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SUPPRESSION OF RAMO fREOUENCY EMISSIONS 

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 characteristics such as the ·speed ·or torque of an· electric 

molOr. commonly is achieved 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. electronic controller of this tYJ>e is a pulse. ·width modulation (PWM) 

15 inverter . 

20 

... 
.. : -~ 

Said high speed switching· mode devices .are employed in a range of types of electrical 

drive, e.g. for the control of AC inverter drives ·with pennanent.:.magnet motors, induction· 

· ~ reluctance motors, servo drives having AC or DC motors and also switched relilcrance 

motors. By the use of a high speed switching· mode · t~ of c:Ontroller it is Possible to 

~ieve various de5ired operating features slieh. as smooth control· of the output po\Ver ·or 
. . 

torque ofan .electric motor without a'·iigniticant· loss of elec'tricafenergy~"~ .... · '···'., '' 
. ·--... 

The benefit of the flexibiliEy in control of an electric mofur which can be aChieved by 

' 
I 

" =:k ; .. ,.i· . ".;,/': 

... i . ." 
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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 co neighbouring equipment. In 

some cases that disturbance can have potentially dangerous comequences. This has resulted 

5 in stringent regulations, such as the Electromagnetic Compatibility Directive 89/336/EEC, 

which are now established co 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, but a suitable filter 

10 commonly is unduly expensive or bulky. Also, with an AC power supply the filter causes 

15. 

·--~ .. 

. 20 

some earth leakage current, which presents an electtical safety problem and may cause 

p~r.ective devices to operate prematurely. Other conventional techniques s~ as arranging 

·mat circuits liable to generate radio frequency emissi~ns should be deJiberarely.coupled to 

earth or provided with. an earthed screen are either ~ot 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 seeks to provide an. improved meth~ for the supp~sion of 

radio frequency emissions ~m an. electrical drive, .and .an electrical drive adapted to operate 

in accordance with the method of the invention . 

. I~ accordance.with one of its aspects the present inven~ion provides a:inethod for~ 

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

elec:Uonic conttoller comprising high speed switching .. 1Deans. which generates high frequency . :..:.· ····: --~~i 
energy and an electric motor to which power from a source of elecrrical power is supplied 

. ~-~- -

via said electronic controller, . said method comprising providing an electrical screen to 



(' 

s 

10 

W095/2476J PCT/GB95/00442 

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 controller 

comprising high speed switching means which generates high frequency· energy, and an 

electric· .. motor to which power from . a SO\lrce of electrical power is supplied via ·said 

electronic controller. wherein, in use, radio frequency energy which is emitted from at least 
. . . 

. . . 

a pan of the electrical drive is received by an electrical screen which ·is connected back to 

S die inp~t si~e of said switching means . 

. ; .. 

Preferably· said electrical sc~een, connected back to the input side of~said _switching 

means., serves at the least to receive. radio· frequency energy which is. emitted by at ·feast" a· 

p~ -of the electric motor. Optio~(y •. but ·mare prefenibly. it may serve aiso . tO recei~e 

radio frequency ·energy emitted by the electronic cantroller. · 

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 electtic 

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

iiiiiiinr· 

:~ .: .· 
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being operable by a controJled supply of electrical energy received from the electronic 

controJler and related to operation 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 

5 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 conventional part not to be 

connected to .earth. For example, electrical windings may lie in a component (e.g. a stator 

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

lS 

utili7.ed at least in part as the electrical screen. The electrical screen alternatively ~Y be 

·~mprised 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 screen may co~pi:_ise structure which serves ~ a screen and also performs 
.. 

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

. provided SQlely to act as said electrical .screen. 

The invention embrace.s an electrical drive having an _electric motor in which one or 

more of the co~ventio~ p~ of the motor and/or one or more additional members provided 

20. for a screening function is/are employed eith~r alone or in combination with one or more 

. other of said con~entional. parts and additional member(s) to provide screening for the 

.. w~ndings in the ~otQr. 

The invention teaches that the electrical screen is to be connected back to the power 
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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 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 

S 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 electronic co~troller similarly may be devoid of an earthed screen. Any 

imerconnection means, such as a .controller output cable. provided between the electronic 
.· . 

control_ler 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 die electronic 
. . 

controller) is provided widl a screen arrang~ such that radio frequency current can be fed 

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

·.{ ~nput side of the_ high frequency energy generanng device _in the controller. 

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

be _interconnected in series or parallel for connecting back to the input side of the high speCd 

) 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 conilections t0 another 

part of the screen. 

