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Abstract
As one of the core equipment for the operation and maintenance of power facilities, the safety
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control of the cabinet door is directly related to the personal safety and operation efficiency of the
maintenance personnel. In the current operation and maintenance process of power system, the
switch cabinet door generally lacks special fixed devices, and the moving cabinet door is easy to
collide with the staff in front of the cabinet, which has significant safety hazards. At the same time,
the opening and closing angle of the cabinet door cannot be effectively fixed, which directly restricts
the safety and work efficiency of the equipment maintenance operation. The research shows that
there is no special product for this demand in the market, and the existing solutions are difficult to
meet the individual needs of the cabinet door limit in different operation scenarios. It not only
threatens the convenience and personal safety of the on-site maintenance personnel, but also limits
the improvement of the operation and maintenance work efficiency. Therefore, this paper carries
out special research on the above problems, aiming to develop a portable switch cabinet door angle
adjustment device with strong adaptability and personalized limit. The device adopts the core
structure design of “double fixed end + rotating shaft”. The fixed end selects the magnet or vacuum
sucker material according to the actual scene demand. When used, the fixed objects such as the cab-
inet door and the cabinet body are adsorbed by the double fixed end respectively, and the flexible
adjustment and multi-level positioning of the opening and closing angle of the cabinet door are re-
alized by means of the adjustment of the rotating shaft. At the same time, the safety locking mecha-
nism is integrated, and the locking can be triggered automatically or manually after the cabinet door
reaches the specified angle, so as to prevent the accidental movement of the cabinet door caused by
external force. The experimental verification and field application show that the device can effec-
tively avoid the safety risk caused by the accidental movement of the cabinet door, improve the con-
venience of maintenance operation, significantly improve the efficiency of operation and mainte-
nance, and provide important technical support for the safe and efficient operation and mainte-
nance of power facilities.
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B L SR IR 5 A B VPl e B 2 A R OB RE . R B WA S BT R AN TR
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2. EERFXRENAERHRERARGR
2.1. BERELEREIT

ARG E R SAL BT B, AR A O D RER R S i B IS RO AR A 18, R Lo D REAR A 35X
W e s 2 R T AL S e U AL, B IE ORI 5 22 o B 4P AL S AN AL, A
PO bR 4, BEORFEESMIRRE ML, SUE T e e 5 AR S . 3% E AR RT3y 180 mm
x 80 mm x 50 mm, HEE <500 g, e FEIFRESFOEEHEATR, s T RS el T g
TAAH,

2.2. BLERTFRET

2.2.1. WEEwHLE BT

[ e St A E NS B SR T MR A L, R TR B Sk + iR AL T (L A g, R
HAMSE A S, KA, BEGEHUMGR GRS >200 MPa), & R A7 (55 5 otk
BE, SENH S YEIIA MR AR . W PR Sk PR AL B RE L 7 s X TR R AR AR (A AR ], R A Bk
TR RGP S, EIEE > 12,000 Gs, Wt 7173k 500 N, ALRIEAE T H B &AM REE N AR X
TGN SR S AR R AR A, O 4% 3 2 MR ASE IR P S, WA R I 240 T ISR 5T, A% 111 60 mm,
W FEh E AL A, B2 B A 4ERE7E-0.08 MPa UL I, WG PH /7 > 300N, HLWR A2k 15 B B 40,
TR

DAy ST I AR T 45 R B Sk, i 5 R B Sk R P AR SR A B, RATCR MR, ik A dr > 1000
W, BRI TH, AT TR AR A0 B nT 58 sl b Sk R B0 55 2 2, 3@ IO AN R A4 o SRAR (1 43
TR [FRIRE, [ v e ) B KT, (BT e B A HE R PR A, RS B2 1385
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40Cr &<t , A P ACER 5 A A B HRC35-40, HoA RATFHMT B S48 57 1k o e el oy s e e ¢
VR 5 B T i AR R, R AL Sk 6203, #RORTERE IS RS, FEHEJIFE < 0.5 N'm.

