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This invention relates to a method for suppression of the emission of radio frequency

energy from an electrical drive comprising the combination of an electronic controller and

method of the invention.

an electric motor, and to an electrical drive adapted to operate in accordance with the

'I‘he control of operating characteristics such as the speed ‘or torque of an electric

motor commonly is achleved by use of an electronic controller which incorporates a semi-

'conductor or other solid state device arranged to operate in a high speed switching mode.-

An example of an electromc_ controller of this type is a pulse width modulation (PWM)

inverter.

——

Said higli speed switching mode devices.are employed in a range of types of electriéal

drive, é.g. for the control of AC inverter drives with permanent-magnet motors, inddctio_n'-_ ;

-and reluctance motors, servo drives having AC or DC motors and also switched refuctance

motors. By the use of a high speed switching: mode type of controller it i;ﬁossible’ o

- 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.” - - T

The benefit of the flexibility in control of an electric motor which can be achieved by
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an‘ electric notor, and to an electrical drive adapted to operate in
accordance wth the nethod of the invention. The control of
oper ati ng characteristics such. as the speed or torque of an gl rj not or
comonl y i sW&RW241%8d by use of an electronic controller whi W%B)Pﬁ"éf ates
a sem - conductor or other solid state device arranged to operate in a
hi gh speed switching node. An exanple of an electronic controller of this
ype is a pul'se width nodulation (PW) inverter. Sai d hi gh speed
wi t chi nghgogle efey inigls speed swipdhingeehode eledinge devicd Yipess dwevkerCtesulcdh the
generation of high levels of radio frequency energy which potentially can enter the
surrounding environment 'to cause unacceptable disturbance to neighbouring equipment. In
'some cases that disturbance can have potentially dangerous consequences. This has resuited
5 in stringent regulations, such as the Electromagnetic Compatibility Directive 89/336/EEC,
which are now established to ensure that new equipment, and its installation, will not result
in potentially hazardous levels of radio frequency emissions.
The reduction of radio frequency emissions from electrical drives so that they lie
within acceptable limits may be achieved by the use of an electrical filter, bui a suitable filter
10 commonly is unduly expensive or bulky. Also, with an AC power supply the filter causes
some earth leakage current, which presents an electrical safety problem and may cause
pi'qtective devices to operate prématurely. Other conventional techniques such as arranging
‘that circuits liable to generate radio frequency emissions should be deliberately coupled to
~ earth or provided with an earthed screen are either not possible or not effective in pbwer

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

_ electrically separate.

The present invention seeks to provide an improved method for the éupp_rcssion of

radio frequency emissions ﬁqm an electrical drive, and an electrical drive adapted to op'etatc
~ in accordance with the method of the invention.

. 200 - . . In accordance with one of its aépects the present invention provides a method for the -

suppression of radio frequexicy emissions fron_l an electrical drive of the kind comprising an

electronic controlier comprising high speed switching means which generates high frequency - = -~
energy and an electric motor to which power from a source of electrical power is supplied

via said electronic controller, said method comprising providing an electrical screen to
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dcive, e.g. for the control of AC inverter drives w th pernmanent-nmagnet
motors, induction and reluctance notors, servo drives having AC or DC

¢ mptors and al so switched reluctance notors. By the use of a high speed
swi t chi wgp veghesst ype of controller it is possible to achPEHEBIHIMKE S '
desired operating features such as snooth control of the output power or
torque of an electric notor wthout g significant | oss of electrical

ener gy. The benefit of the flexibility in control of an electric

Mot O WA el Ta i TrddfRe Ry UrieYsiPwhih, in use, is emitted from at least a part of the electrical
drive and'electrically connecting said electrical screen back to the input side of said

switching means.

5 The method may comprise use of an electrical screen of a kind which substantially
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 screen which, at the least,

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

10 The invention provides aiso an electrical drive comprising an electronic controlier
gomprising high speed switching means which generates high frequency energy, and an
electrié-__ motor to which power from a source of electrical power is supplied via -said
eié&ubnic controller, wherein, in use, radio frequency energy which is emittgd from at lmst_.
a part of the electrical drive ls received by an electrical screen wiiich is connected back to

5 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

radio frequency energy emitted by the 'eléctronic 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 inmmoﬁws high speed switching means, the motor
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the use of a high speed sw tching node el ectronic device does, however,
result in the generation of high levels of radio frequency energy which

potentially can enter the surroundi ng environnent to cause | e
di st ur banceVP8bYHhbouri ng equi prent. In  sone cases that Jﬁ&f??%g&r@e) can

have potentially dangerous consequences. This has resulted in stringent
regul ations, such as the El ectromagneti c4Conpatibility Directive

89/ 336/ EEC, which are now established to ensure that new equi prent, and

i ts instalbeatg operable|dy actontroled supply qf otlenuticall éngrgya reveived sfromyvihe slegtronicdi o
f requency em ssi ons. The reduction of radio frequency em ssions

f rom el ectgoh@éllerchind \refateriorot dpetation @ the Righvepbd Switshisd ritBhs; andTadid frégueRsy
achi eved by the use of an electrical filter, but a suitable filter

commonl y iﬁe@?%iﬁe@ﬁaﬁ”ﬁitmﬁ hé elB&t ik YnotdY & reldibdl By ard CleBRINET scheRRksbeiabi

Il ter cause
with the motor being fed back to the electronic controller, to the input side of the high speed

5 swicching means.

The electrical screen may be comprised by a conventional part of the electric motor
such as the stator and/or frame and/or rotor, and/or by a conventional part oi’ the electronic
controller, provided that it is practicable and safe for said conventional part not to be
connected to earth. For example, electrical windings may lie in a com.ponem (e.g. a stator

10 . or rotor core) which may be devoid of an intervening screen and that component may be

utilized at least in part as the electrical screen. The electrical screen alternatively may be

. '_'_c'qmprised by an additional member provided within or otherwise operatively associated with

the electrical drive for receiving radio frequency energy from at least a part of said drive.

Thus the electrical scre'én may comprise smmre which serves asa scfeen and also perfomls

15 ‘another function for operation of the electrical drive o it may comprise structure which is
. provided solely to act as said electrical .séreen.

The invention embraces an electrical drive having an electric motor in which one or

more of the conventional parts of the motor and/or one or more additional members provided
20. for a screening function is/are employed either alone or in combination with oné or more
-other of said conv_cm'ional. parts and additional member(s) to provide screening for the

o windings in the motor. |

The invention teaches that the electrical screen is to be connected back to the power
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sonme earth | eakage current, which presents an electrical safety problem and
may cause protective devices to. operate prematurely. QO her conventi onal

" techni ues such as arranging that circuits liable to generate radio

fr equencyO&§R4963 ons shoul d be deliberately coupled to eZCTIERIOYIDbyi ded
with an earthed screen are either not possible or not effective in power
circuits where the earth and the poweg systemare required for safety
reasons to be electrically separate. The present invention seeks

to pr 9!:;@‘5% @the rEBﬁt?ﬁYlféii ortb *aﬁfhdg}é&hxﬁé‘ &%MEF ﬁfé?ﬁiﬂ\t QJl‘ichr R%: An iyl IR Of

em ssi 0 roman electric rrve, and an e trical drive adapted to

d ith th t had pf the | t ,on. I
o cor as ey RERRRE Shcrey eneratiin. d8ictin B soBReeh A BDiR samscngnes e hod
for the

radio frequency current coupled to the screen and returned to the electronic controller or
power supply is prevented from flowing into the 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 teaches furthermore than in an electrical drive comprising an electronic

controller and an.electric motor at: least the electric motor may be devoid of an earthed

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

é'u.ch interconnection means as well as the electric motor (and optionally aiso the electronic
controller) is provided with .a screen arranged such that radio fréquency current can be fe&

(5 back from the screen to the power supply or electronic controller at a point which is at an

‘<~ input side of the high frequency energy generating device in the controller.

. The electrical drive may comprise a plurality of screen sections. The sections may

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

) | .sviritching means; there may be a combination of series and parallel int'erconnections.. One
6:' 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

is Sheet Has Been Reﬂlaced .
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suppressi on of radio frequency em ssions froman electrical drive of the
kind copprising an electronic controller conprising high speed sw tching
means- whi ch generates high frequency energy and an electric ‘H[%F I ‘{4 whi ch
power fronWp %56476e -of electrical power is supplied via sdi 93(99 gn
controller, said nethod conprising providing an el ectrical screen to

3 receive radio frequency energy which,.in use, is emtted fromat |east a
part of the electrical drive and electrically connecting said electrical

screen bagkibfled d1nl extthai HoWer Sdppifttdsaid controller thereby to ensure that the electrical
screen is not connected directly to the external power supply or any other electrically live -

point. The capacitor means may be part of a circuit forming the electronic controller o it

may be external thereof. In either case it serves as blocking means to prevent the screen

5 from attaining a high potential from the power circuit, whilst permitting the free flow of

radio frequency current.

The capacitance value of said capacitor means preferably is selected to result in

presentation of a low impedance at the frequencies assoeiated with radio frequency emissions,

10 but a high impedance at the frequency of the externai power supply. A bleed resistor
 connected to earth may be associated with said capacitor means so that the power-frequency

' mduced potential. ptfesent on the electrical screen is kept small and without-any signiﬁcant

radio frequency current being allowed to flow direct to earth. .

15 ;_I'he 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 suppress:on
of radio frequency emlsslons over a broader range such as from e.g, 9kHz to 2GHz or
above.

The high ‘speed -switchihg_ means may be of a kind which has a switching time

20 typically in the range 50ns to 2us and o-perating'at a s\\}inching frequency in the iange 300[-_!;_ :
to 20kHz. However high speed switching means having a switching time outside that rang'e.,- "
e.g.'a faster 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 or above.
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swi t chi ng neans. The nethod may conprise use of an electrical
screen of a kind which substantially wholly surrounds at |east a part of

*the electrical drive fromwhich, in use, radio frequency r i
enm tt ed WOPP¥H243abl y use is nade of an el ectrical screen \Kﬁ?’gﬁﬁi‘{“{she
| east, substantially wholly surrounds at |east a part of the electric
not or . The invention proviges also an electrical drive conprising
an electronic controller conprising high speed switching neans which

gener at es Th@highfrquenty\energgenerardbyahe highapéedi swiwhingrmeans wypicdilypaiter from
a source of electrical power is supplied via said electronic controller,
wher ep@ ap b ¥rétBacy Bighsr thaf Ghe Reudies idNecahily dnd SnBitiddaRlyl deherdteatby @RSt

circuit design of the electronic controller and that higher frequency may fall within a wide

frequency range that includes radio frequencies. The high frequency energy may arise ata

5 frequency which is a harmonic of the switching frequency of the high speed switching means,

e.g. because of a non-sinusoidal variation of voltage and current.

