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SUPPRESSION OF BADIO FBEQUENCY EMISSIONS 

5 

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. 

10 

The control of operating characteristics such as the speed or torque of an electric 

motor 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 type is a pulse width modulation (PWM) 

15 inverter. 

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 permanent-magnet motors, induction 

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

20 motors. By the use of a high speed switching mode type of controller it 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 flexibility 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 radi~ frequency energy which potentially can enter the 

surrounding environment to cause unacceptable disturbance to neighbouring equipment. In 
·' 

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

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

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

in potentially huardous 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 

some earth leakage current, which presents ah electrical safety problem and may cause 
. . 

protective devices to operate prematurely. Other conventional techniques such as arranging 

that circuits liable to generate radio frequency emissions should be deliberately coupled to 

earth or provided with an earthed screen are either not possible or not effective in power 

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

· electrically separate. 

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

radio frequency emissions from an electrical drive, and an electrical drive adapted to operate 

in accordance. with the method of the invention. 

20 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 switching means which generates high frequency 

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

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

substantiaUy 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 whicb. generates high frequency energy, and an 

electric motor to which power from a source of electrical power is supplied via said 

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

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

15 the input side of said switching means. 

Preferably said electrical screen, connected back to the input side of said switching 

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

part of the electric motor. Optionally, but more preferably, it may serve also to receive 

20 radio frequency energy emitted by the electronic controller. 

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

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

motor and an electronic controller which incorporates high speed switching means, the motor 
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being operable by a controlled supply of electrical energy received from the electronic 

controller and related to operation. of the high speed switching means, and radio frequency 

energy emitted from within the electric motor and received by a1_1 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 praeticable 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 

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

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

comprised by an additional member provided within ~r 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 comprise structure which serves as a screen and also performs 

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

provided solely to act as said electrical screen. 

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

more of the conventional pans of the motor and/or one or more additional members provided 

20 for a screening function is/are employed either alone or in combination with one or more 

other of said conventional parts and additional member(s) to provide screening for the 

windings in the motor. 

The invention teaehes that the electrical screen iS to be connected back to the power 

c 
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supply to the controHer 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 

5 frequency energy is recirculated thro!Jgh 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 controller similarly may be devoid of an earthed screen. Any 

interconnection means, such as a controller D\lq>Ut cable, provided between the electronic 

controller and the electric motor also may be devoid of an earthed screen. Preferably any 

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

controller) is provided with a screen arranged such that radio frequency current can be fed 

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

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

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

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

20 switching means; there may be a combination of series and parallel interconnections. One 

or more of the screen sections may be provided with a plurality of connections to another 

part of the screen. 

Capacitor means may be provided between said electrical screen and the electronic 
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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 t~e electronic controller or it 

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

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

radio frequency current. 

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

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

· 10 · but a high impedance at the frequency of the external power supply. A bleed resistor 

connected to earth may be associated with said'capacitor means so that the power-frequency 

induced potential present on the electrical screen is kept small and without any 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.g. 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 50ns to 2µs and operating at a switching frequency in the range 300Hz 

to 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 and may be caused to 

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

( 
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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 electronic controller and that higher frequency may fall within a wide 

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

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

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

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

which may, for example, be a DC stage. 

10 

In the case of an electronic controller having two or more stages of which a first does . , 

not generate high frequency energy, the screen may be co~ted back to a point which is 

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

energy. 

15 

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 

electrically conductive layer incorporated between and insulated electrically from the motor 

wiooings and at least some of the associated motor structure such as a frame, stator core, or 

20 rotor part of the motor relative to which said motor windings are located. Thereby, in 

accordance with the present invention, coupling of radio frequency energy from the motor 

windings to the motor frame (e.g. an earthed frame) is suppressed 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. It may comprise a layer of electrically conductive material 

sandwiched between two layers of insulating material. 

As considered in transverse cross-section in a plane perpendicular to the length of a 

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

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

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

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

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

15 

extending lengthwise out of a slot· end So that a bared part of one screen is in electrically 

conductive contact ~ith a bared part of another screen. The need to provide a wire 

interconnection thereby may be avoided. 

