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Introduction
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TESCO Mission Statement

To become the primary outside metering 
resource for all electric utility customers



• Terminology

• Why testing is critical for extended 
range transformers

• CT Testing Overview

• Knopp True Primary Reference 
Comparison

• 1% CT Construction/Design

• What to Test and Why

• True Error, Knopp Testers

• Questions
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Agenda
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Terminology



• Ref: Reference Transformer

• TUT: Transformer Under Test

• RCF: Ratio Correction Factor

• TCF: Transformer Correction Factor

• Minutes: 1 degree = 60 minutes

• RF: Thermal Rating factor, sometimes 
expressed as a % (100% = 5A) or a 
number (4 = 20A), is based on thermal 
rating

• Accuracy Class (Acc): Percentage of 
allowed error, ex. 0.3Acc means +/-
0.3% accuracy
• Knopp gives a measured accuracy class 

during test, this should be below the 
nameplate of CT. Ex. 0.21 shown, <0.3 so 
within spec
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Common Terms and Acronyms
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Why testing is critical for 
extended range transformers



• IEEE C57.13-2016 does not specify 
accuracy below 5% but many 
manufactures are beginning to 
claim measurements down to 1%
• These claims should always be 

validated

• Reduced inventory variety
• A 600:5 with a RF of 3 makes anything 

less than 600 redundant for stocking 
purposes or unique applications

• Most of the present 1% CT’s are 
0.15 Accuracy Class, so an upgrade 
of range is an upgrade in accuracy 
as well.
• When compared to 0.3 instrument 

transformers
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Why?

https://ritzusa.com/wp-content/uploads/2020/11/Low-Voltage-Extended-Range-Current-Transformers.pdf
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CT Testing
Overview
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Understanding the Parallelogram

Figure 2, IEEE C57.13-2016

• Transformers when under test 
must comply within their 
respective class bounds for 
phase and ratio.

• The class they fit within also 
depends on the current value, all 
must match nameplate at 5amps 
on the secondary, but some (0.3 
in example) can double when 
below an RF of 1.0
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Understanding Accuracy Class

Table 8, IEEE C57.13-2016

https://ritzusa.com/wp-content/uploads/2020/11/Low-Voltage-Extended-Range-Current-Transformers.pdf



Acc = Greater of Acc1 vs Acc2

𝐴𝑐𝑐1 = 𝑅𝐶𝐹 − 1 × 100

𝐴𝑐𝑐2 = 𝑅𝐶𝐹 − 1 −
𝛽

2600
× 100

𝛽 = 𝑃ℎ𝑎𝑠𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑀𝑖𝑛𝑢𝑡𝑒𝑠

• Given: RCF 0.9975, Mins +8, Nameplate 
0.3Acc

• Acc1 = 0.25     Pass or Fail?

• Acc2 = 0.558

• Accuracy Class = 0.558, Pass or Fail?

• Fail @ 100%, Pass at 10%
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Accuracy Class Examples
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Knopp True Primary
Reference Comparison



Secondary Injection

• Mobile, can be 
done in field

• Can determine 
other CT 

parameters for use 
diagnosing site 

issues

• Medium Accuracy

True Primary Reference 
Comparison

• Static, lab based

• Testing with variety 
of parameters 

(purchasing/Eng.)

• High to Very High 
Accuracy
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CT Testing Methods

• Mobile, can be 
done in field

• Testing can be done 
in conjunction with 

metering

• Medium-Low 
Accuracy

Direct Primary 
Measurement
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Understanding a True Primary Test

𝛽

• A True Primary test, pushes the entire 
primary current through the CT to be 
tested, and a reference transformer.

• Both of these output their secondary 
current which are each read. The TUT 
must push its secondary Current 
through a Burden which will affect its 
output

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
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Understanding a True Primary Test

The difficulty without a trick…

5.0000A vs 5.0200A

0.38Acc

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝑇𝑈𝑇
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Understanding a True Primary Test

𝛽

• Notice the Reference and TUT are 
opposing one another in the center…

• What happens to opposing currents in 
a branch?

• Summed Vector (opposite direction is 
subtractive)
• At Knopp, we call this the “Error” Vector

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
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Understanding a True Primary Test

𝛽

• So, we have devised a test that tests a 
CT in the way that it will be used 
rather than secondary injection 

• And, we have used “Electrical Trig” to 
increase the accuracy of the 
measurement vs measuring primary 
to secondary

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
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Understanding RCF: An Example

𝑅𝐶𝐹 =
𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝐶𝑢𝑟𝑟𝑒𝑛𝑡

𝑇𝑈𝑇 𝐶𝑢𝑟𝑟𝑒𝑛𝑡

𝑅𝐶𝐹 =
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑅𝑎𝑡𝑖𝑜

𝑀𝑎𝑟𝑘𝑒𝑑 𝑅𝑎𝑡𝑖𝑜

Take a 600:5 for example:

• Marked ratio: 
600𝐴

5𝐴
= 120

• Primary Current = 600A

• Ref Current = 5.00A

• TUT Current = 4.99A

Calculate RCF by Current, and by Ratio

RCF by Current: 
5.00𝐴

4.99𝐴
= 𝟏. 𝟎𝟎𝟐

Ref Measured Ratio: 
600𝐴

5𝐴
 = 120

TUT Measured Ratio: 
600𝐴

4.99𝐴
 = 120.24

RCF by Ratio: 
120.24

120
= 𝟏. 𝟎𝟎𝟐



tescometering.com 20

Understanding TCF: An Example

𝑇𝐶𝐹 = 𝑅𝐶𝐹 −
𝛽

2600

From before, RCF = 0.9975, and phase = +8mins:

