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Abstract: It is an important part for studying lightning to measure lightning current. Consequently, this paper studied
an all-fiber optical current transformer for measuring lightning currents. Firstly, the basic principle and structure of the
all-fiber optical current transformer were introduced. Then, the performances including the response speed, mea-
surement accuracy and measurement range were tested in the laboratory. The results show that the response speed
of the sensor is in microsecond. The measurable range is over 1 kA~100 kA. The dynamic range is greater than 40
dB and the measurement error is less than 5%. The measurement waveform of all-fiber optical current transformer
coincides with that of standard Pearson current probe. The paper provides a new method for lightning current
measurement.

Keywords: all-fiber optical current transformer; lightning current; digital closed-loop interference technology
Citation: Huang R T, Duan Y T, Shi L H, et al. All-fiber optical current transformer for measuring lightning current[J].
Opto-Electronic Engineering, 2019, 46(5): 180363

it

1 35l

IfSHHEE: 2018-07-11; WElEisHE: 2018-11-03

E&mE: (2017YFF0104300)
EEENT: (1994-) E-mail 190485346@qq.com
BIEEE: (1980-) E-mail dcmchdyt@126.com

180363-1



DOI: 10.12086/0ee.2019.180363

[1-4]

(5]

[6-7]

(all-fiber optical current transformer, AFOCT)

AFOCT
[9-12]
[13-14]
1995 Ye sl
SGM Kramer
2012 NASA Langley Nguyen

[16-17]

[18]

2 AFOCT HEARFIBFIFARIETR

21 HAKFE
AFOCT
1 [19]
45° 45°
X
Y Al4

B 1 AFOCT #9444 R 2 K
Fig. 1 Schematic diagram of AFOCT

180363-2



DOI: 10.12086/0ee.2019.180363

(1)

2.2 FARERR

1310 nm
mW 50% 50% 1310 nm
50 MHz
+10V
09 A/W
0.5nA
o 0 N N
N
¢, =4NVI , (1)
N \%4 1
A4
1 24 KA/V
k(kA/V) N
k=24/N , (5)
Py [14]
P, =KP,(1+cos¢;) , (2)
K Py
+7/2 (2) (4
P, =KP,(1+cosg,)=KP,(1Fsing;) 3) -
(3)
3 MIXLER T
[11]
A 21 8/20 us
Faraday lon
Or Faraday
@
P, = KP,(1Fsin(¢, +6,)) 4 31 FERAKEEMNE
B+ >0 O A 0.5kA~17
=-@r ox Faraday Or kA A 6.4 us
A/D 69 s
N 2 Pearson
23

180363-3



DOI: 10.12086/0ee.2019.180363

Pearson
3m 1~6
FFT
4(a)
FFT 4(b)
100 kHz
3
Pearson 5 1 kA
+20 mV
Pearson
5%
6 6
0.8 kKA~12 kA
A 5%
10
—a— Pearson
8 -0-
6}
£
4L
2L
0 aliak 1 1
0 100 200 300

thus
B3 FeRAREHNELER
Fig. 3 Comparison for measured results of lightning
current component A

B2 &aiiAREHNE
Fig. 2 Lightning measurement for current component A

1.0
—Pearson ' |“
0.8 | = = 10"
06}
10° |
e
04}
107k
02}
0 L 1072
10’ 102 10° 104 10’ 102 10° 10*
flkHz flkHz

B4 HEENEEBAAKNITEAZ %S, () Wik (b) A4S

Fig. 4 The spectrum and system function of lightning current component A. (a) Spectrum; (b) System function
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Comparison for measured result of lightning current 8/20 pus waveform

Overview: It is an important part for studying lightning to measure lightning current. The time domain waveform of
lightning current is a fast pulse. The traditional method of measuring lightning current is based on the principle of elec-
tromagnetic induction. The traditional current sensor is bulky, heavy and difficult to insulate. It is inevitably limited by
the traditional measurement method, such as magnetic saturation. All-fiber optical current transformer (AFOCT) has
many advantages over traditional electromagnetic sensors, such as large dynamic range, small size, strong an-
ti-electromagnetic interference capability, high safety, good insulation and light weight. Consequently, this paper stu-
died an AFOCT for measuring lightning currents. Firstly, the basic principle and structure of the AFOCT are intro-
duced. The current transformer is based on Faraday magneto-optical effect and Ampere's law. It adopts reflecting opti-
cal path system and closed-loop detection scheme. The scheme has the advantages of large dynamic range and high de-
tection precision. Secondly, the performance including the response speed, measurement accuracy and measurement
range was tested in the laboratory. The typical lightning current is measured by the AFOCT. The tested current includes
the waveform of lightning current component A and the lightning current 8/20 ps waveform. The waveform of
lightning current component A is specified in the national military standard GJB1389A, and it is also used by the US
military standard widely. It is the waveform required for lightning protection test of equipment. The waveform of
lightning current 8/20 ps has relevant regulations in IEC standards and national standards, and it is mainly used for
injection testing of lightning protection devices. Therefore, these two waveforms were used in the test, and they are re-
spectively generated by two pulse current generators with adjustable output levels. The results of measuring the wave-
form of lightning current component A by the AFOCT are used to obtain the sensor's ability to detect small currents.
The results of measuring the waveform of lightning current 8/20 us by the AFOCT are used to obtain the sensor's ability
detect large currents and the upper limit of the range in different turns. Through the testing of the AFOCT, the mea-
surement accuracy and dynamic range of the sensor are obtained. The results show that the response speed of the sensor
is in microsecond. The measurable range is over 1 kA~100 kA. The dynamic range is greater than 40 dB and the mea-
surement error is less than 5%. The measurement waveform of all-fiber optical current transformer coincides with that
of standard Pearson current probe. The paper provides a new method for lightning current measurement.
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