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

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

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

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

20 material comprising an electrically conductive layer arranged adjacent a layer of insulating 

material or sandwiched between two layers of insulating material. Alternatively. the 

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

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

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

f 
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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 

5 respect of a screen of sleeve-like form, and it may be retained in position by a slot wedge. 

Jn a further variation the slot wedges may be of e~ectrically 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 

suitor or . rotor part of the motor. In accordance with the aforedescribed aspects of the 

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

for controlling operation of the motor. 

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

15 may be applied in relation to motors of that type, the invention is not limited in its 

application to any specific type of AC or DC motor. Thus, it may be applied, for example, 

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

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

20 an electric motor of a kind which operates from an AC supply of any number of phases, or 

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

connection which is not permitted to be connected to one pole of the supply at the equipment, 

i.e. the supply at the electrical drive. 
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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 controlle~ to receive radio frequency 

energy generated by said switching means and wherein said control.ler screen is connected 

5 co 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 6e a solid· state device. It may be of a kind 

mounted on a heat sink and in that case it is provided by the present invention that a 

controller screen shall be interposed 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 insulated electrically from· a heat sink by a layer of insulating material, the 

controller screen may be a layer of electrically conductive material which is embedded in that 

layer of insulating material or sandwiched between that layer and an additional layer of 

20 insulating material. A controller of this type may have an electrically conductive housing 

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

a power input terminal· of the controller. 

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

15 

between the base plate and the part of the high speed switching means which, in use, 

genera~es 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 freqµency energy from the high speed switching 

means to the heat sink or, for example, to another and typically earthed component. 

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

wholly contains, the high speed switching means. 

The electronic controUer 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 

switching means shall be insulated electrically from the heat sink and that ihe heat sink shall 

20 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 screen and electronic controller power input 

may be effected via a capacitor the capacitance of which _is chc>sen 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 

means and two or more screen sections which comprise the electrical screen of the electrical 

drive, e.g. sections associated with one or more of the controller, motor and any 

interconnecting cable, and similarly, one or more sections of a motor 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 to the accompanying diagrammatic drawings in which: 

20 ·FIGURE I · 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 I; 

FIGURE 3 is a simplified section on the line 3".'3 of Figure 

2; 

s 

FIGURE 4 is a transverse section of stator windings in the 

motor of Figure I; 

FIGURES shows in detail the electrical screen shown in 

10 Figure 4; 

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

FIGURE 7 is a view of a detail of the end of the stator core 

IS part of the motor of Figure 1; 

FIGURE 8 ·illustrates a variation of one of the screen 

sections of the embodiment of Figures 1 - 7; 

20 FIGURE 9 illustrates an interconnection variation for the 

electrical drive of Figure l; 

. I 

FIGURE 10 shows in outline an electrical drive in 

accordance with a second embodiment of the 
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present invention; 

FIGURE 11 shows in outline an electrical drive in 

accordance with a third embodiment of the 

present invention; 

FIGURE 12 shows part ofa high speed switching device for 

use in an electrical drive of the present 

invention; 

FIGURE 13 shows an electronic contl1>1ler incorporating the 

switching device of Figure 12; 

FIGURES 

14 & 15 show alternative switching devices for use in the 

controller of Figure 13; 

FIGURE 16 shows another electronic controller which may 

incorporate the device of Figure 12, Figure 14 

or Figure 15; 

FIGURE 17 shows an interconnection variation for the 

devices of Figures 12, 14 and 15; 

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

with another embodiment of the invention; an~ 

FIGURE 19 shows in outline yet another electrical drive in 

accordance with the present invention. 

PCT/GB9S/00442 

An electrical drive (10) (see Figure I) 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 ~-

. · 10 The controller (12) is_ connected to an external three-phase power supply (17). 

15 

The motor (11) is <?f a special construction which incorporates an electrical screen 

described in more detail below. 

