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ALTERNATING CURRENT SENSOR 

BACKGROUND OF THE INVENTION· 

Field or the invention 
. 

The present invention relates to an alternating current sensor comprising a 

transformer with two sets of secondary winding for measuring the values of alternating 

current with high accuracy. 

Description of the prior art 

Current measurement is an essential work in many electricity applications such 

as instrument and power system. For example, in the field of electric power systems, 

the state of currents flowing in the systems should be measured from time to time in 

order to supervise the state of al) the equipment connected with the systems and assure 

their normal operation. therefore any malfunction of the equipment can be 

counteracted by appropriate protecting means. 

Conventional alternating current sensor can be divided into two categories, one 

of them is called resistance detecting method. Referring to the circuit in Fig. I. a sense 

resistor is connected in series with the circuit whose current is to be measured. After 

reading the voltage value. across the sense resistor, the (!Urrent to be measured on the 

circuit can be determined according to Ohm's Law with the formula Im ... V ,,.., I R. 

Although the construction of the instrument is simple. yet the variation of the sense 

resistance value caused by the thennal_ effect ( P= Im 2 R ) resulted ftom the current 

flowing thereon may deteriorate the measurement, especially in the case of large 

current measurement. Besides, the power consumed by the 5ense resistor has a 

influence on the perfonnance of the circuit under measurement. 

Another measu~ng method is by using a current transfonner. Referring to the 

cir:cuit sh~wn_ in Fig.~, ~·kind of instrument transformer usually called a.current 
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transformer is employed. The current transformer consists of a primary winding ( input 

current winding ) which is coMected in series with the circuit to be measured. and a 

secondary winding ( output current winding ) which deliver the output current ( lout ) 

proportional to the input current ( Im ) with a proportional factor equal to the tum 

ratio of the two windings. That is, Im = Im X ( M I N ), where M and N represent the 

number of turns of the secondary winding and primary winding respectively. After the 

c~ent 1- is measured, the current to be measured can be calculated according to 

above formula. However, voltage measurement is easier than current measurement, it 

is a general practice to coMect a sense resistor R as a load to the secondary winding to 

measure the value of voltage V.,. across the sense resistor. Further, referring to the 

circuit shown in Fig. 3, the value of the current to be measured Im can be calculated 

with the formula Im = (V"' I R ) X (MI N ). 

In the above described current measuring method by current transfonner, the 

current to be measured is scaled to a smaller value through a current transformer with 

suitable tum ratio. Wrth a smaller current flowing in the sense resistor, the power 

consumption and the thermal eft'ect will be smaller than that of the above mentioned 

resistance method. Therefore the variation of the value of resistance due to thennal 

effect will be decreased, and the measuring will be more accurate. However this 

method still has the following seriotis problems: 

1. A sense resistor is still required to connect to the output winding, and it is 

inevitable to cause the temperature rise which in tum entails the variation of the 

resistance value. This is of great disadvantage to the measuremei:it requiring high 

degree of accuracy. 

2. The current transformer has its inherent impedance ( winding resistance, 



.. 

3 

equivalent core resistance, leakage reactance caused by magnetic leakage fluxes of 

the windings and magnetizing reactance of the windings ), it will produce a 

voltage drop when current passes through it. Therefore, the value of e~rrent 

converted from output voltage Vout still deviates form its accurate value. 

J. Referring to the equivalent circuit shown in Fig. 4, the winding resistance R2 of 

the secondary winding M generally has a large temperature coefficient of resistance. 

Therefor~ no matter how excellent the quality of sense resistance R i1y the 

measuring accuracy will be deteriorated by the winding resistance R2 connected in 

series with it. 

4. The winding conductor riiade of copper material in general forms a heterojunction 

with the sense resistor R., this heterojunction produces potential work function 

which interferes the result of measurement. Furthermore, a contact resistance R 

produced at the junction is also of great temperature dependenc~ which also 

deteriorates the measurement. 

S. In case the current to be measured is very large, the current ratio, and accordingly 

the turn ratio of the two wi~dings of the current transformer used for the 

measurement will also be very large. The manufactui:e tl,_l~eof is difficult and the 

measuring bandwidth is narrowed. For one of the solutions, several units of current 

transf.ormers coMected in cascade for scaljng down the values of current step by 

step may be feasible. Referring to the circuit shown in Fig. S, the voltage V ovi is 

obtained. from the secondmy winding of the last current transformer by the sense 

resistor R connect~ to it, and the current to be me'.15ured can be determined by the 

output voltage and the product of each tum ratio. However. in the above cascade 

scheme, those undesired effects • such as winding resistance. contact resistance and 

the thermal effect will also be magnified even though the measured current is 
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scaled down. 