Capacitor means may be provided between said elecirical screen and the electronic 



W095/l4763 PCT/GB95/00442 

6 

controller or an external power supply to said 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 or it 

may be external thereof. ln 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 ~e frequencies associated with radio frequency emissions, 

1 O 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 

i~uced potential present on the electrical screen is kept small and without· any significant 

radio frequency current being allowed to flow direct to earth. 

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

·': . frequency emissions in the range 150 kHz to lGHz but may be employed for the suppression 
. ' 

of radio frequency emissions over a broader range such as from e.L 9kHz to 2GHz or . . . 

above·. 

The high ·speed ·switching means may be of a kind which has a. switching time 

. . 
20 typically in the range sons to 2µs and operating at a switching frequency in the range 300Hz. · 

ro 20kHz. However.high speed switching means-having a switching time outside that range, · 

e.g.-a faster speed of down to-20ns or even lOns may be employed~ may be caused to 

operate at a higher frequency such as in the order of 2SkHz or up to lOOkHz or above. 

, 
t 

.... · 
.·~ 

. ·.··• 
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The high frequency energy generated by the high speed switching means typically will 

be at a frequency higher than the frequency inherently and intentionally generated by the 

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

frequency range that incJudes radio frequencies. The high frequency energy may arise at a 

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

10 

···: 

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

The elecU'Onic controller may be of a kind having an intermediate frequency stage, 

which may, for 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 

bCtween those stages and is at the input side of the stage(s) which generate high frequency 

energy. 

. . . . 
Particularly if a motor frame is not 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 

electtically conductive layer incorporated between and insulated. electrically from the moror 

wi~ings 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 . m0tor windings are located. Thereby, ·in · 

accordance with the present invention, coupling ofradio frequency energy from the motor 

:. ·~ 

windings tQ die .• .motor frame (e.g. an earthed frame) is suppresied signi~candy in comparison · · .·:,:'~:'.· 

with a convendonal 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. It may comprise a layer of electrically conductive material 

sandwiched between two layers of insulating material. 

5 As considered in uansverse 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 wind_ing 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 ai:e each surrounded by an electrical screen. Screens for the windings in the slots 

10 may be electrically interconnected for example by vinue 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 

':~o~uctive contact with a bared part of another screen.. The need to provide a wire 

inrerconnection thereby may be avoided. 

· I 5 An end-winding screen may be provided for screening of the end-winding from the 

.. ·. ~and/or from oth~r parts of the motor such as the _rot0r. 
·:·: 

20. 

Each of the motor wind_ings in the slots of a stator or a rotor may be surrounded by 

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

material comprising an electrically· conductive layer arranged adjacent a layer _of insulaiing 

material or sandwiched· between- two· layers of insulating :marerial. · Alternatively. the 

·windings may be screened· by -an existing part of the motor structure and an additional · 

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

strUcture of the stator or roror 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 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 

S 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 

10 windings and at least some of the remaining structure of the motor, such as the frame or 

! 

~ 
! 
' 

stator or rotor pan of the motor. In accordance with the aforedescribed aspecrs of the 

invention, that electrical screen preferably is cannected 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 app~ied 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 exampie. · 

· to other motors, such as AC permanent magnet motors and reluctance motors. 

The invention may be applied to ail electric motor and to an electtical drive having 

an electric motor of a kind· which operates from. an AC supply of any number of phases. or 

from a DC supply. lt is applicable in any situation where the supply has a separate earth 

connection which is not permitted ta be conneeted to one pole of the supply at the equipment. 

i.e. the supply at the electrical drive. 

., 
~ ·- .. 

.... ·.·.: 
·.'.-;'I", 
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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 screen) is provided 

in proximity to the high speed switching means of the controller to receive radio frequency 

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

S to the input side of said switching means. 

10 

.15 

.. ~ .• 
.... 

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 be of a kind 

~'1nted on a heat sink and in that case it is provided by the present invention that a 

controller screen shall be interposed between the high speed switching means and the heat 

In the ·case of an electronic· controller of a type. ~n which the ·high speed switching· 

means is insulate4 electrically -from a heat sink by a layer of insulating material, the 

controller screen may bC a layer of electrically conducti~e marerial which is embeddedJn that . . . . 

. layer of" insulating material or sandwiclled· between that layer aruf an additional, ·layer of 
. 

20 insulating material. A controller of this type may have an el~ically conductive housing. 

for the high speed switching means and that housing may ~ 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 may be comprised by 

said base plate. A layer of electrically insulating material may be provided between the base 

plate screen and the heat sink. Alternatively the controller screen may be a layer of 

5 electrically conductive material embedded in a layer of insulating material provided internally 

10 

s 

!O 

... 

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 S\Yitching 

meaJiS . to the beat sink or, for example, to another and typical_IY: eanhed compo~ent . 

