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Analysis system of dissolved gas in oil based on optical fiber
photoacoustic sensing
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Abstract: In view of the problems existed in the traditional analysis devices of dissolved gas in
transformer oil, such as large size, complicated oil circuit and susceptibility to electromagnetic
interference, an analysis system based on optical fiber photoacoustic sensing is designed to detect trace
acetylene gas dissolved in transformer oil. In the system, the laser wavelength is optimized through
spectral line analysis, and a thermostatically controlled laser driving module is designed. The pump laser
and probe light are transmitted into the photoacoustic sensor probe by two single-mode fibers. The
photoacoustic signal generated by gas molecules absorbing the pump laser energy is detected by a Fabry-
Perot interference cantilever, and then demodulated by a self-designed spectral measurement and signal
processing module. Experimental results show that the designed optical fiber photoacoustic sensor system
can effectively detect photoacoustic signal of acetylene gas dissolved in transformer oil, with a detection

limit of 0.5 uL/L.
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Fig. 1  Schematic diagram of the structure of a dissolved gas analysis system in oil based on optical fiber photoacoustic sensing
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Fig. 2 Absorption spectrum of acetylene gas™
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Fig. 4 Physical image of optical fiber photoacoustic sensor demodulation module
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Fig. 5 FPGA spectrum signal acquisition circuit board physical image

3 SEgRE R S50

TEHERER TG & 6 Brw, FAT207.5 A8, A8 i B-30 2 s KON 2115 wm.
1500 ‘

=
>
S

1300

Intensity farb. units

12001

1100 : i ‘ =
1530 1540 1550 1560 1570

Wavelength/nm
K6 Tk
Fig. 6 Interference spectra
A I IR, AR IR AN [R) 3 BE () 9 R TR AR LR . LSRR I ) G B S S
T F3 DFB 0 23 i IR EET IR, W 7 Fios . ARIE A UGB G 5 I8 518 R LR SR ROk
KA, P GAEAUA 13 B BE 0 RLFE N 2.1 pm/(wL/L)o

Nk B R 4 AT FR G IR B, o T B A )R B HRE HR A R SR SRR BEREAT T IR TR
GER LK 1o MUK T 10 wL/L I, IR ZEAE£15% LA o 0.5 wWL/L J1 v il CH, 4R I & 17 25 7
+30% DL, R4 DL/T 1498 « 78 HiL 15 4% 75 28 i 25 B 4 R R » o 0 1078 T 253 Hh i i CH, SR & A

G 22 BERE30%, 173 il B 28 Sl J2 78 T 2 e A AR COHL, SR A 225K
PR R GRS E T, 4 1200 Hz AME 9 R G0 ARSI, 1240 BT 125748 e 2% 18 46 I EATHIR 311, s/t
R TR SRR s AN AT P . [RIEF, R FH S TR O P e 7 i i i R SR EDURI 2R 48 AR A [R5 ) A



R RS T REr 6 R I o I i AR T R 4 603
5, E O8Ot AEE S, P RE R EREE T IRE . Ak, it — /NI, A4
Ja B 7 AR i 2R AR L3 FE iR

250 T T T X 3 5 ' .
—100uL/L
—S0uL/L

200} 10uL/L ||

—_— —_
S W
(=] (w]

T T

94
(e
T

Photoacoustic signal/pm

0 1 L L 1 1 1 L
102 104 106 108 110 112 114 116 118
Current/mA

7 AR I VAR SRR OB BE S
Fig. 7 Second harmonic signal of dissolved acetylene gas in oil of different concentration
F1 FEIRERPAEBCRSIERNELER

Table 1 Measurement results of dissolved acetylene gas in different concentrations of oil

Oil sample concen- Test result 1 Test result 2 Test result 3 .
) Relative error Absolute error/(uL-L™)
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100 101.3 95.4 97.6 4.6% 4.6
50 47.1 48.9 493 5.8% 2.9
10 11.3 10.4 9.7 13% 1.3
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