NI Z P BEENL, ekt b Bost B A M BEE A, e RRCEDY 12 A4S, R LR T TRk A
15°, ArSEHl 0°~180°Vu FEl N Y 12 R ERSHEE AL, W ARSI S IRAE B M /oK. el A ke
AT, TR EDTES, RN R TR AR, R b e G 5 A e & 7 A
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223. REGIEEHRIT

ZAEPUEAMRA “HIMBUE + BB MO ES e LR, B TE TR MR E e, Bk
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(3) BUERBL: MBI RINE, HUMBUE R E Ashfilik, ERAEIRANE MR SEIWI D BUE ;s Ml
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R R BUE FAZh, B sl A A REBU BBIUE OF 1

(4) MBI BL: BgEfRNLTE RS, BRAE N DU BUR A BIUREUE , BBRD AR, g
A AR TR AR TP A, RS RO EN R B P E b, SR R R B T
TRAH, WIS IERIE1T

2.4. KBEARHKE

AL B AR A M R EARBAE LR =AW — &G R R, @5 ] E R Sk i, sea
TP 5 ARG TF AR () & 35S IS, SRR REEE T I PR DI, R E, 12 RAE eSS
P AR ARSI ARG, AR A RSV RE B, MR E S A R SR AT EE, XUEBUEHLEIAD
BIESRIRE, S RES RN, LR TR R . R, 2B @S S R %
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Figure 1. Schematic diagram of structural design
1. MR REE

BYEN BN B A RMNIVEGRIE. =, WEBUEEIEE Q0. DREL. ARG, BAE
EAEHILE 500 g LA, ROTERCE 4 TRy, TAEN G0 5 NBE S5 SRR IR QBB Sk 5 Te 4
By 2273, ol L T RRIATAE 3 08k N Se i B i B R, GRS A B R 2 AL ARk
RiEd R K=, WEEHEERAQRE . KA LI + MR KB EE, HFIT
RIUIAE, RO RE & SRS IEAE RS, S5 R 2B SR 3 B FE T 60%;
FERE R AR IR 200 TERAA, AHBCT E BILER AL 7 S ARA AR 80%, Ha KIS E A ™ 5
NG AT . 0, EEGERCHIN M eH . BRI RG TR AN EREEAE BT
FABAET], vk AT BRIE D) e i S S L AU M T 58, A 0°~180° SE i A1 FE IR 1T RE . SEBXT 22
Rl R PO S S G ARR O AR, Tk ) X B T SRA S MR R () e B i IS TS, MR AR S L —
M2 ISR R .

3. XWEEHERI
3.1. SKEFE5HE

A TR UE A48 SO O [ T FE R T R B Ve RE, R Y S BsLR F6, S A& S
WIR:

B F: IRJE 25°C £5°C, MXHEE 40%~60%, Jook M THR(HRHIZ%E < 100 V/im), BEHIH
JIIEYEH WS RSO 55 Tl XA RIS [R5 S IR(50°C) =i (85% RH) MU M54, 5%
IE 25 18 gk 1

SEIG R . O T JTREIREAL(EL S WDW-100, =FE 0~1000 N, FE + 0.5%), HTESWH .
BiE i @ MRS GBS SVT-50, #RENMIZ 5~500 Hz, HAMEE 50 m/s?), B A G
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B, WEBITIRDEDETI: © MAERMETES ICY-200, METEHE 0°~360°, K +£0.1°), KiFf
FEEREGRAREE; @ 57 RIBHLALS PLG-20, B RIEFRREL 10000) , MARFH0. Beks flse ek
Frs © AFEMFBGEAR(ER Q235 . AN 304, kL ABS, 514 1.2 m x 0.8 m x 0.5 m),
BHEBIRGE T RIS

