
such as, f(}yogéﬁ‘ﬁ%{e, voltage ratings). Afirst part (41) of the controller
acts as a rectifier for a supply (39) and a second part (42) conprises an

array of power transistors or other poerlswitchi ng devi ces which convert
the DCinto ACto drive an AC notg

4 e electrical screen (9')
% owscri bed above, in the notor
\&;' Ne N W R X ction (44) which, as
[Ta4+-mere O

provi ded, substantially in 20

(43) is connected baclato \
illustrated, serves assg rﬁ\;»’r«-—% N\(41, 42) and
constitutes an input si pe hi gh speed N part (42). The

the  \\D 95/ 24763
PCT/ GBO5/ 00442 20
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controller (40) as shown in Figure 10. Alternatively, the connection (44)
may i ncor pokws gs/@zé3apaci tor (not shown) in a manner simlar gegdrddloods
whi ch the capacitor (31) of Figure 9 is incorporated in the connection (13)
of Figure 1. A capacitor introduced in the connection (44) of Figure 10

simlarly may have a capggitance val ue éﬁbgen t 1aresent a | ow i npedance 5
at the frequencies. of ra em ssions and a hi i_i8dance at the power.
frequency. Optionally bl el : i é may be provi ded

bet ween earth and the gcree - ted with the
connection (44), in a pgm ( bl eed resistor
(32) in the arrangenen® of. 3% oth& variation of the
enbodi ment of Figure 10 is . ‘ ingle inverter

capaci tor (45) of Figur oA itors (45') arranged in
series in-the controller®Y4 , ) from-the screen of
the motor (43') |eads to betwee@fgho Wo capa 2&ors 45'). There thereby
results the benefit of the capaciTor ) of the®Figure 9 arrangenent but

Wit hout the need to provide an addlfI [fapaC|tor solely 15 for that
pur pose. fga :

21 - 20

Fig. 5

15 Fig.7



In addition to providing that a notor screen (9) and optionally also the
screen of arve gémpeoNnecting cable (30) is connected back tgp JsRpiap 0l | er
(12, 40) as aforedescribed, the controller may conprise a high speed
switching device which simlarly is screened fromearth 20 by a screen,
referred to as a controller screen, that,ig, connected to the controller at
the i nput side of the high speed smﬁtchihd%ﬁevice. The hi gh speed sw tching
device may conprise a sem conductor (50) (see Figure 12) nounted on a base

plate (51) which is externally insul ated elezgrically froma heat sink (52)

WO 95/ 24763 27 - PCT/ GB95/ 00442
21 in a conventional nmanner TZ2{t erpos f ion layer (53). In
accordance with the presentYi nven rial} screen (54) is provided

bet ween the base plate (51) d

23 \ -
19 ///
.Fig.8

24




heat sink (52). The controller screen is electrically insulated fromthe
base pl at egforkhefdy the conventional insulation |ayer (53) BOWGBSSQAM&| ated -
fromthe heat sink, which may be earthed, 5 by an additional |ayer (55)
o0f electrical insulation material. The controller (12) may be of a kind

whi ch uses direct switching fromthe r line in which case (see Figure
13) the controller screen (54) may be nected via connector (56) to a
power input termnal (57) of the controller. to Iﬁfkhe hi gh speed swi tching
device is of an internally insulated type in ggyéh a sem conductor (60) is
I nsul ated froma base plate (61) by an interp d layer (62) of eletqlcal

i nsul ation (sge—Figure )+ the-base—pl pate—may -be—used—=a he contro

screen and anj ad ) | i on nmay be
provi ded bet e 15 rol lmr/scr from si nk
(64). In anotp f ah eed - t chi dedi c£/6f an

i nternally,

tlhe IrEdsq plarel}(T0Y /may be
nmount ed d433+jy oI tie _heat sint?%%gﬂ nd {the !
TR R L] K{K .
I

i
T4

—-—--_-—)7—-—.f— - 7"--4A o | 44

o'

‘35' | _ | 43'

7S ZS ZS

Fig. 11



conventional single |ayer of electrical insulation between the

senicondug&gr gs%gce (72) and 20 t he base plate may be peplcrosisbsdny a
sandwi ch a RGETENt of two | ayers (73, 74) of electrical insulation having
sandwi ched t herebetween a single screen layer (75). In the enbodi nents of
Figures 14 and 15 the respective contﬁgf r screens (61, 75) may be
connected via connector (56) to a power inputgxprninal (57) as

af oredescribed with WO 95/ 24463 Z

PCT/ GB95/ 00442 22 reference to]Figures 12/and 13. e controller may be of
a kind as describ ith refer¢nce re 1 /aﬁ' BB/ing a rectifier part
(41) followed by anfin er part. (42). In tha# Lihe respective
controller 5 sbteens (57~ speed switching devices
of Figures 12, 14 and 15 n®
—~55
52
Fig. 12
/12
I o
| 54
577
/56
Fig. 13
_~60
| — | =
61
56 | 63




¢onnected to one pole of the DC |ink as shown by Figure 16. The controller
screen (54 oﬁén¢;§) may be connected directly to an input por/Bes/dwmegh speed
gWi tchi ng device as shown in Figures 13 and 16 or it may interconnect
through a 10 capacitor. Figure 17 shows a connection arrangenent which
i ncorporates a capacitor (81). The caﬁhﬁBtor (81) lies between a connection .
(80) to a controller screen (83) and a conneet7dn (84) to the input to a

hi gh speed swi tchin evi ce (nof—strowry fe ca itor (81) has a

capaci tance val ue sel egt 0 presan—aq(é;/ ﬁ%f at the frequencies
"associated with radiqésrequen At-SSHoR—ah |g nmpedance at the power
frequency. A bleed reSrstor (82 dbet ween the connection
(80) and earth and serves tpprevent —a burtd- f static potential.

