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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

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

method of the invention.

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

inverter.

Said high speéd switching mode .devicgs are employed in a range of types of electrical
drive, e.g. fo_r the control of AC inverter drives with permanent-magnet motors, induction
and reluctance motors, servo drives having AC or DC motors and also switched reluctance
motors. By the use of a high speéd switching mode type of controller ii is possible to
achieve various desired operating features such as smooth control of the output power or

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

The benefit of the ﬂexfbility in control of an electric motor which can be achieved by
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the use of a high speed switching mode electronic device does, however, result in the
generation of high levels of radio frequency energy which potentially can enter the
surrounding environment to cause unacceptable disturbance to n¢ighbouring equipment. In

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

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

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

in potentially hazardous levels of radio frequency emissions. -

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

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

- electrically separate.

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

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

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

electronic controller comprising high speed sWit_ching means which generates high frequency

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

via saidelectronic controller, said method comprising providing an electrical screen to

)
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receive radio frequency energy which, in use, is emitted from at Jeast a part of the electrical
drive and electrically connecting said electrical screen back to the input side of said

switching means.

The method niay comprise use of an electrical screen of a kind which sub;tamiélly
wholly surrounds at least a part of the electrical drive fro_m v;vhich, in use, radio frequency |
energy is emitted. Preferably use is made of an electrical screen which, at the least,

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

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

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 emitied by thé electrohic controller.'

In at least this aspect the present invention may be regarded as relating to an electrical

drive in the form of a system in which there is a two-way interaction between an electric

motor and an electronic controller which incorporates high speed switching means, the motor

* This Sheet Has Been
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being operable by a controlled supply of electrical energy received from the electronic

controller and related to oper‘étion.'of the high speed switching means, and radio frequency

energy emitted from within the electric motor and received by an electrical screen associated '

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

'switching means.

The electrical Screen may be cmhpriséd by a conventional part of the electric motor
such as thé 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 conventional part not to be
connected to earth. For example, electrical windings niay lie in a- component (e.g. a stator
or rotor core) which may bé devoid of an intervening screen and that.cor.nponent may be
utilized at least in part as the electrical screem. The electricﬂ screen alternatively may be

comprised by an additional membét' provided within or otherwise operativ_ely associated with

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

Thus the electrical screen may comprise structure which serves as a screen and also performs
another function for operation of the electrical drive or it may c_ompriée 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 convéntidnal parts: of the motor and/or one or more additional members prbvided '

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

B
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supply to thc controller or to the eleétronic controller at a point which is at an input side of
the high frequency energy gén_erating device in the controller and that in consequence stray
radio frequexicy current coupled t6 tﬁe screen and returned b the electronic controller or
power supply is prevented from ﬂqwing into the power supplg; or an earth system. Radio
freciuency energy is recirbulated through the controller and the need for conventional filtering

is avoided or at least reduced.

The invention te_achés furthermore than iﬁ an electrical drive comprising an electronic
controller and an electric motor at 'leas; the electric motor may be devoid of an earthed
screen. The electronic controller similarly may be devoid of an earthed screen. Any
interconnection means, such as a controller output cable, provided between the electronic.
controller and the electric motor also may be devoid of an earthed screen. Preferably any
such interconnection means as well as the electric motor (and optionally aiso the electronic
controller) is provided wiih a screen arranged such that radio frequency current én be fed
back from the screen to the power supply or electronic controllei' at a point which is at an

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

" The electrical drive may comprise a pluralit); of screen sections. The sections may
be interconnected in series or parallel for connecting back to the input side of the high speed
sWimhing means; there may be a combination 6f series and parallel interconnections. One
of more of the screen sections may be provided .with a plurality of connections to another

part of the screen.

