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Abstract

This paper aims at the safety hazards and operation and maintenance difficulties of traditional me-
chanical interlocking devices in the control of air doors in underground coal mines, and proposes and
develops an intelligent electromagnetic interlocking system for air doors based on electromagnetic
locks and LoRa wireless communication. This system integrates electromagnetic explosion-proof mag-
netic locks, reed switch magnetic proximity switches, sound and light alarms, STC12 microcontrollers,
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PLC logic units and LoRa wireless modules, and is equipped with functions such as real-time status
monitoring, automatic locking, interlock linkage and abnormal alarm. The system adopts a modular
design, combining intrinsically safe power supply and explosion-proof structure to achieve high re-
liability and easy maintenance. The practical application in Nantun Coal Mine shows that this device
significantly reduces the event of double opening of air doors, achieves alarm zeroing, reduces
maintenance costs, and has a sensitive system response. It has good safety, stability and promotion
prospects.

Keywords

Damper Control, Electromagnetic Interlock, PLC

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

R T 38 XA GE L DR 22 2B B ERIVE RS, 100 T D i 2 KGR 23 A 1Y) B B 800t L P BT
SRR R B R R BT BN RGN E NS 2. a0 i KL S Ut P9k & in i 22 48
BHABSEAAEE 2 AL, TEBZ TENRSERBTRER 5 22K

B, RGNS ARG VRS, R VEPIIE KU1 AE R 8 1 B2 (2 45°) T N RN TS, &
G5 R RS, T PBUR EEREA L SRR, BEE e XS . R, RS B R
UK, SEIN T IBATE B AE . DR O], B AT 172 AL, RS R E RS 176 K. REER
B N L8 5B E PS8 it (H i T3S ERYEIR N SLimah s, 75Xk DA MLIRE U XU 1), ik
b, UM B BIsAT AT SEVERLAR, B MBS, BRI IR . SRR E R, WMRE T T
B I E A .

AR ) AR RS TR S KB K SR R B R . B, R — R R & m A EEE . e
WACHFRIRTTABURE, CRONRTI HIE KRG 2 S B R s PR I8 VI #5K .

2. RINEHIRGHRIRK

AER,  BEAE R AEAL R B RO ANTHERE, XTI Ml AR St S A Be i R S i R i,
RIS EORBARR] 7. EAMER TAVEDER, T BB T 6] R G R
CERGEE MR IE IR SEORE R 2RI, B TIRES I TR 2% TRRFMRRIR, EAMAMEL
FLRIERC, KT R G E 2R AR S S i Al AT A A it 5 AT

[P U] A R G T FURS D R A, BRI, H AT, SR RS R G B ]
AR AR 5B R S L N AT T PR LK S AR A B U (210 FE A1 BA SR H 2 T PLC
I B ShizEH] RS, BENSSEDLRE BN Sm R ], B 5ETE 7T REMT N BE 71 5 T E
Ko FHRBTFURIRER 7 X TR RERE AN T AL M P T B, A8 BN O3 e SIEI 22 42 KU IR
S v iE KR GRS E R3] [4]-

BEAh, DR 2 ARG RE R AN BLAOL . ARG B AN i 5 R, #8389 FE[S]R A 1 LUK RAT OPC
W, EH T AFRGZ K ERGEE, HsERgdaEERME . WRBS AR E. BaFE[6E
BREANTT RGN B, K B A H SRl G, SCOL 7 XA 0 3 S i S ], A0

(aYay

DOI: 10.12677/me.2025.135129 1152 ol TAE


https://doi.org/10.12677/me.2025.135129
http://creativecommons.org/licenses/by/4.0/

FARSC 55

s T RFHIR A

JUE AR T R G0 U RS T ARG e, (EAESERR B rh T B Bk i 2 1. ik, ASCHR
SR LR P B B AL SN S 4, DUSRTH I T R S B e Al ST Se bk . i A Bty d i
HUE SRR ] PHOIOIRAS, RS RO mi B A ML &, SBU RUTE ATE AR I SE i i 5 B R . &
109 H iR BE R TS R G0 SR ICHS K

Table 1. Comparative analysis of various types of damper control systems
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Figure 1. Overall system architecture diagram of the electromagnetic interlock device
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Figure 2. The display diagram of the hardware function module
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Figure 3. The schematic diagram and PCB diagram of the control board part
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Figure 4. Configuration diagram of LoRa wireless transmission module
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Figure 5. Flowchart of program design
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Figure 6. Display of working power supply and shell module
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