70f.'a notor needs to be

y in cases where it is
cient 207 electricpl insulation around al

r. In such cases the present i i O eaches
oredescri b ddi*tf onal

Nornmal Iy for electrical safpty at |least the fra
connected to earth. However| this is 7ibt necess
“practicable to provide suff
accessi ble parts of the not
that it is not always neces

I
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"+screening (14, 15, 16) within the notor and that the notor structure or
appropriate gaﬂ%‘% such as the stator and/or frame and/or rﬂﬁféﬁl”ﬁ’ﬁ?ﬂ‘%e
connect ed WY controller so that stray radio frequency current coupled
“to that notor structure is fed back to the controller. That - WO 95/24763
PCT/ GB95/ 00442 23 connection may be di§¢@, for exanple as described with
reference to Figure 1 or Figure 10, or 1t nmay be indirect, for exanple via
a capacitor as described with reference to Figure 9. Figure 18 shows an
exanpl e of an electrical driwve in which the entire, conventional 5

parts of a nmotor (90) are enployed as a screen which is connected (91) back
to the input side of the high speed switching neans. Electrical insulation

(92) isolates the nofQITomMearT i —The OOT P _Sfaf t 693) al so is provided
with a section (94) that is an electrical insuIEtor S
94
93
[
91 92
Fig.18
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100 102
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103 103
102 |
' 101




Fi!gure 19 shows a RE?LACEMENT SHEEIE (100) of the type in whi ca an electric
c

mot or £101) 10 ahd an el ectronfc|controller (102) are inteREBIACEMENT SHEET
a cable (103). Th t2dA SEP9960l [ ef and cable are each provided with a
respective screen|s¢ction (101', fOR', 103') and the three screen sections
are interconnected by connector (10¢) whith connects with the power input
side (105) of thelcontroller Typichlly the motor screen section (101") may
conprise a pl urallty of screen conponents (e.g. for the windings in core

sl ots and forreggtvesiadid frggyuency engrgy waiqremmase.vnslgmnttemﬁyrrbet leaspaipsetiof by

at | east the re | n.an al f.ive arran [
w il be underti.'tecé)lé(;igcﬁ'h‘{?‘t'l %ﬁﬁg ac“g{]%'éffﬁbﬁ%‘h@l‘i%"eﬁai)gé igktcﬁ"émaﬁ?r??ﬂ Q%ﬁggf’\ﬁ-e
stage in the poRtepthed pbdtidh atfihe iAPUt SRIOHT wamveﬁémap rAéanddi 0 frequency
em ssions attainabl e by the present 20 invention will either avoid the
need to provide a filter or will allow use of a nuch smaller, and thus
e i oLl TRBIhSIOH iy E5ipEE ! AU ERCEEH SRteer BPY BhANAHIER vou! d
have been necessa

substantlally wholly surrounds at least a part of the electrical drive from which,

in use, radio frequency energy is emitted. Preferably use is made of an electrical-
10 screen which, at the least, substantially wholly surrounds at least a part of the

electric motor.

The invention provides also an electrical drive comprising an electronic
controller comprising high speed switching means which generates high
15 frequency energy, and an electric motor to which power from a source of
electrical power is supplied via said electronic controller, wherein, in use, radio
frequency energy which is emitted from_ at least a part of the electrical drive is
received by an electrical screen which is connected back to a non-earthed

position at the input side of said switching means.
20
Preferably said electrical screen, connected back to the input side of said
switching means, serves at the least to receive radio frequency energy which
is emitted by at ieast a part of the electric motor. Optionally, but more
preferably, it may serve also to receive radio frequency energy emitted by the

25 electronic controller.

In at least this aspect the present invention may be regarded as relating to
an electrical drive in the form of a system in which there is a two-way
interaction between an electric motor and an electronic controller which

incorporates high speed switching means, the motor



VIO 95/ 24763 {REPLACEMENT SHEET

PCT/ G395/ 00442 24 Thijs Sheet Has Bg¢eh Repl aced 1. A nmet hO(BEP‘cﬁCEMF(yT SHEET
suppr essi on of radijo {f requeFrRYIeM $sqons froman electrical drive 5

(10) of the kind cqgngrising an ele¢tqoniic controller (12; 40; 40'; 102)
conpri sing high spded-—swrtThimng neans I ch generates high frequency energy
and an electric notljor (11; 43; 43' ;. J101) to which power froma source of

el ectrical power is supplied via said electronic controller, said nethod
conpri si ng pwhidhiéxtgnds oyles that part of thewindiags diot adigcedt tibe moto6 slotvThat

emi 11 od 1 orferingt SR Ty g, e Y FRMACEITHTANE Sty o b satelvpcea

in that sgi dwhRiM ey B coRRecledBdckaal the ifERNSIaE i0T3he Migh epe6d EWitdhing
screen back to the input side of said swtchi I’_IH, means,
means, or it may be separately connected. The covering screen may be of a

laminated construction as described herein in respect of a screen of sleeve-like
form, and it may be retained in position by a slot wedge. In a further variation
the slot wedges may be of electrically conductive material and may be utilized
10 to perform a screening function.
From the foregoing it will be understood also that the present invention
provides but is not limited to an elecfric motor in which a non-earthed

electrical screen is positioned within a slot in the motor to lie between the

windings and at IeaSt some of the remaining structure of the motor, such as the
15 frame or stator or rotor part of the motor. In accordance with the

aforedescribed aspécts of the invention, that electrical screen preferably is

connected to an electronic controller providéd fof contrblling operation of the

motor. '

Whilst 3-phase AC induction motors are commonly used-and the.present

20 invention may be applied in relation to motors of that type, the invention is

not limited in its application to any specific type of AC or DC motor. Thus, it

may be applied, for example, to other motors, such as AC permanent magnet

motors and reluctance motors.