.Alternatively the controller screen may be of a kind which surrounds, i.e. substantially 

wholly contains, the high speed switching means. 

. : .. ~ .. The· electronic controller may be of a type in which. the high speed switching means 

is connected directly to a. heat sink 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 

swjtching means shall be insulated eleciri~lly from the heat sink and that the heat sink shall 

be connected to the power· input of the switching means. in a configuration in whicf.t 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 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 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 may be interposed between the input side of the high speed switching 
.. 
~eans and two or more soreen sections which comprise the electrical screen of the electrical 

drive, e.g. sections associated with one or more of the' c~ntroller~ mo~r and . any 

· interconnecting ·cable,· and similarly, one or more sections of a· moror screen section if' that 

15 . is of a· multi-part form. 

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

reference io the accompanying diagrammatic· drawings in which: 

20 FIGURE l shows in outline an electral. drive in 

accordance with a first embodiment of the 

present invention; 

~ 

FIGURE 2 is a longitudinal sectional view of the moror .of 
~~~~~~~~~~ 
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Figure I; 

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

2; 

FIG.URE 4 is a transverse section of stator windings in the 

motor of Figure l; 

FIGURE s· shows in detail the eleetrical screen shown in 

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 

pan of the ·motor of .Figure t; 

~ -~~· 

FIGURE 8 · illusttares a variation of · one of. the Sc:reen 

sections of the embodiment of Figures 1 · ~ 7;. 

FIGURE 9 · illusuates an interconnection variation.- for ·die 

. electrical drive of Figure I; 

FIGURE 10 shows in oudine an electrical drive in 

accordance with a second embodiment of the 

PCT/GB95/00442 

:;.-·: . ~. 

.. 
. . : .. ~--;·Z.~ 

. : -~· "; .... : ... ~ .. 
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present invention; 

FIGURE 11 shows in outline an electrical drive in 

accordance with a third embodiment of the 

s 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 

controller of Figure 13; 

· · FIGURE 16 · shows another. electronic controller· which may 

incorporate the device of Figure ·12, Figure 14 

20 · or Figure 15; 

FIGURE 17 shows an interconnection variation for the 

devices of Figures 12, 14 and 15; 
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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 oudine 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 

which is controlled by an electronic controller (12} which may be of a type known ~· 

0 The controller (12) is connected to an external three-phase power supply (17). 

s. 

··:The motor (11) is of a special construction which incorporates an electrical screen 

described in more derail below. 

In co_nU"aSt to a conventional configuration in which, typically, the frame of an electric. 

· .::." ·motor is connected directly to earth, and results in a flow o( radio frequency current to earth, · 

in this embodiment of the present invention the motor (11) optionally may have a connection 

to earm for the purpose of ensuring electrical safety,. but any· such connection does not carry 

·radio frequency current. ~nstead; the motor has, internally of the motor frame,· an electrical 

screen (9) which is connecred EO the electronic controller (12) via a connector 03) whereby· 

suay radio frequency currenc-coupled to·the screen .is returned to controller and is_prevented 

from flowfog into the earth system •. The connection of conncctor-(13) is·to·the power lnpur·· .. -,.,; .. _: 

to the controller and thus to the input side of a high speed switching device which forms at 

least a pan 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 Figure 2) being: 

(i} a screen assembly (14) for the windings (23) located in sloes (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 sloes (19) and extend along the 

full length of each slot. 

· As most clearly seen in Figure s. each screen (14) is of a laminared construction 

co~prising a layer of an electrically. conductive material (20) knciwiched between two layers 

15 of insu~ng marerial (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 beyond: the ends of a respec~ive slot (19) so that · 

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

20 in Figure 6. Thus, at the ends of.a pair of neighbouring sloes (19), outwards of the slots~ 
· .... ·. 

the neighbouring side wall ponions· (25a, 25b) of the sleeves (14) each have a lay!=r of the 

electr~ imulation material (21) removed to expose the layer of conductive material (20) .. 

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

(2Sb) of th~ 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, 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 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 

S 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) may have an electrical 

screen constructed as described above with reference to Figure S. 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. incorporated·as an internal layer. The end-cap scree~ (16) provide screening between 

the end-windings and ~e· motor casing (8). 

In . the aforedescribed construction . each of the screen sections is compriSed by a · 

20· component which is either additional to the standard, conventional components of the momr, 

or is a substitute component, as in the case of the screen assembHes (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 alcernative 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 a manner substantially similar to that of the motor (11) described 

above with reference to Figures 1 to 7. However, instead of prQviding 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, corresponding 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 l~ngitudinal edges in electrical contact with respective side walls of the slot. The screen (27) 

is -held in position by ~ 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 adjacent the electric motor (11}. such · 

.·that an imerconnecting 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 resuft 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 moror 

windings and an earthe~ part of the moror. To avoid or reduce that effect said screen around 