Capacitor means may be provided between said electrical screen and the electronic
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controller or an external power supply to said controller thereby to enSdfe that the e_lectrical
screen is not connected directly to_tﬁe"external power supply or any o_ihef electricé.lly _live
point. The capacitor meané may be part of a circuit forming f_he electrdnic c'ontrollcf or it
xﬁay be external thereof. In either case it serves as bloéking m.eans"tb prevent the screen
from attaining a high potential flfom the power cir’cuit, whilst. pei‘mittjxig the free flow of

radio frequency current.

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

radio frequency current being allowed to flow direct to earth.

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

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

operate at a higher frequency such as in the order of 25kHz or up to 100kHz 6r above.
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The high frequency energy generated by the high speed switching means typically will
be ai a freqﬁency higher than the _frequehcy inherently and intentionally generated by the

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

- frequency range that includes radio frequencies. The high frequéncy energy may arise at a

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, fo_r example, be a DC stage.

In the case of an electronic controller having two or more stages of which a first does :
not generate high frequency energy, the screen may be connected back to a 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 fraﬁe is not available for use as at least a part of the electrical
séreen, for example because it needs to be connected to earth, the screen may comprise an
electrically conductive layer incorpérated between and insulated electrically from tﬁe motor
windings and at least_ some of the associated motor structure such as a frame, stator core, or
rotor part of the motor relative to which said motor winding§ are located. Thereby, in
accordance with the present iriven;ion, coupling of radio frequency energy from the motor
windings to the motor frame (e.g. an earthed frame) is sﬁppressed significantly in comparison
with a conventional configuration devoid of any such electrically conductive layer in that

location.
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The electrical screen between a motor winding and part of the electric motor may be
of a laminated construction. [t may comprise a layer of electrically conductive material

sandwiched between two layers of insulating material.

As considered in transverse cross-section ina piane perpendiciilar to the length of a
motor winding, the electrical screen preferably is arranged to wﬁolly surround that motor
winding. The winding and said screen may lie substantially wholly within a slot in the
motor. ..The windings in each of a plurality of | slots in a stator or other part of a motor

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

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

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

interconnection thereby may be avoided.

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

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

Each of the motor windings in the slots of a stator §r a rotor may be surroundgd by
a screen of, for example, a sléeve;like form; the sleeve may be fabricated from laminated
material comprising an electrical_ly conductive lﬁyer arranged .adjaéent_ a layer of insulating
material or sandwiched between two laye;s of insulating material. Alternatively, the
windings may be screened by an éxis;ing part of the motor struguire 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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which extends over that part of the windings not adjacent the motbr.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 speéd sWitching means, or it may be separately
connected. The covering screen may be of a léminated 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 slo.t wedges may be of el_ectrically_donductive material and may be '
utilized to perform a screening function.

From the foregoing it will be understood als6 that the present invention proyides but .
is not limited to an electric motor in which an electrical screen is positioned between the
windings and at least somé of the remaining structure of the motor, such as the frame or
stator or rotor part of the motor. In accordance with the aforedescribed aspects of the
invention, that electrical screen preferably is connected to an electronic mnﬁoller prdvided
for controlling operation of the motor. |

Whilst 3—§hase AC induction motors are commonly used and the presént 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 maj be applied, for examplé,
10 other motors, such as AC permanent magnet motors and reluctance motors.

The invention may be applied to an electric motor and to an eleétrical drive having
an electric motor of a kind which operates from an AC supply of ahy number of phases, or
from a DC supply. It is applicable in any situ_ation where the supply has a séparate 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.

This Sheet Has Been Reﬂlaced
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The electrical drive of the present invention may comprise an electronic controller of
a kind in which an electrical screen (hereinafter referred to as a controller screeh) is provided
in proximity to tﬁe high speed switching means of the. cdntrollet_; to receive radio frequen(:y
energy generated by said switching means and wherein said controller 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'dévice..' It may be of a kind
mounted on a heat sink and in that case it is provided by the present invention that a
cdntroller screen shall be interposed between 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 ins.ulated e'!ecu_'ically from a heat sink by a layer of insui'ating 'mater'ial, the
controller screen may be a layer of electrically conductive material which is embedded in that
layer of insulating material of sandwiched between that layer and an additional layer of -
insulating material. A controlier of this type may have an electrically conductive housing
for the high speed switching_m’eans ahd that hbusing may be connected to a terminal such as

a power input terminal of the controller.