25 The invention may be applied to an electric motor and to an electrical drive
having an electric motor of a kind which operates from an AC supply of any
number of phases, or from a DC supply. It is applicable in any situation where
the supply has a separate earth conﬁection which is not permitted to be
connected to one pole of the supply at the equipment, i.e. the supply at the

30 electrical drive.



2. A nmet hod according to aim1l, characterised in that use is nmade of

an electrical 15 ___screen (9; 9') which at the |east, substant SHEET
whol | y surrounds a (%MENE 1 ric notor (11; 43; 43") fr NFMEMENT

use, radio frequenm Nodsoaitttied. 3. An el ectrical drive (10)
conprising an el ec rEnrc controller (12; 40; 40'; 102) co

speed switching mehng whl 8BPdeRer 4t ds hizh frequency ener gy, THISSHERT 2\ BEEN
el ectric notor (11 3: 43'": 101) jtqd which power froma source (ﬁEPLACED

el ectrical power i supplied via saild electronic controller,
in that in use, rakh gy which is emttedfromat | east a
part of the electrical drive is received by an electrical screen (9; 9';
14,15, 16; 54;1 61Aﬁ5ethb61fol&8ém'p}emr¢bf iradioceqedriy dmidsidrs fraen BRput

side of said switching ne WD 95/ 24763
PCT/ GB95/ 004 £ectrical drive (10) of the kind comprising an electronic controller

5 (12;40;40';102) comprising high speed switching means which generates
- high frequency energy and an electric motor {11;43;43’;101) to which
power from a source of electrical power is supplied via said electronic
controller, said method comprising providing an electrical screen (9;9’;
14,15,16;54,61;75;101’,102’,103’) to receive radio frequency energy which,
10 in use, is emitted from at least a part of the electrical drive,
characterised in that said method comprises electrically connecting said

electrical screen back to a non-earthed position at the input side of said

switching means.

15 2. A method according to Claim 1, characterised in that use is made of an
electrical screen {9;9’) which at the least, substantially wholly surrounds a part
of the electric motor (11;43;43’) from which, in use, radio frequency energy

is emitted.

20 3. A method according to Claim 1 or Claim 2, characterised in that said
method comprises electrically connecting said electrical screen back to a
positioh which serves for the supply of electrical power to the switching

 means.

This Sheet Has Been Reilace

* c L n s * .




25 4. An electrical drive accordi ng to C a| m 3 char act eri sedngp'_ﬁpmgmagmﬂ

| east fhe electric T 91, 101)
(30; 103) or like i MEN?O&HE ns pro |T<H%ISHEEW§66 BEVE@ gl ectronic
controller and the Elpctric notor fjs |devoi o of aREPLACKESD scrden. 5 5.

I
An electrical drivefatceorfgpg gy Claijm 3 o Crerised in 0
that the electrical]sgreen conprisgs ja conventlonal part (2 ;1i61) ofcttes BEEN
c

structure of the el pctricatr—drrve—'1G 6. An electricgl driyepLACED i
according to any ofjClains 3 to 5, cHara80erised in that th =
screen conprises a nenber (14, 15, ; 27) which is additional to the

structure of a conventional electrical drive. 7. An electrical drive
according to &y Almeeleétriaaakiﬂ'ﬁre3109)c@mﬁlﬁﬁ@ﬁh@lé@t%lbr&drﬁﬁillerﬁ2130 40°he

| east, said electrical screen (9, 9') substantially wholly surroun
| east a part dP2) gemprising high speed switching means which generates high frequency
5 energy, and an electric motor (11;43;43’;101) to which power from a source
of electrical power is supplied via said electronic controller, characterised in
that in use, radio frequency energy which is emitted from at least a part of the -
electrical drive i_s received by an electrical screen (9;9’;14,15,16; 54; 61; 75;

101°102°103’) which is connected back to a non-earthed position at the input

10 side of said switching means.

5. An electrical drive according to Claim 4, characterised in that at least the
electric motor (11;43;43’; 101) and any controller output cable (30; 103) or
like interconnection means provided between the electronic controller and the

15 electric motor is devoid of an earthed screen.

6. An electrical drive according to Claim 4 or Claim 5, characterised in that
the electrical screen is connected to a position at the input side of the
switching means that serves for the supply of electrical power to the switching

20 means.

7. An electrical drive according to any of Claims 4 to 6, characterised
in that the supply has a separate earth connection which is not connected to
a pole of the power supply to the electrical drive.

[
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electrical motor (11, 43, 43') fromwhich, in use, radio frequency energy

is emtted. 8. H+-eal—dr-l-ie according to any one of REPEACEMENT: SHEET
RERLACENE § o

7, characterised i #EET¢al notor incorporates an el ectrical
screen conprised by dt [ east one the frame, 20 stator (24) and rotor
conponents of the tjor - ngedj] to receive radio f =
emtted by electridal V\ﬁ?ﬁgmggf sal d motor. 9. An elleptisigtEHETHAS/BEEN
according to any ofe tef~Gams—3-tb B, characterised in tihat | REBOMPERses

i nterconnection nme@ns (103) for the randhi ssi on of powe fre
controller WO 95/ 24763
PCT/ GB95/ 00442 26 (102) to the notor (101), each of the interconnection

means, contr .l er Araslécoméalrdriv@ accarding tteanyiofIClaims dewn7( tAdractdfiged in

101'") to receive radio frequency energy emited by at . .
that the electrical screen is comprised by a part of the electric motor which

5 is not connected to earth,

9.  An electrical drive according to Claim 8, characterised in that the
electrical screen comprises a conventional part (24; 61) of the structure of
the electrical drive.

10
10. An electrical drive according to Claims 4 to 9, characterised in that
the electrical screen comprises a member (14, 15, 16; 27) which is additional

to the structure of a conventional electrical drive.