𝑇𝐶𝐹 = 0.9975 −
8

2600

𝑇𝐶𝐹 = 0.9944

This is similar to RCF, but accounts for phase error 
as well and is what is typically used to correct for 

a CT’s error if only one number can be given
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1% Construction
And Design
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Transformer Magnetic Operation

• A Transformer is a magnetic device 
that reacts to current passing through 
a core

• The Core builds up a magnetic field

• In turn, the magnetic field creates a 
secondary current

• The Core can only contain so much 
field until it is saturated

• The area in graph is the CT core losses

• The consistency of the permeability 
slope yields a more linear transformer

Bsat

Slope = 
Permeability

Coercive 
force

B-Field
(Integral of Voltage)

H-Field
(Current)

Initial 
Permeability

B-H Curve
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Transformer Magnetic Operation

Bsat

Slope = 
Permeability

Coercive 
force

B-Field
(Integral of Voltage)

H-
Field

(Current)

Initial 
Permeability

B-1.8 B-0.2

20% 40% 60% 80% 100% 120% 400% 500%… 600% 700% 800% 900% 1000% 1100% 1200%

1.000

1.005

0.991

1.010

1.014

0.3Acc

• Take note of initial perm and saturation

• Increased burden increases secondary voltage, 
hence Bsat is hit faster

“Bathtub Curve”
(RCF vs Rating Factor)
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Material Selection

• In order to go lower, and be more accurate, more 
exotic materials were chosen. 
• Blue represents normal silicon steel, found in power 

transformers.
• Red represents nickel and amorphous alloys

• Softer new materials have a lower saturation, but 
tend to be more linear and better low end

• Note the initial permeability slopes…

B-Field
(Integral of Voltage)

H-Field
(Current)

Initial 
Permeability

Si-FeNi-Co-Mo-Fe

0.15Acc
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What to 
Test & Why



• CT’s should never be run near 
saturation, they are a near zero flux 
device.

• If there was a true zero burden 
(including windings), no core losses, 
CTs would have almost no B-H curve as 
the ratio would be perfectly cancelled 
out

• This is why initial perm plays such a 
large role in material selection.

• Initial perm can be a bit erratic as its 
almost entirely material and material 
processing, so CT to CT can differ 
depending on process control.
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How CT’s Operate

B-Field
(Integral of Voltage)

H-Field
(Current)



• Without tight enough Core 
material process control, CT’s can 
have variability at the low end 
even with “higher end” Materials

• Shrinking the core can also 
improve the low end by shifting 
the bathtub to the left. This can 
result in the high end starting to 
come close to saturation on larger 
burdens

• Softer Cores also can be more 
sensitive to magnetization due to 
the reduced B scale
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Be sure to Test Upper and Lower

https://www.gevernova.com/grid-solutions/equipment/instrument-transformers/revenuesense
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers

https://new.abb.com/medium-voltage/apparatus/instrument-transformers-and-sensors-id/outdoor-application/ansi-outdoor-instrument-transformers

https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
https://www.arteche.com/en/ieeeansi-low-voltage-instrument-transformers
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True Error
Knopp Testers
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True Error

Ref TUT

Perfect

(Phase)

(RCF)
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True Error
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KCTS-8000XA KCTS-8000X
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Knopp Testers for 1%

https://www.youtube.com/watch?v=as7XYgHjGyo 

https://tescotheeasternspecialty-my.sharepoint.com/:v:/g/personal/sarah_whittemore_tescometering_com/EZM_QCGQE3lOnexlQdyoXvkBzWzGlr2eaTIBHT4H37AFWA?xsdata=MDV8MDJ8dG9tLmxhd3RvbkB0ZXNjb21ldGVyaW5nLmNvbXw3YTcwYmRkM2U1YmE0ZTRjNTQ1NDA4ZGRmNGJjYzNiMHxjZmU1YmEwYzlkMmE0ZTc2OTZkOGM1ZTQ5ODFmYmY0OXwwfDB8NjM4OTM1ODEzNzgwMzQ5NTcxfFVua25vd258VFdGcGJHWnNiM2Q4ZXlKRmJYQjBlVTFoY0draU9uUnlkV1VzSWxZaU9pSXdMakF1TURBd01DSXNJbEFpT2lKWGFXNHpNaUlzSWtGT0lqb2lUV0ZwYkNJc0lsZFVJam95ZlE9PXwwfHx8&sdata=WEtoa2Vjdi9HZTlrdEhOcmxNUDlOa2tSUmpFSXlCaFhNVStWOTZuYUZFcz0%3d
https://www.youtube.com/watch?v=as7XYgHjGyo


Questions and Discussion

Tom Lawton

President

tom.lawton@tescometering.com

TESCO Metering Bristol, PA

215.228.0500

This presentation can also be found under Meter Conferences and Schools on the 
TESCO website: tescometering.com
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ISO 9001:2015 Certified Quality Company

ISO 17025:2017 Accredited Laboratory
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Thank You!
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