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Instrument Transformer Performance Under 
Distorted - Conditions 

G. Mahesh, Boby George, V. Jayashankar and V. Jagadeesh Kumar. 

Abstract- Current Transformem (CT) and Voltage 
Transformers 0 are the primary sensing elements in electric 
power systems. M e  their perfonnance at a single frequency Is 
well known, it is necessary to analyze the performance of C T s  
and VTs lor harmonic excltation. A single virtual instrument 
that can be used for performance measurements of Instrument 
Transformers (IT) io addition to analyzing the mnpnetic 
characteristics of cores tp proposed. Experfmental results are 
shown to valldate the proposed method. 

I. ~KI’RODUCTION 

LECTROMAGNETIC current transformers and vbltage E transformers are constructed in the main using f e m  
magnetic materials in toroidal form and stacked laminations 
respectively. The performances of such Instrument 
Transformers are specified in Standards such as IEC-60185 
and IEC-60186. These specifications seek conformance 
of ratio and phase errors at various values of primary 
excitation and burdens. Typically the performance is sought 
at a single frequency. viz, the power frequency. It is known 
that the errors depend mainly on the watt loss and magnetic 
components of the material qed for construction. 
Procedures are known for the estimation of errors of CTs 
using single or composite cores [ 11. With the proliferation of 
networks that contain significant volwe and current 
harmonics it would bc instructive to a n a l p  the performance 
of the ITS with non-sinusoidal excitation. Saturati,m of the 
core also causes significant harmonics in the secondary [2], 
[3]. We initially show that conventio4 tiansformer bridges 
or Instrument Trarisfonner Test SeU cin be used for 
characterizing the magnetic properties of cores. We then 
devise an i n s p e n t  for performance analysis of instrument 
transformers under distorted conditions. 
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U. P R E W A R Y  03SERVATTONS 

The Ratio Error (RE) & Phase Error (PE) of a CT at x% of 
the rated primary current are given by [43. 

f \ 

Imsin6+I ,cos6 
%RE = -1 

(2) 
m a t a n  -1 [ I, cos ~ 1 ~ ”  S - I, sin S ].mm 

where 
I ,  is the magnetizing component of exciting current, 
I ,  is the watt loss component of exciting current, 
8 is the secondary power factor angle, 

I ,  is the rated secondary current. 
These errors are usually measured using an ITTS. The 

expressions above show that the mrs of the CT are 
intrinsically due to the magnetic characteristics of the cores 
used, In effect, the e p r s  of the CT quintessentially reflect 
the behavior of the core. If the load is intentionally kept at 
unity power factor, it follows that 

- d s t w  I ,  -- 

I, =- 

- 100 
x I S ~  PE 

3438 

(3) 

(4) 

This implies that the measurement of RE and PE in  a 
transformer test bridge can enable a determination of I, and 
I,. If the dimensions of the core are available, magnetizing 

ampere turns Hm=-Alm and watt loss ampere turns 

,yw = - A h  can be evaluated, where. 1 is the mean 

length of the magnetic path and N is the number of secondary 
turns. The flux density can be measured from the voltage 
across an auxiliary coil in the same core. If the range of 
secondary currents and burden3 are chosen appropriately the 
ITTS can be used forzharacterizing the complete B-H 
curve of the core material. 
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111. A VIRTUAL INSTRUMENT FOR THE 
PERFORMANCE ANALYSIS OF IT ' 

. .I 

Conventional transformer . bridges. evaluate the 
performance of a CT at a single frequency; as standards 
fundamental component alone can be extracted. The PSD in 
[SI and [6] is implemenied using analog electronics. With the 
advent of fast A/D converters it can 'also be implemented 
using digital principles. The block diagram of a PSD is 
shown in Fig.1. The input signal AFcos(ut++) and the 
reference signal B,coSot are multiplied and the average 
value of this multiplied signal (ABcOsi$) is the PSD output. 
The output will be @sin$), if the reference is replaced by 
B,cos(wt+90), where A, and B, are the m a x i "  
amplitudes of the signals, A and B are its root mean square 
values and 4 is the phase difference. 

We propose an extension of this instrument to characterize 
the performance at harmonic excitations. The %lock diagram 
of the extended PSD is shown in Fig.2. 

,. . . . . .  _ ,  > .. , 

Fig. 2. Schematic of an extended PSD for error measuremcnts. 

The input excitation Id and 12$ contains N number of 
harmonics, so 2N numbers of PSDs are required to obtah the 
ratio and phase errors. 

A virtual instrument for evaluating the ercors'of an IT is 
designed on the following basis: The comparison method [SI 
is the principle of error measurement. The comparison 
method is the common technique employed for the 
determination of the ratio and phase errors of an instnunent 
transformer. It involves the comparison of the test 
transformer with a standard transformer of the same ratio 

I 

b 

require only such characterization. The front ends [ 5 ] ,  [63 of 
such ITTS usually involve a Phase Sensitive Detector (PSD). 
The features of the PSD that make it useful as a front end are 
that it has a very high signal to noise ratio and the 

specifications with known, very low errors. The schematic of 
the Sotup for the Comparison method is shown in Fig.3. As 
can be.,seen, the,primaries of the test current transformer X 
and" the standard current transformer S are connected in 
series, so that the same current flows through them. The 
secondaries are so connected that the difference between the 
current in the secdndary of S, and that of X, Lx flows 
through a standard resistance, %. A similar arrangement can 
also be made-for' VTs but is not shown. For VTs the 
expressions relating.to ratio and phase errors as computed 
using ( 5 )  and (6) are the same, one has to only replace current 
(I) by voltage (V). 