SUMMARY OF THE INVENTION 

As will be clear by the above description, conventional alternating current 

sensors have the deficiencies which are unable to overcome up to now, 

consequently accurate and reliable measurement of alternating current can not be 

· realized by a conventional sensor. 

The object of the present invention is to provide an alternating current sensor 

that can overcome above problems and measure current accurately. 

To achieve the above object, the alternating current sensor accC?rding to the 

present invention has a transformer-like iron core structure, and comprises a prim:ary 

winding (the input current winding) which is connected in series with the circuit to be 

measured and a set of two secondary windings, each of them rea1izes the roles of 

provision of the sense resistor and measurement of the output voltage, respectively. 

More specifically. the secondary winding set comprises a first set of secondary winding 

(the output current· winding) which is made of materia1s with low· temperature 

coefficient of resistance and hip stab_ility (e.g. copper-manganese wire), and has its 

both ends short by soldering them together to fonn a resistor with high thermal 

stability and low resistance, and a second set of secondary winding ( measuring 

winding ) which is open circuited for measuring the voltage across it. The advantages 

of the measuring device according to the present invention over the conventional ones 

are as follows: 

I. According to the present invention, the measuring winding for picking up the . 

output voltage is in the state of open circuit, and accordingly it conduct nearly no 

current. Effectively, the output current winding. made of material with small 

temperature coefficient of resistance, can serve as the load resistance at the 
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"secondary winding side" Therefore, the advantages caused by thennal effect can 

be minimized. In addition, the output current winding connects. to no other sense 

resistor, therefore the material is homogeneous all over and no heterojunction 

work function and contact resistance are generated . 

2. The voltage induc~ in the output current winding can be related to that induced 

in the measuring winding by their tum ratio. Accordingly, the induced voltage of 

the output current winding can be determined fi:om the voltage picked up at the 

measuring winding. Because the measuring winding will be connected to a voltage 

meter with a very large input impedance, there is few amount of current flowing 

tlvough the measuring winding. The voltage drop caused by the impedance of the 

iron core and the winding can be neglected, accordingly the loading effect 

occurred in the conventional transformer can be minimized. 

3. The output current winding exhausts nearly the total power consumption for it -

conducts almost the entire current flowllig in the secondary winding side. Because 

the output current winding does not employ a sense resistor and accordingly bas a 

much smaller resistance value, its power consumption is far smaller compared to 

that produces in the conventional resistance method or current transformer 

method. 

4. In case the current to be measured is very large, the current flowing in the 

secondary winding will also be very large if the tum ratio of primary winding to 

secondary winding does not increase. As to a ~ventional current transformer 

which does not utilize the caseade soheme, the sense resistor is unable to 

withstand such a large amount of heating power generated and may bum up. or 

assuming the sense resistor is able to withstand such a large heating power, the 

voltage drop on the resistance will be so large that it is not only difficult to 
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measure but also is dangerous. On the contrary, in the measuring device of the 

present invention, the resistance of the output current winding is very small for not 

being connected with a sense resistor, and its thermal power generated and 

voltage drop induced on the winding are much smaller than those of a 

conventional device. Even though the voltage induced in the output current 

winding is extremely high due to a very large current to be measured, the voltage 

can be read from the measuring winding, and this induced voltage can be 

decreased by changing the tum ratio of the two set of secondary windings. 

Besides, the voltage induced in the measuring winding can be decreased by 

decreasing the resistance of the output current winding, for example, increasing 

the cross section of the coil used. Therefore, the application of cascade connection 

ofthe current transformers is not necessary in case of using the device of the 

invention to measure large current, the only recommended procedure is to change 

the tum ratio of the two secondary windings or the value of resistance of the 

output current winding. The alternating current sensor of the present invention has 

the advantages of versatility, cost eft"ectiveness and compactness. 

S. The secondary winding of conventional CUJTent transformer should be prevented 

from open-circuit, and generally requires a conductive wire connected 

. therebetween to ensure the short·circuited state. The output current winding in the 

present inv~tion is inherently short~ireuited and the inventive current sensor can 

provide safer usage. 

The principle purpose of the present invention is to provide an innovative 

alternating current sensor with high accuracy and low power loss wherein the 

secondary winding of its current transformer is divided into two sets to minimize the 

measuring inaccuracy through diminishing temperature rise, reducing the temperature 
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coefficient of the conductor resistance and excluding the effect caused by the sense 

resistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention, as well as its many advantages, may be further 

understood by the following detailed description and drawings in which : 

Fig. l is a circuit diagram for measuring current with conventional resistance method; 

Fig. 2 is a circuit diagram for measuring current with ccmventional current transformer 

method; 

Fig. 3 is a circuit diagram showing a conventional current measuring method by 

measuring the voltage on the sense resistance connected in the secondary side of a 

current transfonner; 

Fig. 4 is an equivalent circuit diagram ofFig. 3; 

Fig. S is a circuit diagram showing a conventional method by connecting several 

current transformers in cascade for measuring large current; 

Fig. 6 is a circuit diagram for the alternating cmrent measuring device according to the 

present invention~ and 

Fig. 7 is an equivalent circuit diagram for the alternating cWTent measuring device 

according to the invention. 