In contrast to a conventio~l configuration in which, typically, the frame of an electric 

motor is connected directly to earth, and results in a flow of radio frequency current to earth, 

in this ~mbodiment of.the present invention the motor (11) optionally may have a connection 

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

radio frequency current. Instead, the motor has, internally of the motor frame, an electrical 

20 screen (9) which is connected to the electronic controller (12) via a connector (13) whereby . 

stray radio frequency current coupled to the screen is returned to controller 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 switching 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 Figure 2) being: 

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

5 (24); 

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

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

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

· 1 O which wholly surround the windings (23) in the stator core .slots ( 19) and extend along the 

full length of each slot. 

As most clearly seen in Figure 5, each screen (14) is of a laminated construction 

comprising a layer of an electrically conductive material (20) sandwiched between two layers 

15 of insulating material (21).· This screen (14) is used in place of, rather than additional to, 

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

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

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

.20 in.Figure 6. Thus, at the e_nds 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 lay~r of conductive material (20). 

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

(25b) of the pair of neighbouring side walls and an outer insulation fayer (21) is removed 
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from the other side. wall (25a) of the pair. Thus, when the ~ared 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 

5 wall (25b) of the neighbouring pair. 

Figure 7 shows part of one of a pair of screened end-plates ( 15) each for· providing 

screening between the stator core and an end-winding. The plate (15) 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) ($ee Figures 2 and 3) also may be 

constructed substantially as described above with reference to Figure S. 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 screens (16) provide screening b~tween 

the end-windings and the 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 motor. 

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

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

between the windings and stator core. 
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In an alternative embodiment, now described with reference to Figure 8, a standard, 
conventional part of the motor is used to provide, at least in part, one of the screen sections. 
The motor is constructed in a manner substantially similar to that of the motor (11) described 
above with reference to Figures 1 to 7. However, instead of providing each winding in a 

5 stator core slot with a screen (14) (see Figure 4) of a laminated and sleeve-like construction, 
the stator core (24) is employed to provide a part of that screen section and conventional 
insulating material (not shown) is provided between the windings and stator core. 
As· in the case of the motor (11), insulation is provided between the stator core and the 
frame, the frame typically being connected to earth. Screens are also provided over the end 

10- windings, 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-He conducting screen (27) ·arranged with its 

15 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 conriected back to the controller via the stator core and therefore 
all four sides of the windings, as viewed in Figure 8, are screened. 

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

25 increasing radio frequency emission from the drive as the capacitance between the motor 
windings and an earthed part of the motor. To avoid or reduce that effect said screen around 

the cable (30) preferably i$ 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 

30 

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 controller ( 12) through a capacitor. One 

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

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

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

small, the value of the resistor being choseri 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 

IO impedance at the frequencies associated with radio frequency emission and a high impedance 

at the power frequency .. 

In a second embodiment of the invention an electronic controller (40) (see Figure 10) 

is of a type having an intermediate, DC frequency stage which incorporates a capacitor (45) 

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

appropriate having regards to relevant considerations such as, for example, voltage ratings). 

A first part (41) of the controller acts as a rectifier for a supply (3~) and a second part (42) 

comprises an array of power transistors or other power switching devices which conven the 

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

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

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

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

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



wo95124763 PCT/GB95/00442 

20 

.controller (40) as shown in Figure 10. Alternatively, the connection (44) may incorporate 

a capacitor (not shown) in a mann~r similar to that in which the capacitor (31) of Figure 9 
' . . . . . 

is incorporated in the connection (13) of Figure 1. A capacitor _introduced in the connection 

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

5 at the frequencies of radio emissions and· a hig~ impedance at the power. frequency. 

10 

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 controller (40'), and the connection (44') from the screen of the motor (43') leads to 

between those two capacitors (45'). There thereby results the benefit of the capacitor (31) 

of the Figure 9 arrangement but without the need to provide an additional capacitor solely 

15 for that purpose. 