The electronic controller may be of a kind having an intermediate frequency stage,

which may, for example, be a DC stage.

10
In the case of an electronic controller having two or more sragee of which a first does
. not generate high ftequen_cy energy, the screen may be connected back to a point which is
between those stages and is at the input side of the stage(s) which generate high frequency
_ CWEY .“
E

Pa:ticnlarly if a motor frame is not available for useas at leasta part of the eieetrieal
screen, for example because tt needs to be connected to earth, the screen may comprise an.
electrigal]j; conductive layer incorporated between and insulated electrically from the motor
windings and at least some of the associated motor structure such as a frame, stator core, or

* rotor part of the motor relfative to which said motor windings are located. 'I‘hereby, in -
accordance with the present invention, couplmg of’ radto frequency energy from the motor
~ windings to the,motor frame (e.g. an wthed frame) is suppressed signifi cantly in compansqn '

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

location. //

i



a part of the electrical drive is received by an electrical screen which is
connected back to the input side of said sw tching neans.

Preferably gai ctrical screen, connected back to the inp | 'ogjz-_,sai d
swi t chi ng %rr@da%éz?l’@er-ves at the least to receive radio frequgzr:{lgyé/hgsﬁoergy

which is enmitted by at least a part of the electric notor. Qptionally, but
nore preferably, it may serve also to rec&ive radio frequency energy
emtted by the electronic controller. . In at | east this aspect the
present invent i B¢ ¢lesiricyl sceegn baeveena metonwinding and,pars f therglesric matormay he
the formof a systemin which there is a two-way interaction between an

el ectric of a laminated construction. It may comprise a layer of electrically conductive material

sandwiched between two layers of insulating material.

5 As considered in transverse cross-section in a plane perpendicular 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

10 may be electrically interconnected for example by virtue of at least a part of each screen
extending lengthwise out pf a slot end so that a bared part of one screen is in electrically

':'_'g_onductive contact with a bared part of another screen. The need to provide a wire

interconnection thereby may be avoided.

15 - ~ 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 surrounded by

a screen of, for example, a slei_:ve-like form;' the sleeve may be fabricated from laminated
) 20 materiai comprising an electrically cﬁnductiVe layer arranged adjacent a layer of insulat'ing'
‘material or sandwiched" between- two layers of insulaiiﬁg material. '__Altemativel'y, the
‘windings may be screened by an exist,ing- part of the motor structure '-and an additional -
@ember. 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,
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fmeans, the notor
‘being operable by a controlled supply of electrical energyrEgesioysd from

the el eMYEH3 controller and related to operation of the high speed

swi t ching means, and radio frequency energy emtted fromw thin the
el ectric notor and received by an elgctrical screen associated wth
not or being fed back to the electronfc controller, to the input side

hi gh GRGRTexisills (dval Bhe PRANGE the windings not adjacent the motor slot. That covering

10

screen may be in electrical contact with the stator or rotor core via which it may be
connected back to the input side of the high speed switching 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 to perform a screening function.

From the foregoing it will be understood also that the present invention provides but
is not limited to an electric motor in which an electrical screen is positioned between the
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

invemién, that electrical screen preferably is connected to an electronic controller provided

fof controlling operation of the motor.

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

 may be applied in relation to motors of that type, the invention is not limited in its
"_'j-,'-.'"applimtion to any specific type of AC or DC motor. Thus, it.may be applied, for example,

- to other motors, such as AC pérmamnt magnet motors and reluctance motors.

The invention may be applied to an electric métor 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 separaté earth
connection which is not permitted to be connected to one pole of the sﬁpply at the cquipmgnt,

i.e. the supply at the electrical drive.
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The el ectrical screen may be conprised by a conventional part of the
electric notor such as the stator and/or frane and/or rotor, and/or by a
conventional part of the electronic controller, provided that it is
practi cabl avegsR4gesf e for said conventional part not to be RGHFRISIOY2t o
earth. For exanple, electrical windings may lie in a conponent (e.g. a
stator or rotor core) which may be dev@d of an intervening screen and
that conponent may be utilized at least in part as the electrical screen.

The el ectri cal Ceie%gr&aﬁhﬁ@é aﬁ&,& \pfds¥ntTRVertidn ntdy BumprRe .améle%&oﬁi@;]ﬂoht'trgg@'of
W

menber provide thin or otherw se operativel'y associated wt

of “sai d it iR PREFIcN Bftenfc-bioahEMRRS AR I RFbee FERLgVR®" !

serves as_a screen and ,%so erforps another function for. operation of the
¢ high fpesd e r

el ect ri caf PEPXIAY 4P MHICa e Reanst GEntEalier o regeiyeiragia freguency ¢ o
act as said electrical screen.

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

5 to the input side of said switching means.

It is panipularly preferred that the controller screen is located in .proximity to
terminals of the high speed switching means, e.g. to lie between (any) such terminals and
earth. |

10 )
The high speed switching means may be a solid state device. It may be of a kind
_ mountcd on a heat sink and in that case it is provided by the present invention that a
controller screén shall be interposed between the high speed switching means and the heat
sink. | | '
15
. In the case of an electronic controller of a typem which the ‘high sbeed switching-
means is insulated elqcttically from a heat sink by a layer of insulating mﬁw, tl:e
ci).nt';oller screen may be # layer of elecfriélly conductive material which.is embedded.in that
" layer of insulating maerial or sandwiched beween that layer and an additional layer of
20 insulatirig material. A controller of this type ﬁlay have an electrically conductive housing,_
for the high speed switching means and that housing 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 base plate which is
/ - .

"M



The invention enbraces an electrical drive having an electric notor in
iwhich one or nore of the conventional parts of the notor and/or one or
“‘nore.additional nmenbers provided for a screening function_j npl oyed
ei ther AVQ@9&24863 i n conbi nation with one or nore other o?cg)ﬁ%g}@gﬁz\e/entional
parts and additional nmenber(s) to provide screening for the wndings in
the notor. - The invention tqﬂches that the electrical screen is to
be connected back to the power

electrically insulated internaily from that part of the high spe_ed switching means which
generates radio frequency energy. In that case the éoniroller screen may be comprised by
said base plate. A layer of electrically insulating material may be provided between the base
élate screen and the heat sink. Alternatively the controller screen may be a layer of
b electrically conductive material embedded in a layer of insulating material provided internally
between the base plate and the part of the high speed switching means whic_h, in use,

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

material and an additional layer of insulating material.

i10 The controller screen may be, in the form of a barrier layer which provides a physical
barrier to the direct transmission of radio frequency energy from the high speed switching
mearis 1o the heat sink or, for example, to another and typical.l_y: earthed coﬁipopent.
_-._A'.!tematively the controller gcreen may be of a kind which surrouﬁd's, i.e. substantially |

wholly contains, the high speed switching means.

5
The electronic controller may be of a type in which the high speed switchi.ng means _
is connected directly to a heat sink such that the heat sink may be electrically live. In the
case of ah electronic controller of this type the present invention provides that the high speed |
switching means shall be insulated electrically from the heat sink and that the hgat sink shall

0 be connected to the power input of the switching means in a configuration 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
_//.

Has Been Reﬁaced

il



5 "supply to the controller or to the electronic controller at a point
which is at an input side of the high frequency energy generating device
in‘the controller and that in consequence stray radio frequ el LNt
coupl ed to tWe9¥7&kn and returned to the el-ectronic control?gf 8§ “ﬁomer
supply is prevented fromflowng into the power supply or an earth system
Radi o frequency energy is recircul ated g§firough the controller and the need
for conventional filtering is avoided or at |east reduced. The

' lnvent i on dvaahitpSméans.! MaarGvnAedtionmdy beud thé goiwer drput cerinireal of acontsaliey wirich
el ectronic
employs direct switching from the power line, or one pole of the DC link in the case of an

electronic controller which uses a rectifier followed by an inverter.

5 The connection between the controller screen and electronic controller power input
may be effected via a capacitor the capacitance of which is chosen to present a low
_ ‘ . impedance at the radio frequencies of concern, but a high impedance at thé power supply
| frequency to the electric motor. A resistor may be connected between the controller screen
and earth to prevent a build-up of static potential.
10
One capacitor may be interf:osed between the input side of the high speed switching
means and two or more screen sections which comprise the electrical screen of the electrical
drive, e.g. sections associated w1th one or more of the controller, motor and  any

' mterconncctmg cable, and sxmxlarly, one or more sections of a motor screen section if that

i5 | is ofa_ multi-part form.

Embodiments of the invention will now be described, by way of example only, with

referenoe to the accompanying diagrammatic drawings in which:
20 FIGURE! shows in outine an electrical drive in
‘accordance with a ﬁ;st embodiment of the

present invention;

FIGURE2 isa longitu;!.inal sectional view of the motor of
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controller and an electric notor at |east the electric notor nmay be devoid
jof an earthed screen. The electronic controller simlarly may be devoi d of
‘tan earthed screen. ‘Any interconnection neans, such as a controller output
cabl e, wovysthoed between the electronic controller and t RET/GBFIMIX not Or
atso may be devoid of an earthed screen. Preferably any such

I nterconnection neans as well as the electric notor (and optionally al so
the electronic controller) is provi ddd with a screen arranged such that
radi o frequency current can be fed back fromthe screen to the power
supply or el ectroni cel%’SH‘Eer ller at a point which is at an input side of
the high frequency energy generating device in the controller. The
el ectrical drive may conprise a plurality of screen sections. The sections
may be interconnected in series or parallel for connecting back to the

i nput si de BIGWRE 3ni gis asyimplified section on the line 3-3 of Figure

2
5
FIGURE 4 s a transverse section of stator windings in the
motor of Figure I;
FIGURE §- shows in detaﬂ the electrical screen shown in
o 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
35 : o 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;
) FIGURE 9 illustrates an intérconnection variation. for ‘the.

-electrical drive of Figure I;

FIGURE 10 shows in outline an electricd drive in

accordance with 2 second embodiment of the
. This Sheet Has Been Relplaced




swi't chi ng neans; there nmay be a conbination of series and parall el
Jinterconnections. One or nore of the screen sections may be provided with
a plurality of connections to another part of the screen.

