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SOLID STATE ABSORBING CLAMP 

 

FIELD OF THE INVENTION 

The present invention relates to measurement of electrical and/or electromagnetic 

interference particularly though not solely to an apparatus for testing power disturbance. 5 

 

BACKGROUND TO THE INVENTION 

It is well known in the art that for an electrical appliance to be sold in a given 

jurisdiction it must comply with various standards.  Over recent times one of the most 

important has become Electromagnetic Compliance (EMC) or the level to which the 10 

appliance interferes electromagnetically (radiated) or electrically (conducted) with other 

appliances. 

One method of measuring radiated electromagnetic emissions is to simply provide 

an antenna in proximity to the “Equipment Under Test” (EUT) and analyze the output.  

Another common method is the use of an “absorbing clamp”.  This works on the principal 15 

that the primary source of high frequency emissions is the signal that is coupled onto a 

connected cable from interference generated within the EUT. Then, an indication of the 

disturbing capability of the EUT is obtained by measuring the current that is fed in 

common-mode onto this cable, and which will be coupled away from the cable by 

radiation. The assumption is valid for many types of apparatus that have only one cable 20 

(typically the mains cable) and whose dimensions are small compared to a wavelength. 

When the equipment has several connected cables, or when its dimensions are greater than 

a quarter wavelength (that is, it is physically large, and/or the frequency of interest is high) 

the assumption is harder to justify and a radiated test is preferred. Nevertheless this 

measurement method has a good record as a means of assessing the interference potential 25 

of many types of equipment, and it is generally simpler to carry out than the radiated 

method. 

The equivalent circuit for high frequency emissions in the standard absorbing 

clamp test set-up is shown in Figure 1. A length (normally >5m) of the cable under test is 

stretched out at a constant height above ground and thus forms a transmission line of 30 

characteristic impedance Z0, a value which is determined by the geometry of the set-up as 

shown in Figure 3. The far end of this cable is terminated in an impedance ZT, which is 

generally unknown, being fixed by the high frequency impedance of the mains supply or 

the ancillary equipment which may be connected. (Placing a second absorber at this end 
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stabilizes ZT, as discussed later.) The impedance presented to the EUT is ZC, which is the 

transmission line impedance Z0 modified by ZT and any other mismatches that are present 

on the line. 

The disturbing source in any EUT can be represented by a voltage source VS in 

series with an impedance ZS, referred to the enclosure (this simplification is valid whether 5 

or not the equipment has a Class II insulated or Class I earthed metal enclosure). Of course, 

both VS and ZS are frequency dependent. ZS is coupled in common mode to the cable under 

test – that is, the resulting current ICM flows equally and in the same sense in all conductors 

in the cable. The mechanism of coupling depends on the design detail and may be 

complicated, but need not concern this discussion. The EUT is isolated from the ground 10 

but coupled to it via stray capacitance CS, which is a function of the equipment’s geometry 

and its distance from the floor and other surrounding objects.  

Matching considerations dictate that the maximum power transfer from the EUT to 

the cable will occur when 

Re(ZC) = Re(ZS + 1/jωCS) 15 

ZS and CS are fixed by the EUT and the set-up, so power matching can be achieved 

by varying ZC. This is the purpose of applying the clamp to the cable and moving it 

through a half wavelength, as discussed below. 

The absorbing clamp as defined in clause 13 of CISPR 16-1 has three principal 

features as shown in Figure 3. Firstly a loop of coaxial cable wound round two or three 20 

ferrite rings, which acts as a current transformer, inducing a signal into the loop from any 

RF current which flows through the cable under test to which the ferrite rings are coupled. 

Secondly an absorbing section made up of a further cascade of ferrite rings, located further 

down the cable under test away from the emitting source, whose purpose is to stabilize the 

RF common-mode impedance of the cable under test and reduce its dependence on the far-25 

end termination. And thirdly a further section of absorber over the sheath of the cable 

leading from the current transformer, which increases the common mode impedance of this 

cable and thereby reduces the impact of any variations in this impedance which may be 

coupled via stray capacitance through the transformer to the cable under test. 

The ferrite rings are halved, and the clamp is so hinged that the cable under test can 30 

be laid through the whole assembly and the other halves brought down to enclose it 

completely. Good mating between the halves is essential and the ferrite housings are 

sprung to ensure this. Typically, the ferrites are mounted in the body of the clamp which is 

stabilizes ZT, as discussed later.) The impedance presented to the EUT is
Ze, which is the  transmission line impedance Zo modified by ZT and any
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Re(Zc) = Re(Zs + 1/jO)Cs) Zs and Cs are fixed by the EUT and the
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made of insulating material; there are no galvanic connections to be made either to the 

cable under test or to the transducer output cable.  

In use, the clamp is placed round the cable under test with the current probe facing 

the emitting source. The far end of the cable is connected to the mains supply or to 

ancillary equipment, or left open in calibration; a second absorber may be placed over the 5 

lead. The clamp output is connected to the measuring receiver or spectrum analyzer. 

To determine the maximum power that the disturbing source can deliver to a lead of 

indeterminate length, the clamp is moved along the cable under test to find a maximum at 

any given frequency. The output level varies periodically with distance, the distance 

between peaks being around half the wavelength of the measured frequency. The 10 

horizontal cable is acting against the ground as a transmission line, on which current 

standing waves are induced, and the clamp is measuring these standing waves. For a 

standing wave to form there must be a mismatch along the transmission line. Such a 

mismatch will be caused by either of two sources: 

· the termination (or lack of it) at the end of the line, or 15 

· the absorbing clamp itself. 

If the absorbing section of the clamp is fully effective, the end of line termination 

should be invisible to the line between the clamp and the disturbing source, and should not 

therefore contribute to the standing wave measured by the current transformer. 

Nevertheless, the absorber itself will be mis-matched with respect to the transmission line 20 

impedance and will therefore cause a reflection, which in turn creates a standing wave. The 

current transformer is fixed in relation to the absorber and therefore remains at the same 

point on the standing wave, yet still senses a periodic variation in output; this is because as 

the clamp is moved, the amplitude of the signal fed to the cable varies, because the 

impedance presented to the disturbing source is varied. Therefore, moving the clamp will 25 

present an envelope of load impedances to the source which will allow, within limits, the 

maximum power transfer to be achieved. 

Commercially available absorbing clamps typically must be moved over a length of 

at least 5 meters over a power cable of the EUT. This can be done manually however since 

the test takes a considerable amount of time in practice the absorbing clamp is often 30 

installed on a mechanical glide rail controlled by an electric motor.  