Illustration of the symbols: 

I: current to be measured 

l;n: input current 

.lout: output current 

R: sense resistor 

Rl: resistance of input current winding 

R2: .resist~ce of output cWTent winding 

••·• .. : •. : -~~r· :,.:.'":.·: . • .... ~· ~··- •. ~ .. -.,': ~ ... •.•• ·• ~1.· .:·· .... · •. ~~i'.{.' ... · ....... .· ... :. .. ·, ..... : . :.·,_..:~::· .. :; __ :.; .......... _;,;..· ._ .... :-; ·-: ..... -"··~. ·:. ··-t 
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Re: contact resistance 

rl: resistance of input current winding according to the invention 

r2: resistance of output current winding according to the invention 

r3: resistance of measuring winding according to the invention 

r4: internal resistance of the measuring device 

V °"': voltage to be measured 

N: number of turns for input current winding 

M: number ~f tums for output current winding 

P: number of turns for measwing winding 

V : measuring device 

4': interfering potential work function 

Nl: number of turns for the first cascaded current transformer input current winding 

N2: number of turns for the second cascaded current transformer input current 

winding 

No: number of turns for the nth cascaded. current transformer input current winding 

M 1: number of turns for the first cascaded current transformer output current winding 

M2: number of turns for the second cascaded current tr~fonner output current 

winding 

Mn: number of turns for the nth cascaded current transformer output current winding 

DETAILED DESCRJPTION OF THE PREFERRED EMBODIMENT 

Referring to Fig. 1 showing the circuit for measuring current with the resistance 

method, after measuring the value of voltage V 1111t on the sense resistor R, the value of 

current to be measured I1n can be calculated ·by applying Ohm's Law. 

Referring Fig. 2 showing the oircuit for measuring current with the current 

transformer method, after measuring the value of current Lui in the secondary winding, 

. . 
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the value of current to be measured Im may be obtained with reference to the tum ratio 

of input and output current winding. 

Referring to Fig. 3 showing a circuit diagram for measuring current by 

measuring the voltage on the sense resistor connected in the secondary side of a 

current transformer, within the dotted line is a current transfonner. After the vaJue of 

voltage V ovr. on the resistance R has been measured, the current to be measured can be 

calculated by the formula 

lia = ( V ouc I R) X ( MI N ). 

Referring to Fig. 4 showing an equivalent circuit of'Fig. 3, the equivalent 

circuit for a actual current tranSfonner is surrounded by dotted lines, and an ideal 

transformer is drawn with highlighted solid line. The transformer itself has impedance 

including winding resistance, equivalent core resistance, leakage reactance caused by 

leakage magnetic fluxes of windings and magnetizing reactance of windings etc. 

Among those impedance, the winding resistance is the most influential one which may 

be of great affect to the transformer. Consequently the equivalent circuit for an actual 

current transformer comprises an ideal transformer with the resistance RI and R2 of 

the both windings. Besides an interfering potential work· function and a contact 

resistance Re can not be neglected because a sense resistor which forms a 

heterojunction with winding conductor is to be connected on the secondacy side. 

Referring to Fig. S showing a circuit connecting several current transformers in 

cascade for the purpose of measuring large current, several units of current 

transformer connected in this way may scale down the current gradually, and a 

resistance is connected on the secondary side of the last transformer to take out the 

outpu~ voltage V oue, and the current to be measured can be calculated with the formula 
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l1n • ( v_,, R )X( Ml /Nl )X(M2/N2)X ............ X(Mn/Nn). 

Referring to Fig. 6 showing a circuit for the alternating current sensor 

according to the present invention, the device comprises a transformer-like core 

structure and its primary winding which is connected in series with the circuit to b.e 

tested has N turns. Similar to a conventional current transformer, the iron core can also 

form a aperture, said alternating current circuit to be measured may insert through the 

aperture for measuring the current flowing thereon. The secondary windjng is divided 

in two units, wherein the first secondary winding (output current winding) has M tulll5 

. of winding and use the conductor of low resistance temperature coefficient such as 

copper- manganese wire with high stability, both ends of the winding are short 

circ:Wted by soldering them together. While the winding of the second secondary 

winding ( measuring winding) may use common copper conductor having P turns with 

its both ends open circuited for voltage measurement. The input resistance of the 

measuring device is in general very high, therefore the current flowing in the measuring 

winding is very small. The measuring winding is still in the. state of open circuit even 

after the measuring device has been connected thereto. The seconduy current of the 

transformer may be considered to flow almost completely in output current winding in 

the aspect that the current flowing in the secondary winding should counteracts 

completely the magneto motive force of the primary winding current. However, the 

measuring winding canying negligibly small current is used for the voltage read out. 