15 11. An electrical drive according to any of Claims 4 to 10, characterised
in that, at the least, said electrical screen (9,9’) substantially wholly surrounds
at least a part of the electrical motor (11, 43, 43’) from which, in use, radio

frequency energy is emitted.

20 12. An electrical drive according to any of Claims 4 to 11, characterised
in that the electrical motor incorporates an electrical screen comprised by at
least one of the frame, stator (24) and rotor components of the motor and
arranged to receive radio frequency energy emitted by electrical windings of

said motor.

L
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| east a part of the respective interconnection neans, controller and not
and each qf said sgreens (103' 102:, 101') being connect ed ﬂEPMCEMENT’:SH

i nput side of the { SR N QHEET ng 5 means. 10. An el ectri cal
drive according t —tf-gt-pB8==g 0 9, characterised in that capaC| tor
means (31; 45'; 83 jis prow ded bdt Ween said el ectrical il
el ectronic control| dr 8r? %ﬂnpé%%r , power supply to sailldTeSSHERT eAS BEBNJ|
capaci tor neans bdi ng_arra ] folerjsure 10 t hat the:el ect REBRACERr een |

I's not connected directly to the extler 3 power supply or—aﬂy ot er
electrically live ' ' aci tor means having a capacitance val ue
whi ch presents a | ow i npedance at the frequencies associated with radio
frequency em13$| s efsttridalndiiVe bEPSWME fo ahyldTECIhImS 4efe 1 20chbbsctexséd Nl
power supply. 11. An el ectrical drive according™to any of Clainms 3
to 10, char a&h%tr it cognpriseshiatenceanecten means JOJ) for the transmiasion afpower

" eoney®on ) A orkhetodl 8 e g 031, S0P e BFBEEG et
bet ween t hos meﬁmeanmllar,mtmmow béing providebavith pldcreen ¢108’, 1102 $t1wel s)

(42) which generate(s) fg
to receiv radlo requency energy emitted by at least a part of the respective

interconnection means, controller and motor and each of said screens (103’,
102’, 101’) being connected to the input side of the high speed switching

10 means.

14.  An electrical drive according to any of Claims 4 to 13, characterised
in that capacitor means (31; 45’; 81) is provided between said electrical
screen and the electronic controller or an external power supply to said

15 controller, said capacitor means being arranged to ensure that the electrical
screen is not connected directly to the external power supply or any other
electrically live point and said capacitor means having a capacitance value.
which presents a low impedance at the frequencies associated with radio -
frequency emissions and a high impedence at the frequency of the external

20 power supply.

16. An electrical drive according to any of Claims 4 to 14, characterised
in that the electronic controller (40;40’) has at least two stages (41,42) of
which a first (41) does not generate high frequency energy and said electrical
25 screen (9’) is connected back to between those stages at a point which is at
the input side of the stage(s) (42) which generate(s) high frequency energy.

16. An electrical drive according to any of Claims 4 to 15, characterised in
that the electrical screen (14) is an electrically conductive layer {20) of a

30 laminated construction comprising a layer of electrically conductive material

I " This Shet Has Been R Replaced
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frequency energ

: n electrical drive according to a |
to 11, .char acterRﬁ@ﬂA{‘ﬁlmﬂtS m Iel:tri cal | \sfcreen (1|4) igs an BFPQCFMT@-IE%T

electrically copd
thereof a layer{o

ct teriafj paving adjacent at | easf
%\‘%IE[F nmaterial (21), said electr cTé'I‘S §ﬂEE‘enAQeEg

conducti ve | aye %AU) Ot A ed construction conprising a Iayer of

positioned at |
PCT/ GB95/ 00442
structure (24). I3 Al ot L

abtein 1763 REPLACED
7 part betvveen t

al dri98 according to any of Jainms 3 to

12, characterised in that the electrical screen conprises a controller

screen (54;

10

15

20

25

61; 75) provided in proximty to the high
having adjacent at least one surface thereof a layer of insulating material (21),

said electrical screen being positioned at least in part between the motor
windings (23) and associated motor structure (24).

17. An electrical drive according to any of Claims 4 to 16, characterised in
that the electrical screen comprises a controller screen (54;61; 75) provided
in proximity to the high speed switching means to receive radio frequency
energy generated by said switching means, said controller screen being

connected (56) to the input side of said switching means.

18. An electrical drive according to Claim 17, characterised in that said
controller screen is positioned between earth and terminals of the high speed

switching means.

19. An electrical drive according to Claim 17 or Claim 18, characterised in
that the high speed switching means is mounted on a heat sink (52;64;71) and
the controller screen (54; 61; 75) lies interposed between said high speed
switching means and heat sink to provide a physical barrier to the direct
transmission of radio frequency energy from the high speed switching means

to the heat sink.

20. An electrical drive accoding to any of Claims 17 to 19, characterised in

-that the controller screen substantially wholly contains the high speed

switching means.

* C L ] s *
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5 speed swi tchi ng meggspt O Yoy § o frequency energy g ted by
said sw tchi ng neans, sa ‘«Lfijﬁ qZ'rg‘ﬂﬁlﬁ n bei ng connect ed (SS&FPE-&EMENT SHEFT

i nput side of said switchi hg neans. 14. n electrical drive according to
C aim 13, characterised |nfti2at SERiMgggontrjol [ er screen i s positioned
between earth and term nhlp of the high]|sdeed sw tchi ngr™r Q_15. An

electrical drive according to Oarm13-or |[Caim 14, chg
t he hi gh speed sw tching ans is mountedjon a heat si
the controller screen (54; 61; 75) lies t er posed bet wee
swi tching neans and heat sink to provide a physical barrier t
transm ssion of radio frequency energy fromthe high speed 15 swi tching