It would be desirable to provide a device which does not require mechanical 

movement.  It would also be desirable to have a smaller overall size of test setup.  It would 

made of insulating material; there are no galvanic connections to be made
either to the  cable under test or to the transducer output cable. In use, the
clamp is placed round the cable under test with the current probe facing
the emitting source. The far end of the cable is connected to the mains
supply or to  5 ancillary equipment, or left open in calibration; a second
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remains at the same  point on the standing wave, yet still senses a
periodic variation in output; this is because as  the clamp is moved, the
amplitude of the signal fed to the cable varies, because the 25 impedance
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length of  at least 5 meters over a power cable of the EUT. This can be
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be further desirable to have a faster test procedure, with less time invested in setting up or 

assembling the test apparatus. 

 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to achieve any of the above 5 

desideratum, to overcome any disadvantages in the prior art or which will at least provide 

the public with a useful choice. 

Accordingly in a first aspect the present invention consists in a system for 

measuring power disturbance by a piece of equipment comprising: 

 an electrical cable configured to connect said equipment to a power source; 10 

 a plurality of transformers positioned along the length of said cable; 

 a plurality of switching devices each configured to connect the secondary winding 

of a respective transformer to either an open circuit, a short circuit or to current 

measurement or analysis means; 

 whereby when an operative switching device connects an the secondary winding of 15 

operative transformer to said current measurement or analysis means, each switching 

device on a first side of said operative switching device connects the secondary winding of 

the respective transformer as short circuit and each switching device on the other side of 

said operative switching device connects the secondary winding of the respective 

transformer as open circuit. 20 

Preferably a method further comprising:  

 control means operative connected to said plurality of switching devices configured 

to automatically switch each switching devices in a predetermined sequence to sequentially 

connect all of the secondary windings of said plurality of transformers to said current 

measurement or analysis means. 25 

Preferably said first side corresponds to the side connected to said equipment.  

Preferably a method further comprising a housing enclosing said cable, said 

plurality of transformers and said plurality of switching devices.  

Preferably said cable and said plurality of transformers are arranged in a serpentine 

spiral or coiled configuration within said housing.  30 

Preferably said current measurement or analysis means comprising:  

 a spectrum analyzer or test receiver, and  

 wherein said current measurement or analysis means, said  spectrum analyzer or 

said test receiver including an input resistance, and  

be further desirable to have a faster test procedure, with less time
invested in setting up or  assembling the test apparatus. SUMMARY OF
THE INVENTION 5 It is therefore an object of the present invention to
achieve any of the above  desideratum, to overcome any disadvantages in
the prior art or which will at least provide  the public with a useful choice.
Accordingly in a first aspect the present invention consists in a system for
measuring power disturbance by a piece of equipment comprising: 10 an
electrical cable configured to connect said equipment to a power source;
a plurality of transformers positioned along the length of said cable; a
plurality of switching devices each configured to connect the secondary
winding  of a respective transformer to either an open circuit, a short
circuit or to current  measurement or analysis means; 15 whereby when
an operative switching device connects an the secondary winding of
operative transformer to said current measurement or analysis means,
each switching  device on a first side of said operative switching device
connects the secondary winding of  the respective transformer as short
circuit and each switching device on the other side of  said operative
switching device connects the secondary winding of the respective  20
transformer as open circuit. Preferably a method further comprising:
control means operative connected to said plurality of switching devices
configured  to automatically switch each switching devices in a
predetermined sequence to sequentially  connect all of the secondary
windings of said plurality of transformers to said current  25 measurement
or analysis means. Preferably said first side corresponds to the side
connected to said equipment.  Preferably a method further comprising a
housing enclosing said cable, said  plurality of transformers and said
plurality of switching devices. Preferably said cable and said plurality of
transformers are arranged in a serpentine  30 spiral or coiled configuration
within said housing. Preferably said current measurement or analysis
means comprising:  a spectrum analyzer or test receiver, and wherein
said current measurement or analysis means, said spectrum analyzer or
said test receiver including an input resistance, and 5 
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 wherein the voltage across said input resistance thereby allowing measurement or 

analysis of the current in said cable.  

Preferably said plurality of switching devices comprising a plurality of 

semiconductor switches or switch packages. 

Preferably said semiconductor switches or switch packages are MOSFET 5 

semiconductors. 

Preferably said semiconductor switches or switch package are GaAs switches. 

Preferably said predetermined sequence comprises a pre-scan using a first of said 

transformers and a full scan over all of said plurality of transformers. 

Preferably said pre-scan including said spectrum analyzer of test receiver 10 

determining peak frequencies of power disturbance and said full scan including said 

spectrum analyzer or test receiver recording the frequency spectrum of said power 

disturbance between 10MHz and 1GHz. 

 To those skilled in the art to which the invention relates, many changes in 

construction and widely differing embodiments and applications of the invention will 15 

suggest themselves without departing from the scope of the invention as defined in the 

appended claims.  The disclosures and the descriptions herein are purely illustrative and 

are not intended to be in any sense limiting. 

The invention consists in the foregoing and also envisages constructions of which 

the following gives examples only. 20 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred forms of the present invention will now be described with reference to the 

accompanying drawings in which; 

Figure 1 shows the equivalent circuit of a prior art absorbing clamp;  25 

Figure 2 shows a cross section of a prior art absorbing clamp;  

Figure 3 shows the apparatus setup for a prior art power disturbance testing;  

Figure 4 is a diagram representation of the present invention; 

Figure 5 is a diagrammatic representation of the serpentine shape of the power cord 

and ferrites; 30 

Figure 6 is a diagrammatic representation of the operative transformer connected to 

the input resistance of the test instrument;  

Figure 7 is a diagrammatic representation of the switches connected to the control 

circuit;  

wherein the voltage across said input resistance thereby allowing
measurement or  analysis of the current in said cable. Preferably said
plurality of switching devices comprising a plurality of  semiconductor
switches or switch packages. 5 Preferably said semiconductor switches or
switch packages are MOSFET  semiconductors. Preferably said
semiconductor switches or switch package are GaAs switches.  Preferably
said predetermined sequence comprises a pre-scan using a first of said
transformers and a full scan over all of said plurality of transformers. 10
Preferably said pre-scan including said spectrum analyzer of test receiver
determining peak frequencies of power disturbance and said full scan
including said  spectrum analyzer or test receiver recording the frequency
spectrum of said power  disturbance between l0MHz and 1GHz. To those
skilled in the art to which the invention relates, many changes in  15
construction and widely differing embodiments and applications of the
invention will  suggest themselves without departing from the scope of the
invention as defined in the  appended claims. The disclosures and the
descriptions herein are purely illustrative and  are not intended to be in
any sense limiting. The invention consists in the foregoing and also
envisages constructions of which  20 the following gives examples only.
BRIEF DESCRIPTION OF THE DRAWINGS Preferred forms of the
present invention will now be described with reference to the
accompanying drawings in which; 25 Figure 1 shows the equivalent circuit
of a prior art absorbing clamp;  Figure 2 shows a cross section of a prior
art absorbing clamp; Figure 3 shows the apparatus setup for a prior art
power disturbance testing;  Figure 4 is a diagram representation of the
present invention; Figure 5 is a diagrammatic representation of the
serpentine shape of the power cord  30 and ferrites; Figure 6 is a
diagrammatic representation of the operative transformer connected to
the input resistance of the test instrument; Figure 7 is a diagrammatic
representation of the switches connected to the control circuit 6 
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Figure 8 is a cross section of the different ferrite spacing embodiments. 