Capaci t or rW@98/2478y be provi ded between said electrical scr EE'H’G&HQ{‘“F%

el'ectronic
controller or an external power supply tg said controller thereby to ensure

that the el ectrical
present invention;

FIGURE 11 shows in outline an electrical drive in
accordance with a third 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

invention;
10
FIGURE 13 shows an electronic controller incorporating the
switching device of Figure 12;
'FIGURES
- 15 -..14 & 15 show alternative switching devices for use in the
| controlier of Figure 13; |
. FIGURE 16 - shows another electronic controller which may
incorporate ﬁe device of Figure :12, Figure 14
20 : | o ngure 15;

FIGURE 17 shows an interconnection variation for the

devices of Figures 12, 14 and 15;

.
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screen is not connected directly to the external power supply or. any other
lectrically live point. The capacitor neans nay be part of a circuit

orm.ng the electronic controller or it may be external thereof. In either -

fase it ve@owmdsks bl ocki ng neans to prevent the screen PCHEBIAYUITI ng a
high potential fromthe power circuit, whilst pernmtting the free flow of
radi o frequency current. P capaC|tance val ue of said capacitor
means preferably is sel ected to resu presentation of a | ow i npedance

at e T BR800 Fuiheili bed gmodrp CQUERGHARA o1 ons; | but 2 hi gh

| npedance at requenc erna ower supply. A bl eed resistor

connected to earth ma 1Pe somb%tded ‘Mtfﬂ-, capamdtor means so that the
pover - f r equency ith another embodiment o emvenuon an

FIGURE 19 shows in outline yet another electrical drive in

-5 accordance with the present invention.

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 controlled by an electronic controlier (12) which may be of a type known per se.

0  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

d&cribed in more detail below.

5 In cd_mrast to a conventional configuration in which, typically, the frame of an electric

" motor is connected directly to earth, and r:suits in a flow of radio frequency curfém 10 earth,
in this cmbodimgnt of the present invention the motor (11) optionally may h_avg a-conncction
to earth i.’or' the purpo#e of ensuring electrical safety, but any-such conncctién does not carry '
radio frequency current. Instead; the motor has, internally of ‘the motor frame, an electrical |

D  screen (9) which is connected (o the electronic controller (li)_ via a connector (13) wl_lereby' L

stray radio frequency current coupled to the screen is returned to controller and is_prevexited

from flowing into the earth system. The connection of connector (13) is-to'thé power input ™™~
to the controller and thus to the input side of a high speed svu)itching device which forms at

least a part of that controller. I ——————
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i nduced potential present on the electrical screen is kept small and

W t hout any significant radio frequency current being allowed to flow
direct to earth,. The invention is believed to be particularly
useful for tWeISAI ession of radio frequency emi ssions in PEEGBEY421 50
kHz to 1GHz but may be enployed for the suppression of radio frequency

em ssions over a broader range such as fﬁpnle.g. 9kHz to 2GHz or above.
The hi gh speed sw tching nmeans may be of a kind which has a switching tine

typically in thge r'ﬁ&&%‘é&“a't&{%“ggﬂh?maﬂ%ﬁ@ﬁ Eiﬁtgﬁs&&rﬁscfﬁ%ﬁscﬁLWhin the

frequency in the range 300Hz speed sw tching neans

2oms. o et BHE R, Wesl Sl e Tmdafig el G 571 SPeet @ o e

(1) . ascreen assembly (14) for the windings (23) located in slots (19) in the stator
5 (24);
(ii) laminated end screens (15) for the ends of the stator core; and

(iii)  conductive winding end-cap screens (16).

The screen assembly (14) (see Figures 4 and 5) comprises sleeve-like formations (18)

10~ which wholly surround the windings (23) in the stator core slots (19) and extend along the

full length of each slot.

~ As most clearly seen in Figure 5, each screen (14) is of a laminated construction
cor;_lpris_ing a layer of an electrically conductive material (20) sandwiched between two f;yem
I5 of insﬁ!ating material (21). This s;reén (14) is used.in _p!ac_e of, rather than additional to,
. . the normal single layer of insulating: xﬁaterial usually _prévided as a lining in stator sloté_.

- E_a"h screen (14). extends lengmﬁise beyond:the ends of a ;espec;ivé slot I.(l9) so that -

. theends of neighbouring screens (14) may be electrically intérconnected_ in the manner shown |

20 in Figure 6. Thus, at the ends ot;_a pair of neighbouring slots (19), outwards of the _s_lot_sz
the neighbouring side wall portions (252, 25b) of tht_a sleeves (14) each have a layer of the e

clectncal insulation material (21) removed to expoée the layer of conductive inatgriai 20). .

An iﬁner insulation layér (21) {i.e. a layer closest to-a winding (23)} is removed from one

(25b) of the pair of neighbouring side walls and an outer insulation layer (21) is removed
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opeérate at a higher frequency such as in the order of 25kHz or up to 100kHz _

.oy above. : ) 4 switohi 7 . TPF
i gh frequency_energy generated by the high speed swtchi pically
111 be 9955%1"?3equency hi gher than the frequency inheren?gﬁ%’ﬂ&“sy

iintentionally generated by the circuit design of the electronic controller
nd that higher frequency may fall wthin a wide frequency range that

iincl udes radi o frequencies. The high frequency energy may arise at a

fir equenfymvhié 6thet Side WY (P5B) 6f Bk palte Piist WHeAGhd baed SeYwall ehdsCarbitoilles Pee
swi t chi ng neans,
T flat against an end face (26) of the stator core there results, at that end face, a sandwich
arrangement of two layers of conductive material (20) in direct contact and laying between

an insulating layer (21) of one side wall (25a) and an insulating layer (21) of the other side

5 wall (25b) of the neighbouring pair.

Figure 7 shows 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) méy have an electrical
screen constructed as 'described above with reference to Figure 5. Depending on insulation

10 requirements the layer of conducting material (20) may be placed on one surface of the plate

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

- Each conductive winding end-cap screen (16) (see Figures 2 and 3) also may be

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

15 insulation requirements the conducting film may be placed on one surface of the cap or may
. _.be.inmmommd-# an internal layer. The end-cap 'screet._:_s (16) provide screening between

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

In the aforedescribed construction each of the screen sections is cﬁmpris'ed by a’

20 component which is either additional to the standard, conventional compdnents of the motor,
or is a substitute coftlpénent,. as in the case of the screen assemblies (14) for the windings -

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

between the windings and stator core.
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e.d. because of a non-sinusoidal variation of voltage and current.
.The el ectronic controller may be of a kind having an internediate frequency

stage; "which may, for exanple, be a DC stage. of an
el ect roni c WO er havi ng two or nore stages of which a ?ﬁ)g{;&@ﬁ&z not

generate high frequency energy, the screen may be connected back to a point
which is between those stages and is ajgthe input side of the stage(s)
whi ch generate high frequency energy.

In an alternative embodiment, now described with reference to Figure 8, a standard,

conventional part of the motor is used to provide, at least in part, one of the screen sections.

The motor is constructed in 2 manner substantially similar to that of the motor (11) described

above with reference to Figures 1 to 7. However, instead of providing each winding in a

5 stator core slot with 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

10 windings, cbrresponding to the screens (16) of Figure 2. By connecting the stator core back

to the input side of the high speed switching device of the controller (12), the base and side

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

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

respective slot (19) is screened by a strip-like conducting screen (27) arranged with its

15 lpngitudinal 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 controller via the stator core and therefore

all four sides of the windings, as viewed in Figure 8, are screened.

20 If the electronic controller (12) is not positioned ad_jax':ent the electric motor (11), such -
- that an interconnecting cable (30) (see Figure 1) is of a s'ignificant length and liable to emit
radio frequency energy, that interconnecting cable niay be provided with a 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 having the same effect of
25 - increasing radio frequency emission 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 ﬁround

the cable (30) preferably is connectéd 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

30
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Particularly if a notor franme is not available for use as at |east a part
bf the electrical screen, for exanple because it needs to be connected to
part h, *the screen nmay conprise an electrically conductive |ayer -
ncor pomeo psR4best ween and insul ated el ectrically fromt hePﬁE‘ﬁ#m‘W‘%di ngs
hnd at | east sonme of the associated notor structure such as a franme, stator
core, or rotor part of the notor rek tive to which said notor w ndings are
ocated. Thereby, in accordance with the present invention, coupling of
adio(ggpquency energy fromthe notor wndings to the notor franme (e.g. an
@arthe frame) is suppressed significantly in conparison wth a
tonvent i onal configuration devoid of any such electrically conductive |ayer
n that | ocation.

Instead of a direct connection, the electrical screen of the motor (11) and/or any

interconnecting cable (30) may interconnect 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 !he screen
side of the capacitor, to ensure that the power frequency potentihl 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
0 impedance at the frequencies associated with radio frequency emission and a high impedance

at the power frequency.

In a second embodiment of the invention an electronic controller (40) (see Figure 10)
is of a type having an intermediate, DC frequency stage which incorporates a capacitor (45)
bS - (or two -..capacitors arranged in series instead of the single c_:apacitor (45) «if that is more

‘appropriate having regards to relevant consideré.tio‘ns such as, for exampie, voltage ratings).

A first part (41) of the controller acts as a rectifier for a supply (39) and a second part (42)
i compriseS an array of power transistors or other power switching devices which convert the
DC into AC to drive an AC motor (43). The electrical screén 9°) pmvlided, substantially in
) the manner described above, in the motor (43) is connected back to the controller via
connection (44) which, as. illustrated, serves as a DC link between said parts (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
eet Has Been Reﬂlaced
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8 ° The electrical screen between a notor wi nding and part of the electric
nmotor nmay be of a |am nated construction. It may conprise a |ayer of

‘el ectric uctive material . sandw ched between two |
$/00442
i nsul atlfl.g‘)&l f’gﬁgm As considered in transverse cross-section in

a plane perpendicular to the length of a notor w nding, the electrical
screen preferably is arranged to whol I ygsurround that notor w nding. The
wi ndi ng and said screen nmay lie substantially wholly within a slot in the
not or. Tévatrollerd(40pas showaainhFighreal bl Witrhdtively! tivd cdrmectibna(4d) adayrincorpodateer
part of a notor
a capacitor (not shown) in a manner sxmllar to that in which 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 similarly may have é capacitance value chosen to present a low impedance
"5 at the frequencies of radio emissions and a high impedance at the power frequency.
Optionally a bleed resistor (also not shown) may be provided between earth and the screen
side of a capacitor associated with the connection (44), in a manner similar to the provxsmn

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

10 Another variation of the embodiment of Figure 10 is shown in Figure 11. The single
inverter capacitor (45) of Figure 10 is replaced by two capacitors (45°) arranged in series in
me"_t'_:pntroller (40"), and the connection (44’) from the screeﬁ of the motor (43°) leads to

.between those two capacitors (45°). There thereby results. the benefit of the capacitor (31)
| of the Figure 9 arrangeﬁ'_ném but without the need to provide an additional capacitor sqlély

15 - for that purpose.