means to the Btat Ahrdlecttic. motdnc@hpasihgaAbtsH WIRIIRES P23 WhidIP i edkh of
Clains 13 to 15 aracteris e control |l er scréen Substantially

c | i That Th
whol Iy cont ai ?\?“frﬁgt\ﬁp ﬁ'%ﬁéig) ARt A the metor structure; charagigrisedn ri ¢

h | ' ii j [ 4 24,27
posi ti onot? beresshe e \indihos BfF £ Bande Tl B6lh idlacteTgBL bV it e ()

of the notor.non-earthed electrical screen (14; 24, 27).
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18. An el ectrla..nm.m.L_amQ.Ld.L.nglhto Claim 17, characterised in that i_ |
wi ndi ngs (23) |IRH’]}A€EME}QT SHEBTYral ity of siots (19) in a paREPEAGEMENT SHEEL -

not Qr “structure tare-eacir-st Lr<5unded WO 95/ 24763

'PCT/ GB95/ 00442 28 by,]% ﬁé%”

10

15

20

ral screen (14; 24,27). 10 15 20

29 | THIS SHEET HAS BEEN
REPLACED

1. A method for the suppression of radio frequency emissions from an
electrical drive {10) of the kind comprising an electronic controlier
(12;40;40';102) comprising high speed switching means which generates
high frequency energy and an electric motor (11;43;43°;101) to which
power from a source of electrical power is supplied via said electronic
controller, said method comprising providing an electrical screen (9;9’;
14,15,16;54,61,;75;101’,102°,103’) toreceive radio frequency energy which,
in use, is emitted from at least a part of the electrical drive, '
characterised in that said method comprises electrically connecting said
electrical screen back to a non-earthed position at the input side of Said

switching means.

2. A method according to Claim 1, characterised in that use is made of an
electrical screen (9;9’) which at the least, substantially wholly surrounds a part
of the electric motor (11;43;43’) from which, in use, radio'frequency energy
is emitted.

3. A method according to Claim 1 or Claim 2, characterised in that said
method comprises electrically connecting said electrical screen back to a
position which serves for the supply of electrical power to the switching
means.

—_—
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-29- 1. A neth B ion of radio frequency em ssions from
an electrlcal driv ﬂggséciﬁﬁENﬁgk “conprising an electronic contrall et
(12;. 40; 40" ; 102) {cdnpri si ng hi gh} sheed swit ching means mhlch ﬁﬁ@géFSé”“
hi gh frequency enedgy ahg AUE Wiogctfik notor (11; 43; 43'; 101) to which
power from a sourgelof electrical|ppwer is supplied V|a sald electronlc
controller, said ele | ler conprising p for
the supply of elec{rical power to an}inp side of sjardISSHEETHIAY BRFENNE, at
| east one of said positions being a non-eatthed p03|t|on RERBAGEPd net hod
conprising providing an electrical screen (9; 9'; 1 10, b4, b1, /5;
101", 102", 103') to receive radio frequency energy mhlch In use, is
emtted from at. | efrs elestricaltdrivie t1 asireprisingain elecironiceantotiern (10 0hat

d met hod | ect || i d t
To sald non- cal A ePRBGrMaTIOR SPpHL SHIRTING Mibem S EhFerler St P HEREy
A method agcorghdig tQn@laﬁléléémcqhafo%qhqr4sex3'+m1)hﬁiwmh péwerdforaifa source

el ectrical screen Y which at the |east, substantially wholly surrounds
a part of the qﬂejectrlqaélpomrds supplied via said electronic controller, characterised in

that in use, radio frequency energy which is emitted from at least a part of the
electrical drive is received by an electrical screen (9;9';14,15,16; 54; 61; 75;
101’102’103’) which is connected back to a non-earthed position at the input

10 side of said switching means.

5. An electrical drive according to Claim 4, characterised in that at least the
electric motor (11;43;43’; 101) and any controller output cable (30; 103) or
like interconnection means provided between the electronic controller and the

15 electric motor is devoid of an earthed screen.

6. An electrical drive according to Claim 4 or Claim 5, characterised in that
the electrical screen is connected to a position at the input side of the
switching means that serves for the supply of electrical power to the switching

20 means.

7. An electrical drive according to any of Claims 4 to 6, characterised
in that the supply has a separate earth connection which is not connected to
a pole of the power supply to the electrical drive.

Tl
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(11; 43; 43") fromwhich, in use, radio frequency energy S emtted 3

An el ectrical dri pe=t+83- an electronic controller PLAQE
102). conprising h mE?{ ik ‘M means whi ch generates hi gh frequ“gé'%sHEET

energy, an electrgc Screen (9; 14, 15, 16; 54, 61; 75; 101' 102
103") to receive fadi o4 §r@pie9Ty Enprgy which, in use,is-enitted fromat
| east a part of tQelelectrical drjvpe, and an electric stitdi HA3 .sEER
101) to which powar 0

\ el ec%{i cal power || s supppLagey 2 saiid
electronic controlll er, said electropic controller co '

whi ch serve for the~sSuUppry of electrical power to an input side of said
swi tching neans and at | east one of said positions being a non-earthed
posi ti on, char&ct eAnselgctrical fivesagaprdingcto any of Slaises, 41 7ocharpgterised irs;

54; 61; 75; 1Q

at the input 5'1}'353‘8% eé%qqﬁcé\/\#f@%ﬁﬁggﬁeﬁ's&%% E’]O‘Jeﬁﬁ“oel Qgﬁﬁé r}ﬁgtl(;\:/}Ce§;§'mdr‘()n
accordi ng 0 Cisahst donfibétedciocéarded in that at |[east the electric notor
(11; 43; 43'; 101) and any controller output cable ((30; 103) or Ilike

i nter connect [ on neans pr ovi ded between the electronic controller and the
electric motorgls Aqv@eltidal Hive according to Claim 8, characterised in that the

electrical screen comprises a conventional part (24; 61) of the structure of

the electrical drive.

