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Research on technology of key steps of intelligent ventilation in mines
ZHANG Lang"*?, LIU Yanging'*”
(1.CCRI Tongan (Beijing) Intelligent Control Technology Co., Ltd., Beijing 100013, China; 2. CCTEG China Coal Research Institute, Beijing 100013, China;

3. State Key Laboratory of Intelligent Coal Mining and Strata Control, Beijing 100013, China)

Abstract: The process steps of intelligent ventilation in mines were proposed, which could make the ventilation system more orderly and
controllable. The process of intelligent ventilation in mines was divided into six process sections according to the production process,
namely perception monitoring, analysis and diagnosis, intelligent decision-making, scheme approval, remote centralized control and joint
control, and execution feedback, which included a total of 24 specific process steps. The input and output elements of each process step
and the functional logical relationship between the process steps were clarified. According to the concept of “overall plan of the mine vent-
ilation system+key refinement of the mining air area”, the scheme for implementing the intelligent ventilation process of the entire mine
system and two refined intelligent ventilation process application scenarios for the coal mining and excavation working faces were pro-
posed. The intelligent ventilation process steps of the mine were integrated into specific application scenarios. In order to achieve intelli-
gent ventilation application scenarios, the overall architecture of the mine intelligent ventilation system was optimized based on the logical
layering concept. The mine intelligent ventilation control platform consisting of hardware driver layer, functional module layer, computing
processing layer, data storage layer, and data acquisition layer was planned and designed. The four key process sections of intelligent vent-

ilation involved ten key process sections,which were ventilation perception monitoring, analysis and diagnosis, intelligent decision-mak-
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ing, remote centralized control and joint control. The ten key process steps included monitoring and perception of air volume and wind

speed, online monitoring of ventilation resistance, analysis of air volume and pressure in the entire air network, identification and identific-

ation of disaster sources, calculation of dynamic air demand in mines, diagnosis of ventilation system faults, decision-making of on-de-

mand air volume control plans, decision-making of emergency air control plans, unmanned remote air control, and unmanned emergency

air control. The current technological status of the ten key process steps were summarized and analyzed, and the technical implementation

paths for the ten key process steps were proposed. Through iterative upgrades of various intelligent ventilation key technologies, the mine

ventilation system was ultimately achieved to be in the stable, reliable, safe, controllable, efficient, energy-saving, and emergency disaster

reduction operation state throughout its entire lifecycle.

Key words: intelligent ventilation; ventilation process; control platform; intelligent decision-making; data acquisition
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disaster mitigation and mitigation effect

=

B 18 RS F ik 5 B 3h & AR B B T

Fig.18 Impact-resistant self-resetting blowshaft explosion-

proof door for return air shaft

191



2024 4F55 134

52 %

B 19 B3 &Ry 782 ek & A

Fig.19 Fast sealing with auto-reset and impact-resistant remote

functions

I BRI - OB R K AR (7 IR
TR IR M BLE R G, P KALMR BARIAE J1; @D
DI IC s 5 R A IR P WA ST, Himhid
AL, A REA ARG S S BRI e O
BRI P ARSI v i U A A R 2 EL
RIGHLIR, Bt IT A& N 2B, BT A %%

IS

6 & it

1) [l 58 52 3 Head KOl 55 & BE A A C A e 3
b, S 7B IR AR KRR ER T, $R IR 55 2 A
g3k 6 AR, Mgl & 24 AR, BIER TR RE
A BT 22 ()M 55 12 SIS 2R AN B 1Y ) A
VN IR S

2)FE IR BT X ZR GE R AR AL SR i FH XU
AL RS, OPE T2 R G REE KUV
BT SRR T A I S AR A A Y
B ReE WU Y ST 5

3) B R e MR G RE RS (™ i KR S
SEIAT . A RT 4, S e XU REIER . B RE DR SR
IR IR TR HESES I KR G5 B A O
B, S AL DX B 9 2 AP 72 IO R 4 O B A Y R
HEVER I X R SR REALHERE A DGR o 1 X i JXURS
RN 38 K T2 Wi G X RELR SR L 3d Kl
PRAEEICAE 4 D R Al KOG, B8t
T HASCHEE T EORBUIR, 20 17 ST R EoR
LA o

-

S % 3 Hf(References):

(1] EEE ETE R BORIE R 5 R 1], SR PEE
K, 2022, 50(1): 1-27.
WANG Guofa. Discussion on lastest technological progress and
problems of coal mine intelligence[J]. Coal Science and Techno-
logy, 2022, 50(1): 1-27.

