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THE DESIGN AND CONSTRUCTION OF A 

CURRENT THANSFORMER 

TESTING SET. 

INTRODUCTION, 

In any electrical field, but particularly in 

distribution work, it is necessary to know the 

accuracy of current transformers used in metering 

and relay work. The accuracy test by the absolute 

‘method requires laboratory equipment which is too 

expensive for the average utility, or company to 

purchase. In addition, the time required for testing 

by this method is prohibitive, where there are a 

large number of transformers to be tested. Hence, 

several methods have been devised for making com- 

parison tests with transformers which have already 

been calibrated by the absolute method. 

The two methods in use employing standard 

transformers are known as the deflection me thod 

and as the null method. The deflection method 

depends entirely upon the accuracy of the wattmeters 

used, whereas the null method depends only on a 

circut of calibrated impedance and mutual inductance. 

The obvious advantage of the null method can be seen 

from the fact that the accuracy of the wattmeters 

used in the deflection method may vary over a wide 

range; and since sensitivity is a prequisite, damaged 



bearings can easily cause a large error in the 

readings, The calibration of the impedances, and 

mutual inductance used in the null method, is for 

all practical purposes permanent. 



PURPOSE OF THIS THESIS, 

A current transformer testing set utilizing 

the null method was constructed by the authors, 

£. Dempsey Jones and W, David Dishner, for the 

following reasons; primarily they were interested 

in electrical metering, having been associated with 

the meter department of the Tennessee Electric Power 

Company, and the East Tennessee Light and Power 

Company respectively; and secondarily they desired 

to produce something which would be of permanent 

benefit to the University of Tennessee by the addition 

of this set to their laberatory equipment. 
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THE THEORY OF THE CURRENT TRANSFORMER 
TESTING SET.. 

The first current transformer testing set 

utilizing the null method, was designed by Dr. 

Francis B, Silsbee of the Bureau of Standards. 

His circuit is shown in figure # 1, which also shows 

the location of the transformer being tested, the 

standard transformer, and the balancing circuit. 

If the ratio and the phase angle of the two transe 

formers were identica), the current I, would be 

equal to I,, hence there would be no current flowing 

through the balancing circuit. But, if their ratio 

and phase angle are not identical, there will be a 

difference of current (AI( which will flow through 

the balancing circuit. This current is the vector 

difference of Ig and I,. Tor determining the dif= 

ference in ratio and phase angle of the two transe 

formers, the balancing circuit is adjusted so that 

no current flows through the detector, and hence the 

voltage drop# across the detector is zero. This is 

accomplished by adjusting the mutual inductance for 

balancing the 90° component of the differential 

current, (the secondary voltage of the mutual in- 

ductance being 90° out of phase with Igpnd adjusting 

the slide wire resistance for the in-phase component, 

It should be obvious that when there is no current 

through the detector circuit, the two transformers 

are exactly balanced and that the amount of resistance: 



and inductance required to produce this balance 

is proportional to the difference in ratio and phase 

angle of the transformers bsing tested. For instance, 

if the transformers were identical, the inductance 

and resistance would be set at their zero points 

respectively. The reader should keep in mind the fact 

that the balancing circuit carries the difference of 

the two transformer currents, hence if there is no 

difference there can be no voltage across the datecto®. 