In addition to providing that a motor screen (9) and optionally also the screen of an'—'
interconnecting cable (30) is connected back to the controller (12, 40) as aforedescribed, the
- controller may comprise a high speed switching device which similarly is screened from earth
20 by a screen, referred to as a controller screen, that is connected to the controller at the input '

side of the high speed switching device.

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

mounted on a base plate (51) which is externally insulated electrically from a heat sink (52)
/
ect Has Been Reﬁaced

"

{




preferably are each surrounded by an el ectrical screen. Screens for the

M ndings in the slots nmay be electrically interconnected for exanpl e by
instue:of at |least a part of each screen extending Ien hwi se %g%} a

51 ot enWOs/24T6dt . a bared part of one screen'is in electr g’é(ﬂ’?f’ nducti ve
contact wth a bared part of another screen. The need to provide a wire

nt er connecti on thereby may be avoi dgd. An end-w ndi ng screen nmay
pe provided for screening of the endW nding fromthe frane and/or from

pt her |ﬁ’§réa§v%lo§15'lemm&rbysﬁgPlg@t?oﬁéaen{sﬁ’lkﬁén layer >(/5:Ré In GEiddce (Wigh TRt OF

M ndi n e slots of r rot or surrounded by
present invention an electrical screen (54) is provxded between the base plate (51) and the

heat sink (52). The controller screen is electrically insulated from the base plate (51) by the

conventional insulation layer (53) and is insulated from the heat sink, which may be earthed,

S by an additional layer (55) of electrical insulation 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) bf the controller.

o
If the high speed switching device is of an internally insulated type in which a
semicbi_x_ductor -(60) is insulated from a base plate (61) by an interposed layer (62) of
el:'ect_rical insulation (see Figure 14), the base plate may be used as the controlier. screen and
an additional layer (63) of élec:r;cal insulation may be provided between to insulate the.
5  controller screen from the heat sink (64).

In another con.struction qf a high speed switching device of an internally ins;zlated type

(see Figure 15) the base plate. (70) may be mounted directly on the heat sink (71) and the
conventional single layer of electrical 'in.sulatioﬁ betwéen-the semiconductor device (72) and

) -the base plate may be replaced by a sandwich-arrangement of two layers (73, 74) of electrical -

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

In the gmbodimems of Figures 14 and 15 tl_:e respective controller screens (61, 75)

may be connected via connector (56) to a power input terminal (57) as aforedescribed with
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a screen of, for exanple, a sleeve-like form the sleeve may be fabricated

fromlam nat ed material conprising an electrically conductive |ayer

ar ranged adj acent a layer of insulating material or sand % ween two
| ayers oVO? #@ﬂﬁ%tl ng material. Alternatively, the windi H&’C‘%E ‘g‘? scr eened

- by an existing part of the notor structure and an additional nenber. The

windings in the slots of a stator, or.totor, may be screened in part by the
structure of the stator or rotor core“and in part by a covering screen,

e 9. Of refdrénce th IPfgurkL{3Mand 13.

The controller may be of a kind as described with reference to Figure 10 and having
a rectifier part (41) followed by an inverter part (42). In that case the respective 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 Figure 16.

The controller screen (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. Figure 17 shows a connection arrangement which incorporates a capacitor (81).
The capacitor (81) lies b‘etween a connection (80) to a controller screen (83) and a connection

(.84)'t._'o the input to a high speed switching device (not shown). The capacitor (81) has a
a.pacxtanoe value selected to present a low impedance at the frequencies assoc:ated with radio
frequency emission and a high impedance at the power frequency. A bleed resistor (82) is

15 connected between the connection (80) and' earth and serves- to prevent a build-up-of static

;" potential.

-Normally'for' electrical safety at least the. frame of 2 motor needs to be mn@wd to

“earth. However, this. is not necessary in cases where it is practicable to provide sufficient

20 electrical insulation around all accessible parts of the motor. In such cases the present
invention teaches that it is not always' necessary to provide the aforedescribed additional
‘screening (14, 15, 16) within the motor and that the motor structure or appropriate parts

such as the stator and/or frame and/or rotor may be connected to the controller so that stray

radio frequency current coupled to that motor structure is fed back to the conu;oller. That
——_—/_’__—__ . . . ‘
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whi ch extends over that part of the w ndings not adjacent the notor slot.
hat covering screen nay be in electrical contact wwth the stator or rotor
ore via which it may be connected back to the input side of. tge\);i gh
peed sWO8%4I6 neans, or it nay be separately connect e§CT 35’_ e | ng
creen may be of a lam nated construction as described herein in respect
f a screen of sleeve-like form and,4t may be retained in position by a

| ot wedge. In a further variation %%e sl ot wedges nay be of electrically

onduc, g}{%ﬁﬁﬁtn?iyi 5 di&@ﬂ.rﬁf&b le 8§ ériés'bﬁggi bfih 9@&@?%@&?@? Bk Feguraingl i on.

romt oregorng 1t w. e un sto SO t e present 1nvention

(911955 il sl ReR, e o PTBh 1 BBl i U EB g o

rremai ni ng structure of the notor, such as the franme or stator or rotor
part of the'notor. In accordance with the aforedescribed aspects of the

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 connected (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 electrical drive (100) of the type in which an electric motor (101)

b _ and an electronic controller (102) are interconnected by a cable (103). The motor, controiler

- and cable are each provided with a respective screen section (101°, 102°, 103°) and the three
| screen sections are interconnected by connector (104) which connects with the power input
sxde (10S) of the ¢:ontrol!erT Typically the motor screen section (101") may comprise a
- plurality of screen componems (e.g. for the windings.i'n core slots:z‘md for end windings) but
5 alternatively it may be comprised by at least the frame structure of the motor. In an -
':::.;:‘-alte_r_native arrangement: it wfll be understood that the com;eétor (104) may. connect to an

intermediate stage in the controller (102).

The degree of suppression of radio frequency emissions attainable by the present
) invention will either avoid the need to provide a filter or will allow use of a much smalier,

and thus cheaper, filter and/or with less earth leakage current, - than hitherto would have been

R
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, that el ectriecal—sereen preferably is connected to an electronic

,f‘fer provided for controlllng operation of the notor. . . Wi | st
5 e AC i nThiscSheay Ha mﬁﬁ e commonly used and the present invention

3 plied motor-s of that type, the invention is not
rimit inits o0 any specific type of AC or DC notor. Thus,
It may be applie for exanple, to other notors, such as Algperygpesdt. 1

magnet notors and rel uctance notors. The invention may be applied
to an electric notor and to an el ectre¢ggimgri ve having an electric notor
of a kind which operates froman AC supply of any nunber of phases, or

from a DE.supRhyelédtiic apgtor Jomprisidity anl élatt phcabeserdédn mmyozhm a
separateearth
between the motor windings and at least some of the remaining
structure of the motor to receive radio frequency energy emitted
by said motor windings, and a non-earthed electrically conductive

5 connection means connected to said electrical screen.

2. An electric motor according to Claim 1, wherein the motor
windings lie in a plurality of slots in a part of the motor
structure .and the motor windings are surrounded in each

10 respective slot by a non-earthed electrical screen.

3. An electric motor according to Claim 2, wherein each said
 slot contains at least one electrical screen which surrounds the

motor windings in that slot.

15
4. An electric motor according to Claim 2 or Claim 3, wherein
¢:}3 the structure of a slot serves as part of an electrical screen
associated with said slot. -
20 5. An electric motor-according to Claim 4, wherein the mouth
region of a slot contains a screen which is in electrically
conductive contact with a side wall of the slot.
6. An electric motor according to any one of the preceding
25 claims, wherein electrical insulation means is provided between

said electrical screen and remaining structure of the motor.
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connecti on

ich is not permtted to be connected to one pole of the supply
at the equj

ment, 1.e. the supply at the electrical drive.

_ he el ectrical drive of the present invention may conprlse an

el ectronifc controller of a kind in which an electrical screen (hereinafter
to as a controller screen) is provided in proxinmty to the high

i tching nmeans of the controller to receive radio frequency energy
ed by said switching neans and wherein said controller screen is

ted . An electric motor according to any one of the preceding
Claims, wherein said electrical screen comprises a lamination of
electrically conductive material sandwiched between two layers

5 of electrically insulating material.
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to the input side of said swtching neans. It is particularly
preferred that the controller screen is located in proximty to termnals
of t'he hwbsa%gd switching neans, e.g. to |lie between (any) such termnals
and earth. The high speed switching neans nmay RCTAGBSI00#2st at e
device. It may be of a kind nounted on a heat sink and in that case it is
provi ded by the present invention thaﬁ controll er screen shall be

i nt erposed between the high speed sw l% ng nmeans and t he heat sink.

2 /10 i
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In the case of an electronic controller of a type in which the high speed
swtching neans is insulated electrically froma heat sink by a | ayer of
“insulating material, the controller screen may be a | ayer (849 @L&gtri cally
conductwoasizatedri al which is enbedded in that |[|ayer of L 'ng materi al
or sandw ched between that | ayer and an additional |ayer of insulating
material. A controller of this type 4@ have an electrically conductive
housing for the high speed switchi ans and that housing may be
connected to a term nal suchee X~\Qput term nal of the controller.
The hi gh speed switchi ng e having a base plate which
© \
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electrically insulated internally fromthat part of the high speed

swi tchi ng neans which generates radio frequency energy. In that case the
controll efv shsRY may be conprised by said base plate. A | ayer of

el ectrica Py nsul ating material may be provided between POCF/ERISB044p| at e
screen and the heat sink. Alternatively the controller screen may be a

| ayer of electrical I{ conductive mat 'Sal enbgdded in a | ayer of
insulating material p i ded i nternal 3;’ bet hée base plate and the
part of the hi'gh speed swmighing neans whichf i e, generates radio

frequency energy or }i_t Y uﬁil_ayer of insulating
6 ..
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material and an additional |ayer -of insulating material. The
controller screen may be, in the formof a barrier |layer which provides a
physi cal 'waggléjﬁg to the direct transmni ssion of radio frequency energy from
the high spéed 'switching neans to the heat sink or, for @<AGRIFO04

anot her and typically earthed conponent. Alternatively the controller

screen may be of a kind which surrounds, i.e. substantially wholly
contains, the high speed smﬁtching_neaﬂﬁa The el ectronic
controller may be of a type in which the”high speed switching neans is

connected directly to a heat sink such th&t t he heat sink may be
o controller of this type
oA

electrically live. In the case of an ele
the present invention prauyj |

ed

31

Fig. 9
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swi t chi ng neans shal
t he heat sink shal

be insulated el ectrically fromthe heat sink and that
be connected to the power

i nput of the switchi'ng neans
sink acts as a con een.