(2] EMEEE ML AERE, S5 B E00™ 2025 1F5: HARAUK R
F (0], BERAER, 2018, 43(2): 295-305.
WANG Guofa, WANG Hong, REN Huaiwei, et al. 2025 scenarios

192

(4]

[5]

[10]

[11]

[12]

and development path of intelligent coal mine[J]. Journal of China
Coal Society, 2018, 43(2): 295-305.
PR, Y 20 W R REAL BEIE S BOR [T). e,
2020,45(6): 2236-2247.
LU Xinming, YIN Hong. The intelligent theory and technology of
mine ventilation [J]. Journal of China Coal Society, 2020, 45(6):
2236-2247.
SRR, gy, BRETL, S5 0 el XS 5 B R B 9T
JR LI BB A, 2023, 51(1): 313-328.
ZHOU Fubao, XIN Haihui, WEI Lianjiang, et al. Research pro-
gress of mine intelligent ventilation theory and technology[J].
Coal Science and Technology, 2023, 51(1): 313-328.
X R REE KOG SR 2 BOR Bk (1), S22 42,
2020, 51(10): 108-111, 117.
LIU Jian. Overview on key scientific and technical issues of mine
intelligent ventilation[J]. Safety in Coal Mines, 2020, 51( 10) :
108-111, 117.
TRIRAE, W52, B0 . IR 8 R IR B RE Al & g
FEE LI BERB 2R, 2020, 48(2): 97-103.
ZHANG Qinghua, YAO Yahu, ZHAO Jiyu. Status of mine ventila-
tion technology in China and prospects for intelligent develop-
ment[J]. Coal Science and Technology, 2020, 48(2): 97-103.
X8, AT R A, AR JCAMRY Al IR B XGE R AU
DIARHENUERSIG RIS [J]. BT, 2016, 41(6): 1447-1453.
LIU Jian, LI Xuebing, SONG Ying, ef al. Experiment study on un-
certainty mechanism of mine air velocity and pressure with non-ex-
ternal disturbances [J]. Journal of China Coal Society, 2016, 41(6):
1447-1453.
P I = ) =R = R = b N i S B T
ge L], AP =R EoR, 2016, 12(8): 23-27.
LIU Jian, LI Xuebing, GAO Ke, ef al. Study on single-point meas-
urement method of roadway air velocity and its feasibility [J].
Journal of Safety Science and Technology, 2016, 12(8): 23-27.
KR AR TE I XUl XA IR T R o7 AR AR A 5T 0],
HHRIFHAR, 2018, 46(3): 96-102.
ZHANG Lang. Optimized study on location to measure average air
velocity with air velocity sensor in wind measuring station of un-
derground mine[J]. Coal Science and Technology, 2018, 46(3):
96-102.
oW S 2, 4 JET GA-BP M Z MK I AR T
PR B AT (0] o el 22 At P B2 R, 2023, 19(5):
57-64.
BIAN Huan, LIU Jian, LIU Xue, et al. Research on single point
test of average wind speed in roadway based on GA-BP neural
network[J]. Journal of Safety Science and Technology, 2023,
19(5): 57-64.
INAGHT, ik IR, 8, AR BTE XA A SR R
il 5N (0], 04 42, 2022, 53(9): 251-256.
SUN Yongxin, ZHANG Lang, YANG Xu, ef al. Development
and application of automatic on-line measuring Device for road-
way air volume [J]. Safety in Coal Mines, 2022, 53(9): 251-256.
XIS, AETUK, BRAESL, 45 I i Ak sl Xofa XURE g
TR EE I BS54 (0], vh 22 4k 7 B2 HOR, 2016, 12(5):



i OIRAE: B R G SRR ST

2024 455 1 11

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

22-25.

LIU Jian, LI Xuebing, CHEN Tingkai, et al. Theoretical analysis
on influence of steady turbulence fluctuation on ventilation resist-
ance measurement in mine[J]. Journal of Safety Science and
Technology, 2016, 12(5): 22-25.

B P, TR, RS, A5 R REIE WU T XU A s B
VERRIL[T]. P E 2 e RleAsAR, 2023, 33(9): 56-62.

