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Development of a New Mixed Rogowski Coil with Improved Low
Current Measurement Precision
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Abstract This research proposes to develop a new Rogowski Coil to solve the problem of saturating
iron-core of the existing transformer. In addition, the new coil can solve the measurement difficulties
during the low-current of the existing air-core Rogowski Coil and the problem caused by the increase
in the number of turns of the coil. In other words, we propose to develop a new mixed-type Rogowski
Coil that mixes iron and air cores. This mixed coil has the advantages of air-core type Rogowski Coil
without increasing volume and saturation. It also exhibits sufficient measurement precision even in a
low-current range. For the development of the mixed coil, this research selected a conductor through
which a class current of 1,000A may flow. When a 10~1,000A current is applied, a measurement coil
model composed of three stack types measures an induced voltage to compare the accuracy of the
measured current. In addition, the proposed model uses Finite Element Analysis to simulate the voltage
induced in the coil and measures the waveform using an oscilloscope for the voltage waveform induced
through the prototype. Hence, the proposed mixed-Rogowski Coil's usefulness and the accuracy of the

current measurement are verified by the Finite Element Analysis.
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Fig. 1. Principle of Rogowski Coil
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Fig. 3. The shape of the normal Rogowski Coil.
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Fig. 6. A Cross-sectional view of the Rogowski Coil.
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Table 1. Model specification table.

Item. Spec.
than diameter of Core [mm] 50
Inner diameter of Core [mm] 36
Length of Air gap [mm] 5
Maximum diameter of the conductor 26.4
[mm]
Turn nunber [turns] 5, 20, 50
Measurement coil diameter [mm] Less than 0.4
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Fig. 7. The Magnetic flux density distribution of
coils.
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Fig. 8. The induced voltage of the coil at 1,000 A.

Table 2. The induced Max. and rms voltage of the
coil at 1,000 A.

measure coil Max. ms
5 turn. 70.6 49.9
20 turn 297.1 210.1
50 turn 776.9 549.4

Table 3. Max. induced voltage depending on each
current. unit : mV

Cur.| 10 100 200 500 800 900 | 1000

Turn [A] [A] [A] [A] [A] [A] [A]
5 0.7 6.9 14.0 | 353 | 55.8 | 63.2 | 70.6
20 2.9 29.4 | 58.8 | 146.9 | 235.0 | 264.4 | 297.1
50 7.3 76.4 | 154.2 | 381.9 | 617.0 | 690.4 | 776.9
900
800
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Fig. 9. Max. induced voltage depending on each
current.
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Fig. 10. Measurement coil position expression.

Table 4. Induction voltage value according to the
rotation position of the measuring coil.
unit @ mV

81 0 | 45 | 90 | 135 | 180 | 225 | 270 | 315 | 360

5 71 | 96 | 110 | 116 | 117 | 116 | 110 | 96 | 71
20 | 297 | 384 | 440 | 451 | 468 | 463 | 440 | 384 | 297
50 | 777 | 969 | 1100|1156 | 1170|1156 |1100| 969 | 777
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Fig. 11. Induction voltage value according to the
rotation position of the measuring coil.
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Fig. 12. An analysis model according to the location

of the conductor.
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Table 5. Analysis results according to the location of
the conductor.

Induced Voltage [mV] Error rate [%]
Turn 5 20 50 5 20 50
Cen. | 70.59 | 297.1 | 776.9 - - -
Up 71.25 299.7 783.4 0.935 0.875 0.837
Down | 71.22 299.6 783.4 0.892 0.841 0.837
Left 71.24 299.7 783.4 0.921 0.875 0.837
Right | 71.24 299.7 783.4 0.921 0.875 0.837
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Fig. 15. Samples of the first product of the Rogowski coil.
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(@) (b)
Fig. 16. Experimental measurement.
(a) Measuring equipment. (b) Measurement work.down

(a) (b)
Fig. 17. Experimental sample of Rogowski coil.
(a) When the measuring coil is located in the gap
(b) When the measuring coil is located in the
opposite direction to the gap

Table 6. Analysis and Experimental result When the
measuring coil is located in the gap

Turn |FEM analysis. [V]|Exp. analysis [V]| Error rate [%]
5 0.07 0.04 68.2

20 0.282 0.4 29.8

50 0.761 0.7 8.7
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Fig. 18. Induction voltage waveform of analysis and
experiment at 1,000A and 50 turns.
(a) Analysis waveform When located in the gap
(b) Analysis waveform When located in the opposite
(c) Experiment waveform When located in the gap
(d) Experiment waveform When located in the opposite

Table 7. Analysis and Experimental result When the

measuring coil is located in the opposite
direction to the gap
Turn | FEM analysis. [V]| Exp. analysis [V]| Error rate [%]
5 0.117 0.15 22.4
20 0.468 0.55 15.0
50 1.17 1.35 12.9

—~Located in Airgap

==Located in Opposite to the Airgap|

ERROR RATE [%]
N
S

5 20 50
TURN

Fig. 19. Error graph according to the position of the
measuring coil.
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