Figure 9 is a graph of the impedance of the present invention or frequencies of 

interest. 

Figure 10 is a circuit diagram of the switching configuration. 

Figure 11  is an equivalent AC circuit of the switching configuration. 5 

Figure 12 is an example graph of insertion loss. 

Figure 13 is an example graph of isolation loss. 

Figure 14 is a cutway showing the internal constructions. 

Figure 15 is a graph showing the drive signals for the switches. 

Figure 16 is a schematic of 50mm ferrite spacing; and  10 

Figure 17 is a schematic of 16mm ferrite spacing. 

 

DETAILED DESCRIPTION 

Instead of moving the current probe over the total length of the power cord in the 

present invention ferrite beads (or toroidal magnetic core) are fitted over the entire length 15 

of an artificial power cord and a secondary winding is provided on each ferrite bead. So 

instead of “mechanically moving” the current clamp over the power cord we “electrically 

move” the position of current measurement or analysis. This method however introduces 

some new issues: 

(1) The ferrites ”in front” of the one operating as a current probe act as chokes. 20 

This attenuates the disturbance signal as they act as an EMI suppressor. Since 

it is the disturbance level that we want to measure. This is exactly what we 

don’t want to happen. 

(2) The ferrites ”behind” the ferrite that functions as a current probe could 

accidentally function as terminator. In order to make the end of the line 25 

“invisible” to the disturbance source these beads must precisely function as 

chokes i.e. pose impedance as high as possible. 

In the mechanical absorbing clamp a ferrite has only one single role either choke or 

current transformer. To overcome those issues above in the present invention each ferrite 

402 has three roles depending on the position of the switch 400 as shown in Figure 4 i.e.  30 

(1) Invisible (position 404). 

(2) Choke (position 406). 

(3) Current transformer (position 408). 

Figure S is a cross section of the different ferrite spacing embodiments.
Figure 9 is a graph of the impedance of the present invention or
frequencies of  interest. Figure 10 is a circuit diagram of the switching
configuration. 5 Figure 11 is an equivalent AC circuit of the switching
configuration.  Figure 12 is an example graph of insertion loss. Figure 13
is an example graph of isolation loss. Figure 14 is a cutway showing the
internal constructions.  Figure 15 is a graph showing the drive signals for
the switches.  10 Figure 16 is a schematic of 50mm ferrite spacing; and
Figure 17 is a schematic of 16mm ferrite spacing. DETAILED
DESCRIPTION Instead of moving the current probe over the total length
of the power cord in the  15 present invention ferrite beads (or toroidal
magnetic core) are fitted over the entire length  of an artificial power cord
and a secondary winding is provided on each ferrite bead. So  instead of
"mechanically moving" the current clamp over the power cord we
"electrically  move" the position of current measurement or analysis. This
method however introduces  some new issues: 20 (1) The ferrites "in
front" of the one operating as a current probe act as chokes.  This
attenuates the disturbance signal as they act as an EMI suppressor. Since
it is the disturbance level that we want to measure. This is exactly what we
don't want to happen. (2) The ferrites "behind" the ferrite that functions as
a current probe could  25 accidentally function as terminator. In order to
make the end of the line  "invisible" to the disturbance source these beads
must precisely function as  chokes i.e. pose impedance as high as
possible. In the mechanical absorbing clamp a ferrite has only one single
role either choke or  current transformer. To overcome those issues above
in the present invention each ferrite  30 402 has three roles depending on
the position of the switch 400 as shown in Figure 4 i.e. (1) Invisible
(position 404).  (2) Choke (position 406). (3) Current transformer (position
408). 7 In Figure 7 each switch 700 is shown connected to a transformer
702, the test  
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In Figure 7 each switch 700 is shown connected to a transformer 702, the test 

receiver 704 and a digital I/O module 706 which provides the switching drive signal.  The 

digital I/O module 706 in turn is connected to and controlled by controller 708, preferably 

a personal computer or a microcontroller. 

1: The “Invisible” mode is based on the fact that the secondary impedance is 5 

transposed to the primary as follows:  

The following relationship exists in a transformer:  or    

Assumption a perfect transformer and power transfer we can simplify the formula. 

 or  

It is obvious that if Zs is zero Zp is zero as well. So by shorting the secondary 10 

winding the effect of the ferrite inside the transmission line is theoretically nil. In reality 

preliminary tests with 12 ferrite cores show the following results: 

 

Frequency  MHz Generator 

Level (dBm) 

*  

Shorted secondary winding 

(dBm) 

- 100.0 -50.0 -50.0 

  100.0 “” -50.0 

  200.0 “” -51.0 

  300.0 “” -52.0 

  400.0 “” -53.0 

  500.0 “” -56.0 

  600.0 “” -56.0. 

1000.0 “” -56.0 

* The generator level is the calibrated level pick up by the spectrum analyzer 

through the current probe. 15 

Especially for frequencies above 300 MHz the effectiveness of the shorting gets 

worse. Preferably short wires are used together with tuning and proper reduction of stray 

capacitances and inductances in the wiring. 

2: In “Choke” mode we open the switch. In this case the impedance of the ferrite is 

determined by its equivalent circuit or RCL circuit. The initial test showed no difference 20 

between an open secondary winding and no winding at all on the ferrites. In our test set-up 

we used a mechanical switch, although a solid state switch still provides adequate 

performance. 

 

 25 

receiver 704 and a digital I/O module 706 which provides the switching
drive signal. The  digital I/O module 706 in turn is connected to and
controlled by controller 708, preferably  a personal computer or a
microcontroller. 5 1: The "Invisible" mode is based on the fact that the
secondary impedance is  transposed to the primary as follows: Ns Vs Ns
Ps. Zs  The following relationship exists in a transformer: NP 4P or NP pp
ZP  Assumption a perfect transformer and power transfer we can simplify
the formula. Ns Zs INP Z  NP ZP or ZP=2s1 NS 10 It is obvious that if Zs
is zero Zp is zero as well. So by shorting the secondary  winding the effect
of the ferrite inside the transmission line is theoretically nil. In reality
preliminary tests with 12 ferrite cores show the following results:
Frequency MHzGenerator Shorted secondary winding Level (dBr)(dBr) -
100.0-50.0-50.0 100.0"-50.0 200.0"-51.0 300.0"-52.0 400.0"-53.0
500.0"-56.0 600.0"-56.0. 1000.0"-56.0 * The generator level is the
calibrated level pick up by the spectrum analyzer  15 through the current
probe. Especially for frequencies above 300 MHz the effectiveness of the
shorting gets  worse. Preferably short wires are used together with tuning
and proper reduction of stray  capacitances and inductances in the wiring.
2: In "Choke" mode we open the switch. In this case the impedance of the
ferrite is  20 determined by its equivalent circuit or RCL circuit. The initial
test showed no difference  between an open secondary winding and no
winding at all on the ferrites. In our test set-up  we used a mechanical
switch, although a solid state switch still provides adequate  performance. 
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Frequency  MHz Generator 

Level (dBm) 

*  

shorted open secondary 

winding (dBm) 

  100.0 50 -53.0 

  200.0 “” -56.0 

  300.0 “” -56.0 

  400.0 “” -56.0 

  500.0 “” -56.0 

  600.0 “” -56.0. 