The prominent feature of the device is characterized in that by utilizing the two 

secondary windings to perfonn their different duties described above. the deficiencies 

of the conventional current transformer such as high temperature rise caused by power 

Joss, increased conductor resistance in the measuring device and load resistance effect 

resulting in the measurement error can be diminished substantially to attain the aim of 
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high accuracy measurement. Further to described the principle of the present invention · 

in more detail and derive its result with fonnulu in practical application, the equivalent 

circuit of the present invention can be analyzed as follows: 

Fig. 7 is an equivalent circuit diagram for the alternating current sensor 

according to the present invention , said sensor can be represented by an equivalent 

ideal transformer (highlighted solid line in Fig. 1) plus the winding resistance rl • r2 

and r3 at both sides, and r4 is the input resistance of the measuring device. By applying 

the formula for the ideal transformer , the vaJue of current in the input current winding 

will be Lu1=I; .. X (NIM) • where numbers of turns ·N and M are known values. Since the 

both ends of the output current winding having the resistance r2 are short circuited , 

thus voltage Vl is equal to Ln.r. X r2 and is a thermally stable quantity for r2 is a resistor 

with high thermal stability. The voltage Vt is not easy t~ deal with but it can be related 

to the voltage measured in the measuring winding through the formula V2•Vl X 

(PIM)=Iia X (NIM) X t2 X (PIM). Since the input resistance of the measuring device r4 

is very high (more than IMO), the measuring winding may be considered as open 

circuited with almost no current flowing in it, and almost no voltage drop is produced 

in it. Moreover. the resistance of the output current winding is only several ohms , the 

load resistant effect usually observed in the conventional current transformer does not 

occur in the device of the present invention. The voltage V0m measured by the 

measuring device is equal to V2 related to current to be measured Im by l•=V2 x 

M21NIP/r2. The sample of device according to the invention has been testified in the 

laboratory of China National Standard Bureau , and th~ theoretical analysis described 

above is in well agreement with the experimental results. 

In conclusion, the alternating current sensor of the present invention has realized its 
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aim of measuring alternating current with extremely high accuracy which the 

conventional measuring instrument can not attain, the currents to be measured can be 

adjusted in wide range by changing the tum ratio of windings to enJarge its application 

field. 

Many changes and modifications in the above described embodiment of the 

invention can, of course, be carried out without departing :from the scope thereof. 

According, to progress in science and the useful ans, the invention is disclosed and is 

intended to be limited only by the scope of the appended claims. · 
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What is daimecl is: 

1. An alternating cunent measuring device which comprises: 

an iron core made of high permeability material; 

\ '""" """ 111\l "'" " '"' 
* C L M S * 

an input current winding having a predetennined turns of conductor winding 

around said iron core, and connected in series with an alternating current circuit to be 

measured; 

a secondary winding comprising an output current winding and a measuring 

winding. wherein 

said output .current winding having at least one tum of conductor winding 

around said iron core and two ends connected together and short circuited, said output 

current winding having a closed contour and made of homogeneous material with low 

temperature c0efficiept and high stability; and 

said measuring winding having a predetennined turns of conductor winding 

around said iron core and two ends open circuited f'or connecting to a voltage meter 

for measuring an induced voltage thereon. 

Wherein an input resistance of said voltage meter is high while a current 

flowing in said measurfug winding is small,.moreover, ~id measuring winding remains 

in open circuited even after said voltage meter is connected thereto, and that said 

alternating current circuit to be measured is connected is connected t said input current 

winding, a secondary current almost entirely flowing in said output current winding in 

such a manner that said secondary current flowing in said second winding counteracts 

completely a magneto motive force of said input current winding while said measuring 

winding carrying negligjbly small current, therefore a voltage induced by said 
.. ,,,. .. 

secondary current is measured with said voltage meter. 

2. ·The alternating current measuring device as claimed in claim 1, wherein the material 
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composing the conductor for output current winding is copper-manganese wire. 

3. The alternating current measuring device as claimed in claim 1, wherein its core 

structure may has an aperture, so that the circuit in which the current to be measured 

can insert through the aperture in stead of cormecting said circuit in series with the 

input current winding. 

. . . ... . . ... . . . ~.- . .'· . ... . . .. 


