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Device and Method for Measuring Electrical Power

The present invention relates to an apparatus, according to the preamble of Claim 1, for

measuring electrical power.

The invention also relates to a method for measuring electrical power.

An application of the invention is also a measuring device and method for electrical

energy.

100 million kilowatt-hour meters are manufactured each year. Recent years have seen

the emphasis move to so-called inductive electronic kilowatt-hour meters. In addition,

the significance of remote reading is increasing. Besides actual kilowatt-hour meters,

power measurement also takes place in several machines and apparatuses. Though

pressures exist to introduce power measurement in nearly all devices, this cannot yet be

done due to the price of a power meter and the lack of an economical interface. If a

generally used and economical interface and power-measurement component were to be

available for machines and devices both in factories and in homes, the market potential

for such components would be in the order of billions of items annually. Existing

kilowatt-hour meters are still not integrated on the component level. This is due to the

limitations set by high voltages and large currents, as well as the requirements for

accuracy and a wide dynamic range.

At present, a company producing energy meters will sell its products to a power

company, which installs them in enterprises and domestic households. If the business

changed so that a component manufacturer were to sell power-measurement units to, for

example, a domestic-appliance manufacturer, power measurement would very quickly

be integrated in a single circuit.

At present, new kilowatt-hour meters using in domestic households cost the power

company about € 30, if remote reading, for example, is not connected to it. The most

common technology is to use a current transformer. This solution is expensive, because

a current transformer cannot be used as such, as it becomes saturated with direct current



(present regulations require the meter to withstand direct current). One solution used is

to connect two current transformers in series, but this increases the price of the meter.

Another solution is to install a resistive current divider in the current transformer, in

which case both the alternating and the direct current are reduced and the direct current

does not saturate the transformer. In a method previously developed by the applicant of

the present application, the measurement of current was performed inductively. This

method is economical and functional, but requires an expensive IC circuit for

multiplication. In addition, the inductive coil must be large enough to ensure that the

voltage caused by the magnetic field will be sufficiently powerful. Resistance shunts

have also been used in kilowatt-hour meters, but have a problem in producing sufficient

voltage over the resistance without overheating the resistance with large currents. This

has been a common solution, especially in single-phase kilowatt-hour meters. In all of

the aforementioned solutions an IC circuit is used for multiplication.

Hall sensors have been used for a long time in kilowatt-hour meters, but their great

thermal dependence and poor sensitivity have made this method difficult, hi a Hall

sensor, multiplication takes place directly in the component, because the Hall voltage is

the product of the magnetic field and the current travelling through the Hall component.

In the period 1978 - 1980, the applicant of the present application developed an

electronic kilowatt-hour meter called a watt guard. The product was intended to provide

domestic households with an economical meter for monitoring power consumption in

various devices. Current measurement was based on a resistance shunt while

multiplication took place using a pulse width-height converter. In the period 1984 -

1987, the applicant of the present application developed a kilowatt-hour meter based on

microprocessor technology. This was the world's first microprocessor-based meter and

is now used in electricity-quality meters. In the period 1996 - 1998, the applicant of the

present application developed a kilowatt-hour meter based on gradiometric induction

coils. In connection with it, an integrated circuit was also developed, in which the

multiplication of the current and voltage took place using sigma-delta converters and

digital multipliers.

The invention is intended to eliminate the defects of the prior art disclosed above and for



this purpose create an entirely new type of apparatus and method for measuring

electrical power.

The invention is based on implementing the sensor component as a silicon micro-

mechanical structure, in such a way that the mutual multiplication of the current and

voltage takes place directly in the measuring component.

In one preferred embodiment of the invention, a time integral of the power is created, in

order to determine the energy consumption.

More specifically, the apparatus according to the invention is characterized by what is

stated in the characterizing portion of Claim 1.

The method according to the invention is, in turn, characterized by what is stated in the

characterizing portion of Claim 12.

Considerable advantages are gained with the aid of the invention.

With the aid of the method according to the invention, sensitivity can be varied using

both a spring factor and with the aid of the current travelling in the coil. The current is

measured without galvanic contact. The component measures the active power directly

using a single component. The method does not require an expensive IC circuit, instead

a cheap CMOS circuit is sufficient. The dynamic range of the meter is wide. Power

meters for different orders of accuracy can be developed from the component. The

sensor is not sensitive to direct current and, if we use gradiometric reading, it is also not

sensitive to an external alternating field. The invention permits not only active power,

but also idle power to be measured. If the current travelling in the MEMS component is

made from direct current, the component will become a magnetometer and can be used

to measure the current. In addition, the device according to the invention is

advantageously mass-produced.

hi the following, the invention is examined with the aid of examples and with reference

to the accompanying drawings.