1000.0 “” -56.0 

 

3: In ‘Current transformer mode” The ferrite functions as a regular current 

transformer. The current flowing in the transmission line is terminated into a 50 ohms load 

i.e. the terminator of the measurement instrument as shown in Figure 6 to allow 

measurement or analysis. 5 

The 3 above-mentioned modes can replace the 2 different ferrite cores in the 

mechanical glide rail clamp.  

- In “Current transformer mode” the ferrites perform the same function as the 2 

or 3 core current transformer at the outer edge of the clamp. 

- In “absorber” mode with the transformer open circuited the ferrites isolate the 10 

end of the transmission line to ensure the formation of a standing wave. This 

mode is necessary to replace the 2nd ferrite clamp. 

- In “Invisible” mode with the transformer short circuited we can switch off i.e. 

logically remove the ferrites from the cord. This is required for the sections 

between the EUT and the current transformer ferrite. 15 

To replace the mechanical movement of the “Current transformer” we follow a 

switching pattern. 

Fe

1 

Fe

2 

Fe

3 

Fe

4 

Fe

5 

Fe

6 

Fe

7 

Fe

8 

Fe

9 

Fe1

0 

Ct Ch Ch Ch Ch Ch Ch Ch Ch Ch 

In Ct Ch Ch Ch Ch Ch Ch Ch Ch 

In In Ct Ch Ch Ch Ch Ch Ch Ch 

In In In Ct Ch Ch Ch Ch Ch Ch 

In In In In Ct Ch Ch Ch Ch Ch 

In In In In In Ct Ch Ch Ch Ch 

In In In In In In Ct Ch Ch Ch 

In In In In In In In Ct Ch Ch 

In In In In In In In In Ct Ch 

In In In In In In In In In Ct 

Fe = Ferrite,  Ct = Current transformer mode, Ch = Choke mode,  n = Invisible 

mode 

25 A Frequency MHzGenerator shorted open .secondary Level
(dBmJwinding (dBm) 100.050-53.0 200.0"-56.0 300.0"-56.0 400.0"-56.0
500.0"-56.0 600.0"-56.0. 1000.0"-56.0 3: In `Current transformer mode"
The ferrite functions as a regular current  transformer. The current flowing
in the transmission line is terminated into a 50 ohms load  i.e. the
terminator of the measurement instrument as shown in Figure 6 to allow  5
measurement or analysis. The 3 above-mentioned modes can replace the
2 different ferrite cores in the  mechanical glide rail clamp. - In "Current
transformer mode" the ferrites perform the same function as the 2  or 3
core current transformer at the outer edge of the clamp. 10 - In "absorber"
mode with the transformer open circuited the ferrites isolate the  end of
the transmission line to ensure the formation of a standing wave. This
mode is necessary to replace the 2nd ferrite clamp. - In "Invisible" mode
with the transformer short circuited we can switch off i.e.  logically remove
the ferrites from the cord. This is required for the sections  15 between the
EUT and the current transformer ferrite. To replace the mechanical
movement of the "Current transformer" we follow a  switching pattern. Fe
Fe Fe Fe Fe Fe 
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To make all the necessary switching in the preferred embodiment of the present 

invention MOSFET solid state switches are used. Although mechanical RF relays are fast 

enough to get an acceptable performance the constant switching will have a considerable 

impact on the wear and thus reliability of the relays.  Referring to Figure 15 the switching 

sequence is shown there is a transition period between ferrities.  For each ferrite there is a 5 

measurement period then acquisition.  

 

Internal Construction 

Referring to Figure 14, the internal construction is shown with the annular ferrite 

bead or torroid 1400 having an interior diameter to accommodate the cables.  The cables 10 

include the live wire or cable under test (UB) 1402, an earth wire 1404, and a neutral wire 

1406.  A secondary winding 1408 around the bead 1400 is connected through a PCB 1410 

to switches 1412 ultimately to the receiver 1414.  This is all encased in an enclosed 

package (not shown). 

 15 

Ferrite Parameters 

a) Mechanical Requirements  

The spacing between the ferrites is a tradeoff:  Weight versus measurement 

resolution. 

The best measurement resolution is obtained when the entire length of the power 20 

cord is covered with infinitely small ferrites. In reality ferrites with a width of 15mm are 

adequate.  

- To fulfill the electro-magnetic requirements, appropriate ferrites would have a cross 

section of around 100mm² or more. This is necessary to meet the impedance 

requirements defined in CISPR16-1. See next paragraph.   25 

- To pass the EUT power cord we assume a boring of 20 mm allowing easy passage 

of power cord of diameters up to 16mm.  

The above assumptions give us the following situation: To cover the entire 5m with 

ferrites of this dimension (to obtain maximum measurement resolution) means that we 

need around 333 pieces. With a ferrite density of 4500kg/m³ – 5500 kg/m³ the total weight 30 

would mount up to approx. 15kg (approx. 43g x 333), including casing and electronics 

easily 20kg. Such a probe becomes impractical especially as preferably the probe is 

“portable” The following factors reduce the weight. 

Fe Fe Fe Fel 1234567890 CtChChChChChChChChCh
InCtChChChChChChChCh InInCtChChChChChChCh
InInInCtChChChChChCh InInInInCtChChChChCh InInInInInCtChChChCh
InInInInInInCtChChCh InInInInInInInCtChCh InInInInInInInInCtCh
InInInInInInInInInCt Fe = Ferrite, Ct = Current transformer mode, Ch =
Choke mode, n = Invisible mode 9 To make all the necessary switching in
the preferred embodiment of the present  invention MOSFET solid state
switches are used. Although mechanical RF relays are fast  enough to get
an acceptable performance the constant switching will have a
considerable  impact on the wear and thus reliability of the relays.
Referring to Figure 15 the switching 5 sequence is shown there is a
transition period between ferrities. For each ferrite there is a
measurement period then acquisition. Internal Construction Referring to
Figure 14, the internal construction is shown with the annular ferrite  10
bead or torroid 1400 having an interior diameter to accommodate the
cables. The cables  include the live wire or cable under test (UB) 1402, an
earth wire 1404, and a neutral wire  1406. A secondary winding 1408
around the bead 1400 is connected through a PCB 1410  to switches
1412 ultimately to the receiver 1414. This is all encased in an enclosed
package (not shown). 15 Ferrite Parameters a) Mechanical Requirements 
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 (1) The larger the spacing between ferrities the less likely the clamp would gain 

acceptance as an “official” tool for disturbance power measurements. However the concept 

would still gain wide acceptance in pre-compliance testing. At least if the spacing isn’t too 

large. In a commercially viable device the distance between from the ferrite to another 

should be no larger than 100mm.  Preferably the spacing is between 16mm and 50mm as 5 

se.  More preferably the spacing is 30mm. 

