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WHY DID I WANT 
TO DO 
A PRESENTATION 
ON CURRENT 
TRANSFORMER
SATURATION?

• CURRENT TRANSFORMER
SATURATION IS OFTEN NOTICED
BUT RARELY IS IT ANALYZED OR
REVIEWED TO DETERMINE IF IT IS
AFFECTING

• IT IS OFTEN IMPRACTICAL TO
REPLACE OR EVALUATE EVERY
PARTIALLY SATURATING CT.  



WHY DID I WANT 
TO DO 
A PRESENTATION 
ON CURRENT 
TRANSFORMER
SATURATION?

• MECHANICAL, SOLID STATE, AND
MICROPROCESSOR RELAYS FUNCTION
ON DIFFERENT MEASUREMENTS (FOR
EXAMPLE, PEAK TO PEAK, RMS, 
FILTERED FUNDAMENTAL)

• THIS ISN’T INCLUSIVE OF ALL
MEASUREMENT METHODS OR INCLUDE
ADDITIONAL METHODS THAT
MANUFACTURERS OFTEN INCLUDE TO
PREVENT MISOPERATIONS DUE TO CT
SATURATION. 





IDEAL CURRENT 
TRANSFORMER



MORE REAL-LIFE 
TRANSFORMER 
MODEL



CURRENT 
TRANSFORMER 
PERFORMANCE



CURRENT 
TRANSFORMER 
PERFORMANCE



VOLT-SECOND 
CONCEPT

-PROVIDES A 
BETTER 
UNDERSTANDING 
OF SATURATION



VOLT-SECOND 
CONCEPT

-EXPLAINS WHY DC 
OFFSET, 
BURDEN, AND 
CURRENT LEVEL CAN 
CONTRIBUTE TO 
SATURATION

-ALL EXCITATION 
PROBLEMS ARE 
CAUSED BY 
VOLTAGE NOT 
CURRENT



WHAT DOES AC 
SATURATION LOOK 
LIKE? (COSINE 
FILTER)

1. NO SATURATION
2. DC SATURATION
3. AC SATURATION
4. AC AND DC 
SATURATION

*NOTE THAT DC 
SATURATION 
DECAYS WITH THE 
L/R TIME CONSTANT





RELAY RESPONSES INVESTIGATED

1. MECHANICAL RELAYS GENERALLY ARE 
RMS RESPONSIVE 

2. SOLID STATE RELAYS CAN BE PEAK 
MEASURING

3. MICROPROCESSOR RELAY CAN USE 
ONE CYCLE COSINE FILTERS

-EXTRA EMPHASIS ON THE WORD “CAN”



RMS RESPONSE 
AND PEAK TO 
PEAK



COSINE FILTER 
RESPONSE

-PSRC CT 
SATURATION 
CALCULATOR USES 
A DFT FILTER

-VERY SIMILAR TO 
COSINE FILTER USED 
IN SOME RELAYS BUT 
SLIGHT WORSE DC 
PERFORMANCE 



-THE PROBLEM WITH 
CT SATURATION IS 
THAT THERE ISN’T A 
STANDARD 
METHODS FOR 
ESTIMATING ERROR 

-IT IS DIFFICULT TO 
DESCRIBE FAMILIES 
OF SHAPES



IDEA OF PAPER

-ASSUME DC OFFSET, AC 
SYMMETRICAL CURRENT, 
AND FREQUENCY 
DOESN’T CHANGE 
MUCH OVER ONE 
CYCLE

-THIS REDUCES THE 
NUMBER OF SIMILAR 
OFFSET WAVEFORMS 
NEEDED TO FORM A 
USEFUL FAMILY OF 
WAVEFORMS FOR 
REFERENCE



A MANAGEABLE 
FAMILY OF 
WAVEFORMS

• ALLOW FOR A LOOKUP TABLE TO
BE USED TO ESTIMATE ERROR

THIS CAN AVOID SOME ANALYSIS
FOR A ROUGH ESTIMATE OR BE
USED AS A SCREENER FOR A FULL
INVESTIGATION



HOW DO YOU 
COMPARE 
WAVEFORMS

• FIRST COMPARE AN INSPECTED CYCLE
TO WHAT THE IDEAL WAVEFORM
PROBABLY LOOKS LIKE

• DC OFFSET

• LINE UP WITH LINEAR REGIONS

• LOOK AT HOW MUCH THE PEAK IS CUT
AND COMPARE TO PEAK ERROR

• LOOK AT WHERE ON THE WAVEFORM
THERE IS A STRONG CUT

• SCALE SIMILARLY TO LOOKUP TABLE

• USE ERROR FOR A SIMILAR LIKE SHAPE



LOW BURDEN –
FAIRLY INDUCTIVE

-SATURATION IS 
LARGELY DUE TO 
DC OFFSET





-SATURATION DUE 
MOSTLY AC 
SYMMETRICAL 
CURRENT OR 
LARGE RESISTIVE 
BURDEN





-HEAVY AC 
BURDEN 

BECOMING 
INCREASINGLY 

WITH INCREASING 
DC OFFSET

-



WAVEFORMS WITH 
SIMILAR ONE CYCLE 

COSINE FILTER 
ERROR
10-15%

-ONE CYCLE 
COSINE FILTER HAS 

ERROR ROUGHLY 
PROPORTIONAL TO 

THE PORTION OF THE 
AC 60HZ THAT WAS 

LOST



-WAVEFORMS 
WITH SIMILAR ONE 

CYCLE COSINE 
FILTER ERROR

25-35% ERROR



CONCLUSIONS

• LOOKUP TABLES CAN BE USED TO ESTIMATE
ERROR DUE TO CT SATURATION WITH A FEW
ASSUMPTIONS

• IT IS NOT INTUITIVE HOW MUCH ERROR IS IN A
WAVE SHAPE.  MORE SO WITH RMS THAN
COSINE FILTERS

• MANUFACTURES MIGHT BENEFIT PROVIDING
SOMETHING SIMILAR FOR THEIR PROPRIETARY
ALGORITHMS.  IT WOULD PROVIDE CONFIDENCE
OF HOW A RELAY WOULD PERFORM IN A LESS
THAN IDEAL SITUATION. 

• THIS TOPIC TOUCHES ISSUES OF PROTECTIVE
RELAYING AND POWER QUALITY.  IT MIGHT BE
INTERESTING TO KNOW HOW POOR POWER
QUALITY CAN AFFECTS WITH NORMALLY
ACCEPTABLE AMOUNT OF CT SATURATION. 
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