Figure I a shows a schematic top view of one power meter according to the invention.

Figure Ib shows a side cross-section of the power meter according to Figure Ia.

Figure 2 shows a schematic view of a second energy meter according to the invention.

Figure 3 shows a schematic view of a third measuring arrangement according to the

invention.

Figure 4a shows a schematic top view of the measuring arrangement according to the

invention.

Figure 4b shows a cross-section on the plane A-A of the solution of Figure 4a.

The present invention discloses a new way to make a kilowatt-hour meter, which is not

sensitive to direct current and in which the current and voltage are multiplied directly in

the measuring component.

Figures Ia and Ib show a schematic view of the micro-mechanical power meter. The

solution according to Figure Ia is intended to measure the power travelling in a phase

conductor 3. The voltage being measured, i.e. the potential between the phase conductor

3 and the neutral conductor 7, is taken from the voltage divider 50 between the terminals

8 and 9 of the coil, and thus converted into current in the coil 2. The switch 5 1 and phase

reverser 52 can be used to mechanically stabilize the sensor component, allowing the

direction of the current travelling in the coil 2 to be changed periodically. In the figures,

a rocker-type moving plate 1 is drawn, on both sides of which the coils 2 required to

create a magnetic field are integrated. The rocker is thus supported on its base on a beam

5. The current conductor 3 that is the object of the measurement runs close to the coils,

creating a gradient in the magnetic field at the sensor component 4. The position of the

plate 1relative to the conductors 3 and 7 is measured capacitively with the aid of the

electrodes 6 shown in Figure Ib, and once the spring factor of the rocker 1, 5 is known,

the force acting, which is in turn directly proportional to the power travelling in the



current conductor 3, can be determined directly from the location of the change. In a

manner to be described hereinafter, the electrodes 6 can alternatively be used for force

feedback, in which case the force acting is obtained through the feedback magnitude

(current or voltage).

According to Figure 2, a second alternative is to coat the plate 2 1 with a metal layer 27

and induce in it an eddy current using an immobile coil 22 in the component, which is

located on the base 26 at a distance from the plate 21. The coil 22 is connected in the

same way as the coil 2 of Figure 1. The selection of the type of component used is based

on the accuracy requirement, the dynamic range, and the manner of manufacturing the

component. If we place a current conductor 23 close to the component, the current will

induce a magnetic field in the plate 21. The current travelling in the plate 21 induces a

magnetic dipole in the current being measured. The force acting on the plate is the vector

product F =
11
XB of the current iu travelling through the coil 22 and the magnetic field

B . . If the end result is regarded as a scalar quantity, we note that in the case of sine

signals the force F = aUI cos φ, where φ is the phase difference between the current and

the voltage and α is a constant. In other words, by measuring the integral of the force in

time we can measure the electrical energy. The essential feature in this invention is that

the multiplication operation of the two quantities required for power measurement takes

place directly in the measuring component. On the other hand, the high sensitivity

eliminates the need to bring a large current galvanically to the measuring component, as

it is instead sufficient for the current conductor to run near the component. There are

other attractive properties too associated with this method, but they will appear

hereinafter when we describe the electronics of the meter.

The following describes one possible realization of the sensor. Force is measured, for

example, by making the structure a rocker, in which there is a coil 2 creating a magnetic

dipole on both sides of the rocker, for example according to Figure 1. On both sides

there are a number of electrodes 6, with the aid of which the location of the rocker 4 is

measured capacitively, while on the other hand the location of the rocker is kept constant

by means of electrical feedback. The power being measured induces a force in the

rocker, but the feedback voltage is adjusted in such a way that the rocker 4 remains on



average at the point of equilibrium. When the rocker is in equilibrium, the mean

effective value of the compensating voltage will be the same as the active power being

measured. The position of the rocker is measured capacitively. If there are electrodes of

different size in the feedback, the feedback voltage can be scaled. This means that, if the

power being measured is low, the feedback is routed to the rocker through an electrode

with a low capacitance. The small electrode means that a high voltage will be required to

achieve equilibrium. In the case of high power, the feedback is routed to a large