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

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

controller may comprise a high speed switching devi~e which similarly is screened from earth 

20 by a screen, referred to as a controller screen, that is connected to the controller at the input 

side of the high speed switching device. 

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

mounted on a base plate· (51) which is externally insulated electrically from a heat sink (52) 
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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. 

lO 

The controller (12) may be of a kind which uses direct switching from the power line 

in which case (see Figure 13) the controller screen (54) may be connected via connector (56) 

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

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

semiconductor (60) is insulated from a base plate (61) by an interposed layer (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 insulate the 

15 ·controller screen from the heat sink (64). 

In another con8truction of a high speed switching device of an internally insulated type 

· (see Figure 15) the base plate (70) may be mounted directly on the heat sink (71) and the 

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

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

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

In the embodiments of Figures 14 and 15 the respective co~troller 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 refe~nce ·to. Figure 10 and having 

a rectifier part (41) followed by an inverter part (42). In that case the respective controller 

5 · screens (54, 61, 75) of the high speed switching devices of Figures 12, 14 and 15 may be 

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

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

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

10 capacitor. Figure 17 shows a connection arrangement which incorporates a capacitor (81). 
. . 

The capacitor (81) lies between a connection (SO) to a controller screen (83) and a connection 

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

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

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

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

potential. 

Normally for electrical safety at least the frame of a motor needs to be_ connected to 

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

20 electrical irisulation around· all accessible parts of the motor. In such cases the present 

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

screening (14, 15, 16) within the motor and that the motor structure or appropriate parts 

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

radio frequency current coupled to that motor structure is fed back to the controller. That 
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connection may be direct, for· example as described with reference to Figure l 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 

5 parts of a motor (90) are employed as a screen which is connected (91) back to the input side 

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

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

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

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

and cable are each provided with a respective scceen section (101', 102', 103') and the three 

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

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

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

15 alternatively it may be comprised by at least the frame structure of the motor. In an 

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

intermediate stage in the controller (102). 

The degree of suppression of radio frequency emissi9ns attainable by the present 

20 invention will either avoid the need to provide a filter or will allow use of a much smaller, 

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

necessary. 
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1. A method for the suppression of radio frequency emissions from an electrical drive 

S (10) of the kind comprising an electronic controller (12; 40; 40'; 102) comprising high speed 

switching means which generates high frequency energy and an electric motor.(11; 43; 43'; 

101) to which power from a source of electrical power is supplied via said electronic 

controller, said method comprising providing an electrical screen (9; 9'; 14,15,16; 54,61; 

75; 10 l ', 102 ', 103 ') tO receive radio frequency energy which, in use, is emitted from at least 

IO a part of the electrical drive, 

characterised in that said method comprises. electrically connecting said electrical 

screen back to the input side of said switching lileans. 

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

1 S screen (9; 9') which at the least, substantially wholly surrounds a part of the electric motor 

(11; 43; 43 ') from which, in use~ radio frequency en~rgy is emitted. 

3. An electrical drive (10) comprising an electronic controller (12; 40; 40'; 102) 

comprising high speed swiiching means which generates high frequency energy, and an 

20 electric motor (11; 43; 43'; 101) to which power from a source of electrical power is supplied 

via said electronic controller' characterised in that in use, radio frequency energy which 

is emitted from at least a part of the electrical drive is received by an electrical screen (9; 

9'; 14,15,16; 54; 61; 75; 101'102'103') which is connected back to the input side of said 

switching means. 

f 
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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 

S. An electrical drive according to Claim 3 or Claim 4, characterised in that the 

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

drive. 

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

electrical screen comprises a member (14, 15, 16; 27) which is additional to the structure of 

a conventional electrical drive. 

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

15 the least, said electrical screen (9, 9') substantially wholJy surrounds at least a part of the 

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

8. An electrical drive according to any one of Claims 3 to 7, characterised in that the . 

electrical motor incorporates an electrical screen comprised by at least one of the frame, 

10 stator (24) and rotor· components of the motor and arranged to receive radio frequency 

energy emitted 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 fr~m the controller 
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(102) to the motor (101), each of the interconnection means, controller, and motor being 

provided with a screen (103', 102', 101 ') to receive radio frequency energy emitted by at 

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

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

5 means. 