10 _
10.  An electrical drive according to Claims 4 to 9, characterised in that
the electrical screen comprises a member (14, 15, 16; 27) which is additional

to the structure of a conventional electrical drive.

15 11. An electrical drive according to any of Claims 4 to 10, characterised
in that, at the least, said electrical screen (9,9’) substantially wholly surrounds
at least a part of the electrical motor (11, 43, 43’) from which, in use, radio

frequency energy is emitted.

20 12. An electrical drive according to any of Claims 4 to 11, characterised
in that the electrical motor incorporates an electrical screen comprised by at
least one of the frame, stator (24) and rotor components of the motor and
arranged to receive radio frequency energy emitted by electrical windings of

said motor.

R
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S

“ectrical drive according to g@tﬂ(\eﬂ%\ﬁf-s“gg‘[

eart hed screen. g A(;FME‘?
Claim .4 character ik &{r ectrical screen is connecte

position at the inputl side of the tching nmeans that serves for the
supply of electrical{poh@AlUGologhe swW tchi ng nmeans. 6. An el ectri cal
drive according tojapy of Clains J tjo 5 characterised i s
has a separate ear}h connactromwi gh i s not connected ;.JH&S EHE%THﬁStE'E@yN

power supply to the_electrical drivg. 7 An el ectri qal dr REELALEDY di ng
to any of Clains 3 to 6, characteri sed :?% that the electrical screen TS
conprised by a part of the electric notor which is not connected to earth.

13. An electrical drive according to any of Claims 4 to 12, characterised in

that it comprises interconnection means {103) for the transmission of power
5 from the controller {102) to the motor (101), each of the interconnection

means, controller, and motor being provided with a screen (103’, 102’, 101’)

to receive radio frequency energy emitted by at least a part of the respective

interconnection means, controller and motor and each of said screens (103’,

102’, 101’) being connected to the input side of the high speed switching
10 means.

14. An electrical drive according to any of Claims 4 to 13, charécte.rised
in that capacitor means (31; 45’; 81) is provided between said electrical
screen and the electronic controller or an external power supply to said

15 controller, said capacitor means being arranged to ensure that the electrical
screen is not connected directly to the external power supply or any other
electrically live point and said capacitor means having a capacitance value
which presents a low impedance at the frequencies associated with radio
frequency emissions and a high impedence at the frequency of the external

20 power supply. | '

15. An electrical drive according to any of Claims 4 to 14, characterised
in that the electronic controller (40;40°) has at least two stages (41,42) of
which a first (41) does not generate high frequency energy and said electrical
25 screen (9') is connected back to between those stages at a point which is at
the input side of the stage(s) (42) which generate(s) high frequency energy.

16. An electrical drive according to any of Claims 4 to 15, characterised in
that the electrical screen (14) is an electrically conductive layer (20) of a

30 laminated construction comprising a layer of electrically conduétive material
_— . .
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8. An el ectrical drive accordi ng to Claim?7, characteri secﬂEPler'lMaEtN %ﬂEE!'J
el ectrical screen I onal part (24; 61) of the:structure. ...
of the electrical uEl bctrical drive accord.l_nm any “of
Clains 3 to 8 chardc erlsed I n tha he el ectrical screg mgg% [Se
ure

menber (14, 15, 16} 27)4gudi999 apid{tional to the strud
conventional electdigal drive. 10. An el ectrical drivé=eesordlQ~re
of Claims 3 to 9, ¢hdr=ctertsed—mtpat t the |east, said electrica
screen (9, 9') subgtantially wholly urrg nds at Ieast a part of the

el ectrical notor (11, 45, 43" ) tromwhich, in use, radio frequency energy
Is emtted. 11. An el ectrical drive accordi ng to any of ains 3 to 10,
char act er i sed haning2djacent af Ieastmmm‘sume)theraoba meammaﬂaMQmat'eual (21),

omponent s of SeiteSbsficel $hTRert Paingend 9iondd aF tnslh T Bart SeARL sAE riTgy
em tted bysel edhdings! (28) ahidnassoeiatédirfotortstfucture (24).

17.  An electrical drive according to any of Claims 4 to 16, characterised in
that the electrical screen comprises a controller screen (54;61; 75) provided
_in proximity to the high speed switching means to receive radio frequency
10 energy generated by said switching means, said controller screen being

connected (56) to the input side of said switching means.

18. An electrical drive according to Claim 17, characterised in that said
controller screen is positioned between ean.jh and terminals of the high speed
15 switching means.

19. An electrical drive abcording to Claim 17 or Claim 18, characterised in
that the high speed switching means is mounted on a heat sink (5§2;64;71) and
the controller screen (54; 61; 75) lies interposed between said high speed

20 switching means and heat sink to provide a physical barrier to the direct
transmission of radio frequency energy from the high speed switching means
to the heat sink.

20. An electrical drive accoding to any of Claims 17 to 19, characterised in

25 that the controller screen substantially wholly contains the high speed
switching means.
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-31- 12. An electrigcal drive according to any of Clalns 3 to 11,

characterised in tha O ﬂﬁ%ﬂ? ‘erconnecti on neans (103) 8 'TSH
transm ssi on of powe EPL& aray n,s. of | er (102) to the notor (ﬂf %Cﬁt\m
t he interconnection ans, controlle