“in a configuration in which the heat

The prewsn¥si24¥6denti on further teaches that the controller screen 1s to be

connected to
I nput side of the high speed
12

5/8

the electronic controller at a position which is on the power
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swi tching neans. That connection nmay be to the power input termnal of a
controller which enploys direct switching fromthe power |ine, or ‘one pole
“of the.DC link in the case of an electronic controller ly&lég% S5 2
rectifiwodsedtédwed by an inverter. -The connectio ween t he
controller screen and el ectronic controller power input may be effected
via a capacitor the capacitance of W%h I's chosen to present a | ow

| npedance at the radi o frequencies onc%%S but a high inpedance at the
power supply. frequency to the electric A resistor may be connected

bet ween the -controll er scredgn and eart[p/ro revgfjt a build-up of static

potenti al . _ 53
?6\ 1;54

~55

Fig.12
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One capacitor. may be interposed between the input side of the high speed
switching means and two or nore screen sections which conprise the’

el ectriccal screen of ‘the-electrical drive, e.g. section (%g £d with
one or WP852#16x he controller, notor and any int erconne?ﬁng cabl e, and
simlarly, one or nore sections of a notor screen section if that is of a
multi-part form - Enbodi me\rzlt/aof the invention wll now be

descri bed, by way of exanple only, W re';(.zJence to the acconpanyi ng

t
di agrammati c .drawings i n whi ch: -IGURE 1 shows in outline an
electrical drive i l/ acepgdance with a first
enbodi ment of th::Z\ ~_—75

—%
i"?O
il
Fig.15
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present invention; FI GURE 2 s a longitudinal sectional view of
t he not or of ' 13

+ Figure 1; FI GURE 3 is a sinplified section on the péfigpssodaafl Fi gure

WO 95124763
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2, . FIGURE 4 is a transverse section of stator windi Ngs in theqmmps T’

. motor of Fi gure 1; FIGURE 5 shows in detail the electrical screen
shown in | . Fligure 4: ELGURE 6 is a section on the line 6-6
of Figurg 4; i?gEPLACEMENT SHEETS = SG ' : '
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N OF RADI N ISSION

This invention relates to a method for suppression of the emission of radio 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.

The control of opcrating charactgrisﬁcs such as the speed or torque of an electric'
motor commonly is achieved by use of an electronic controller which incorporates a semi-
cbnductor or other solid state device arrénged to operate in a high speed switching mode.
An example of an electronic controller of this type is a pulse width modulation (PWM)

inverter.

Said high speed switching mode devices are employed in a range of types of electrical
drive, e.g. fo__f the control of AC inverter drives with permanenbmaghet motors, induction
and reluctance motors, servo drives having AC or DC motors and also switched reluctance
motors. By the use of a high speed switching mode type of controller it is possible 10
achieve various desu'ed operatmg features such as smooth control of the output power or

torque of an electric motor without a significant loss of elcctncal energy.

The benefit of the flexibility in control of an electric motor which can be achieved by
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-FIIGURE 7 is a view of a detail of t'he end df t he stator core

- part of the nmotor of Figure 1; FIGURE 8  illustrates a variation of one
of the screen sections of the enbodi ment of Figures 1 - 7;
FI GURE 9 i I'lustrates an interconnection variation for the
el ectrical drive of Figure 1, FI GURE 13 shows in outline an el ectrical
ive i . ., accard with a second enbodj nent of the .
drive |.n. the use of a high speed sxg{t]c(il?ng mode elcctron?c device Joes, ;lowever, result in the

generation of high levels of radio frétjuency energy which potentially can enter the
surrounding environment to cause unécécptable disturbance to r;eighbouriﬁg equipment. In
some cases that disturbance can have potemiélly dangerous conscquénces. This has resulted
in stringent regulations, such as the Electromagnetic Compatibility Dirﬁctive 89/336/EEC,
which are now established to ensure that new. equipment, and its installation, will not result
in potentially hazardous levels of radio frequency emissions.

The reduction of radio frequency emissions from electrical drives so that they lie
within Iacceptablc limits may be achieved by the use of an electrical filter, but a suitable ﬁlter_
commonly is unduly expensive or bulky. Also, with an AC power supply the filter causes
some earth leakage current, which presents én electrical safety problem and may cause
protective devices to operate prematurely. Other conventional techniques such as arranging
that circuits liabie to generate radio fréquency emissions should be deliberately coupled to
earth or provided with an earthed screen are either not possible or n;t effective in power
Circuits \;vhere the .eanh_ and the power system are required for safety reasons to be
electrically separate.

The present invention seeks to provide an improved method for the suppression of
radio frequency emissions from an electrical drive, and an electrical drive adapted to operate
in accordancc“: .with the method of the invention. | -

In accordance with one of its aspects the present invention provides a meﬂxod for the
suppression of radio frequency emissions from an electrical drive of the kind comprising an
electronic controller comprising high speed switching means 3hich generates high frequency
energy and an electric motor to which pov?er from a source of electrical power is suppli-ed

via said electronic controller, said method comprising providing an electrical screen to
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14 _ o _ pr esent i nventi on:. 'FI GQURE 11 shows in outline an
_ el ectri cfal drive in ' - accordance with - a third enbodi nent of the
present. i.nventi on; ' _ :

3.
receive radio frequency energy which, in use, is emitted from at least a part of the electrical

drive and electrically connecting said electrical screen back to the input side of said

switching means.

The method may comprise use of an electrical screen of a kind which substantially
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 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 controiler
comprising high speed switching means which generates high frequency energy, and an
electric motor to which power from a source of electrical ﬁower 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

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

radio frequency energy emitted by the 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
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'FI GURE 12 shows part of a hi gh speed swi tching device for -

use in an electrical drive of the present. _ i nventi on;
FI GURE 13 shows an el ectronic controll-er incorporating the .
swi tching device of Figure 12; Fl GURES4 14 & 15 show al ternative

swi tching devices for use in the controller of Figure 13;

being operable by a controlled supply bf electrical energy received from the electroniq
controller and related to operation of the high speed switching means, and radio frequency |

~ energy emitted from within the electric motor and recéived by an electrical screen associated
with the motor being fed back to the elcctrénic controller, to the input side of the high speed
switching means.

The electrical screen may be comprised by a conventional part of the electric motor
such as the stator and/or frame and/or rotor, and/or by a conventional part of the electronic
controller, provided that it is practicable and safe for said coxivemional part not to be
connected to earth. For example, elcﬁm’cal windings may lie in a component (e.g. 2 stator
or rotor core) which may be devoid of an intervening screen and that component may be
utilized at least in part as the electrical screen. The electrical screen alternatively may be
comprised by an additional member proVided \;vithin or otherwise operatively associated with
the elwuiél drive for receiving radio frequency energy from at leasi a part of said drive.
Thus the electrical screen may comprise strﬁcmre which serves as a screcn' and also performs
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 conventional parts of the motor and/or one or more additional members provided
for a screening function is/are employed 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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FI GURE 16 shows anot her el ectronic-controller which may
tncorporate the device of Figure 12, Figure 14 - or Figure 15;
FI GURE 17 shows an.interconnection variation for the _ devi ces
of Figures 12, 14 and 15;

b

supplﬁ to the controller or to the electronic controller at a point which is at an input side of
t.he. high frequency energy generating device in the coquoller And that in conseqhence stray
radio frequency current coupled to the screen and returned to the electronic controller or
power supply is prevented from. flowing into the power supply or an earth system. Radio
frequency energy is recirculated Lhrbugh the controller and the need fbr conventional filtering

is avoided or at least reduced.

The invention teaches furthermore than in an electrical drive compriﬁing an electronic
controller and an electric motor at least the electric motor may be devoid of an earthed
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 also the electronic
controller) is provided with a screen amﬁged such that radio frequenéy current can be fed
back from. the screen to the power supply or electronic controller at a point which is at an

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

The electrical drive may comprise a plurality of screen sections. The section-s.may
be interconn;tc_:ted in series of parallel for cdnnecting back to the input side of the high speed
switching means; there may be a combination of series and parallel interconnections. One
or 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

This is'the replacement sheet

Date:



FI GURE 18 shows part of an el ectrical drive in accordance

wi th anot her enbodi nent of the invention; and ' "FI GURE 19-shows in
outline yet another electrical drive in _ - accordance
with the present invention. . An electrical drive (10) (see Figure

1) conprises, in the exanple of this enbgdi ment of the invention, a

t hr ee- phase AC induction nmotor (11) having a rotor (22) the speed of which

i s cont roldofigolid ctan@xeehdl power eupply o said cériilentticcdbyrtayensuse diat she slpeiriralown

per se. The controller (12) is connected to an external three-phase power

supply (17kreen is not connected directly to the external power supply or any other elecrtrically live
point. The capacitor means may be part of a éircuit forming the electronic controller or it
may be external thereof. In either' case it serves as blocking means to prevent the screen
from attaining a high potential from the power circuit, whilst permitting the free flow of

radio frequency current.

The capacitance value of said capacitor means preferably is selected to result in
presentation of a low impedance at the frequencies associated with radio frequency emissions,
but a high impedance at the frequency of the external power supply. A bleed resistor
connected to earth may be associated with said capacitor means so that the power-frequency
induced potential present on the electrical screen .is kept small and without any signiﬁmnt

radio frequency current being allowed to flow direct to earth.

The invention i§ believed .to be particularly useful for the suppression of radio
frequency emissions in the range 150 kHz 1o 1GHz but may be employed for the suppression
of radio frequency emissions over a broader range such as from e.g. 9kHz to 2GHz or
above. - -

The hi.gh speed switching means may be of a kind which has a switching time
typically in the range 50ns to 2us and operating at a su}itching fréquency in the range 300Hz
10 20kHz. However high speed switching n:wxs having a switching time outside that range,

"_e.g. a faster speed of down 1o 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 or above.
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-The potor (11) is of a special construction which incorporates an

el ectrical-screen described in nore detail bel ow. In contrast to
a conventional configuration in which, typically, the frame of an electric
notor is connected directly to earth, and results in a flow of radio
frequency current to earth, in this enbgdinment of the present invention
~the nmotor (11) optionally may have a connection to earth for the purpose

of ensuring -el erertiigafrequhey snergyigeneratedsby thehiginspeed switchisg means typicaljy will
radio frequency current. Instead, the notor has, internally of the notor

frame, an @l i&% fef@incy HigHRe thdrdthe Wiédulné s inheretlyt £ infentiofally geriersed by the
controller (12) vifa a” connector (13) whereby
circuit design of the electronic controller and that higher frequency may fall within a wide
frequency range that includes radio frequencies. The high frequency energy may arise at a

frequency which is a harmoriic of the switching frequency of the high speed switching means,

e.g. because of a non-sinusoidal variation of voltage and current.