10. An electrical drive according to any of Claims 3 to 9, characterised in that capacitor 

means (31; 45'; 81) is provided between said electrical screen and the electronic controller f 
or an external power supply to said controller, said capacitor means being arranged to ensure 

10 that the electrical screen is not connected directly to the external power supply or any other 

electrically live point and said capacitor means having a capacitance value which presents a 

low impedance ar the frequencies associated with radio frequency emissions and a high 

impedance at the frequency of the external power supply. 

15 11. An electrical drive according to any of Claims 3 to 10; characterised in that the 

20 

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

comprising a layer· of elecirically conductive material having adjacent at least one surface 

thereof a layer of insulating material (21), said electrical screen ·being positioned at least in 
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part between the motor windings (23) and associated motor ~tructure (24). 

13. An electrical drive according to any of Claims 3 to 12, characterised in that the 
. . 

electrical screen comprises a controller screen (54; 61; 75) provided in proximity to the high 

5 speed switching means to receive radio frequency energy generated by said switching means, 

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

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

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

10 

15. An electrical drive according to Claim 13 or Claim 14, characterised in that the high 
I 

speed switching means is mounted on a heat sink (52; 64; 71) and the controller screen (54; 

61; 75) lies interposed between said high speed switching means and heat sink to provide a 

physical barrier to the direct transmission of radio frequency energy from the high speed 

15 switching means to the heat sink. 

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

controller screen substantially wholly contains the high speed switching means. 

20 17. ·An 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 iri that motor windings (23} 

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

n1111111111111111111111111111 
* C L· M S * 
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by an electrical screen (14; 24,27). 

11111111111111 11111 1111111 1111 · 
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[received by the International Bureau on 28 AU:Qust 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 tho 1upprealon ·of rldi.o frequency emissiom Jrom an cl=trical drive 

(10) of the kind compriaina an elcclrOOic controller (12; 40; 40'; ·102,) compriaina hiah 1pced 

1wirdli111 111111111 which genera• hi1b frequency ancray and aa eleetrl~ motor (11; 43; 43•; 

· 101) to which power from a 10Un:c: of elecuir.al powec is supplied Yia .aid Clccrionic 

coouoJlcr. aid method comprllln& provlcling an el~"trical sac:n (9.; 9'; 14.U,16; ~4,61: 

75~ 101 ',102• .103') UI recetve radio frequency cmgy which, in use:. 11 emiu.cd.from Ill lcut 

10 & pll'& of the dcmicaf drive, 

chanc1lriled in that said method compfmu elecuir.ally c0nnecdn1 said elecarlcal 

tcrcien blck to dlc input side or Did 1wi1ehlna nmm. 

2. A method acmrdin& to Claim I. c:buacrcrised in tbat use !is made of an olCICtrlcal 

15 screen (9; 9") which al the leut, 1ubstandally. wholly 1unuunda a pan af die electric motGr 

(11; 43: 43') from which, in•· radio frequency oner11 ia cmltfld. 

l. A mcdmd ICCOfding 10 Clatm 1 or Claim 2, c:hu__._.d in &hat •id madal 

cmnprisa electrically connecdn1 1aid cleccrlcal screen blK:k lO a position which scrvca for 

20 dac 111pply of elcctrlcal power IO lhc 1witdai111 means. 

4. A 1DOlhod accordina 10 Claim 1 or Oaim 2, c:huaaeriaed in that ukl melbod 

r.ompriw olec11lcally connectln1 said eloctrical ICl'leD so a non-earthed po1idon 11 lhe input 

aide of llld awik:hing meau. · 

11111111111111 11111 11111111111 
* C L M S * 
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S.. An clac&ric:al drive (10) coinprlaing an elccmmic conuoJlcr (12; 40~ 40'; 102) 
. . 

camprilina hip.- 1wirchiq maans which pncrarca hip ,..uenc, enap, lft4 an 

e!ocarlc JllOCDr (l 1; 43; 4Y;JOl) to whicll power frDm a IOUl'ce of electrleal power ii supplied 
. . . . 