electrode. Feedback electrodes of different sizes are shown in, for example Figure 2,

with the reference number 25 while the measurement electrodes are shown with the

reference number 24. This permits an extension to the dynamic range. In other words, by

using, for example, pulses with a constant voltage and a duration made constant for

compensation, we obtain the power directly from the frequency of the pulse queue. In

addition, the idle power forces us to run the pulses to the opposite side of the rocker. The

measurement and feedback are made against the earth plane 28. The difference in the

end result depicts the active power while the number of 'negative' pulses depicts the

share of the idle power. This means that the same component can be used to measure

both active and idle power. In addition, by using pulse of differing during, or different

electrodes, we can extend the dynamic range of the meter.

In micro-mechanical components, charging of the surfaces and mechanical instabilities

often appears due to drift. If we reverse the direction of the voltage, the direction of the

magnetic dipole will also reverse and through it the force acting on the rocker. If we

reverse the direction of the voltage at intervals of, for example, 20 periods, we will be

able to eliminate drift almost entirely. The direction of the voltage is changed using, for

example, a micro-mechanical or semiconductor switch. A circuit for changing the

direction of the voltage is also shown in Figure Ia.

If we make allowance for both the elimination of drift and the force feedback, we obtain

a power meter, the accuracy of which depends only on the stability of the reference. In

addition, because the force feedback is made directly digitally, there will be no increase

in the inaccuracy of the meter due to signal digitalization. If the mutual locations of the

current conductor and the component do not change, we can easily build an economical

meter with the order of even 0.1.



Figure 3 shows an arrangement, in which the current conductor is formed in such a way

that at the sensor the gradient of the magnetic field is small. Thanks to the symmetry of

the current conductor, the field of the second magnetometer is the same but with the

opposite sign. This arrangement means that the sum of these two power meters is

independent of the external homogeneous 50-Hz magnetic field. The shaping of the

current conductor also means that the power reading in the first order will not change,

even if the component moves relative to the current conductor, for example, due to

thermal expansion.

Kilowatt-hour meters should withstand an extremely powerful 50-Hz (or 60-Hz) external

magnetic field, without the meter showing a wrong reading. One way to eliminate the

external field is to use a rocker-type MEMS component 4 according to Figure 1, but

place the current coils 2 (as in the figure) on both sides of the rocker, in such a way that

only the gradient of the field induced by the current conductor 3 leads to a force turning

the rocker but the external homogeneous field is cancelled. In order that the sensitivity

will be sufficient and the component will not be sensitive to the mutual positions of the

current conductor and the component, the component should be reasonably large.

It is also possible to make an arrangement according to Figure 3. hi it, two identical

MEMS kilowatt-hour sensors 3 1 and an IC circuit 34 connected to them is placed are

placed in a case 30 located in the vicinity of the current conductor 33. A sufficient

sensitivity will be obtained even though the MEMS component 31 was to be less than 1

mm x lmm in size. Because the elements of the gradiometric measurement are in

different components, we can extend the cover by at least 5 mm - 8 mm, without the

component costs being substantially increased. It should also be noted that the MEMS

component 31 need not be packed in a vacuum, because in this application we can

accept gas attenuation.

Figures 4a and 4b show a fourth solution according to the invention, in which the micro-

mechanical component 4 1 is located inside the current conductor 43. The current

conductor is preferably thinned in the vicinity of the line A-A, in order to increase the

strength of the magnetic field. The coil 45 at precisely as possible at the centre of the



current conductor 43, when the sum flux of the magnetic field running through the coil

45 will be zero and the coil 45 can be used as a reference coil to eliminate external

interference. The coil 46, for its part, is intended to be located at the maximum point of

the magnetic field. The element 4 1 is typically like the rocker component 4 shown in

Figures Ia and Ib and is possibly also electrically connected in the same way. The

measuring and controlling IC circuit 44 is preferably manufactured on the same substrate

with the micro-mechanical circuit 4 1 using, for example, the SOI (Silicon On Insulator)

technique. The location of the encased element 40 in a slot made in the conductor 43 is

shown in greater detail in Figure 4b.

If the component is used in a 1-phase kilowatt-hour meter, it is preferable to place the

entire measurement of power in an IC circuit inside the component, but in a 3-phase

meter it is preferable to place only the electronics essential in terms of power

measurement in a single IC circuit and connect a processor, which collects data from

three components and controls the operations of the components, to the kilowatt-hour

meter. The production costs are a single gradiometric power meter could be € 0.3 - 0.5

and the sales price correspondingly in the order of € 1.5 - 2. The cost in a 1-phase

kilowatt-hour meter is reasonable, because the measurement of power does not demand

many external elements, but the total cost in a 3-phase meter is already significant.