ZHAO Dan, SHEN Zhiyuan, SONG Zihao, et al. Mine airflow
speed sensor data cleaning model for intelligent ventilation[J].
China Safety Science Journal, 2023, 33(9): 56—62.

gk B ML, TR AR, A T 1) 5E KU AR AL Y XU R AR A
o) A0 BOHE R M O vk 3k b LOD. o 22 A A R R AR EOR, 2021,
17(8): 70-76.

ZHANG Wei, LI Yucheng, ZHANG Huan, et al. Comparison of
structured data noise reduction methods for airflow speed sensor
of intelligent ventilation[J]. Journal of Safety Science and Tech-
nology, 2021, 17(8): 70-76.

2 AR, KA, TR TR, AR T XU SIS R 4 A S AR
FE LI HEH L, 2016, 25(3): 167-170.

LI Wei, HUO Yongjin, ZHANG Lang, et al. Research on ventila-
tion real time network solution[J]. China Mining Magazine, 2016,
25(3): 167-170.

BT AREUEE, T/INSE, AFL T HE KU R AR LR BRI
SR 524 SR, 2019, 46(5): 47-50, 55.

LUO Guang, ZOU Yinhui, NING Xiaoliang, et al. Research and
application of online monitoring technology for mine ventilation
network [J]. Mining Safety & Environmental Protection, 2019,
46(5): 47-50, 55.

KW, FHSC, RFEsE, G5 TR AW m XU T IR X
W SEa ik [0, T A hik. 2022, 48(4): 114-120, 141.
SONG Tao, WANG Jianwen, WU Fengliang, ef al. Real-time cal-
culation method of mine ventilation network based on ultrasonic
full-section wind measurement[J]. Journal of Mine Automation,
2022, 48(4): 114-120, 141.

RIEISC. 5 2 130 KU 2% nT DAL S A i B S s R (1], T
A 31k, 2020, 46(2): 6-11.

TAN Guowen. Visualized dynamic solution and early warning
technology for ventialtion network complex min[J]. Journal of
Mine Automation, 2020, 46(2): 6-11.

AR, RIEE, ZRENE, 45 FE T/ NVE R R A B 18 X
pZs A R AL L] B AL AT S T %2, 2021, 41(7): 172-175.
LI Yajun, WU Jiekui, LI Yinhong, et al. Optimization on monit-
oring layout of mine ventilation network based on the principle of
minimum spanning tree[J]. Mining Research and Development,
2021,41(7): 172-175.

BRFE AR, H IR, 5 T ORES G B A %
ACH T i 507 3% LD, AP Al K22 224, 2021, 50(4) -
613-623.

CHEN Kaiyan, ZHOU Fubao, XIA Tonggiang, et al. Ventilaiton
network solution method based on coupling iteration of air state
parameters and air quantity[J]. Journal of China University of
Mining & Technology, 2021, 50(4): 613-623.