S via llid eJcctroaic conuoller, characteriaecl in that in me, radio!froq~ --aY which 

ID 

15 

II •mlcrld from al .lead a pltC af die clectrJcal drive ii received by: an ellCU'ical acreen (9: 

· t•; 14,15,16; 54; 61; 75: 101'102'103') whic;h ii oonnactad backtto die inplll side of •kl 

swltch...,. meua. 

6. An elecark:a1 drive accorcling '° Claim s. cbaracceri.t in; that at leut she eleclrlc 

molDf (11; 43; 43'i 101) and •DJ mnbvllcr auapul Clb1- (30; I~) or like inl8l'COlllSlion 

1111a111 pmvkW between the electronic controller and the eJecarip moror i1 devoid of an 

.Wscrccn. 

1. An .e1ec1ric:al drive accontlng &o Claim ' or CJalm 6, dllarBrerised in lhat die 

dectr~ acreen is~"' a position at the Input aide of lhe 1wisehln& ...... that....,.. 

for lbe supply of electrical power to Ibo swhdling mans. 

a. An olcctrkal drive IGClDntlna 10 Clalm 5 or Claim 6, libarac1Dr11Dd ia that 1he 

20 cla:ttical screen is mnnccf.Cd ta a non-earthed pasbion at the inp.ut side of the 1wlrchln, 

9. An elec&r~l drive acriordins to any one of Claims 5 to l~;cllMlccerflccl la that lhc 

tupply bu a separato eanh connection which ii nae connected ca a fJOlc of che power 1uppl1 

AMENDED SHEET (ARTICLE 19) 
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10. An elemical drive accordtn1 to any one of Claim• 5 co 9~ chllrac&oriaed in lhat the 

electtleal 1CrCC11 ia not connected to wth. 

11. An elcculcal drlvc accordiq ID Claim 10, charac11rlled i~ lhat the electrical screen 

ii compriled by a part or the clcccric mosor which II not conneclOd to earlh. 

] 2. An elearical drive .:cordi11110 Claim 11. characrariaed ini dlac lhD electrical ICl'ICD 

10 c:ompriaa a convendonal pan (24; 61) of the IU'Uct11re of the clcciriail drlwc. 

15 

13. An cJcccrical drive acc:ordlq '°an)' of Clai1111 5 io 12, tharsterised in that the 

eJecrrical 1men mmpritel a member (14'. 15. 16; 27) which ii addiaional IO the attucture of 

a mavendonal elecrrlcal drive •. 

14. An electric:al drive accordina to any om of Clai• S to ll• cbaraccari-1 in that. at 

the least. ulcl electrical 1creen (9. 9') sublramlally wholly surround. at leal a pu1 of the 

elec1rical motor (11, 43, 43") from which, in Ull, radio frequenc)! energy is eml.Ued. 

20 15. An elacttical drJva Kcordin& to any one of CJaiJm S to 14, ,cbmcu:rlscd la dlaE tile 

electrical moU>r incorporaca an clcccrbl screen comprised by at• leut one of lhe frame. 

aaor (24) and RMor mmpo1111111 of Ibo mowr ud arranpd IO !l'CICClvc radio frequoncy 

eneray emiued by electrical windin11 of •id motor. 

111111111111111111111111111111 
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16. An e1ecttlcal drive llCCDrding to any one of Clalma S m IS'.. cbaractcriled In that lt 

mmprlsea lnlan:Onnectlon means (103) for the tr&nsmlulon of power from ~controller 

(102) to the matar (101), _. of tic in~n meant, oo•ollor. ud motor being 

provided wich a screen (103'. 102", 101 ') to recaiva tldlo fteqUettcy enercY emittld by u 

S lull a part of the roapcctivo intereonnoctlon meana, oon&raller an4 mOcot ud Cll:h of aid 

ICllllM (103". 102', 101 ') beln1conDecteclbackIO1he lliput side oflme hiah speed 1witchlna 

meana._ 

. . 

