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Research on X-ray Radiation Characteristics of In-service 252 kV Vacuum Circuit Breaker
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Abstract: To accurately determine the X-ray radiation characteristics of in-service high-voltage vacuum circuit
breaker(VCB), in this paper the 252 kV single-break VCBs at Fangcun Substation in Guangzhou is taken as the re-
search object and experimental investigations of its radiation characteristics are carried out. The thermoluminescent
dosimeters (TLDs) are used to measure the radiation dose of the equipment during stepped withstand voltage tests
across the break and under normal operating conditions with contacts closed for consecutive 15 days. Additionally,
an array-type spectrometer based on the absorption method is used to reconstruct and analyze the X-ray energy spec-
trum generated during the withstanding voltage process. The experimental results show that during the step voltage
withstand test, the radiation dose rates genersted by phases A, B, and C of VCBs at a distance of 1 m all exceed the
standard limit specified in the GB 18871—2002(Basic Standards for Protection Against lonizing Radiation Protec-
tion and for Safety of Radiation Source). Among them, the radiation dose rate of phase C vacuum circuit breaker is
more than seven times that of other two phases. The energy spectrum reconstruction results show that the peak of the
radiation energy spectrum is located at approximately 70 keV. The photon energy is mainly concentrated in the range
of 40~150 keV. During the 15-day continuous monitoring under normal operation, the VCBs in the closed position
continuously generate X-ray radiation , with a radiation dose rate of approximately 0.5 pSv/min when normalized
to a distance of 1 m.The dose rate exhibits a Gaussian decay as the angle between the measurement direction and the
contact surface increases, reflecting the spatial non-uniform distribution of the radiation field. This study provides ref-
erences for the radiation protection design of high-voltage VCBs.
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Fig. 1 252 kV single-break vacuum circuit breaker at Guangzhou Fangcun substation
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Table 1 Radiation dose of phase A,B,and C VIs during step voltage withstand test
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aluminum, iron, and copper filters
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Table 2 Radiation dose monitoring results of the 252 kV VCB over 15 consecutive days

. TLD 7 S5 M WA EZ ShlkuEe B m AL FERS 1 m bl
SVDL
/Sy /Sy /(uSv-min™') BB /m Ffi0/rad /Sy /(uSv-min™)

88.59

1 89.62 0.004 1 11.18 0.464 11202.32 0.520
90.64
80.42

2 84.28 0.003 9 11.18 0.464 10 535.23 0.490
88.14
92.92

3 97.61 0.004 5 5.59 1.107 3050.32 0.140
102.30
109.15

4 107.19 0.0050 5.59 1.107 3349.73 0.160
105.23
116.57

5 116.78 0.005 4 5.59 1.107 3649.31 0.170
116.98
148.75

6 143.79 0.006 7 3.54 1.429 1797.32 0.083
138.83

TEfbSL P AREE T, W A (B L.C = AR A7 3
4 S(HEWT KRR 29 5.59 m) A5 2 1 m A A9 4R S 57 R
43504 0.14.0.16 .0.17 wSv/min, = & $(E A0 , 130
HH = A B2 BT A A P A RS T 11 XS e 4 S /K-
FEAR — 5, H I v A 0 5 A Sl S 0 B ) % TR RS
JE SRR B ROW AR 5% 4 A7 A5 SO TR 5 45k AH
W Sy T C R S R % e e ) IS
AL, P A RS BHR 59 35 R U8 T fish S 0 B 5 B
e B8 2 ] (R S B0k S i AR Ak S s i DR = ARAR
SFF KT B 287 — 4 DA T s bl 1 i Sk A BE i T T2
) — BT

WA A S A SRR RIHEE 1 m
PR B S KRB, A7 1.2 29 0.5 wSv/min, 7 3.4.5
249 0.15 pSv/min, s 7 6 & 5§ 7 & F 4N, L

0.083 wSv/min. Ff45 57 5% N BL2S KN E A A
fil S st TR 0 SR THER A 2 5 ik Sk v T A e
1, 454 0 R R SR R s B T LA 15 3
K18, UG A5 RAT G i A AUE LR 0.98,

di _ __®
& —0.5921Xexp( 0971 8) (1)

L) H AR 1 m B FRSF& , wSv; dH/
de A HEES 1 m AL RO HE S50 % wSv - min'; 000 5 fih
kWi T S £, rad

5 S 5] 2 23R B A I A 4G T S PR g D
B, BT 5 fivh Sk 5 v B2 AL ) S iR B R K Y il )
T R T ) S AT, S ke T Sk A AR
AR Y 25 T A5 R S A M ) 2 (8] 43 A R AR A LR
BISIHERFE



~
(@)}

202647 A e s

o2t 1M

<
=)
1

J=tval —
mfr2

e
N

S
I~

I
[

o
o
T

o
i

HE BT mALGE B FIE AR /(uS * min™)

(=)

/6 n/3 /2
15 fi S B 160K S /rad
E8 EEI1mAMESFIEZRSHAEGMARERAHXER
Fig. 8 Relationship between radiation dose rate at 1 m

and the angle relative to the closed contact surface
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