The detector used is a dynamo—meter type 

wattmster, The zero of the meter is set so that it 

corresponds to the point of zero mutual inductance 

between the potential and current coils. This set- 

ting prevents any srror from arising, due to an induced 

voltage in the detector circuit. The exciting current 

for the wattmeter is supplied by two voltages 90° 

apart, These voltages are so adjusted that one voltage 

is exactly in phase with ls and the other voltage at 

90° to I , Hence the wattmeter is supplied from the 

90° phase when adjusting the 90° component ofAl 

and from the other phase when adjusting the in-phase 

component of 1, 

The original Silsbze circuit was not used in 

this set, due to the difficulty in obtaining good 

contact with the resistance slider. The circuit used 

was the same as that used by Leeds and Northrup 

in their Silsbee set. This circuit was designed to 

overcome the difficulties due to the variable contact 



resistance, In this circuit; the sliding contact 

is used, but the contact is so arranged by balancing 

the circuit on either side of it, that there is no 

error involved due to its resistance, The diagran 

of the circuit used is shown in figure #2. The 

mathematical proof of this circuit, =nd the derivation 

3, f the equations giving the difference in ratio and 

phase angle in terms of the impedances and inductance 



CONSTRUCTION OF THE SET, 

The actual circuit used in the construction 

of the set is shown in figure # 3, The switahes 

shown are used in checking the polarity of the trans- 

formers, and in adjusting the exciting current of 

the wattmeter so that one phase of the quadrature 

voltages is exactly 90° out of phase with ls. This 

eliminates error due to mutual inductance in the watte 
SUPPLYING CORRETT PHASE ANGLE 

meter, in addition to, the,pedseity needed for balancing 

the differential current. For further information 

as to the operation of the set, the r=zader should 

consult the directions within the set itself, where 

a complete discussion is given with regpect to the 

procedure which should be followed in making a test, 

The mutual inductance of the set was designed 

and built according to the method specified by Brooks, 

in the Bureau of the Standard's Bulletin # S-290. 

The amount of inductance for which it was designed 

was approximately 800 micro-henrics according to the 

recommendation of Dr, Silsbee in the Bureau of 

Dtandard's Bulletin # 309. The values of the impe= 

dances were determined by trial and error methods, 

Circuits with different values of impedances were tried 

until those values were found which would give the 

best divisions for ths scales within the desired range. 

Referring to figure } 2, the approximate vslues for 

the circuit oonstants are: R~ 12 ohms, Z; and Z, about 

1.5 ohms each and Zo and Zgz about 18 ar aun. These 

* see next page, 



values were never checked accurately, since the set 

was calibrated by comparison with a standard Leeds 

and Northrup Silsbee set, 

For any further information with rasstect to 

this set, see the instructions within the set, or 

the references in the bibliography. 

oF These values refer only to the resistance of the 

circuits. The coils were not wound non-inductively , 

hence it was necessary to consider them as impedances 

in the discussioni. The actual reactance of the coils 

is very ‘low in comparison with the resistance, 



10, 

ACCURACY OF SET, 

This set should give fairly accurate rasults 

for two reasons: first, it was calibrated by compar- 

ison with a standard commercisl set, and thersfore 

would be subject only to the errors of this set. 

Second, the set does not detsrmine the transe 

former accuracy in absolute terms, but in differences 

of ratio and phase angle. For this r=ason an error 

in adjustment does not make as great an absolute 

error, when applied to the difference in ratin.,. For 

instance suppose two transformers differ by 1% in 

ratio, then an error of 17% in adjustment would re=- 

sult in only 0.01% error expressed in absolute units . 

Hence its accuracy is well within the limits required 

in commercial practice. 
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Deriviation of the Equations Expressing the 

Ratio and Difference in Phase Angles of the Standard 

Current Transformer, and the Current Transformer 

Tested, 

NOTE: Refer to previous discussion and circuit 
diagram for all symbols and subscripts. 

CURRENT EQUATIONS. 

£1) Iv iI 21 
5 x 

(2) > ='1 +3 
X 2 2 

{5} I = 
2 3 

(4) Li=-3 3 
Ss 3 4 

{5) I= ¥+AL 
4 2h 

VOLTAGE DROP EQUATIONS, 

1. AI(R+JWL J) + JI wNM+I 2 =1.2 
1 8 44 BS 

5. 1 (Zz +2 }=1 21239 
2 a -3 L144 

Let: R+Jwh = k 
1 

Then from I 

AI 3 wl +1 2 = 2 
Ss 4 4 5D 



Then 
AIk rile SIZ acl 7 «10 

8 4 4 83.43 

Al +3T wl+1 {2 +2 )=1 7 (A) 
s 4: 3 4 83 

From Equation II above: 

31{Z2 +2 Y=212+217 
ASE CE 1°24 4 

(3) I=1 
2 3 

(4) I =11-=1 
3 5. 4 2 

(2) Iizrlteli=l wl +1 
1 x 2 XE 4 

Substituting in IT. above: 