) and notor being provided with a sald
screen (103, 102", 10{')1BAUGES/velrhdio frequency energy emitted by at
| east a part of the nfegpective intergo

nection nmeans, controller and notor
and each of said scrg¢ens (103, 102", (Mé% bei ng connected to a
non-eart hed positi on \at—t-he—input sid f¥Th

l e ? hi gh speed sw tchi ng neans.
13 e ohectrical drive according ! e b ovi ded bet m\mlunummm' e

screen and the2®l ectrofpgLemnyr ol | er or' an external ‘power csupply td said
controller, said capacitor neans being arranged to ensure that the

el ectrical screen is not ‘tonnected directly to the external power. supply or
any ot her el ectrieatHy—++ve—pornt—and said capacitor nmeans having a

capaC|tance val ue mhlch
is Sheet Has Been RTlaced
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pre“Sent‘s a | ow iTHmE: cﬁf@]&{ftS}Eﬁ’fr equenci es associ ate mg
em ssions and a I%:{Tlpclluence atl t he frequency of tREELAC ﬁgﬁéﬁ

supply. 14. An e&:ctéh{éﬁeﬁgél ve. according to any of Clainms 3 to 13

characterised intthat? ctrpnjc contgol | er
stages (41,42) o ich a first—f4}) doed not geljef Jq
energy and said 9') is connecqe bar
st ages at Nich is at the =R
(42) which= 2 SP} BAK

according {10 Bf%e%n&jc&h i

screen (14

constructi smtqhmgmemsnwhlah Igawatemhlﬁl fecmnenmyaéﬂeygycmdjmélectﬁc mfait@rr (ilal 4han’ ﬂg
Ieasto esurf ce thereof of |nsul atlln rrate(rilal

Iectrlcal SCreen

w ndi ngs (&fm}roﬂ&d s@ﬁﬁ@l‘éb@érﬁé‘ d”o’ﬁir@l'lersédrh&isﬂ{ge p&sgf}ans whlch serve for the supply of

electrical power to an input side of said switching means, at least one of said positions

being a non-earthed position, and said method comprising providing an electrical screen (9:

9’;, 14, 15, 16; 54, 61, 75; 101°, 102’°, 103’) to receive radio frequency energy which. in

use, is emitted from at least a part of the electrical drive,

characterised in that said method comprises electrically connecting said electrical

Screen back to said non-earthed position at the input side of said switching means.

2. A method according to Claim 1, characterised in that use is made of an electrical
screen (9;9°) which at the least, substantially wholly surrounds a part of the electrical motor
(11; 43; 43°) from which, in use, radio frequency energy is emitted.

~

3. An_electrical drive (10) comprising an_electronic controller (12; 40: 40’; 102)

comprising high speed switching means which generates high frequency energy, an
electrical screen (9; 9; 14, 15, 16; 54, 61; 75; 101’ 102’ 103’) to receive radio frequency

_energy which, in usé, is emitted from at least a part of the electrical drive. and an electric

motor (11; 43; 43°; 101) to which power from a source of electrical power is supplied via

said electronic controller, said electronic controller comprising positions which serve for the

supply of electrical power to an input.side of said switching means and at least one of said

positions being a non-earthed position, characterised in that said electrical screen (9: 9’: 14,

15, 16; 54, 61; 75; 101’ 102’ 103’) is connected back to said non-earthed position at the

input side of said switching means.

4. An electrical drive according to Claim_3. characterised in that at least the electric
motor (11; 43; 43’; 101) and any controller output cable (30; 103 or like interconnection
means provided between the electronic controller and the electric motor'is devoid of an

earthed screen.
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d ngi{to any of C ains aracterlsed
rgses a controller &ééhﬁcm T

provi ded in proxi speed switching nmeans to receive radlo
frequency energy wi t chjpng neans, said control Fer screen
bei ng connected ( 6) to sald non- eafft hed "position at the input side of said
swi tchi ng neans. 1% AretectTTT drive according to O aim 16,

characteri ed in at .s control een_i s si tioned between earth
and ternindts oflt ‘HE“HF hod }Seeéﬁ"‘g%ngcm ?éia‘ﬁ’eé-n%r gm 4 &H’f@t"éhsﬂl Wathag the e

accordi ng glectitai deree@ Brcophédtéd i a i ' t
switching neans is nounted on a hea@gloﬁﬁét?%ﬁﬂ%i Smftlgp%r?déﬁhéﬂh%g %eﬂ’
screen (54serees; foyshe supply phielsetpiselepowen cbe Swaphlngmﬁanspeed SWi tchl ng neans
and heat sink to provide a physical barrier to the direct transm ssion of
radio frequency fromthe high speed switching neans to the heat sink. 19.

AR el e(r:]t rigal dAnwiecaicabdfivegcdoediag Yo ity 6F Glaifs 3 € 5 @hdrdctefLAT MGhATthe Sthply
that the

16.~ An electric

has a separate earth connection which is not connected to a pole of the power supply to the

electrical drive.

1. An electrical drive according to any of Claims 3 to 6, characterised in that the

electrical screen is comprised by a part of the electric motor which is not connected to
earth.

8. An electrical drive according to Claim 7, characterised in that the electrical screen

comprises a conventional part (24; 61) of the structure of the electrical drive.

9. An electrical drive according to any of Claims 3 to 8. characterised in that the
electrical screen comprises a member (14, 15, 16; 27) which is additional to the structure

of a conventional electrical drive.

10, An electrical drive according to any of Claims 3 to 9, characterised in that, at the
least, said electrical screen (9, 9°) substantially wholly surrounds at least a part of the

electrical motor (11, 43, 43”) from which, in use, radio frequency energy is emitted.

11.  An electrical drive according to any of Claims 3 to 10, characterised in_that the
electrical motor incorporates an electrical screen comprised by at least one of the frame,
stator (24) and rotor components of the motor and arranged to receive radio frequency

energy emitted by electrical windings of said motor.