5 BRURG, BRI, R R XU LR 5% 1 4 R AE KT

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

R D] P ESE R, 2021, 50(4): 633-640.
WU Bing, ZHAO Chenguang, LEI Baiwei. Characterization and
calculation and calculation method of friction resistance based on
fractal theory of roadway rough surface[J]. Journal of China Uni-
versity of Mining & Technology, 2021, 50(4): 633-640.
XUEETE. T AR EE SR ) %0 BP A48 0 4 T B84 (1™ I
DR Rt B 5 L] 7l 2 42 S PR AR, 2021, 48(2): 101-
106.
LIU Yanqing. Study on the air quantity of mine ventilation net-
work based on BP neural network prediction model of friction
resistance coefficient in roadway[J]. Mining Safety & Environ-
mental Protection, 2021, 48(2): 101-106.
BGEME, W Rh, X R, A T KRR REGRE
FEE AT [J/OL). %4 5 B2 1-10 [2023-12-10].
https://doi.org/10.13637/j.issn.1009-6094.2023.1603.
QI Zhipeng, GAO Ke, LIU Yujiao, et al. Ventilation resistance
coefficient prediction of tunnels based on GA-projection pursuit
regression[J/OL]. Journal of Safety and Environment: 1-10
[2023-12—10]  https://doi.org/10.13637/j.issn.1009-6094.2023.
1603.
ZEROF, BRI, M R IR RS AL SR LA
PFELLT]. BERAEAR, 2015, 40(4): 902-908.
LI Cuiping, CAO Zhiguo, ZHONG Yuan. Field variables model-
ing and visualization simulation of fire disaster in underground
mine [J]. Journal of China Coal Society, 2015, 40(4): 902—908.
TR, NI, SRR, 55 IR KRB AR ST AR A T R B
52 0], AR e, 2015, 12(1): 30-35.
ZHANG lJingang, SUN Chunfeng, ZHANG Haiyang, et al. De-
velopment and research of simulation calculating software of
mine fire simulation[J]. Journal of North China Institute of Sci-
ence and Technology, 2015, 12(1): 30-35.
WHF, £ B, KREE, 0B A KRR X -1
AL 5 A D B R 2 AR, 2021, 50(4)
716-724.
HAO Haiqing, WANG Kai, ZHANG Chunyu, et al. Evolution
and regulation law of wind and smoke flow field area network in
mine belt roadway fire[J]. Journal of China University of Mining
& Technology, 2021, 50(4): 716—724.
AR AR, ORI, TPHEE, 45, 38 WU I b BUIr R 1 SO 1L 1%
PR = ARSI J]. 5241, 2020, 45(S1): 291-299.
DONG Mingxin, ZHAO Dongfeng, YIN Fabo, et al. Flame
propagation characteristics of gas explosion in 3D ventilation pipe
network by numerical simulation[J]. Journal of China Coal Soci-
ety, 2020, 45(S1): 291-299.
FIN K, HER AR, AR, S5 KRS5m4 %) BT
N el A B AR P R B B (0] v B 4 PR
HiA, 2019, 15(2): 99-104.
MENG Yifei, DONG Mingxin, ZHAO Dongfeng, et al. Numeric-
al simulation on influence of obstacle on propagation characterist-
ics of shock wave caused by gas explosion in large size ventila-
tion pipe network [J]. Journal of Safety Science and Technology,
2019, 15(2): 99-104.
XG0 M LR AR SRS TR R R B I
193


https://doi.org/10.13637/j.issn.1009�6094.2023.1603
https://doi.org/10.13637/j.issn.1009�6094.2023.1603
https://doi.org/10.13637/j.issn.1009�6094.2023.1603
https://doi.org/10.13637/j.issn.1009�6094.2023.1603
https://doi.org/10.13637/j.issn.1009�6094.2023.1603
https://doi.org/10.13637/j.issn.1009�6094.2023.1603
https://doi.org/10.13637/j.issn.1009�6094.2023.1603

2024 4F55 134

#HEHMFHAK

52 %

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

194

TR PGE 4y AR WETT [T, P 2 A A PR R, 2020,
16(8): 11-17.

LIU Jian, QU Min, HUANG De, ef al. Research on fast classifier
for propagation of hazard factors in mine gas explosion under
emergency state[J]. Journal of Safety Science and Technology,
2020, 16(8): 11-17.

XIS, A, X, A5 I E KR G B AR B W K
RHAR RSB )], BE5FAR, 2021, 46(6): 1907-1914.
LIU Jian, JIANG Qinghua, LIU Li, et al. Resistance variant fault
diagnosis of mine ventilation system and position optimization of
wind speed sensor[J]. Journal of China Coal Society, 2021,
46(6): 1907-1914.

s, 2= 4R, SRIbeR, S5, BT BEHLARAR Y LA B3 XU 25
HORR 2 W7 T7 s (1], v [ 22 A A R AR R 2022, 18(4)
34-39.

NI Jingfeng, LI Zhen, LE Xiaorui, et al. Resistance variant fault
diagnosis method of ventilation network based on random
forest[J]. Journal of Safety Science and Technology, 2022, 18(4):
34-39.

RV, BRRAE, X)W KR S 2 W
FLlI]. Z R, 2022, 22(5): 2453-2460.

LI Bingrui, CHEN Fengmei, LIU Na. Research on anomaly dia-
gnosis method of mine ventilation system[J]. Journal of Safety
and Environment, 2022, 22(5): 2453—2460.

kIR, SRR, BRI, 55 BE T HLER A 003 XU 2 12
WirErsE ). T8 A3k, 2022, 48(3): 91-98.

ZHANG Lang, ZHANG Yinghui, ZHANG Yibin, et al. Research
on fault diagnosis method of ventilation network based on ma-
chine learning[J]. Journal of Mine Automation, 2022, 48( 3) :
91-98.

Bl g, SRS, B2CM, 4 0 RE KRG g il ox (7.
TH A3k, 2018, 44(12): 30-33.

WEI Yinshang, JIA Yuquan, WANG Yibo, et al. Research on
garding control of mine ventilation system[J]. Industry and Mine
Automation, 2018, 44(12): 30-33.