(2) The weight of the ferrites is determined by: V. ρ (V = Volume, ρ = Density) 

Little can be done to reduce the density so in practice the volume can only be reduced by 

reducing the volume i.e. diameter & cross section of the ferrite bead. Reducing the cross 

section has its limits as well since the impedance (electromagnetic) requirements need to 10 

be fulfilled.  

This leaves us with the diameter. Since the power cord can be fixed permanently 

inside the ferrites we can reduce the diameter considerably with respect to the existing 

mechanical clamp concept.  If we set the maximum EUT current rating at 20A or 4.4KVA 

for a 220V line voltage 2.5mm³ wires are sufficient.  15 

A 2.5mm³ wire has a diameter of around 4mm. The RF cable used to make the RF 

pickup coil has an outer diameter of 4 mm as well. To fit 4 wires (RF cable, L,N, and Earth) 

the boring must be 10mm. The outer diameter then would be around 24mm as seen in 

Figure 8. A simple calculation teaches us that such a ferrite weighs around 27 grams. A 

reduction in weight of approx 37%. 20 

b) Electromagnetic Ferrite Requirements 

The ferrite material presents an impedance on the cable which is complex (both 

resistive and inductive components) and varies with frequency. 

The CISPR 16-1 requirement is that the clamp as a whole should present an 

impedance between 100 Ω and 250 Ω, not more than 20% reactive, when measured in the 25 

standard calibration set-up with the signal generator and 10dB attenuator. 

Figure 9 shows the input impedance (Resistive 900 & Reactive 902 components) of 

a commercially available clamp. 

The 100 Ω to 250 Ω upper & lower limits guarantee the reproducibility of the test. 

Since there’s too many unknown factors (Power cord varies constantly, varying internal 30 

DUT impedances, etc), the ferrite size is determined experimentally to obtain an 

impedance between the 2 limits over the frequency band of interest. 

Although the solid state clamp doesn’t need to meet these requirements as a “pre-

compliance” test device the objective is to do so. 

The spacing between the ferrites is a tradeoff: Weight versus
measurement  resolution. 20 The best measurement resolution is
obtained when the entire length of the power  cord is covered with
infinitely small ferrites. In reality ferrites with a width of 15mm are
adequate. To fulfill the electro-magnetic requirements, appropriate ferrites
would have a cross  section of around 100mm2 or more. This is
necessary to meet the impedance 25 requirements defined in CISPRI6-1.
See next paragraph. - To pass the EUT power cord we assume a boring
of 20 mm allowing easy passage  of power cord of diameters up to l6mm.
The above assumptions give us the following situation: To cover the entire
5m with  ferrites of this dimension (to obtain maximum measurement
resolution) means that we  30 need around 333 pieces. With a ferrite
density of 4500kg/m' - 5500 kg/m' the total weight would mount up to
approx. 15kg (approx. 43g x 333), including casing and electronics  easily
20kg. Such a probe becomes impractical especially as preferably the
probe is  "portable" The following factors reduce the weight. 10 (1) The
larger the spacing between ferrities the less likely the clamp would gain
acceptance as an "official" tool for disturbance power measurements.
However the concept  would still gain wide acceptance in pre-compliance
testing. At least if the spacing isn't too  large. In a commercially viable
device the distance between from the ferrite to another 5 should be no
larger than 100mm. Preferably the spacing is between l6mm and 50mm
as  se. More preferably the spacing is 30mm. (2) The weight of the ferrites
is determined by: V. p (V = Volume, p=Density)  Little can be done to
reduce the density so in practice the volume can only be reduced by
reducing the volume i.e. diameter & cross section of the ferrite bead.
Reducing the cross 10 section has its limits as well since the impedance
(electromagnetic) requirements need to  be fulfilled. This leaves us with
the diameter. Since the power cord can be fixed permanently  inside the
ferrites we can reduce the diameter considerably with respect to the
existing  mechanical clamp concept. If we set the maximum EUT current
rating at 20A or 4.4KVA  15 for a 220V line voltage 2.5mm3 wires are
sufficient. A 2.5mm' wire has a diameter of around 4mm. The RF cable
used to make the RF  pickup coil has an outer diameter of4 mm as well.
To fit 4 wires (RF cable, L.N. and Earth)  
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The impedance of a ferrite is proportional to the ratio of the outer/inner diameter, 

the ferrite length and square of the number of turns. 

Z = k.l.n².ln(do/di) 

Where: 

Z = impedance 5 

k = constant  

do = Outer diameter 

di = inner diameter 

n = number of turns 

For an existing clamp this will give us: Z = k.30.1.ln(34/20) = 15.92.k (Ω) 10 

(Most mechanical clamps use 2 consecutive ferrites to as current pick-up to obtain 

the required impedance 2 x 15 mm = 30mm) 

For the ferrites proposed in the previous paragraph:  

Z = k.15.ln(24/10) = 13.13.k (Ω) 

This figure is lower so one can reasonable assume that the impedance will be lower 15 

accordingly however the full effect isn’t clear since the “integrated power cord” has 

different properties. The effect is also more predictable since the cord is permanently fixed 

inside the clamp. 

If necessary the weight can be compromised by using larger ferrites or the inner 

diameter still lowered by using wire with a thinner insulation. 20 

The effect on the measurement resolution in the curved positions depends on the 

chosen spacing and the diameter of the ferrites. 

a) 50mm spacing as seen in Figure 16: The effect of the bends in this case is 

minimal. If the arc is taken into account in the bends the measurement resolution is 

consistent over the entire length of the probe. The fact that the distance between the inner 25 

core and the wires is slightly different from the straight sections has a small effect on the 

measurement. This can be compensated by providing a calibration plot for every individual 

ferrite. 

b) 16mm spacing as seen in Figure 17: The effect of the bends isn’t minimal 

anymore. The result is that the 16mm measurement resolution can’t be guaranteed over the 30 

entire length of the clamp. In fact the measurement resolution reduces to the arc length of 

the minimum arc determined by the space available for the ferrite. 