However, if we make a remotely readable kilowatt-hour meter, which contains a process

and memory, the situation is again economical, in terms of the totality.

The present invention discloses a method for using micro-mechanical components in

power and kilowatt-hour meters. In the method, the input of current and voltage is

converted into a force, which is measured capacitively. The force is compensated

preferably by a pulse queue using feedback electrodes of different sizes. The method

compensates for possible non-linearity while the dynamic range is made extremely wide.

The drift that may relate to the MEMS component is compensated by changing the phase

of the alternating current proportional to the voltage travelling in the rocker. The effect

of an external magnetic field on the operation of the meter can be eliminated, for

example, by placing two components in the same case, in such a way that the

homogeneous field will effectively induce a single large force in both sensors.



Claims:

1. Apparatus for measuring electrical power travelling in a conductor (3), in which

apparatus there are means for measuring simultaneously voltage (U) and current (I),

characterized in that it comprises

- means (2, 22, 27) for converting the voltage (U) in a current quantity in a

mechanical element (1, 21), which is in a force-effect relationship relative to the

conductor (3), and

- means for determining the force-effect between the mechanical element (1, 21)

and the conductor (3, 23), so that the force effect is directly proportional to the

product of the voltage (U) and the current (I).

2. Apparatus according to Claim 1, characterized in that it comprises means for

forming a time integral from the product of the voltage and the current.

3. Apparatus according to Claim 1 or 2, characterized in that the force effect is

measured from the deviation of the mechanical element (1, 21).

4. Apparatus according to Claim 1 or 2, characterized in that it comprises means

holding the mechanical element (1, 21) in place with the aid of force feedback and

means for determining the force effect from the control quantities of the force feedback.

5. Apparatus according to Claim 4, characterized in that it comprises means for

compensating force with a pulse queue.

6. Apparatus according to Claim 4 or 5, characterized in that in it there are feedback

electrodes (25) of different sizes, for different power levels.

7. Apparatus according to any of the above Claims, characterized in that it comprises

means (50, 51, 52) for reversing the polarity of the voltage (U) and thus changing the

direction of the current, in order to eliminate instabilities in the mechanical element (1,

21).



8. Apparatus according to any of the above Claims, characterized in that the means (2,

22, 27) for converting the voltage (U) into a current quantity is a coil (1).

9. Apparatus according to any of the above Claims, characterized in that the means (2,

22, 27) for converting the voltage (U) into a current quantity is a conducting plane (27).

10. Apparatus according to any of the above Claims, characterized in that it comprises

means (4, 2) for converting the gradient of the magnetic field of the conductor (3) into a

force quantity, which is in turn proportional to the electrical power travelling in the

conductor (3).

11. Apparatus according to any of the above Claims, characterized in that the means (2,

22, 27) for converting the voltage (U) into a current quantity in the mechanical element

(1, 21) are located inside the conductor (3, 43).

12. Method for measuring electrical power travelling in a conductor (3), in which

method voltage (U) and current (I) are measured simultaneously,

characterized in that

- voltage (U) is converted into a current quantity in a mechanical element (1, 21),

which is in a force-effect relationship relative to the conductor (3), and

- the force-effect between the mechanical element (1, 21) and the conductor (3,

23) is determined, in such a way that the force effect is directly proportional to

the product of the voltage (U) and the current (I).

13. Method according to Claim 12, characterized in that in a time integral is formed

from the product of the voltage and the current.

14. Method according to Claim 12 or 13, characterized in that the force effect is

measured from the deviation of the mechanical element (1, 21).



15. Method according to Claim 12 or 13, characterized in that the mechanical element

(1, 21) is held in place with the aid of force feedback and the force effect is determined

from the control quantities of the force feedback.

16. Method according to Claim 15, characterized in that force is compensated with a

pulse queue.

17. Method according to Claim 15 or 16, characterized in that in it feedback electrodes

(25) of different sizes are used for different power levels.

18. Method according to any of the above Claims, characterized in that the polarity of

the voltage (U) is reversed and thus the direction of the current is changed, in order to

eliminate instabilities hi the mechanical element (1, 21).