FESHER: TR 3 G RALRAF 2 BRGS0 S ST, S2. S3), KGRI Keitk, Wi {RyIaaIR
S5

3.2. BSHFEMREMIR

3.2.1. B

MARTT L o PR SRR P e . BCAS RIS B Sk 2o 35 T2 B e oy, IR B 22 55 A 0 DA A 2 T
CRRBEXT BRI . AN, B WA BAERL ANEEAN), Tl 7 5 REREE LA 5 mm/min [F38 5 3 B
P i, 0 SFERPN S B B R B R ), RRAM IR 5 R, BCFIME: iR SRS R
IR . MARLE R QR4 1 iR, SRBEIR B SK AR R0 ~F 3R P 7735 512.3 N, 3 2 B THEE R (=500
N), FEAGEI R R REVEE0R, WO I 2 185.6 N, ik Sz i FH o s B S A HERE F) Tk AR A4, B
MG FLAEIERL . ANEAN R T F IR 7143 515 328.5NL 312.8N, ¥ T# i BME>300N), HiEk. &
TBIREE NP D328 < 8%, Nk R 4f o

Table 1. Maximum adsorption force of different adsorption heads on various material surfaces (unit: N)

= 1. TRIEMSLESMREREORABMIERA: N)
R R SkRA JRERE  4RBT(Q235) TFEM(304) WEHABS)  PHBRMH  BHER  SFER

BRIF: 512.3 B IA bR

s e 5152 (S1)S10.8 1885 (S1) 1823 . >S00N (B

BERI S, RS VS 083 (82) 186.0 (S3) -(EHTE) K%ﬂ‘ % ﬁgT
i

WA TS URIED  sa 83 (99306 (o3 Y28 MH: 200N ik

328.5

s e ey 482.5 (S1)478.3 172.1(S1) 168.5 ‘ >450N (B .,

RTINSk AR R (S2)480.1 (S3)  (S2) 170.3 (S3) - BRIF: 480.3 SHER ) IEAR
ANEEAN :

- 290.5 (S1)288.3  302.1 (S1)298.5 " 280N (M 0y

HEWE  mEEE - (522896 (S3)  (52)300.3 (S3) 289.3503(::@;{4: SR IEAR

3.2.2. PIESMR

MR T79:: B2 BT 2 907 (UKL AE A ) H il R B e, J8 I i 73 RE BRI LI A T P& 07 Il it
IR T, T B ML 2 A0 A A A 25 7 A7 R s b B A BT ) B R 05 40 DT LA At 5 B A
R WESEEHWMER, SHINR 3 ), BEEME. MRS W% 2 s, HUSHE SomhE A
IFE800E 718 215.8 N, R W THEER(>200 N); RUEE 4 € A NP3 810E 7718 362.3 N, AU E 2
T+ 67.9%, H 3 affmMERZE <5%, BUEtaefae itk Rir.

3.3. iSRRI

M5 B B 22 TR R, WA TE 1200 ((REEMEAE)IFBUE, B2 T HEiRs)
B WEMMIRS TH: © KHhd(E 5Hz, NEE 10 m/s?, 545 30s), BN R EIMlE: @ &
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BPRENCIIA 50 Hz, PIDESE 20 m/s?,  F74E 5 min), BB ISATIRSD; WulEA B B IRHEIR SR
TR BUE RIS R A sh) K A B e B (A ERAEACII &), R4 N 3 ke MR R e 3
PR, PIMIREN TR, 3 SREMBTCR M . BUEMBIILER: Rl di)5 M B K i fe & 0.8°, midil
W5 B R & 1.2°, B/NT RO RV Z(<2°), ShataE 2 s & K.