‘The high speed switching means may be of a type having a base plate which is
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electrically insulated,' internally from that part of the high speed switching means which '
generates radio frequency energy. In that case the controller. screen mﬁy be comprised by
said base plate. A layer of el'ectrica.lly insulétin_g material may be provided between the base
plate screen and the heat sink. Alternatively the controller.l screen may be_a layer of
electrically co_nductive 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 addi_tionél layer of insulating material.

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

wholly contaiﬁs, the high-spced switching means.

The electronic controller may be of a type in which the high speed Switching means

is connected directly to a heat sihk such that the heat sink may be electrically live. In the

case of an electronic controller of this type the present invention provides that the high speed
switching means shall be insulated electi'ically 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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switching means. That connection may be to the power input terminal of a controller which
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.

The connection between the controller scréen and electronic controller power input

may be effected via a capacitor the éapacitance 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 betwe_en the controller screen

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

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

is of a muiti-part form.

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

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

accordance with a first embodiment of the

present invention;

FIGURE 2 -is a longitudinal sectional view of the motor of
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FIGURE 4

FIGURE §

FIGURE 6

FIGURE 7

FIGURE 8

FIGURE 9

| FIGURE 10
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Figure 1;

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

2;

is a transverse section of stator windings in the

motor of Figure 1;

shows in detail the electrical screen shown in
Figure 4;

is a section on the line 6-6 of Figure 4;

is a view of a detail of the end of the stator core

part of the motor of Figure 1;

illustrates a variation of one of the screen

sections of the embodiment of Figures 1 - 7;

illustrates an interconnection variation for the

electrical drive of Figure |;

. B
shows in outline an electrical drive in

accordaiice with a second embodiment of the
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FIGURE 11

FIGURE 12

FIGURE 13

FIGURES

14 & 15

FIGURE 16

FIGURE 17

14

present invention;

shows in outline an electrical drive in
accordance with a third embodiment of the

present invention;

shows part of a high speed switching device for
use in an electrical drive of the present
invention;

shows'al_\ electronic controller incorporating the
switching device of Figure 12;

show alternative switching devices for use m the

controller of Figure 13;

shows another electronic controller which may

incorporate the device of Figure 12, Figure 14

or Figure 15; :

shows an interconnection variation for the

devices of Figures 12, 14 and 15;

- PCT/GB95/00442
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FIGURE 18 shows part of an electrical drive in accordance

with another embodiment of the invention; and

FIGURE 19 shows in outline yet another electrical drive in

accordance with the present invention.

An electrical drive (10) (see Figure .l) comprises, in the example of this embodiment
of the invention, a three-phase AC induction motor (11) having a rotor (22) the speed of
whiéh is controlied 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 reshlts in a flow of radio frequency current to earth,
in this embodiment of the present invention the motor (11) optibnally may have a connection
to earth for the purpose of ensuﬁng elec;rical safety, but any such connection does not carry
radio frequency current. Instead, the motor has, internally of the motor frame, an electrical
screen (9) which _is connected to the electronic controller (12) via a connector (13) whereby _
stray radio frequency current coupled ﬁo the screen.is returned to contrbller and is prevented
from flowing into the earth system. The connection of connector (13) is to the power input
to the controller and thus to the input side of a high speed switéhing device which forms at

least a part of that controller. ’
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The motor electrical screen (9) comprises three motor screen sections all within the

motor frame (8), these sections (see Figﬁre 2) being:

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

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

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

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

full length of each slot. ‘

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

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

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

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

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

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

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

(25b) of the pair of neighbouring side walls and an outer insulation layer (21) is removed
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from the other side wall (25a) of the pair. Thus, whcn the pgré,_d side wall ends are folded
flat against an end face (26) of the stator core there results, at that end face, a sandwich
arrangement of two layers of co'ndu.ctive 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

wall (25b) of the neighbouring pair.

