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Fig.1 Relationship between device’s equivalent age
and actual age
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Fig.2 Simulative diagram of age reduction
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Fig.3 Simulative diagram of age-reduction increment
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Fig.4 Typical bathtub curve
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Fig.5 Curves of defect rate for relay protection device
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Table 1 Average defect rate statistics of

relay protection devices

7. 4 1t %t S VA 17 5%

e i/ a [fﬁ?gﬂ,jf] e A /a ﬁﬁ?ﬁmfﬂj/}
1 0.5 0.0226 17 8.5 0.0246
2 1.0 0.0197 18 9.0 0.0269
3 1.5 0.0182 19 9.5 0.0271
4 2.0 0.0160 20 10.0 0.0248
5 2.5 0.0153 21 10.5 0.0305
6 3.0 0.0175 22 11.0 0.0340
7 3.5 0.0146 23 11.5 0.0408
8 4.0 0.0168 24 12.0 0.0438
9 4.5 0.0190 25 12.5 0.0512
10 5.0 0.0175 26 13.0 0.0487
11 5.5 0.0182 27 13.5 0.1015
12 6.0 0.0197 28 14.0 0.1189
13 6.5 0.0160 29 14.5 0.2093
14 7.0 0.0190 30 15.0 0.2312
15 7.5 0.0212 31 15.5 0.3750
16 8.0 0.0204 32 16.0 04211

i F MATLAB i e U065 19 7 i, 63 1 i 2
BB R R A B R A TG B 6 s . AT LA
F o Ak AR e AR A A 2 A0 B R A B R A
O AH AR e 35 B BE s FEAB AT 29 10 a J& , BRFE SR I IR
Th, RS RGHEEAEnpe o AR A LA 45 515 21 B G
LR () TSR R ZCFE R 0.018 8, IR AR S BN
10.6328, KL EESH0 N 16.685 6, BIIZ 4k Ha {4 47245 B A

10.632 8

B AR PR AR -
10.6328-1
18
16.6856(16.6856) (8

A(1)=0.0188+
S
iﬁ«k 025 F J
_Hia\.’
= — !

4 8 12 16
t/a

Elo mREAEHAIUSHE
Fig.6 Scatter fitting diagram of defect rate
MRS w] S s A7 Bt e B R T
BIA € =40 J7 I ;384T WA C, N 0.4 1 T8 / as X T
SAELES LA C,, L B ARG A R R AG 8 A

4394 0.43,0.32.,0.25 J7 G ; X T B AR €, B %
SCHR[22 ] P A B B F=10 T3 9T / h, 455 H I ] AR
P SCHR[6 ] G HEE , % A G S RN ™ o 5k s 1
N AT E A AE AN v A S R R =12 h;
B EE 774 B A C,=0.2 T1 T

FR A L G2 7 50k 2 Y 2 2 R AR e A
B A4 K17 A A A 1TE [ F ,=0.6, 3K
Pt 1R PR 5 ,=0.3 , Bl R A& 15 % (913 (X5 =0,
BRI H T £=0.2.

B DL E B AT (16) WP ) HEAT 07 2L, ] 75
St i R AR AR AN 36 2 BT R , 4 A i TR AR 8
BAAR LA AN 7 FTR

%2 2EHAHEHRA

Table 2 Annual average cost of life cycle
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Fig.7 Variation tendency of annual average cost of
life cycle
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Determination of service life for relay protection device based on

improved age-reduction model and life cycle cost
XUE Ancheng',LIU Zhongshuo',LIU Yimin>,ZHENG Shaoming’,DU Juan®*,LI Gongwei'
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North China Electric Power University, Beijing 102206, China;
2. North China Branch of State Grid Corporation of China,Beijing 100053, China)

Abstract: Relay protection device is the first line of defense for electric power system,its reasonable regular

maintenance and decommission are essential for the safe and stable operation of power grid and the guaran-

tee of economic benefits. Based on the age-reduction model with linear attenuation characteristics, combined

with the defect rate characteristic curve of relay protection device,meanwhile taking the defect rate of relay

protection device and annual average operating cost into account, pursuing the lowest life cycle annual ave-

rage operating cost on the premise of ensuring reliability,a model of optimum service life determination for

relay protection device is constructed. Based on the field operation data,the model is verified,and the opti-

mum service life of relay protection device is obtained. Results show that the model has certain reference

significance for determining optimum service life of relay protection device when improving the mainte-

nance technology or adjusting the maintenance plan.

Key words:relay protection device;age-reduction model;age-reduction factor;defect rate;life cycle cost



