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Abstract: In order to improve the effect of automatic detection of isolation switch’s closing state, a non-contact automatic

detection method based on laser displacement sensor was adopted. The resolution of the laser displacement sensor was

maximized, the optical parameters of the laser displacement sensor was optimized, and its displacement measurement accuracy

was improved; Through the laser displacement sensor with optimized optical parameters, the isolation switch contour curve was

collected, and the isolation switch contour curve sampling point set was obtained. Using the least square method, the elliptic

equation of the sampling point of the isolation switch contour curve was fitted, and the angle between the conductive arm and the

horizontal direction was calculated. When the angle of the conductive arm was within the specified interval, the reasonable switch

closing was determined to be in place, and the non-contact automatic detection of the isolation switch closing state was

completed. The experimental results show that the angle of the front and back conductive arms calculated by this method is about

0.4° and 0.5° respectively, which is lower than the specified interval of the angle. The results indicate that this result is helpful

to realize the non-contact automatic detection of the isolation switch.

Key words: laser technique; measurement and metrology; isolation switch; laser displacement sensor; closing state; non-

contact; automatic detection; least square method
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Fig.1 Measurement principle diagram of laser displacement sensor
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Fig.2 Layout diagram of laser displacement sensor
Ay iy m b x A bRSE 00, [RIET « Bl iE e i
By AR 00, 2 158 AT 5 R 25 0 oG § B &
b BRI L T AR R P (5, y,) SN
{ - (1)
Ye = Y. tmy
Ak =12, K JERAE ST RS ME ; K 22T
RACRR AR B s P, (2, ,y,) 22 N EOLN A%

AL s my RBOCE RGN IS b AR SRS
fE.

OGRS AL A , >R B2 B 25 T OG0 B il 42 1Y
BHARLBRINT - (a) TR AL R BT S sl 2R i, 1
WO AR A AR5 (b) AR T 35 80615 1328 by i
$&, K5 « BT A o, =0 ALE [R]NCE SO T B
k=1;(c)Bah y % [m, | <0.5 mm {7 &, LR HHR
RAF AL T OGRS I 1 2% AL E s (d) SRR
P (2 ,y,) 32 x BhIEE—A> Py (2, y,) BOBEES B IR
TR AL T OGRS AL AR I 522 5 B
(e) B o, , AR w, >360° AR A RALLE R, 52 i b 25 T
KECERHNZRAE I IR AR BT R M AR A S

OGO AL B , I B BT B8 Rl 2k |
KA SALAE my, B RPN (a) R FIBOE & ST 8
BTG (b) @i S REH, BREBREIT K
T, 1 18 R Lk, w4k 28 th B OB AR R 2
fai #8423 14 ( charge-coupled device, CCD) Y& | ;
(o) TERR B I G4 P AT S A S 7 I B i i 00, %
TG R UL, B 75 T 5 2 1A RIS DG B 7 B 7
1, it CCD G L 1R B B 2™ 5 (d)
REHEN B AR s AE CCD SGHER E A% , (8 AT SRR R B
TR b, HAEAXT .

Lm,'sin ¢
M = L'sin @ = m,'sin(¢y + 0) (2)
o R GHAT R G Gl 1 50 & CCD
DGR AN E B G I Je £ s L L 53 5) S B WOz 5 1Y
IR AREE ;m, J& CCD YR FRAE S AR
1.2 HEUBERFZSHMAMN

AR THEOGAL RS % Il B s P OCHe it ¢ 1
RAE RALRS TR S S EO TR

WO AL A 3 HERIE p, AKX

) = dAm,’ _ LL'sin sin 6 (3)
dAm, [ Lsin @ + m,sin(¢ + 0) ]?
¥ Ltan ¢ = L'tan 6 fCAZU(3) #5155 .
L’tan’ ysin yrcos @ (4)

P = [ Ltan® Ysin @ + mysin( + 0) ]?

W (4) TR, m, 5 p HARAMEKR, N
I, m, BRI p 5/IN, N prn o

LA p i F ROE A A5 3% I £ 8 R 1) A3 B 4
BB 3 i BRI, PO T A 5 DN 5 B 25 T O 3 J3G ot 28
FRAE SR R R

PO B A% SRS 0 i o 25 D8 e il e bR A
RiRg T, 2 HR S sepriga i sem Y S8 g T4F
G F R &M

O<¢<% (5)



736 %

S S

2024 4£9 H

0 T TR

O<0<% (6)