Figure 7 sh_on part of one of a pair of screened end-plates (15) each for.'providing
screening between the stator core and an end-winding. The plate (15) may have an electrical
screen constructed as déscribed above with reference to Figure 5. Depending on insulation
requirements the layer ofl conducting material (20) may be plabed on .one surface of the plate

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

Each cﬁnductivc winding end-cap screen (i6) (see Figures 2 and 3) alsd may be
constructed substantially as described above with reference to Figure 5. Depending on
insulation requirements the conducting film mfay' be placed on one surface of the cap or may
be incorporated as an internal layer. The end-cap screens (16) provide screening between

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

In the aforedescribed consu'uction each of the screen sections is comprised by a
componéht which is either additional to the standard, conventional components of the motor,

or is a substitute component, as in the case of the screen asserhblies (14) for the windings

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

between the windings and stator core.
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In an alternative émbodiment, 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. a mannei‘ substantially similar to that of the motor (11) described
above thh reference to thures 1to7. However mstead of providing each winding in a_
stator core slot w1th a screen (14) (see Figure 4) of a laminated and sleeve-like construction,
the stator core (24) is employed to provide a part of that screen section and conventional
insulating material (not shown) is provided between the windings and stator core.

As in the case of the motor (11), insulation is provided between the stator core and the |
frame, the frame typically being connected to earth. Screens are also ptovided over the end
windingS, cort'esponding to the screens (16) of Figure 2. By connecting the stator core back
to the input side of the htgh speed swutchmg device of the controller (12), the base and side
walls of each slot (19), as vnewed in cross-section in Flgure 8, serve to screen three sides
of each winding. The fourth, radtally inner side of each wmdmg (23) near the mouth of a
respective slot (19) is screened by a strtp-llke conductmg screen (27) arranged with its
longitudinal edges in electrical contact with respective side walls of the slot. The screen (27)
is held in poSition by a slot wedge (28), insulated in conventional manner from the winding |
(23).. The screen (27) is connected back to the cd_ntroller' 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 p_ositidnéd adjacel_tt the electric motor (11), such
that an interconnecting cable (30) (see Figure 1) is of a significant léngth artd liable to emit
radio frequency energy, that interconnecting cable may be provided with _at 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
increasing radio frequency emi_ssio_n from the dri\}e 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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(13).

I'nstead' of a direct connecti_bn, the electriéal screen of the motor (11) and/or any
interconnecting cable (30) may interconnect wi_ih_ the controller (lﬁ) through a capacitor. One
suitable arrangement is shown in Figure 9. A capacitor (3_1) is incorporated in the connector
(13). Optionally a bleed rgsistor (31) 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 freqhencies associated with radio frequency emission and a high impedance

at the power frequency..

Ina sgcqnd embodiment of the invention an electronic controller (40) (see F igure 10)
is of a type having an intermediate, DC frequency stage which incorporates a capacitor (45)
(or two capacitors arraﬁged in series instead of the single cabacitor (45) if that is mbre
appropriate having regards to relevant considerations such as, for example, voltage ratings).
A first part (41) of ;he comro_llef acts as a rectifier for a supply (39) and a secoﬁd part (42)
comprises an array of power transistors or other power switching devices which convert the
DC into AC to.drive an AC motor (43). The.electrica.l scréen .(9‘) 'prbvided, substantially in
the manner described above, in t_he motor (43) is connected back to the controller via
connection (44) which, as illv..nstrated,. serves as a DC link between said pafts (41, 42) and

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

The connection (44) may provide a direct connection between the motor (43) and the
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_controller (40) as shown in Figure 10. Alternatively, the connection (44) may incorporate

a capacitor (not shown) in a manner similar to that in which the capacitor (31) of F igure 9
is incorporated .in the connection (13) of Figure 1. A capacitor _ihtrbdﬁced in the connection
(44) of Figure 10 similarly may 'hav.e a 'c'apacitahce vaiut;, chosed 0 §resent a low iinpedamie
at the frequencies of r_adio_ emissions and a high imp‘edance at thé power. frequency.
Optionally a bleed resisf_ot (also not shovo)n) may be provided between earth and the screen
side of a capacitor associated With the connection 44), _in a mahnef similar to the provisioﬁ

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

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

for that purpose.