. '.· 

the cable (30) preferably is connected co 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 

-I 
I 
I 
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( 13). 

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

interconnecting cable (30) may interconnect with the concroller (12) through a capacitor. One 

, 5 suitable arrangement is shown in Figure 9. A capacitor (31) is incorporated in the connector 

(13). Optionally a bleed resistor (32) is provided, in this case between earth and the screen 

side of the capacitor, to ensure that the power frequency potential present on the screen is 

small, the value of the resistor being chosen also to ensure that no significant radio frequency 

current is connected to earth. The value of the capacitor (31) is chosen to present a low 

O 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 lOj 

is of a type having an intermediate, DC frequency stage which incorporates a capacitor (4S) 

(or two .capacitors arranged in series instead of the single capacitor (45) :if that is more 

·.i:··app~riate having regards to relevant considerations such~. for example, voltage ratings). 

A first part (41) of the controller acts as a rectifier for a supply (39) and a second pari (42) 

comprises an array of power transistors ot orher power switching devices which convert the 

DC. inm AC to drive an AC motor· (43). The electrical screen (9') provided, substantially in 

the manner described above, in the motor (43) is connected back to the controller via 

connection (44) which. as. illusttated, serves as a DC link between said parts (41, 42) and 

constiwres an lnpu1 side to die 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 Figure 9 

is incorporated in the connection (13) of Figure l. A capacitor introduced in the connection 

(44) of Figure 10 similarly may have a capacitance value chosen to present a low impedance 

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 provision 

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 replaced by two capacitors (45') arranged in series in 

the··.c~ntroller (40'), and the connection (44') from the screen of the mc;nor (43') leads to 

·. between those two capacitors (45'). Th~re thereby results. the benefit of the capacitor (31) 

of the Figure 9 arrange~ent but without the need to provide an additional capacitor solely 

· for that-purpose. 

In addition to providing that a motor screen (9) and optionally also the· screen· of an 

interconnecting c8ble (30) is connected back to the controller (12, 40) as aforedescribed, the 

c;ontroller may comprise a high speed switching device which similarly_ is screened from earth 

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) 

.. ··.·· 
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in a conventional manner by an interposed insulation layer (53). In 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, 

, 5 by an additional layer (55) of electrical insulation material. 

0 

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 contrQller. 

lf the high speed switching device is of an internally insulated type in which a 

semico~~uctor · (60) is insulated from a· base plate (61) by an interposed layer (62) of 

el_ect:rical insul~tion (see Figure 14), the base plate may be used as_ the conuoller. screen and 
. ~ . . 

an additional layer (63) ·of electr~cal insulation may be provided between to insulate. the 

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 direcdy on the heat sink (71) and the · . 

conventional single layer of electrical insulation between· the semiconductor deviee (72) and 

. the b~ 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 embodimenrs of Figures 14 and IS the respective controller screens (61, 75) 

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

. .. ·~ 
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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 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 

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 

(~) t~ the input to a high speed switching device (not shown). The capacitor (81) has a 
. . 

· _capacir.ance value selected" to present a low impedance at the frequencies associated with radio 

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

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

·-'. pc)tential. 

Normally. for electri~ safety at least the. frame of a motor neects to be conneeted to 

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

elecaical . insulation around all accessible part$ of the motOr·. In S':'Ch cas~ the present 

invention teaches that it is ·not always necessary to provide the aforedescribed additional 

·screening (14, 15, l6) within the motor and that the motor structilre or appropriate parts· 

such as me 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 controller. That 
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connection may be direct, for example 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 connected (91) back to the input side 

of the high speed switching means. Electrical insulation (92) isolates the motor from earth; 

che output shaft (93) also is provided with a section (94) that is an electtical insulator. 

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

and an electtonic controller (102) 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 

screeq··~ions are interconnected by connector (~04) which connects with the power input 

side (105)' of the controller. Typically the motor screen section (101 ') may comprise a 
. .. 

. . 
plurality of screen components· (e.g. for Jhe windings in core slots··and for end .windings) but 

5 alternatively it may be comprised by at least the frame structure of the motor. In _an 

·:;:.alternative arrangement it will be understood that the co~ector (104) may. connect to an 
·~= . . 

intermediate srage in the controller (102). 

The degree of suppression of radio frequency emissions attainable by the present 

invention will either avoid the need to pr<?vide 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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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 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 

er 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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7. 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 

s of electrically insulating material. 

. ·) 
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