The electronic controller may be of a kind having an intermediate frequency stage,

which may, for example, be aDC stage.

In the case of an electronic controller having two or more stages of which a first does
not generate high frequency enérgy, the screen may be cornected back toa point which is
between those stages and is at the input side of the stage(s) which generate high frequency

energy.

Particularly if a motor frahxe is nbt available for use as at least a part of the electrical
screen, for example because it needs to be connected to earth, the screen may comprise an
electrically Eonductive layer incorporated between and insulated electrically from the motor
windings and .at least some of-the associated motor structure such as a frame, stator core, or
rotor part of the motor relative to which said motor wiﬁdings are located. Thereby, in
accordance with the present invention, coupling of radio frequency energy from the motor
windings to the motor frame (e.g. an eérthed frame) is suppressed significantly in comparison
with a c;onvemional conﬁgur_ation devoid of any such electrically conductive layer in that

location.
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stray radio frequency current coupled to the screen is.returned to
gontroller and is prevented fromflowng into the earth system The
“connection of connector (13) is to the power input to the.controller and
thus to the knput side of a high speed smntchlng devi-ce which forns at

| east a part of that controller.

16 The not or electrlcal screen I’IS s_three to

sections al |- wi Th¢ A lepirical sepregbefweena 'Péﬂ‘) gag Eﬁté’ﬁ?’ ("rs%é“{:"@ﬁé‘g

bei ng’ .
of a laminated construction. It may compnse a layer of electrically conductive material

sandwiched between two layers of insulating material.

As considered in transverse cross-section in a plane.perpendicular 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. Tﬁe need to provide a wire

interconnection thereby may be avoided.

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

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

Each of the motor windings in th_e_slos of a stator or a rotor may be surrounded by
a screen of,.-fc')r example, a sleeve-like form; the sleeve may be fabricated from laml;ated
material comprising an electrically conductive layer arranged adjacent a layer of insulating
material or sandwiched between two layers of insulating material. Alternatively, the
windings may be séreened 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,
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(1) - | a screen assenbl y (14) for the windi ngs (23) located in slots (19)
In the stator (24); (ii1) Jlamnated end screens (15) for the ends
of the stator core; and (iii) conductive w nding end-cap screens (16).
The screen assenbly (14) (see Figures 4 and 5) conprises sleeve-like
formations (18) . which wholly surround thg windings (23) in the stator core
slots (19) and extend along the full length of each slot. '
which extends over that part of the windings not adjacent the motor slot. That covering
screen may be in ‘electrical contact with the stator or rotor core via which it may be
connected back to the input side of the high speed switching 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 to perform a screening function.
| From the foregoing it will be understood also that the present invention provides but
is not limited to an electric motor in which an electrical screen is positioned between the
| 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 controller provided
for controlling operation of the motor.
Whilst 3-phase AC induction motors are commonly used and the present 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.

-~ -

The invention may be applied to an electric motor and to an electrical drive having
an eleczric motor of a kind which operates fforn an AC supply of any number of phases, or
from a DC supply. It is applicable in anSr situation 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 electrical drive.
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As nost clearly seen i'n Figure 5, each screen-(14) is of a lamnated
construction conprising a layer of an electrically conductive materi al
(20) sandw ched between two |ayers of insulating material (21). This
screen (14) is used.in place of, rather .than additional to, the nornmal
single layer of .insulating material usuallly provided as a lining in stator
~slots. Each screen (14) extends |engthw se beyond the ends of a
respecti ve sl ofTheeiptrical drive of the) presentdnvemtion mayROmArisg an cleswaric conyrolignpfpe
electrically interconnected in the manner shown in Figure 6. Thus, ‘at the
ends of a Fidhd inokhicie ag Blecwicalsgreeh Cheseindfter, refentedac dsa oonttdiler séreem,is provided
~nei ghbouring side wall portions (25a, 25b) of the sleeves (14) each have a

| ayer of tiB?roﬁJnﬁ?% hifehigh @?ééld%‘di@ﬁin &ins I the’dontfolleP uLrbctive 2udio Trequbiy
| ayer of conductive material (20). n inner insulation layer (21) {i.e. a

layer cl 0sggley! Snfraldbl Sfid 6@ ReHing ndaRfMaNE WhkFisSidontroller screen is connected

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 speed switching means, e.g. to lie between (any) such terminals and
earth. |

The high speed switching means may be a solid state device. It may bé of a kind
mounted on a heat sink and in that case it is provided by the present invention that a
controller screen shall be interposed betweén the high speed switching means and the heat

sink.

In the case of an electronic controller of a type in which.the high speed switching
means is insulated electrically from a heat sink by a layer of insulating material, the
controller screen may be a layer of electrically conductivé material which is embedded in that
layer of insuiéting material or sandwiched between that layer and an additional layer of
insulatirig material. A controller of this type may have an electfically conductive housing

for the high speed switching means and that housing may be connected to a terminai such as

a power input terminal of the controller.

The high speed switching means may be of a type having a base plate which is
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(25b) of -the pair of neighbouring side wal | s and an outer insulation |ayer
¢21) is renoved ' : : _ : 17 from
the other side wall (25a) of the pair. Thus, when the bared side wall ends
are folded flat against an end face (26) of the stator core there results,
at that end face, a sandw ch arrangementiof two layers of conductive
material (20) in direct .contact and |aying between an insulating |ayer
(21) of ‘orfeceicdiy vinsulaié®Saprmaly faomi thauipart iofghe djgh speed)switchinge meanovhighye
wal | (25b) of the neighbouring pair. '
generates radio frequency energy. In that case the controller screen may be comprised by
" said base plate. A layer of electrically insulating material méy be provided between the base
" plate screen and the heat sink. Alternatively the comroller screen may be a layer of
"~ electrically conductive material embedded in a layer of insulating material provided internally
‘between the base plate and the part of the high speed switching means which, in use,
generates radio frequency energy or it may be sandwiched between that layer of insulating

material and an additional layer of insulating material.

| The controller screen may be in the form of a barrier layer which provides a physical
barrier to the direct transmission of radio frequency energy from the high speed switching
means to the heat sink or, for example, to another and typically earthed component.
Alternatively the controller screen may be of a kind which surrounds, i.e. .substamially

wholly contains, the high speed switching means.

The electronic controller may be of a iype in which the high speed switching means
is connected directly to a heat sink such that the heat sink may be électrically live. In the
case of an eleftronic controller of this type the present invention provides that the high §geed
switching mez;ns shall be insulated electrically from the heat sink and that the heat sink shall
be connected to the power input of the switching means in a configuration 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
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Figure 7 shows part of one of a pair of screened end-plates (15) each for
providing screening between the stator core and an end-w ndi ng. The plate
(15) may have an electrical screen constructed as descri bed above with
reference to-Figure 5. Depending on insulation requirenents the.layer of
conducting material (20) may be placed dR one surface of the plate or it
may be incorporated in the structure of the plate. ) Each .
conduct i vewikthing mgarsn JThas goRReFHQILMRY b 1 e PPYEiPRY terming ofja conirglicrwhich
constructed substantially as described above with reference to Figure 5.
Dependi ng employs dire¢tawiwhingefoar tkavpower litkee ot onel polei ofthe iDGhlink yin ithe ease ©an on
one surface of the cap or may

electronic controlier which uses a rectifier followed by an inverter.

- The connection between the controller screen and electronic controller ';‘Sower input
may be effected via a capacitor the capacitance of which is chosen to present a low _
impedance at the radio frequencies of concern, but a high impedance at the power supply
frequency to the electric motor. A resistor may be connected between the controller screen

and earth to prevent a build-up of static potential.

One capacitor xﬂay be interposed between the input side of the high speed switching
means and two Or more screen sections which comprise the electrical screen .of the electrical
drive, e.g. sections associated with one or more of the controller, motor and any
interconnecting cable, and similarly, one or more sections of 2 motor screen section if that

is of a multi-part form.

Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying diagrammaﬁc drawings in which:

FIGURE | shows in outline an electrical drive in
accordance with a first embodiment of the

present invention;

'FIGURE 2 s a longitudinal sectional view of the motor of
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be incorporated as an internal Iayer The end- cap screens (16) prOV|de
screeni ng between the end-w ndings and the notor casing (8). I n
t he af oredescribed construction each of the screen sections is conprised .by
a conponent-which is either additional to the standard, conventional
conmponents of the notor, or is a substitufe component, as in the case of
the screen assenblies (14) for the windings (23) and which are provi ded
i nstead "of t'he standard si Figuge b;ayer of i nsul ati ng materl al between the
w ndi ngs and stator core.

FIGURE 3 is a simplified section on the line 3-3 of Figure

2;

FIGURE 4 s a transverse section of stator windings in the

motor of Figure I;

FIGURE 5 shows in detail the electrical screen shown in

Figure 4;

FIGURE 6 is a section on the line 6-6 of Figure 4;
FIGURE 7 isaview _of a detail of the end of the stator core

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;

FIGURE 9 illustrates an imercotmectio_n variation for the

electrical drive of Figure I;

FIGURE 10 shows in outline an electrical drive in

accordance with a second embodiment of the
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In an alternative enbodi ment, now described with reference to Figure 8, a
standard, conventional part of the notor is used to provide, at |east in
part, one of the.screen sections. The notor is constructed in a nmanner
substantially simlar to that of the notor (11) descri bed above with
reference to Figures 1 to 7. However, instBad of providing each wnding in
"a stator core slot with a screen (14) (see Figure 4) of a |am nated and

sl eeve-l'i ke construction, presestiaveniodbre (24) -is enployed to provide a
part of that screen section and conventional insulating material (not
shown) is -provided between the wi ndings and stator core. As in the case of
the notor (11), insulation is provided between the stator core and the

frame, the frane fgpiReally shebd10ir OBGIRECchnt Celedified). dviveceins are al so
provi ded over the end w ndi ngs, corresponding to the screens (16) of Figure

2. By connecting the stator.cq cga?Jﬁhtg hha efbdlintentcofothet Ne hi gh speed
swi tching device of the controller (12), the base and side walls of each

slot (19), as viewed in cr -sect | i.n Figure 8, serve to screen three
si des of each w nding. Theoﬁ%ﬁiﬁﬁ%&aﬂm’al |y inner side of each wi nding (23)

near the nouth of a respective slot (19) is screened by a strip-1like
conducting 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 sl FIGMREd2( zbpws pas @f athigh speed switehing dlgvice ffner from t he
w nding (23). The screen (27) is connected back to the controller via the
stator core and therefore use in an electrical drive of -the present

invention;

FIGURE 13 shows an electronic controller incorporating the

switching device of Figure 12;

FIGURES

14 & 15 show alternative switching devices for use in the

controller of Figure 13;

FIGURE 16 shows another electronic controlier which may
incorporate the device of Figure 12, Figure 14

or Figure 15;

FIGURE 17 shows an interconnection variation for the

-

devices of Figures 12, 14 and 15;
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all four sides of the windings, as. viewed in Figure 8 are screened. _

I the electronic controller (12).is not positioned adjacent the electric

notor (11), such that an interconnecting cable (30) (see Figure 1) is of a
significant léngth and liable to emt radio frequency energy, that

i nt erconnecting cable may be provided with a screen. ‘A connection of that
screen to earth_in a conventional manner would result in the capacitance

bet ween t he- powdGURE d8cishpys pariafancelgfeical drjveaifAccAWanes cen having t he
same effect of increasing radio frequency enission fromthe drive as the
capaci tance between t he rwitlhbanosherc irend of thecinvemion; @adt of the notor. 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 notor is connected. It may connect via the aforedescribed
connector "FIGURE 19 shows in outline yet another electrical drive in 19

accordance with the present invention.