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

side of the high speed switchin'g device.

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

mounted on a base plate (51) ;vhich is externally insulated éle‘ciribilly from a heat sink (52)
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in a conventional manner by-an in_terposed insulation layer (53). In accordance with the
present invention an electfical_ screen (54) is provided between the base plate (51) and the
heat si_nl; (52). The controlier scree;: is electrically insulated frbm the base plate (51) by the
conventional insulation layer (53) and is insulated from the heat slink,. 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 insulat_ed from a bas_e plate (61) by an iﬁterposed léyer (62) of

electrical insulation (see Figure 14), the base plate may be used as the controller screen and

an additional layer (63) of electrical insulation may be provided between to insuiate thé

‘controller screen from the heat sink (64).

In another construction of a high speed switching device of an internally insulated type

* (see Figure 15) the base plate (70) may be mounted dire(_:tly 6n the heat sink (71) and the

conventional single layer of electrical insulation between_ the semiconductor device (72) and
the base plaie 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 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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reference to Figures 12 and 13.

The controller may be of a kind as described with .rgférgnce'to_'Figure 10 and having
a rectifier part (41) followo;d by an inverter parf 42). In ihat case the re.épective 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 Figufe 16.

The controller séreen (54,: 61, 75) may be connected directly to an input to the high
speed switching device as shown in Figures 13 and 16 or it ;may interconnect through a
capacitor. F igure. 17 shows a connection arrangement which incorporates a capacitor (8 1_.).
The capacitor (81) lies between a connection (80) toa conti'ollér screén (83) and a connection
(84) to ﬁe input to a high speed 'sWimhing device (not shown). The (_:apacitof (81) has a
capacitance value selected to present a low impedance at the frequencies associated with radio
'fréqueht.:y. emission and a high 'iinpedance af the pbwer frecjuem':y. A Bleed fesistor 82) is
connected between the connec;ion (80) alid earth and serve§ to pf‘eveht a. bu'ild-up of static

potential.

Normally for electrical safety at least the frame of a..m'otor needs to be connw@ to
earth. However, this is not neceésaty in cases whére it is practicable to provide sufﬂc_iem
electrical insulation around all accessible parts of the motor. In such cases the preseﬁt
invention teaches that it is not i-l'lways necéssary'to' provide the aforedéscribe_d additional
screening (14, 15, 16) within the motor and that the motor structﬁre ‘or appropriate parts
such as the stator and/or fra'mé'and/or rotor may bé con_nected .tcl) the controller so that stray

radio frequency current coupled to that motor structure is fed back tb the controller. That
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connection may be direct, fo’r_ekample as described with reference to Figure 1 or Figure 10,

or it may be indirect, for example via a capacitor as described with reference to Figure 9.

Figure 18 shows an example of an electrical drive in which the entire, conventional
parts of a motor (90) are employed as a screen which is 'connectéd (91) back to the input side
of the high speed switching means. Electrical insulation (92) isolates the motor from earth;

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

Figure 19 shows an.electrica_l drive (100) of the type in which an electric motor (101)
and an electronic controller (102) are interédnnected by a cable (103). Tﬁe motor, controller
and cable are each provided with a respective sc:eeti section (iO_l’, 102’, 103’) and the three
séreen sections are interconnected by connector l(104) which connects with the power input
;ide (105) of the controller. Typically the motor screen section (101°) may comprise a
plurality of screen components (e.g. for the windings in core slots and for ehd windings) but
alternatively it may be comprised by at least the frame structure of the motor. I.n an

alternative arrangement it will be understood that the connector (104) may connect to an

intermediate stage in the controller (102).