I :  I 

Fig 3 The Comparison methd of testing a CT 

The input section of the test setup has isoIating transformers 
to help to derive voltages proportional to L and and 
compatible with the Data Acquisition System (DAS). A I2- 
bit Data Acquisition Card (PCI 6024 E) from National 
Instruments [7] forms the heart of the Data Acquisition 
System. The two channels are simultaneously sampled at 10 
IEHZ, which is sufficient for a system with about 40 
harmonics of a 50 Hz power ,frequency. If IIsJ and I& 
represent the acquired samples of Ls and zd respectively, then 
sampling based methods are used to evaluate the errors of the 
CT as follows [SI. 

j -0  

This method is 
excitation. Here we consider that 

being extended to the case with harmonic 
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t . , .  . #  
1 :  N . <  ' ' 100 primary and secondary huns and tapings every 25 turns 

1 = A.s in(o , t  +#.) , . .  47) , for different tu&' ratio. An Arbitraj Function Generator 
Model 33120A fiom Hewlett Packard is programmed to give I 1 . .  1 P i i l  

hf an excitation of the form given below: ' 
- 7  

Izs = ai cos(mit+q5 .). 
J i = I  

where I, is the primary current and IZs is the secondary 
current of the test CT . 

For example, if the fundamental and .first two odd 
harmonics are known to exist, a Low Pass Filter (LPF) and 
two Band Pass Filters (BPF) are used, ta extract the 
fundamental, ~d and fifth harmonics, The .LPF cut-off 
frequency is just above the fundamental frequency whereas 
the BPFs are centered at each harmonic. These filters are 
implemented chgitally in the virtual instrument. The ehor 
components of the individual harmonics are evaluated as 
follows: 

(8) , 

r Iisin(2n50t) +'0.3311 sin(2nl50t) + 

One problem with the measurement o f  errors of each 
frequency is the possibility of interharmonics, especially -if 
the core goes into saturation. In order to check .for. this 
condition, the composite error (CE) is also evaluated as given 
in equation (1 1). . .  

3 :  

.. . I Jp . .  

/gT. ' . .  

C E =  I. :(! 1) 
* , .  

If the composite error exceeds the vector error, ie if 

CE > 1 .05&2E)2 + (PE)' , 
the CT is in saturation. The value 1.05 is a conservative value 
based on the standard definition of composite error exceeding 
10% to be indicative of saturation. One of the advantages of 
this instrument is that even at a single frequency excitation, 
the composite error will also be measured and displayed. 
Existing instruments do not have this feature, which makes it 
difficult to judge if the CT is saturated or not. Using the ratio 
and phase errors of the filndamental component, the core 
would then become non-linear and interharmonics are likely 
to occur, 

0.211 sin(2~250t) 

(These'are the first three harmonics of a square wave with I! ' 

as the fimdkntal). The errors of the CT under hamionic 
exciption' 'are :' measwed using the proposed virtual 
instruinent. . ,  . .  

. .  

Table I shows the ratio and phase errors for each frequency 
at different percentages of full primary current rating. This 
would enable one to fuc.the maximum value of each harmonic 
current to 100%. From this result the& and,I., are computed 
ushg (3) 'md (4) hd'subsequently corresponding H, and H, 
values are obtained The B-H, and B-Hi cuwes of the core at 

. each frequency are shown in Fig. 4 and Fig. 5 respectively. 
H, and, H,,, are the magnetizing and core loss components of 
the exciting ampere-turns. 

, ,*,,' ; a - TABLEI 
' , ERRORS OF CT UNDER HAFWONIC.EXC~AI'~N , 

MEASURED USING A VIRTUAL INSTRUMENT 
. .  

20 .iao .O.M -039 50.97 4231 39.10 a.11 

50 - 0 s  438 -035 38.9 363 2799 1-42 

80 -069 *03S -OS9 3+49 21.4 . 1934 , 11s . 
90 -069 -033 ' -0.18 30.81 a038 1 7 9  109 

, .  
UIO -065 .OH -0.17 a9.n h 3 :  16s  105 
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Fig. 5 .  B-Hm curve of core at 50,150 and 250 Hz magnetization. 

V. CONCLUSION 
, .  

The behavior of an instrument transformer under distorted 
conditions can be predicted if the magnetic characteristics of 
the core at all fiequencies are known. A convenient virtual 
instrument has been developed that serves the fiylctions of 
measuring emis  at harmonic frequencies as well as 
characterizing the cores. Experimental results on a core show 
the utility of the proposed scheme. 

I VI, APPENDIX 

The front .panel of the developed instrument is shown in 
Fig.Al.It has three sections. The top right portion shows the 
time domain signal of L & I&. The top left portion shows the 
frequency domain component of I&. The setting parameters 
are sampling rate and number of samples. A tabular column 
shows the errors in the third section. 

I TEST RESULTS 

- -  ~ 
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