A VOCEAS 1l 5 i 1 T SR B 2B oR A
ARSI BT Ly = L+ my 008 ¢, Ly T AF A Y
AN

<L <2f (7)
Arb R, s AKX /L + /L = 1/f A3k
BBTT8EE Lo L' ®AF G WA N L =2/, L M
L, 14 HU R £ (4/7,7/8) Z 18], i $e THEOE A #8 %
R ) B 5 OC A B T 2 b SR AR AUAL AR (R HE R
B 4/7 <L,/L," <7/8,

ACBOCAL A S8 IR & BIR SR T2,
THRAHN ¢ .0 . LAFZHL 2 p, BEIRK(E, 28
AL TGN -

maxpmin = F(w’e,L) ’ (0 < l/f < %;O < 9 S %;
fEL <ALz E < <) ()
7 5L °8

AP FC - ) ZHbR g AL R (8),
RIS i R I A BOG AL Bt S B 2R,
FETHHOCAL RS A% I ] 2 B 5 0T DG AR b 2 FoR A A
PRSI ERRPE T
1.3 BEFXEHRREE NN SEI
3 /N R X SR A B B T O AE B i 4R
FAATRERU G RS R B I N B R Je A,
i T U B AR S8 R B T O AR 2SR 42 ik B Bl
R o BARBRANT « (a) B B T 58 R il 2R A A
HED o IR BT Ml 2R AE I x AR AR AT B
ANBIRHES 42 7 B 5 T O e B flT 2SR A 15 () B
TFREEER MR S A S 2 o X HES 51 B i 0T 5¢
FeRR I ZCRAE URTT A Sh4r 4, R IBCE B SRAT A
A HEAS , BB TT AR S M LR AR 2R 1 N -
(xy.2) = {(xl-,yi,zi),( v, — ;| < &) (9)
(0,0.0).( |z - x|> &)
AP D REIT SRR M 2 R AE S P, AL AR 2
(x0,9:,2) 38 SRR B BUME s 2 % = o, B, 021 FHE Q)5
TE P, ~Q; FEESRT & TEOUT 45 P« il o3 B R A
6, PALT QW BJ7, B0, 4 P BYARARAE O, -5
AR 2% B0 B P S0 0 By 2R A 5 (o) R ARG I3 L]
Hl o AT/ N3, X B 3o 45 1 B B T 48
JER I Z A S AT RIS, 2 Q;(x =) ERIRARTS
T
{Ajy + B].yz + Cjz + Djy + Ejz +1 =0 (10)

x:xj

J—:E;EP :A]' \B,‘\C]‘\D_,'\Ej %%ﬁ%ﬁﬂgfaﬁé%%&o ﬁﬁ
IR/ 3eEE X Q) PRI BT IR0 R Hl 2R A R
JEITHEIA LA, 3 h

S = Z (Ay* +Byz + CZ + Dy + Ez +1)° (11)

AP e S B B0 25 B BT S A0 5T i 2R R AR
SREMEME . HHEND) WA T, FF A, =
0, HF S YR 1 K, 38, W5 B, .C,.D, ., i
i MRS A B, (C D) E; B )5 , AT AR — A5
HRAFZITREAL, Al RECAF- 1T Q; A 19 7 2 &
A B, \C\D; B A8 (d) TR 1) 1) o R 20 G 3
Ir A R IR IR AR Uy (v, y0,20)
Uy (%y,y,,2,) BB IT R U J7 [0] [0 i 2 R (%, -,
Y2 = Y152 —2) 5 (&) KAFIE B T 5 T B 5 KF J5 1]
e, TR B T SR S 5 e S HRVE 5 KF
TR o, oo

BOE BB IFOCHT 5 T VB 5 K7 1 1 R
%IZ I‘ETJ IEILZ [ )\.,,,min s )\a,max J N |: /\b,min s /\b,max J s %’] o, €
[/\a,min 9/\(l,maxJ , &y € [/\li,min ’A[),max] HTJ' J}E%Iﬁ%ﬂ:%%
I 207, 52 B BT O A AR A Ak 9 Sh G o

2 S

LA 500 KV A2 s (4 8 2 5 SE R X 4%, B
BT SRRBUE SR 1 PR,
F 1 MBI RE S

Table 1  Rated parameters of the isolation switch

parameter value

rated voltage 500 kV
maximum operating voltage 510 kv
long run current 3500 A

rated peak withstand current 50 kA

mechanical stability/time greater than 3000

less than 500 V

radio interference voltage
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Table 2 Main parameters of laser displacement sensor

parameter value
measuring center distance 120 mm
measuring range +20 mm
linear error +0.2%

beam diameter 85 pum
repeatability 0.1 pm
resolution 0.2 pm
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Fig.3 Optimization results of optical parameters of laser displacement sensor
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Fig.4  Acquisition result of contour curve of isolation switch
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Fig.5 Results of automatic detection of isolation switch closing state
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