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

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

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

characterised in that said mét.hd:d' comiprises electriéall;y édﬁnecting said electﬁcal

screen back to the input side of said switching means.

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

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

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

switching means.
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4. An electrical drive according to Claim 3, characterised in that at least the electric
motor (11; 43; 43°; 101) and any controller output cable (30; 103) or like interconnection
means provided between the electronic controller and the electric motor is devoid of an

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

drive.

6. An electrical drive according to any of Claims 3 to 5, characterised in that the

~ electrical screen comprises a member (14, 15, 16; 2‘7) which is additional to the structure of

a conventional electrical drive.

- 7. An electrical drive according to any one of Claims 3 to 6, characterised in that, at

the least, said electrical screen (9, 9°) substantially wholly surrounds at leasi a part of the

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

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

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

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

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

I —
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'(102) to the motor (101), each.of the in_terconnection means, controller, and motor being.

provided with a screen (103’, 102°, 10___1.’) to receive radio frequency -energy emitted by at
least a part of the respective interconnection means, controller and motor and each Qf said
screens (103’, 102°, 101°) being connected back to the input side of the high speed switching

means.

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

impedance at the frequency of the external power supply.

I1.  An electrical drive according to any of Claims 3 to 10, characterised in that the
electronic controller (40; 40°) has at least two stages (41, 42) of which a first (41) does not

generate high frequency energy and said electrical screen (9°) is connected back to between

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

- frequency energy.

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

thereof a léyer of insulatinggaterial (21), said electrical screen being positioned at least in

Thls Sheet Has Been Repl
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part between the motor windings (23) and associated motor structure (24).

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

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

14.  An electrical drive according to Claim 13, characterised in that said controller screen

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

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

switching means to the heat sink.

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

controller screen substantially wholly contains the high speed switching means.

17. " An electric motor characterised in that it comprises an electrical screen (14; 24,27)

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

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

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

AN v “‘Hlsl‘"”imrmi‘m‘"
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AMENDED CLAIMS =
[received by the International Bureau on 28 August 1995 (28.08.95);
“new claims 3,4 and 7-11 added; claims 3-18 renumbered;
other claims unchanged (6 pages)]

1. A method for the suppression of hdio frequency emissions from an clectrical drive
(10) of the kind comprising an elactmnic controller (12; 40; 40°; 102) comprmnx high speed
swm:hiu means which genemas high frequency cocrgy and an electric motor (11 43; 43°;

" 101) to which power from a source of _e_!eclrml power is supplicd via said electronic

controlier, said method comprising providing an electrical scresn (9; 9'; 14,15,16; §4,61;
75; 101°,102°,103") to receive radio frequency energy which, in usc, is emitted from at least
a pat of the elecirical drive, |

characterised in thet sald method comprises electrically connecting said electrical

 scréen back ta the input side of said switching means.

2 A method according to Claim 1, characterised in that use iis made of an electrical

screen (9; 9°) which at the least, substantially wholly gurrounds a part of the electric motor
(11: 43: 43") from which, in wse, radio frequency energy s emised. |

3. A method according  Claim 1 or Claim 2, charasierised in that said method

comgprises electrically connecting said electrical scruh'_bn'clg 10 a position which _:ewé.l for
the supply of electrical power 10 the switching means.

4, A method u:coiding to Claim 1 or Claim 2, characterised in that sald method
comprises electrically connecting said electrical screen to & non-carthed position at the input

side of sald switching means.
: This Sheet Has Been R,
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S.  An clecrrical drive (10) comprising an electronic controjler -(12' 40; 40°; 102)

comprising high speed lwuchmg means whtch gcm hlgh frequency enf.rgy, and an
eleciric motor (11; 43, 43' ) © wlncll powar fmm a source of electrlcal po\ver is supplled
vis said elact.ronic conuoller charmethed in that m use, ndno-froqumy mgy ‘which

is cmlmd from al least & par: of the electrical drive is reeeived by an elecu'iul screen (9;

' 9% 14,15,16; 54; 61; 75; 101'102'103') which is conmclnd bank'to t!le input side of said

switching means.