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 controlled by an electronic controller (12) which may be of a type known per se.

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.

In contrast to a conventional configuration in which, typically, the frame of an electric
motor is connected directly to earth, and.resixlts in a flow of radio frequency current to earth,
in this embodiment of the present invention the motor (11) optionally may have a connectién
to .earth for the purpose of ensuring electrical safety, but any such connection does not carry
radio frequency current. lnsx_tead7 the motor has, internally of the motor frﬁme, an electrical
screen (9) which is connected to the elec&_onic controller (12) vfa a connector (13) whereby
stray radio frequency current coupled to ;he screen is returned to controller and is prevented
from flowing into the earth system. The connection of connector (13) is to the power input
10 the controller and thus to the input side of a high speed switching device which forms at

least a part of that controller.

This 1o s -
Thic 1z the repiacement sheet

Date: 1 3 MAR 1898



(13), I nstead of a direct connection, the electrical screen of
the notor (11) and/or any interconnecting cable (30) may interconnect with
the controller (12) through a capacitor. One suitable arrangenent is shown
in Figure 9. A capacitor (31) is incorporated in the connector (13).
‘Optionally a bleed resistor (32) is proviged, in this case between earth
and the screen side of the capacitor, to ensure that the power frequency

~potential presegpe %t&ﬂjﬂe&ﬁéﬁ QBrekeft (9)5EBHprises Hed Moisr RieehRctichs iatil withinaheg

chosen also to ensure that no significant radio frequency current is

connect ed toéﬁ_afg%nr‘l? @t‘?l}cégls&%og; ggepq;léglggﬁggg, .(31) is chosen to present a

| ow i rrpedéﬂ? Ueéncl es ass ith radi o frequency em ssion
and a high inpedance

(i) a screen assembly (14) for the windings (23) located in slots (19) in the stator
(24);
(ii) laminated end screens (15) for the ends of the stator core; and

(iii) conductive winding end-cap screens (16).

The screen assembly (14) (see Figures 4 and 5) comprises sleeve-like formations (18)
which wholly surround the windings (23) in the stator core slots (19) and extend along the

full length of each slot.

~ As most clearly seen in Figure 5, each screen (14) is of a laminated construction
comprising a layer of an electrically conductive material (20) sandwiched between two layers
of insulating material (21). This screen (14) is used in place 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 beyo;ld the énds of a respective slot (19) so that
the ends of neighbouring screens (14) may be elecuically interconnected in the manner shown
in Figure 6. Thus, at the ends of a pair .of neighbouring slbts (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 conductive material (20).
An inner insulation layer (21) {i.e. a layer closest to a wind.ing (23)} is removed from one

(25b) of the pair of neighbouﬁng side walls and an outer insulation layer (21) is removed
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~at the power frequency. I'n a second enbodi nent of -the invention
an elecyrohic controller (40) (see Figure 10) is of a type having an

i nternedi ate, -DC frequency stage which incorporates a capacitor (45) (or
two capacitors arranged in series instead of the single capacitor (45) if
that is nore appropriate having regardsito rel evant considerations such
as, for exanple, voltage ratings). A first part (41) of the controller
‘acts as ' a frone thief other Side wall S258)lof (S Pir.afthus, whemthe haaed sidel vall endsrpra faldedan
array of power -tiansistors or other power sw tching devices which convert

the DC i 1{ap agdindtGndéridv fac@ 26)Cofnhie BtatoriSore théve rebietst rat chealt end rfecen a Sinfwich
provi ded, substantially in the manner described above, in the notor (43)

ki b BrdRErive areEN (DY ih @itekrtbhuathilayaty ber
oM gt o Y YNNI ) h ehaAyg becwecn
an insulating layer (21) of one side wall (25a) and an insulating layer (21) of the other side

" wall (25b) of the neighbouring pair.

Figure 7 shows part of one of 2 péir of screened end-plates (15) each for providing .
scréening between the stator core and an end-winding. The plate (15) may have an electrical
screen constructed as described above with reference to Figure 5. Depending on insulation
requiremems the layer of conducting material (20) may be placed on one surface of the plate

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

Eaéh conductive wihding end-cép screen (16) (see Figures 2 and 3) also may be
constructed substantiaily as described above with reference to Figure S. Depending on
insulation requirements the conducting film may be piaced on one'.surface of the cap or may
be incorporated as an internal layer. Tiae end-cap screens (16) provide screening between

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

In the aforedescribed. construction each of the screen sections is comprised by a
component which is either additional to the standard, conventional components of the motor,
or is a substitute component, as in the case of the screen assemblies (14) for the windings
(23) and which are provided instead of the standard single layer of insulating material

between the windings and stator core.
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“constitutes an I nput si de to the hi gh speédr swit chi ng part (42) :
The connection (44) may. provide a direct connection between the notor (43)

and t he

20 controller

(40) as shovvn in Figure 10. Alternatlvely, t he connection (44) may
incorporate a capacitor (not shown) in ggmanner simlar to that in which
the capacitor (31) of Figure 9 is incorporated in the connection (13) of

Figure 1. A capgGhlafbrrativé &ﬂHGdiﬂlehtn nbWadeséribedovitipreference to Figure 8, a standard,

conventional part of the motor is used t0 provide, at least in part, one of the screen sections.

The motor is constructed in a2 manner substantially similar to that of the motor (11) described
above with reference to Figures 1 to 7. However, instead of providing each winding ina
stator core slot with 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
1o the input side of the high speed switching device of the controller (12), the base and side
walls of each slot (19), as viewed in cross-section in Figure 8, serve to screen three sides
of each winding. The fourth, radially inner side of each winding (23) near the mouth ofa
respective siot (19) is screened by a sirip-like conducting 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 controller 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 positioned adjai:cm the electric motor (11), such
that an interconnecting cable (30) (see Figure 1) is of a significant length and liable to emit
radio frequency energy, that interconnecting cable may be provided with a 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 having the same effest of
increasing radio frequency emission 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
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N - . . .Q o .
'(44) .of Figure 10 simlarly nmay have a capacitance val ue chosen to present
a low i npedance at the frequencies of radi o em ssions and a hi gh inpedance
at the power frequency. Optionally a bleed resistor (also not shown) may
be provi ded between earth and the screen_ side of a capacitor associated
with the connection (44), in a manner silfilar to the provision of bleed
resistor (32) in the arrangenent of Figure 9. Anot her vari ation
of the enfdddi ment. of Figure 10 is shown in. Figure 11. The single inverter
capacitor. (45) of Figure 10 is replaced by two capacitors (45') arranged in
series in the controller (40"), and the connection (44') fromthe screen
of the nmotor (43') leads to between those two capacitors (45'). There
t her eby -resul t misieh@ ofen@irkdt cdhnédiions dreaelettcical( &iden of the motor (11) and/or any
interconnecting cable (30) may interconnect with the controller (12) through a capacitor. One
suitablé arra;x-gemem 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
impedance at the frequencies associated with radio frequency emission and a high impedance

at the power frequency.

Ina .;second embodiment of the invention an electronic controller (40) (see Figure 10)

is of a type having anlintermediate, DC frequency stage which incorporates a capacitor (45)
(or two capacito;s arranged in_series instead of the single capacitor (45) -if that is more

" appropriate having regards to relevant considérations such as, for example, voltage ratings).
A first part (41) of the controller acts as a rectifier for a supply (39) and a second 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 eleétrical screen (9°) provided, substantially in
the manner described above, in the motor (43) is connected bﬁck to the controller via

~ connection (44) which, as illustrated, serves as a DC link between said ;iarts (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
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of the Figure 9 arrangenent but w thout the need to provide an additional
capacitor solely. for that purpose. In addition to providing that
a notor screen (9) and optionally also the screen of an interconnecting
cable (30) is connected back to the contrgller (12, 40) as.aforedescribed,
the controller may conprise a high speedx%mﬁtching device which simlarly
is screened fro erred to,as a contr

eqrth by a reen,. ref |l er screen
that i corfRBIPURT () £5shokarin eyie, 10, Aligemafively, the gognechion (18) Fay ficasneryee
swi t ching devi ce. .The high speed swi tchi g}g devi ce, may conprise a
sem conductiofaPREY (palcshown)ify & MRRRET SiMIATE &Q)thah iy which dhe, capagitprsBL) o Figure &
externally insulated electrically froma heat sink (52)
- is incorporated in the connection (13) of Figure 1. A capacitor introduced in the connection
(44) of Figure 10 similarly may have a capacitance value chosen 10 present a low impedance
at the frequencies of radio emissions and a high impedance at the power frequency.
Optionally a bleed resistor (also not showh) may be provided between earth and the screen
side of a capacitor associated with the connection (44), in a manner similar to the prdvision

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

Another variation of the embodiment of Figure 10 is shown in Figure 11. The single
inverter capacitor (45) of Figure 10 is réplaced by two capacitors (457) ananged in series in
the controller (40’), and the connectid_n (44’) from the screen of the motor (43’). leads to
between those two capacitors (45°). There thereby results the beneﬁt of the capacitor (31)
of the Figure 9 arrangement but without the need to provide an additional capacitor solely

for that purpose.

In addition to providing that a hotor screen (9) and optionally also the screen of an
interconnecting cable (30) is connected back to the controller (12, 40) as aforedescribed, the
controller may comprise a hig_h speed switéhing device which similarly is screened from earth
by a screen, referred to as a controller screen, that is connected to the .comroller at the input

side of the high speed switching device.