 

the boring must be 10mm. The outer diameter then would be around
24mm as seen in  Figure S. A simple calculation teaches us that such a
ferrite weighs around 27 grams. A  20 reduction in weight of approx 37%.
b) Electromagnetic Ferrite Requirements The ferrite material presents an
impedance on the cable which is complex (both  resistive and inductive
components) and varies with frequency. The CISPR 16-1 requirement is
that the clamp as a whole should present an  25 impedance between 100
Q and 250 Q. not more than 20% reactive, when measured in the
standard calibration set-up with the signal generator and 10dB attenuator.
Figure 9 shows the input impedance (Resistive 900 & Reactive 902
components) of  a commercially available clamp. The 100 Q to 250 Q
upper & lower limits guarantee the reproducibility of the test.  30 Since
there's too many unknown factors (Power cord varies constantly, varying
internal  DUT impedances, etc), the ferrite size is determined
experimentally to obtain an  impedance between the 2 limits over the
frequency band of interest. Although the solid state clamp doesn't need to
meet these requirements as a "pre- compliance" test device the objective
is to do so. 11 The impedance of a ferrite is proportional to the ratio of the
outer/inner diameter,  the ferrite length and square of the number of turns.
Z = k.l.n2.l n(do/di)  Where: 5 Z=impedance  k = constant do = Outer
diameter  di = inner diameter  n = number of turns 10 For an existing
clamp this will give us: Z = k.30.1.ln(34/20) = 15.92.k (0) (Most mechanical
clamps use 2 consecutive ferrites to as current pick-up to obtain  the
required impedance 2 x 15 mm = 30mm) For the ferrites proposed in the
previous paragraph:  Z = k.15.In(24/10) = 13.13.k (0) 15 This figure is
lower so one can reasonable assume that the impedance will be lower
accordingly however the full effect isn't clear since the "integrated power
cord" has  
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Switch Parameters 

The ideal switch obviously would be a switch with zero switching transition time, 

zero insertion loss over the entire frequency band (10-1000 MHz), infinite RF isolation 

over the entire frequency band (10-1000 MHz), high peak power resistance and no wear. 

Obviously available switches do not have ideal characteristics.  The proposed 5 

switch makes use of 2 MOSFET transistors. RF MOSFET transistors have good properties 

to obtain the required specifications. 

MOSFETS can easily produce switching transition times in the nanoseconds range. 

This is negligible compared to the measurement time of several milliseconds (The 

minimum measurement time we can achieve is 15ms per ferrite). Commercially available 10 

devices for example have typical switch-on transition times of 200ns and switch-off 

transition times of 90ns. This is negligible for this application. 

To determine the insertion loss we need to look at the equivalent AC circuit (shown 

in Figure 11) of the switch below (shown in Figure 10) when T1 is closed and T2 is open 

i.e. the ferrite/coil combination is “current probe” mode. 15 

The insertion loss is primarily determined by Rds of T1 in switched on mode. In 

practice values below 10 Ω even as low as 3Ω can be achieved with MOSFET transistors. 

The corresponding Insertion Loss in a 50 Ω load is for 10 Ω 

is around 0.25 dB. This value is acceptable for the given application. In Figure 12 the 

relationship between the frequency & insertion loss of a commercially available MOSFET 20 

switch is shown. The loss within the frequency band of interest for our application (10 – 

1000 MHz) does not exceed 0.5 dB     

Isolation loss is usually harder to meet. Feed through of RF signals is unavoidable 

especially for higher frequencies.  Figure 13 shows the isolation loss of an example 

commercially available device. The frequency band of interest is 10-1000MHz. At around 25 

1000 MHz the value of the device is -30dB. 

The EMI RF power generated by the EUT is generally very low. Nevertheless 

incidental high RF EMI could damage the switches. Mechanical absorbing clamps don’t 

have any semiconductor components and as such are insensitive to high RF interference. 

The maximum RF input power for an R&S MDS21 is rated at 5W or 74dBm. The 30 

maximum switching power of MOSFET of suitable devices range from 5dBm – 25dBm. If 

necessary stacking of transistors could be considered. 

 

different properties. The effect is also more predictable since the cord is
permanently fixed  inside the clamp. If necessary the weight can be
compromised by using larger ferrites or the inner  20 diameter still lowered
by using wire with a thinner insulation. The effect on the measurement
resolution in the curved positions depends on the  chosen spacing and the
diameter of the ferrites. a) 50mm spacing as seen in Figure 16: The effect
of the bends in this case is  minimal. If the are is taken into account in the
bends the measurement resolution is  25 consistent over the entire length
of the probe. The fact that the distance between the inner core and the
wires is slightly different from the straight sections has a small effect on
the  measurement. This can be compensated by providing a calibration
plot for every individual  ferrite. b) l6mm spacing as seen in Figure 17: The
effect of the bends isn't minimal  30 anymore. The result is that the 16mm
measurement resolution can't be guaranteed over the entire length of the
clamp. In fact the measurement resolution reduces to the are length of
the minimum are determined by the space available for the ferrite. 12
Switch Parameters The ideal switch obviously would be a switch with zero
switching transition time,  zero insertion loss over the entire frequency
band (10-1000 MHz), infinite RF isolation  over the entire frequency band
(10-1000 MHz), high peak power resistance and no wear. 5 Obviously
available switches do not have ideal characteristics. The proposed  switch
makes use of 2 MOSFET transistors. RF MOSFET transistors have good
properties  to obtain the required specifications. MOSFETS can easily
produce switching transition times in the nanoseconds range.  This is
negligible compared to the measurement time of several milliseconds
(The  10 minimum measurement time we can achieve is 15ins per ferrite).
Commercially available devices for example have typical switch-on
transition times of 200ns and switch-off  transition times of 90ns. This is
negligible for this application. To determine the insertion loss we need to
look at the equivalent AC circuit (shown  in Figure 11) of the switch below
(shown in Figure 10) when TI is closed and T2 is open  15 i.e. the
ferrite/coil combination is "current probe" mode. The insertion loss is
primarily determined by Rds of TI in switched on mode. In  practice values
below 10 C) even as low as 30 can be achieved with MOSFET transistors.
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Referring to the switch circuit in Figure 10, switching truth table: 

Ci1 CI2 Mode 

Off Off Choke 

On Off Current probe 

Off  On “Invisible” 

On On N/A 

 

Generally other semiconductor switches may also be used for example Gallium 

Arsenicle (GaAs) switches. 

 5 

Cable Parameters 

The RF cable used to make the winding uses common 50 Ω semi-rigid coaxial RF 

cable.  Preferably it has small diameter (to keep the ferrite small), small bending diameter 

(to allow compact assembly), high shielding effectiveness and low loss below 1GHz. 

For a 30mm distance between the ferrites the following semi-rigid cable types are 10 

suitable.   

- SUCOFORM® SM86 PE. 

(a) Diameter: 3.20mm 

(b) Minimum bending radius: 10mm 

(c) Shielding effectiveness: 100dB 15 

(d) Loss @ 1Ghz max 0.67 dB/m 

- MULTIFLEX MF86. 