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

7. An electrical dnvc according to Claim So Clalm 6 élumrznsed in that the
elecmal screen is connected 1o a pnnuon ntthcinput side oflhe swilching means that serves
for the supply of clectrical power 1o the switching means.

8. A clectrical drive according 10 Claim S or Claim 6, ¢haracterised in that the
electrical screen is connecied to & non-carthed position at the input side of the swisching

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

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

- AMENDED SHEET (ARTICLE 18)
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0 the electrical drive.

10.  An electrical drive according m' any one of Claims S to 9, characierised in that the

electrical screen is not connecied to carth.

11.  An elecrical drive according to Claim 10, characterised ini that the electrical screen

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

12.  An clecirical drive according to Claim 11, characterised inithat the electrical screen

compriscs a conventional part (24; 61) of the structure of the elecirical drive.

ra

'13.  An clectrical drive according to any of Claims 5 10 12, characterised in that the

elecrical screen compriges 2 meniber (14, 15, 16; 27) which is additional to the structure of

a conventional electrical drive..
14.  An elcctrical drive according 1o any one of Claims § to 13; charactsrised in that, at
the least, said electrical screen (9, 9°) substantially wholly surrounds at least a part of the

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

15.  Anelectrical drive according to any one of Claims § w 14, characterised in that the

| electrical motor inéuporm an clectrical screen éomprhed by at: least ons of the frame,

stator (24) and rotor components of the momr and arranged 10 weceive radio frequency

energy emitted by clectrical windings of said motor.

e i
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16.  An electrical drive according to any one of Claims § 10 1S, characterised in that it
comprisu Interconnection méans (1.03) for the transmission of power from the controller
(102) to the mator (101), each of the interconnection means, coniroller, and motor belng
provided with  screen (103", 102, 101°) 1o receive tadio frequericy energy emitiad by at
least & pﬁt of the respeclive inumom_ieaion meant, contralier and motot and each of said
screens (103°, 102°, 101°) being eonnected vack 1o the input stdé ofthe lugh speed sﬁiwhing

17.  Aaelectrical drive lcootdnng to any of Claims'S 0 iG chm:xerued in that capacitor
m (31; 45"; 81) is provuled between said elccmul screen and|the elecunmc conuoller
or 8n external power supply t0 said controller, nld capacitor means being amnged to ensure
tlmtheemmc_al screen is not connected directly lntheextermlpoweuupplyormynd_nr

- electrhllylivepoinundnldapacimmimhavingacapacluﬁbevaluewhiehpmua

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

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

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

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

fnqmw enmy

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

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

is Sheet Has Been Reilaced
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comprising & layer of electnca!ly conductive material hmngudpeem al least one surface
thereof a layer of insulating material-(21), said electrical screen being positioned at Jeast in

pan between the motor windings (23) and associated motor structure (24).

20.  An electrical _d;ive mrdiﬁg lo any of Claims § to 19, characterised in that the
electrical screen comprises a controller screen (34; 61; 75) provnded in proximity to the high
speed switching means to receive radio frequency enctgy generated by said switching means,

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

21.  Anelecirical drive according 10 Clalm , Characterised in that sald controlier screen

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

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

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

controller screen substantially wholly contains the high speed switching means.

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

positioned between the motor windings (23) and the remaining structure (8) of the motor.
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25.  Anclectric motor according to Claim 24, characterised In thit motor windings (23)
" lie in each of & plurality of slots (19) in 2 part of the motor structure and are each surrounded
by an electrical screen (14; 24,27).
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