(I «I MZ. +2)=1241 2 +132 ~1.2 
s 4 2 3 x adel 4 4 

12 +12 ~1"2=12.=12-12+12+12 
8s 2 S83 4.2 4.3 Xli's 1 4 4 

) TAL r 2 R500 =1 AT 2 4% Jal 3g 
47% 3 4 51 2 3 x3 

142.92 +2 112 
3 mS Ooh, BL ma (B) 
4 LFV Z TL ve 

1 2 3 4 

Substituting from above (B)= (A) 

8 3 

(2 v 

MET wiley 2 Jie eT ee 
4 Z 2 F & “ 

Z + Z: =2b=23 
Z 4 

Z#Z +32 =) 
15s 2 

Z+Z +28 7E =% +8 +2 wt 
Ess Ty moe 



IY. 

Alk +jI w+ 8(1 v-1 2 )-12 
8 ] Xl. © 8 3 

From (1): Ala T «1 
Ss x 

Substituting: 

IZ ab 7 ml 

ZEROS I k=I k+JI wit +1 22-1 2 
Bl siw # Ss x 1 

Si 

Cc 

S x 
} 2 

: Er 2 ck +aZy (©) 

The ratio of a transformer is expressed in 

terms of the ratio of the primary current to the 

secondary current, Using the primary current as a 

reference, the ratio of the standard transformer is: 

: - 
R — R 

5 1 |= 
S 

Similiarly the ratio of the unknown transformer 

is: 

1 
5 0 

R-T [=x 
xX w

 

Then since the primary current im each trans- 

former is the same: 



R I 1 
g 3 Es Ele. 

R 15 8 —d 
x x x 

R : ’s 
—2008(R = ov ) +j Sin(C = KL j= (D) 
R Xs ACE (ALS 
x x 

Then Evaluating the constants in (C) in complex 

form: 

ck+a 2 
3-1 

Real terms: 

Rr +r +2 )-9L (I +3 +X )+0 72 +2 % 
1 2 b 1-1 2 b i 5a 5 

Imaginary terms: 

JRX +X +X) Jo (zr +7 +r )+ jEr +r X 
RP RIIE TN b*y V0 

Let the above real terms be equal to Yi, and the 

imaginary terms equal to . jO. 

Evaluating this factor: 

ck f jwlic-ab-Z c¢ 

Real terms: : s 

Rr +r +r )=wL (X +X +X.) 
12) 1-1 2 °7% 

+X) ( 
3 [o] 

+r lr +2 IX {XT +X J +2r » «2X X 
ga b = b 5h 3D 

“W(X +X +X) +r (r +r )=X 
x 2 b 3 2 b \ 1 

oS 

Imaginary terms: 

JR(X 7X +X J) jwL (r+ 1 +1 ) 
me BT 

wily +x vx J ir XZ +X) rir {X +X) 
1-2 % 15-79 g 4% 3% 



Ye 

FIX lr yr) +X (er +2 J 123% r +25% x 
i383 +) 2:3‘ b 3 3% 

Again l=t the real terms be equal to P, and 

the imaginary terms equal to jQ: 

Then from (C) above: 

g = 
SE. -o7i0 _ /niio” 240 

I Zaye PQ 

Substituting in (D): 

R 

a cose = 2) +iSin (L =a) | = 
R x 8 s Et 
x 

nt 9%) (Cos B +5in 
Then the above expression is an identity such as; 

BE = b IE 

then a=>b 

and x = 3 

Then from (E) above; 

3 

BY 7 = AD 2 

cos? {sc =) (5) Cos* 

X 

oo | 1 
2 24 ) MS oy 23 

Sin A - of ne) mm——— >in 

B xg La) 

Solving the above squations simultaneously: 

R 4 
8 _ [+o 1% 

Rr ee PQ 
XxX 

(F) 



Vii 

This equation gives the difference in ratio 

of the standard and test transformers, The dif- 

ference in phase angle of the transformers, (R® -«%), 

may be found by rewriting equation .(E) in the 

following form; 

Therefore: 

and : 

§l =! 0 - Tan ~! J 

B = Tan'—g =f (a) 

From the equations above (F and G) the diff- 

erence in ratio and phase angle of the current 

transformer used as a standard and the current 

transformer being tested can be found, provided that 

the constants of the test circuit are known,
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