(a) Diameter: 2.65mm 

(b) Minimum bending radius: 6mm 

(c) Shielding effectiveness: 90dB 20 

(d) Loss @ 1GHz max 0.79 dB/m   

For a 16mm distance between the ferrites the following semi-rigid cable types are 

suitable. This type also allows further reduction of the ferrite diameter.   

- SEMI-RIGID EZ 47-TP 

(e) Diameter: 1.19mm 25 

(f) Minimum bending radius: 3.18mm 

(g) Shielding effectiveness: 120dB 

(h) Loss @ 1Ghz max 1.3 dB/m 

 

m,Rds ~ o e? Rds  The corresponding Insertion Loss in a 50 4 load is ILA
RI. In( ID} " for 10 4  is around 0.25 dB. This value is acceptable for the
given application. In Figure 12 the  20 relationship between the frequency
& insertion loss of a commercially available MOSFET switch is shown.
The loss within the frequency band of interest for our application (10 -
1000 MHz) does not exceed 0.5 dB Isolation loss is usually harder to
meet. Feed through of RF signals is unavoidable  especially for higher
frequencies. Figure 13 shows the isolation loss of an example  25
commercially available device. The frequency band of interest is
10-1000MHz. At around  1000 MHz the value of the device is -30dB. The
EMI RF power generated by the EUT is generally very low. Nevertheless
incidental high RF EMI could damage the switches. Mechanical absorbing
clamps don't  have any semiconductor components and as such are
insensitive to high RF interference. 30 The maximum RF input power for
an R&S MDS21 is rated at 5W or 74dBm. The  maximum switching power
of MOSFET of suitable devices range from SdBm - 25dBm. If  necessary
stacking of transistors could be considered. 13 Referring to the switch
circuit in Figure 10, switching truth table: CilC12Mode OffOffChoke
OnOffCurrent probe OffOn"Invisible" OnOnN/A Generally other
semiconductor switches may also be used for example Gallium  Arsenide
(GaAs) switches. 5 Cable Parameters The RF cable used to make the
winding uses common 50 Q semi-rigid coaxial RF  cable. Preferably it has
small diameter (to keep the ferrite small), small bending diameter  (to
allow compact assembly), high shielding effectiveness and low loss below
1GHz. 10 For a 30mm distance between the ferrites the following
semi-rigid cable types are  suitable. - SUCOFORM(r) SMS6 PE.  
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Switching Sequence 

In the preferred setup tuning and proper reduction of stray capacitances and 

inductances in the wiring is desirable.  Also the ferrite cores must provide sufficient 

reactance above 300 MHz.  To reduce the size of the clamp it is preferable that the power 

cord runs as a serpent. It is preferable that in this configuration the influence of the loops 5 

on the performance is minimized.  The serpentine configuration is shown in Figure 5.   

To minimize interference from within the probe the entire probe is preferably DC 

operated.  Preferably a DC supply voltage is supplied via the RF connection or via a 

battery.  Preferably the switching control is provided via fiber optics. 

(a) Pre-scanning cycle to determine the peak frequencies. This is done with the 10 

clamp in stationary position at the beginning of the power cord.   

To scan the: 10 MHz – 1GHz spectrum assuming a test receiver measurement time 

of 10ms the total scan takes approx 20s. 

Since the pre-scanning is done with a stationary clamp there’s no performance 

improvement over a mechanical clamp / positioning unit    15 

(b) Location of peaks with mechanical clamp:   

- Existing mechanical clamp 

Specifications mechanical positioner with clamp. 

- Speed v: 0.0286 m/s – 0.2 m/s 

- Length s: 5000 mm 20 

Time required for locating position of c peaks:  tsc = c x s / V 

s = required scanning length 

v = clamp speed 

c = Number of peak frequencies found in the pre-scanning cycle. 

v (m/s)  s (m)   C tsc (s) 

0.0286 5 5 874 

0.2 5 5 125 

 25 

The above table doesn’t take the return time of the clamp into account. This time 

can’t be determined as the peak power can be located anywhere over the length of the 

cower cord.  Past experience shows that the total measurement time (including pre-

scanning) can easily mount up to 1800 seconds.  

30 

(a) Diameter: 3.20mm (b) Minimum bending radius: 10mm  15 (c)
Shielding effectiveness: 100dB  (d) Loss @ 1 Ghz max 0.67 dB/m -
MULTIFLEX MF86.  (a) Diameter: 2.65mm (b) Minimum bending radius:
6mm  20 (c) Shielding effectiveness: 90dB  (d) Loss @ 1 GHz max 0.79
dB/m For a 16mm distance between the ferrites the following semi-rigid
cable types are  suitable. This type also allows further reduction of the
ferrite diameter. - SEMI-RIGID EZ47-TP  25 (e) Diameter: 1.19mm (f)
Minimum bending radius: 3.18mm  (g) Shielding effectiveness: 120dB  (h)
Loss @ 1 Ghz max 1.3 dB/m 14 Switching Sequence In the preferred
setup tuning and proper reduction of stray capacitances and  inductances
in the wiring is desirable. Also the ferrite cores must provide sufficient
reactance above 300 MHz. To reduce the size of the clamp it is preferable
that the power 5 cord runs as a serpent. It is preferable that in this
configuration the influence of the loops  on the performance is minimized.
The serpentine configuration is shown in Figure 5. To minimize
interference from within the probe the entire probe is preferably DC
operated. Preferably a DC supply voltage is supplied via the RF
connection or via a  battery. Preferably the switching control is provided
via fiber optics. 10 (a) Pre-scanning cycle to determine the peak
frequencies. This is done with the  clamp in stationary position at the
beginning of the power cord. To scan the: 10 MHz - 1GHz spectrum
assuming a test receiver measurement time  of turns the total scan takes
approx 20s. Since the pre-scanning is done with a stationary clamp
there's no performance  15 improvement over a mechanical clamp /
positioning unit (b) Location of peaks with mechanical clamp: - Existing
mechanical clamp 
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(c) Location of peaks with solid state clamp:   

Factors influencing the measurement time. 

(a) Measurement speed of the Test Receiver:  Minimum 10ms 

(b) Switching Transient time RF Switches:  Negligible   

(c) Delays Control circuit:   Negligible   5 

tsc = n x ts x c 

n = Number of ferrites 

ts =  Measurement time 

c = Number of peak frequencies found in the pre-scanning cycle. 

 10 

The table below shows the time for different configurations    

n ts (S)   c tsc (s) 

100 0.015 5 5.5 

333 0.011 5 18.3 

100 0.100 5 50  

 

Overall comparison:  

 Existing 

mechanical 

Clamp   

Test Time (s) 

Solid State Concept 

 Test Time (s) 

Pre-scanning 20  20 

Final Test 400 50 

Total 420 70 

The above table assumes an average clamp velocity of 0.0625m/s.  