Table 2. Maximum locking force under different locking modes (unit: N)

2. TRBIERR THIHZABMEN(BLL: N)

ek 5 S1 FES S2 5 S3 SPIE BWIFER IBARAE
LR B e B A 218.5 212.3 216.6 215.8 >200 N pry 7
X B 1 365.2 358.9 362.8 362.3 >350 N LR

Table 3. Results of dynamic vibration tests

3. BESIREIMIAEER

W T gy BHRRE BeRE AERBEC) BHAURE 2HER
AT (5 Hz, 10 m/s?) S1 Tolbi i ToAr ) 0.6 <2 iEFF
S2 Tobi i THAE) 0.8 <2 BTV 7N
S3 Tolbi v THAE) 0.7 <2 e
ETHR (50 Hz, 20 m/s?) S1 TR TAA) 1.0 <2° BEY N
S2 ol v ToRAE) 1.2 <2 ISR
S3 To v ToRAED 1.1 <2 IR

34. BESESM

3.4.1. AEBENR

MART7 % FEEEMETRTTE 07, 157, 30°, +ooeer v 1807 (3t 12 AMRYAL), JE I A A HE A R SERR
FOEAE, THE LED SoRbf Bon{l S5 SebaE M2z BARIAIINR 3 Ik, B K mZEE. AR F
F AR, BTARSALA B R ZE38<0.9°, /NT TP EEEER(£1°), FHidt 120°~150 #4947 4 22 5 /1M0.3°~0.5%),
0° 180 M BRAYA I 2 fix £:(0.8°~0.9%), HEAR Y 5 Bonks EfaE .

Table 4. Angle adjustment and display accuracy test results (unit: °)

F 4. AEPATESETHEMNREREML: )

H H H
BRI () (BRI E ) R SR S
0° 0/0.8/0.8 0/0.9/0.9 0/0.7/0.7 0.9 +1° PEN)
45° 45/45.4/0.4 45/45.3/0.3 45/45.5/0.5 0.5 +1° PENN
90° 90/90.2/0.2 90/90.3/0.3 90/90.4/0.4 0.4 +1° pr.y 7
135° 135/135.3/0.3 135/135.4/0.4 135/135.5/0.5 0.5 +1° PEN)
180° 180/179.2/0.8 180/179.1/0.9 180/179.3/0.7 0.9 +1° PEN7N

3.4.2. EHEEBIR
WA © RnFEdr: @S HUBRE B BSL IR BE, TERREBEE N 10* IR G R
1037%), % 1000 YRt — VR AR 71 %6 H 5~10 N), il R Bd@ih /1 < 3 N s BiE8e):
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@ e dr: B S RO IR S BEF N TE 0°~180° WAL ST 4 2), IR IRECERE Hy 5% 1041k, & 5000
ORI — R et BEH R (IE 5 T B 0.3~0.5 N'm), 8% RBGKE (I > 1 Nom BRI ISR R
5 R, RAE 10 URAE G AT R AL, ABIR IAERRAE 6.2~7.5 N, T2 IEH (AT ER,; e fE 5 x 10*
UABIR G BEHE A TE 2 0.8 Nom, AT R ALSIE (1 Nom), SRS i e B T, T 2 2270 5 4R
Wl TR (% H ¥ 10 RERAETT5D).

Table 5. Results of fatigue life tests for key components

5. KEAHRGEEMRAER

o BESIRE  BRSIRE  HRSIRE
WA AV mm e dERAE) BRI

REAER BkFar BRRERL

<40 10° I 6.8 N 72N 7.0N ToRRK 103 % Br.Y )
104K 6.5N 62N 7.5N ToRR - L TR
FeEEEL 5 x 103k 0.4 N'm 0.38 N'm 0.42 N'm TR 5x 104k kbR
5x 104Kk 0.75 N'm 0.8 N'm 0.78 N'm ToRRK - T8 T
4. i

4.1. SSRER O

MERS I VERERE , SRR N S PE R TR AR R TR M 73(512.3 N) B35 i T rH e,  mTHCARAE ]
H SR s AR SRRV R TR B 8208 (312.8~328.5N), HARImIAEE T3 vl #%, 4iF
TR Sk W EE B . E A E L BE 71(362.3 NYRHUREUE ST 70%, 456 H J11E %
RE, TR “EZINE + FETE” MR 2AE, R T A GUI  BRAL RS TR e M 2 1 s