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

mounted on a base plate (51) which is externally insulated electrically from a heat sink (52)
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21 in .a conventional manner by an interposed insulation layer (53). In

accordance with the present invention an electrical screen (54) is

provi ded between the base plate (51) and the heat sink (52). The

~controller screen is electrically insulated fromthe base plate (51) by the

conventional insulation |ayer (53) and i3linsulated fromthe heat sink,

whi ch may be earthed, by an additional |ayer (55) of_el ?ctri cagl ins%a}t‘i on
mat eri al~. in a conventional manner by an interposed insulation layer (53). 1n accordance with the

present invention an electrical screen (54) is provided between the base plate (51) and the
~ heat sink (52). The controller screen is electrically insulated from the base plate (51) by the
conventional insulation layer (53) and is insulated from the heat sink, which may be earthed,

by an additional layer (55) of electrical insulation 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.

If the high speed switching device is of an internally insulated type in which a
semiconductor (60) is insulated from a b:ase. plate (61) by an"interposcd layer (62) of
electrical insulation (see Figure 14), the base plate may be used as the con:rolicr screen and
an additional layer (63) of electrical insulation may be provided between to insulate the

controller screen from the heat sink (64).

In anodxer construction of a high speed switching device of an internally insn;lated type

| (see Figure 15) the base plate (70) may be mounted directly on the heat sink (71) and the
conventional single iayer of electrical iﬁsulation between the semiconductor device (72) and
the base plate may be replaced by a sMwich arrangement of two layers (73, 74) of electrical

insulation having sandwiched therebétwcen 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
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The controller (12) may be of a kind which uses direct switching fromthe
power line in which case (see Figure 13) the controller screen (54) may be
connected via connector (56)  to a power input termnal (57) of the
controller. - - | f the high speed switching device is of an’
internally insulated type in which a seB?conductor (60) is insulated from
a base plate (61) by an interposed |ayer (62) of electrical insulation
(see Fi gurrefetehce b Fegusessi2 phdild. may be used as the controller screen and

an additional layer (63) of electrical insulation may be provided between
to insulate the controller screen fromthe heat sink (64).

The controller may be of a kind as described with reference to Figure 10 and having
a rectifier part (41) followed by an inverter part (42). In that case the.respective controller
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 Figure 16.

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

speed switching device as shown in Figﬁre5'13_ and 16 or it may interconnect through a

_ capacitor.. Figure 17 shows a connection arrangement which incorporates a capacitor (81).
The capacitor (81) lies between a connection (80) to a controller screen (83) and a connection

(84) to the input to 2 high speed Switching device (not shown). The capacitor (81) has a

capacitance value selected to present a low impedance at the frequencies associated with radio

frequency emission and a high impedaﬁce at the power frequency. A bleed resistor (82) is

connected between the connection (80) and earth and serves to prevent a build-up of static

potential.

Nonﬁally for electrical safety at l&nst the frame of a motor needs to be connected 10
earth. However, this is not necessary in cases where it is practicabie to prqvide sufficient
electrical insulation around all accessible parts of the motor. In such cases the present
invention teaches that it is not always. necessary to provide the aforedescribed additional
screening (14, 15, 16) within the motor and that the motor structure or appropriate parts
.such as the stator and/or frame and/or rotor may be coﬁnected to the controller so that stray

radio frequency current coupled to that motor structure is fed back to the controller. That
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I n anot her construction of a high speed switching device of an internally
Lnsul ated type (see Figure 15) the base plate (70) nmay be nounted directly
on the heat sink (71) and the conventional single |ayer of electrical

i nsul ati on between the sem conductor device (72) and the base plate may be
repl aced by a sandw ch arrangenment of twe8|ayers (73, 74) of electrical
-insul ation having sandw ched therebetween a single screen layer (75).

In the entwthection snayfberditget.dor axampieiasi desctibed: with sefetenee teoFignes | oF Figwre is
(61, 75) my be connected via connector (56) to a power input term nal
(57) as afgriegrydel indifectj for example via a capacitor as described with reference to Figure 9.

Figuré 18 shows an example of an électricél drive in _which the entire, conventional
parts of a motor (90) are employed as a screen which is connected (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 é section (94) that is an electrical insulator.

Figure 19 shows an electrical drive (100) of the type in which an electric motor (101)
and an electronic controller (192) are interconnected by a cable (103). The motor, controller
and cable are each provided with a respective screen section (101°, 102°, 103’) and the three
screen sections are interconnected by connector (104) which connects with the power input
side (105) of the controller. Typically the motor screen section (101°) may comprise a
plurality of screen componerhs (e.g. for the windings in core slots and for end windings) but
alternatively it may be comprised by at least the frame structure of the motor. In an
alternative arrangement it will be understood that the connector (104) may connect to an

" intermediate stage in the controller (102).

The degree of suppression of radio frequency emissions attainable by the presént
invention will either avoid the need to provide a filter or will allow use of a much smalier,

and thus cheaper, filter and/or with less earth leakage current, than hitherto would have been

necessary.
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22 reference to Figures 12 and 13. . The controller may be of a
kind as described with reference to Figure 10 and having a rectifier part
(41) followed by an inverter part (42). In that case the respective
controller screens (54, 61, 75) of theyhigh speed swi tching devices of
Figures 12, 14 ‘and 15 may be connected to one pole of the DC |link as shown
by Fi gure 16. The controller screen (54, 61, 75) may be connected
directly to an input to the high speed swi tching device as shown in
Figures 13 and 16 or it may interconnect through a

CLAIMS .

1. An electric motor comprising an electrical screen positioned

between the motor windings and at least some of the remaining

structure of the motor to receive rédio ffequency energy emitted

by said mocor7windings, and a non-garthed electrically conductive

connaction means connected to said electrical screen.

2. An electric motor according to Claim 1, wherein the motor..
windings lie-in a plurality of slots in a part.of the motor
structure and the motor windings are surrounded in each

respective slot by a non-earthed electrical screen.

3. An electric motor according to Claim 2, wherein each said.
slot contains at least one electrical screen which surrounds the

motor windings in that slot.

4. An electric motor according to Claim 2 or Claim 3, wherein
the structure of a slot serves as part of an electrical screen

lassociated with said slot.

5. An electric motor according to Claim 4, wherein the mouth
region oﬁia slot contains a screen which is in electrically

conductive contact with a side wall of the slot.

6. An electric motor according to any one of the preceding
claims, wherein electrical insulation means is provided between

said electrical screen and remaining structure of the motor.
/
[
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capacitor. Figure 17 shows a connection arrangement which incorporates a
capacitor (81).-. The capacitor (81) |lies between a connection (80) to a
controller screen (83) and a connection (84) to the-input to a high speed
swi tching device (not shown). The capaci4gr (81) has a capacitance val ue
selected to present a |ow i npedance at the frequencies associated with
radio frequency enission and a high inpedance at the power frequency. A

bl eed resistor (82) is connected between the connection (80) and earth and
serves to prevent a build-up-of static potential. - _ ~Normal Iy for

el ectrical safety at |least the frane of a notor needs to be connected to

earth. However,,1hi Rot _n cgssal cases where_it acticabl e
provi de su fict %teiecﬁrlc MmO ééréH £3 any one o? BhLE preced;ng

Claims, wherein said electrical screen comprises a lamination of
electrically conductive material sandwiched between two layers

of electrically insulating material.

This is the replacement sheet

[

Date: 13 MAR 1998



el ectrical ‘insulation around all accessible parts of the motor. In such
cases the present invention teaches that it is not always necessary to
provi de the aforedescribed additional screening (14, 15, 16) within the
motor- and that the notor structure or apgropriate parts such as the stator
and/or frame and/or rotor ‘may be connected to the controller so that stray
radi o frequency current coupled to that ot or structure is fed back to-the
control l'er. That 23
connection may be direct, for exanplmas$gnescr|bed mnth reference to Frgure
1 or Figure 10, :

- SUPPRESSION OF RADIO FREQUENCY EMISSIONS

An electrie motor adapted to suppress radio frequenqy energy
emitted by its windings, having an electrical screen positioned
'between the windings and at least somewof the remaining structure
of the motor, to receive said energy, and a non-earthed

electrically conductive connection means connected to said

electrical screen.

Figures 1, 2 and 4
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or it-may be indirect, for exanple via a capa0|tor as described with
reference to Figure 9. Fi gure 18 'shows an exanpl e of an
electrical drive in which the entire, conventional parts of a notor (90)
are enpl oyed as a screen which i's connected (91) back to the input side of
the high speed switching means. Electrical insulation (92) isolates the
motor fromearth; the output shaft (Qq)lgl so is provided with a section
(94) that is an electrical insulator. Flgure 19 shows an
electrical drive (100) of the type in which an electric notor (101) - and an
el ectronic controller (102) are interconnected by a cable (103). The notor,
controller and cable are each provided with a respective screen section
(101', ‘102", 103") and the three -screen sections are interconnected by
connect or (104) whi ch connects wi th the power i nput

A e 1

A=

Fig.1

This is the replacement sheet

pate:  1°3 MAR 1998



side (105) of the controller. Typically the notor screen section (101') may
conprise a plurality of screen conponents (e.g. for the windings in core
‘'slots and for end windings) but alternatively it may be conprised by at

| east the frane-structure of the motor. In an alternative arrangenent it

wi |l be understood that the connector ( ?é& may connect to an ‘internedi ate
stage in the controller (102). e degree of suppression of radio

frequency em ssions attainable TR R i nvention will either avoid

the need to provide a filte ‘ 1""‘; Qf a much snaller, and thus

cheaper, filter and/ @o w aDf-P—al Ny ent, than hitherto woul d
- have been
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24 : CLAIMB 1. An electrlc ot or
conprising an el ectri cal screen positioned between the notor wi ndings and
at |east some of the.remmining structure of the nmotor to receive radio

frequency energy enitted
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by said notor wi ndings, and a non-earthed electrically conductive
connecti on neans connected to said electrical screen. 2. An electric
notor according to Claim1l1, wherein the notor wndings lie in a plurality
of slots in a part of the notor structure and the notor wi ndings are
surrounded in each respective slot by a non-earthed el ectrical. screen.

3. An electric notor according to d g np2, wherein each sai.d slot
contains at |least one electrical scre i ch surrounds the

/ | _ 32
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notor windings in that slot. 4. An electric notor according to Claim?2
or CPaim3, wherein- the structure of a slot serves as part of an
electrical screen associated with said slot. ~ 5. An electric notor
according to Caimd4, wherein the nouth region of- a slot contains a
screen which is in electrically condgzg ve contact with a side wall of the
sl ot . 6. An el ectric notor accord to any one of the preceding
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clai s, wherei™n electrical insulation neans is provided between said
el ectrical screen and remaining structure of the notor.

25 7. Anelectric notor according to any  one of the precedlng
"Clains, wherein.said electrical screen conprises a |amination of
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el ectr| cally conduct Ive materi al sandvm ched between two Iayers . of
electrlcallylnsulatlng mat eri-al . _
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