Thus at 50s the present invention is much faster than the prior art test which can 15 

take up to 30min.  As well there is no setup time as there is nothing to assemble.  Also the 

setup is much smaller because the power cord doesn’t need to be stretched.  The power 

cord is fixed inside the clamps so no opening and closing required.  The present invention 

is more reliable as there are no mechanical components or assembly. 

20 

Specifications mechanical positioner with clamp.  - Speed v: 0.0286 m/s -
0.2 m/s 20 - Length s: 5000 mm Time required for locating position of c
peaks: Ise = c X s / V  s = required scanning length v = clamp speed c =
Number of peak frequencies found in the pre-scanning cycle. i (mLsJs'
(mJCtsc (s) 0.028655874 0.255125 25 The above table doesn't take the
return time of the clamp into account. This time  can't be determined as
the peak power can be located anywhere over the length of the  cower
cord. Past experience shows that the total measurement time (including
pre- scanning) can easily mount up to 1800 seconds. 30 15 (c) Location of
peaks with solid state clamp:  Factors influencing the measurement time.
(a) Measurement speed of the Test Receiver: Minimum lOms  (b)
Switching Transient time RF Switches: Negligible 5 (c) Delays Control
circuit: Negligible  tsc= nX is X c it = Number of ferrites  is = Measurement
time c = Number of peak frequencies found in the pre-scanning cycle. 10
The table below shows the time for different configurations nis (S)ctsc (s)
1000.01555.5 3330.011518.3 1000.100550 Overall comparison: Existing 
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CLAIMS 

 

1. A system for measuring power disturbance by a piece of equipment comprising: 

 an electrical cable configured to connect said equipment to a power source; 

 a plurality of transformers positioned along the length of said cable; 5 

 a plurality of switching devices each configured to connect the secondary winding 

of a respective transformer to either an open circuit, a short circuit or to current 

measurement or analysis means; 

 whereby when an operative switching device connects an the secondary winding of 

operative transformer to said current measurement or analysis means, each switching 10 

device on a first side of said operative switching device connects the secondary winding of 

the respective transformer as short circuit and each switching device on the other side of 

said operative switching device connects the secondary winding of the respective 

transformer as open circuit. 

 15 

2. A system as claimed in claim 1 further comprising  

 control means operative connected to said plurality of switching devices configured 

to automatically switch each switching devices in a predetermined sequence to sequentially 

connect all of the secondary windings of said plurality of transformers to said current 

measurement or analysis means. 20 

 

3. A system as claimed in claim 2 wherein said first side corresponds to the side 

connected to said equipment.  

 

4. A system as claimed in claim 3 further comprising a housing enclosing said cable, 25 

said plurality of transformers and said plurality of switching devices.  

 

5. A system as claimed in claim 4 wherein said cable and said plurality of 

transformers are arranged in a serpentine spiral or coiled configuration within said housing.  

 30 

6. A system as claimed in claim 5 wherein said current measurement or analysis 

means comprising  

 a spectrum analyzer or test receiver, and  

mechanical ClampSolid State Concept Test Time (s)Test Time (s)
Pre-scanning2020 Final Test40050 Total42070 The above table assumes
an average clamp velocity of 0.0625m/s. 15 Thus at 50s the present
invention is much faster than the prior art test which can  take up to
30min. As well there is no setup time as there is nothing to assemble. Also
the  setup is much smaller because the power cord doesn't need to be
stretched. The power  cord is fixed inside the clamps so no opening and
closing required. The present invention  is more reliable as there are no
mechanical components or assembly. 20 16 CLAIMS 1. A system for
measuring power disturbance by a piece of equipment comprising:  an
electrical cable configured to connect said equipment to a power source; 5
a plurality of transformers positioned along the length of said cable; a
plurality of switching devices each configured to connect the secondary
winding  of a respective transformer to either an open circuit, a short
circuit or to current  measurement or analysis means; whereby when an
operative switching device connects an the secondary winding of  10
operative transformer to said current measurement or analysis means,
each switching  device on a first side of said operative switching device
connects the secondary winding of  the respective transformer as short
circuit and each switching device on the other side of  said operative
switching device connects the secondary winding of the respective
transformer as open circuit. 15 2. A system as claimed in claim I further
comprising control means operative connected to said plurality of
switching devices configured  to automatically switch each switching
devices in a predetermined sequence to sequentially  connect all of the
secondary windings of said plurality of transformers to said current  20
measurement or analysis means. 3. A system as claimed in claim 2
wherein said first side corresponds to the side  
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 wherein said current measurement or analysis means, said  spectrum analyzer or 

said test receiver including an input resistance, and  

 wherein the voltage across said input resistance thereby allowing measurement or 

analysis of the current in said cable.  

 5 

7. A system as claimed in claim 6 wherein said plurality of switching devices 

comprising a plurality of semiconductor switches or switch packages. 

 

8. A system as claimed in claim 7 wherein said semiconductor switches or switch 

packages are MOSFET semiconductors. 10 

 

9. A system as claimed in claim 7 wherein said semiconductor switches or switch 

package are GaAs switches. 

 

10. A system as claimed in claim 6 wherein said predetermined sequence comprises a 15 

pre-scan using a first of said transformers and a full scan over all of said plurality of 

transformers. 

 

11. A system as claimed in claim 10 wherein said pre-scan including said spectrum 

analyzer of test receiver determining peak frequencies of power disturbance and said full 20 

scan including said spectrum analyzer or test receiver recording the frequency spectrum of 

said power disturbance between 10MHz and 1GHz. 

connected to said equipment. 25 4. A system as claimed in claim 3 further
comprising a housing enclosing said cable,  said plurality of transformers
and said plurality of switching devices. 5. A system as claimed in claim 4
wherein said cable and said plurality of  transformers are arranged in a
serpentine spiral or coiled configuration within said housing. 30 6. A
system as claimed in claim 5 wherein said current measurement or
analysis  means comprising a spectrum analyzer or test receiver, and 17
wherein said current measurement or analysis means, said spectrum
analyzer or  said test receiver including an input resistance, and wherein
the voltage across said input resistance thereby allowing measurement or
analysis of the current in said cable. 5 7. A system as claimed in claim 6
wherein said plurality of switching devices  comprising a plurality of
semiconductor switches or switch packages. S. A system as claimed in
claim 7 wherein said semiconductor switches or switch  10 packages are
MOSFET semiconductors. 9. A system as claimed in claim 7 wherein said
semiconductor switches or switch  package are GaAs switches. 15 10. A
system as claimed in claim 6 wherein said predetermined sequence
comprises a  pre-scan using a first of said transformers and a full scan
over all of said plurality of  transformers. 11. A system as claimed in claim
10 wherein said pre-scan including said spectrum  20 analyzer of test
receiver determining peak frequencies of power disturbance and said full
scan including said spectrum analyzer or test receiver recording the
frequency spectrum of  said power disturbance between IOMHz and
1GHz. 