(A o




controll er screeny |1y contains the hi

nmeans. 33 havi r;ug styone surface theragﬁmgﬁ?‘ S?"EET
i nsul ating materijal (21) sai d elle¢trical. screen bei ng positioned at | east
in part between tihg myigMAR 1998 ndi fgs (23) _and associ ated nmotor structure
(24). 17. ‘An eledtrical drive ac¢ojding to any of Claims 4 to 16,
characterised injth tc@ql screen conprises a controller screen
(54;61; 75) proviided in proxinity fo the high speed switching neans to
recei ve radio frequency 10 €energy generated by said sw tching neans, said
cont rol | erpscr ee hekfidl CRRACELERI(SR oh9 drheidPy! h iCphlaadidasyl lafing
nmeans. 18— An el ectrical drive accor ing to Raract err sed

t hat sai d comprises interconnection means (103) for the transmission of power from the controller

(102) to the motor (101), each of the interconnection rheans, controller, and motor being
provided with a said screen (103°, 102’, 101’) to receive radio frequency energy emitted

by at least a part of the respective interconnection means, controller and motor and each

of said screens (103°, 102°, 101°) being connected to a non-earthed position at the input

side of the high speed switching means.

13.  An electrical drive according to any of Claims 3 to 12, characterised in that capacitor
means (31; 45’; 81) is provided between said electrical screen and the electronic controller
or an external power supply to said controller, said capacitor means being arranged to
ensure that the electrical screen is not connected directly to the external power supply or
any other electrically live point and said capacitor means having a capacitance value which
presents a low impedance at the frequencies associated with radio frequency emissions and

a high impendence at the frequency of the external power supply.

14.  An electrical drive according to any of Claims 3 to 13, characterised in that the
electronic controller (40; 40°) has at least two stages (41,42) of which a first (41) does not
generate high frequency energy and said electrical screen (9°) is connected back to between

those stages at a non-earthed position which is at the input side of the stage(s) (42) which

generate(s) high frequency energy.

15 An electrical drive according to any of Claims 3 to 14, characterised in that the
electrical screen (14) is an electrically conductive layer (20) of a laminated construction
comprising a layer of electrically conductive material having adjacent at least one surface
thereof a layer of insulating material (21), said electrical screen being positioned at least in

part between the motor windings (23) and associated motor structure (24).
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control l er screen i REPLACEMEND SBEBIden earth and tergg t i gh
speed 15 $wi tching jngans. I97 A @l ¢ctrical drive acﬁéémm@ﬁ‘ngmgr
d ai m 18, char act erji sedniéqu,@q?%t he¢ Wi gh-speed sw tching neans i s nounted

on a heat sink (52;:64;71) and the ¢omtrojd er screen (54; 61; 75) lies

I nt er posed between [s&t ' 20 switching neans and heat sink to

provi de a physical (barrier to the diject transnission of radio frequency

f he hi.gh- - .th i nk ,
cl'ect i catByr oo HERGER G Sy h e By GRS 8 T bRy it e
that the eRrpirical $cedenSconfiftizes blehtadlier 3bredn (§1061; V755 profvadedSin phskimitg o SRERGh

swi tching neans. _ . . . L
speed switching means to receive radio frequency energy generated by said switching

means, said controller screen being connected (56) to said non-earthed position at the input

side of said switching means.

17.  An electrical drive according to Claim 16, characterised in that said controller screen

is positioned between earth and terminals of the high speed switching means.

18.  An electrical drive according to Claim 16 or Claim 17, characterised in that the high
speed switching means is mounted on a heat sink (52; .64; 71) and the controller screen (54;
61; 75) lies interposed between said high speed switching means and heat sink to provide
a physical barrier to the direct transmission of radio frequency from the high speed

switching means to the heat sink.

19.  An electrical drive according to any of Claims 16 to 18, characterised in that the

controller screen substantially wholly contains the high speed switching means.

T



¢ . . . . ,
REPLACEMENT SHEET_34.21- SHEET [ DELETED] ‘This Sheet Has Been Re | aced

|REPLACEMENT

| - REPLACEMENT SHEET
15 APR 1998 0. -
| - - .
1. A-rrettirod™Tor the suppression of radio frequency emissions from an electrical drive

(10) of the kind comprising an electronic controller (12; 40; 40°; 102) comprising high
speed switching means which generates high frequency energy and an electric motor (11;
43; 43°; 101) to which power from a source of electrical power is supplied via said
electronic controller, said electronic controller comprising positions which serve for the.
supply of electrical power to an input side of said switching means, at least one of said
positions being a non-earthed position, and said method comprising providing an electrical
screen (9; 9°; 14, 15, 16; 54, 61; 75; 101°, 102’, 103’) to receive radio frequency energy
which, in use, is emitted from at least a part of the electrical drive, - '
characterised in-that said method comprises electrically connecting said electrical

screen back to said non-earthed position at the input side of said switching means.

2. A method according to Claim 1, characterised in that use is made of an electrical
screen (9;9°) which at the least, substantially wholly surrounds a part of the electrical motor

(11; 43; 43’) from which, in use, radio frequency energy is emitted.

3. An electrical drive (10) comprising an electronic controiler (12; 40; 407; 102)
comprising high speed éwitching means which generates high frequency energy, an
electrical screen (9; 9’; 14, 15, 16; 54, 61; 75; 101’ 102’ 103’) to receive radio fréquency
energy which, in use, is emitted from ét least a part of the electrical drive, and an electric
motor (11; 43; 43°; 101) to which power from a source of electrical power is supplied via
said electronic controller, said electronic controller comprising positions which serve for the
supply of electrical power to an input side of said switching means and at least one of said
-positions being a non-earthed position, characterised in that said electrical screen (9; 9°; 14,
15, 16; 54; 61; 75; 101’ 102’ 103) is connected back to said non-earthed position at the

input side of said switching means.

4. An electrical drive according to Claim 3, characterised in that at least the electric
motor (1 1; 43; 43°; 101) ‘and any controller output cable (30; 103) or like interconnection

meané provided between’ the electronic controller and the electric motor is devoid of an

ear;thed screen.
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