19. Method according to any of the above Claims, characterized in that a coil (1) is

used as the means (2, 22, 27) for converting the voltage (U) into a current quantity.

20. Method according to any of the above Claims, characterized in that a conducting

plane (27) is used as the means (2, 22, 27) for converting the voltage (U) into a current

quantity.

21. Method according to any of the above Claims, characterized in that the gradient of

the magnetic field of the conductor (3) is converted into a force quantity, which is hi turn

proportional to the electrical power travelling hi the conductor (3).

22. Method according to any of the above Claims, characterized in that the means (2,

22, 27) for converting the voltage (U) into a current quantity hi the mechanical element

(1, 21) are located inside the conductor (3, 43).









INTERNATIONAL SEARCH REPORT International application No.

PCT/FI2007/050126

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet , ,
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: GOlR

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, FI , NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED T O BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

GB 764963 A (MYERS, F H E), 2 January 1957 1-3,8,12-14,
(02.01.1957), page 1 , line 16 - line 46; page 2 , 19
line 36 - line 73, figure 1

WO 9641201 Al (THE REGENTS OF THE UNTVERSITY OF 1-22
CALIFORNIA), 19 December 1996 (19.12.1996),
figures 1,4, claims 1-5,7, abstract

US 6275034 Bl (TRAN, C C ET AL), 14 August 2001 1-22
(14.08.2001), abstract

US 6348788 Bl (YAO, J J ET AL), 19 February 2002 1-22
(19.02.2002), abstract

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: ' T ' later document published after the international filing date o r priority
' A ' document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

' E ' earlier application o r patent but published on o r after the international
filing date ' X " document o f particular relevance' the claimed invention cannot b e

considered novel or cannot b e considered to involve an inventive
' L ' document which may throw doubts o n priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other
special reason (as specified) ' Y " document o f particular relevance the claimed invention cannot b e

' O ' document referring to a n oral disclosure, use, exhibition or other considered to involve an inventive step when the document is

means combined with one or more other such documents, such combination
being obvious to a person skilled m the art

' P ' document published prior to the international filing date but later than
the priority date claimed ' & " document member o f the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

15 June 2007 1 9 -06- 2007
Name and mailing address of the ISA/ Authorized officer
Swedish Patent Office
Box 5055, S-102 42 STOCKHOLM Bo Gustavsson /LR
Facsimile No. + 46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/IS A/210 (second sheet) (April 2007)



INTERNATIONAL SEARCH REPORT International application No.

PCT/FI2007/050126

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

JP 2000338143 A , MURATA MFG CO LTD, 2000-12-08, 1-22
(abstract) Retrieved from PAJ database

0,A VRHR-HEIKKILA, TAUNO ET AL: "Design of capacitive 1-22
RF MEMS power sensor" [online]. VTT Information
Technology, 17-18 oct 2002 [retrieved on
2007-06-12]. Retrieved from the Internet: http://
www.tkk.fi/Units/Radio/URSI02/ursi_vaha-heikkila.pdf
The whole document

(continuation of second sheet) (April 2007)



INTERNATIONAL SEARCH REPORT International application No.
PCT/PI2007/050126

International patent classification (IPC)

GOlR 11/02 (2006.01)
GOlR 21/06 (2006.01)
GOlR 22/06 (2006.01)
HOlG 5/18 (2006.01)
B81B 3/00 (2006.01)
B81B 7/02 (2006.01)
GOlR 11/32 (2006.01)
GOlR 17/08 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the links:

• In English/Searches and advisory services/Cited documents
(service in English) or

• e-tjanster/anf όrda dokument (service in Swedish).
Use the application number as username.
The password is YTGZFBDEFU.

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85) .

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/21 0 (extra sheet) (April 2007)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

28/05/2007 PCT/FI2007/050126

GB 764963 A 02/01/1957 NONE

UO 9641201 Al 19/12/1996 AU 6038896 A 30/12/1996
US 5617020 A 01/04/1997

US 6275034 Bl 14/08/2001 WO 9946610 A 16/09/1999

US 6348788 Bl 19/02/2002 US 6466005 B 15/10/2002
us 6504356 B 07/01/2003
us 6803755 B 12/10/2004
us 7049806 B 23/05/2006
us 20020021119 A 21/02/2002
us 20020021122 A 21/02/2002
us 20020070723 A 13/06/2002
us 20050040808 A 24/02/2005

Form PCT/IS A/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