17. An electrical drive according to any of Claim•,, eo 16, c:h1a4=1miled in chat capacitor 
. . . 

JO lllllM (31; 4S9 i 81) is provided betMcn uid clcccrical sercen ancl!tbe electronic conuollcr 
.,_ 

ar an exrernal power supply to uld conuoller. said capacitor meau be6na arrupd ta ensure 

dial the electrical screen is not Connected directly to the external power tupply or any adm 

clectrlcally live point and said capach.or IDDUI having a capacltaJicc value which pnaeau a 

low lmpal•nc:e It Ille frequencies UIDCiatal Wi&h radio frequc~y cmiuiona and a high 

15 impodara 11 the freq--=y of ahe external power supply. 

11. Ao clcaric&I drive accorclina to uy of Claim 5 10 17, Chlrlcteriled in chat the 

clcclron~ ;anuollcr (40; 40') hu 11 l•t two llqes (41 .. 42) or which a fat (41) dou not 

aenerata high froqucncr energy and said clec1rical scrcGn (9') iJ conftoccod blCk ro botweon 

20 lllclll 1111&a al a point which ii at the input side Of the IU&O(I) (42~ which pnl!W(I) bJah 

19. An electrical dri~e according to any of Claim• S to 11. eharleteriled in &hat die 

eleclrical acrceo (14)is an electrically coodilclive layer (20) of • laminated· cmasuuction 
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comprllin1 1 layer of electriClsiy conductive material havias '.a~nt aa leasl one surface 

thereof a layer of inaulating materla1·(21), said eJccaical acrccn belng pmiaionect at l111t in 

parl between &he motor wlndtnp (23) and associated mamr suuaure (24). 

5 20. An eleclrbl .drive acc:ording lO any ~f Claims S io 19. cbaractorilcd in lhll lho 

cleclrical scn:en compriles a mnuoller screen (54; 61; 75) prov~ in proximi1y to die hiP 

lpcod 1widin& mcana ro receive raclio frequency cnorsy senerat.ed ljty said 1wi1china nans, 

said conuollcr Kreen boing conneclld (56) to 1he lnpuc side of saf4 swlrchlna rnDllll. 

10 21. An elccU'lcal drlvc accordin9 to Claim 20, cbalacabcd in aiial 1ald e»n&rol1er 1CRGn 

ii pa1itiontd between earth and rerminal1 of t11o'high lpccd switch,ng 11111111. 

22. An electrical drive m:ordin& 1U Claim 20 or Claim 21, c~a:rlsed In dW die hip 

speed 1wifehiq lllUlll is mounra:I on a heal sink ('2: 64; 71) and she conuoller acnen (54; 

15 61; 15) lies i•rpolOd between aid hlsh lpeod awirGhina means afttl hat aink to provict. a 

phJSical barrier \0 lbe dircca trammissioa of radio freQ\&llK'.Y cnctaY from Iba biah apccd 

1witching means to lhc heat 1ink. 

23. An etectrk:al drive KCOrdin& co any of Calms 20 to 22, :charac:loriled in 1111& &be 

20 eonuoller ICNl!n aubarantially wholly c:ontain1 at. hiah speed swiaehin& meam. 

24. An electric mo10t characterised In lhat h comprilCI ao cl•ical screen (14; 24,27) 

pmi&iomd between du: mu&or winding• (23) and Lhe re111aining structure (8) of tho motor. 

111111111111111111111111111111 
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25. An elocsrlc motor according ta Claim 24, cbaracaiacd In ""1 an0a· windlalt (23) 

· lie in each of a plurall1y of alors ( 19) in a part of 1hl mo1Dr 1uuctme P.nd are Uch 1ul'l'DUnded 

by an ela:lrlcaJ screen (14; 24,21). 

5 , 1.11111111111111111111111111111 
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