AR, R B E . SR T B EAS), AW <1.2°, WHHBTHEE IR
GG TR —B RGN RFIBITIRS) . N RERRSEE WT, WA SFEERE R MK
[ERZ <0.9°, Wl IR ERAB (TR AET R #RAE S 1A)) . ZHOZ00 (TR 42 DT 58 58 S8 AN [R) 7 55 1) A B 75
Ky BRI B T, BRI TSGR A, D K RIRHE) T B4 e A

CARE, LG RERIL BRIt BUE nTEEE. AR A M Bk BT B AR,
AT R TT AR T BRAE A% o 1) R

4.2. XERRESKEAE

4.2.1. MERKRY

ML RGDFE S I EENE: 6 B i 40 BhBIUE MO N B F (2 & 1000 mAh)fibHL, FEFFEARE RS
AR E MR R, ST A 8~10 h, JCikish AR it 24 h i 8a e TR H A7 oo th(WiE Jife 848
HL R 7 v PR T AR B (i IR TR SRAB BRI, HLRESZ SR > 500 Vim) R, A74E(S 5 5k XU, Bzl
A B 1 K B REBUR SITE (R 0.3%).

LAY B RO s B W S R 2 T R SR B, MR SR T AEE 5 (TS TR > 0.1 mm)Ek,
MR (EE > 0.5 mm)E, HAESTE 30 min H A-0.08 MPa [§Z2-0.04 MPa LL'F, W /1A
200N LA'F, fAfEMivarad; A2 BT 1§05, SRS N, Bk — SRR, &
S8 H T 4

Wit A BESE RO AS 2 . BB A ETVEEN 0°~180°, {HIZ IHFF AN & T EE 51, A5 15 KFF & f
FEAR 1507, SR 2% B e ey 5y Ak T A BRAM AL (1507, K48 mT e S B0 A A BE BRI sk, AR TS
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FRE <30°WF, [ 58 i 2R AN, W B AR RE M T FRCBB 0L 90 R BLFEAIR 15%~20%).

4.2.2. REBH 5 E

AL T RS0 RAKIHFER A LW STM32L4 R 51, INFEREMR 50%)-5 RGN, L& A PH e 78 A
e TR E R, JEHRIRAE > 2000 lux B ATSCHLE 78 ), HEEEMIR AIER 2 24 h DL b B0 H g 5e
WA FECR I T, BRMARREE > 40 dB), HUMEEEM BT, BRIR AR M2 2 0.05% LR .

FHREAWAL B BER “BKBT AR 57 WIS IR )=, el >1107), ST
TS 2 (ERAS A S B 2 B (R 1 mm, MRRER), JERCEMN A R R I, (IS By
WP IRE KA 2 h DA by [R]ES F R R Ai A Te Th R G e g A JR s s 0 B P S Rl 8, 30 > S50% 0y
WENEHETR), SRR 4 S A

TERC AR I A FE S SEMREER < f RE EDE LR ThEe, 8 AR R AL S S R AR T s KT A
L, B35 VG 0 e A, e BRI R A i S A, K B AR BE M 20 mm PR 15
mm, ZE/NEEEAEFER, IS AE > 150 RIA] AR R

4.3. SHEXTE AR ENEELEER
A B AU B BN 5T . BT B 8 AL A U R B AT X L, ATt — 20 T B
FERLITT RS SRR, BARIR R 6 for:

Table 6. Comparative analysis of this device with similar devices in related fields

F* 6. AXRESHEXTELIRENXILL 27
XPECYERE ARG EOTRAERE HUBRE ST (DML By s e A g AR B AIH A

I"TFRAL) EEilEa) (FARAf )
ol iR 5. Ehiede. M. MR, o, Wi, s REER IS CEB + M7 Al XL
Z M & R HEELIZ ) I 5E AL W s 8 e ke BRIT s o R 2K
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