LR, YL, A, 5. BT O B LA R I
DA 53 4 55 0 0 (3], o B A ol R 2 27 4, 2017, 46(4)
755-761.

PEI Xiaodong, WANG Kai, LI Xiaoweli, et al. Analysis and simu-
laiton of intensive mine air regulation model based on the cellular
automation [J]. Journal of China University of Mining & Techno-
logy, 2017, 46(4): 755-761.

B, EIEAL, BUETL, 55 5 R R A S G
SRR 0], FP IR 241, 2021, 50(4): 725-734.

WU Xinzhong, HAN Zhenghua, WEI Lianjiang, et al. Intelligent
on-demand regulation algorithm and key technology of mine air
flow[J]. Journal of China University of Mining & Technology,
2021, 50(4): 725-734.

REL, KM, YL, % T DE-GWO Bk e XM
WU 712 (1), R AR (A SRR 1D , 2021, 52(11):
3981-3989.

WU Xinzhong, ZHANG Zhichao, WANG Kai, et al. Method for

adjusting air volume of mine ventilation network based on DE —

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

GWO algorithm[J]. Journal of Central South University ( Sci-
ence and Technology), 2021, 52(11): 3981-3989.

FETIE, 2 B, SURE, 45 I FHE U KU R Re o ]
T H3h1k. 2022, 48(11): 110-118.

REN Zihui, LI Ang, WU Xinzhong, et al. Research on intelligent
control of air volume of mine ventilation network[J]. Journal of
Mine Automation, 2022, 48(11): 110-118.

TR, AR, AR, S5, R REI XURS VR 2 R G K sk
BLLID. Sl 2023, 48(4): 1596-1605.

ZHANG Zhitao, LI Yucheng, LI Jungiao, et al. Architecture and
implementation of intelligent ventilation precise control
system[J]. Journal of China Coal Society, 2023, 48(4): 1596—
1605.

T B, R, G, AR 0TI IR X 3 5 B
RGNS, T A ML, 2019, 45(7): 21-27.

WANG Kai, HAO Haiqing, JIANG Shuguang, ef al. Research on
regional linkage and intelligent control system of mine fire winds
moke flow[J]. Industry and Mine Automation, 2019, 45( 7) :
21-27.

FoOBL AR, B W, S0 R KUB S T e S it
VAL SCRRATIE (1], TARRE2A4, 2023, 45(7): 1214-1224.
WANG Kail, PEI Xiaodong, YANG Tao, ef al. Study on intelli-
gent ventilation linkage control theory and supply-demand match-
ing experiment in mines[J]. Chinese Journal of Engineering 2023,
45(7): 1214-1224.

BT, PR, ERI5R, 55 0 T AEIE WU B R 2 T
£ 1], PR 2RA2R, 2022, 32(9): 158-167.

WEI Lianjiang, ZHOU Fubao, XIA Tonggqiang, et al. Mine intelli-
gent ventilation and disaster emergency decision platform[J].
China Safety Science Journal, 2022, 32(9): 158-167.

gk TR BRI 2R M A0 AR KU E BRI
R (1], 8 ewT 1L, 2022, 3(6): 71-79.

ZHANG Lang, YAO Haifwei, LI Wei, et al. Research and applic-
ation of mine ventilation
equipment[J]. Journal of Intelligent Mine, 2022, 3(6): 71-79.
I, XET, 2 B, SF. B B S R KU R E
BT, 442, 2016, 47(10): 172-175.

YIN Bin, LIU Yanging, LI Wei, et al. Numerical simulation for

intelligent technology and

local wind resistance of mine automatic control wind window [J].
Safety in Coal Mines, 2016, 47(10): 172—175.

B, sk R, SR, 5 2R AR R T Sl A B
A RG] T8 AL, 2022, 48(6): 112-117.

YANG Xu, ZHANG Lang, MA Qiang, ef al. On demand dynam-
ic linkage control system for air volume of multiple coal working
faces[J]. Journal of Mine Automation, 2022, 48(6): 112—117.

F& T Bl RIEEE IR AR R EE KU RIS Ve
Fe[1). T4 A3k, 2023, 49(9): 55-63.

WANG Lei, WANG Kai. Research on intelligent linkage regula-
tion and control of local ventilation in long distance heading
face[J]. Journal of Mine Automation, 2023, 49(9): 55-63.
BURBL, WRSLZE, Wrakil, 45, SETROBI G 14 J5) 38 KL A
R RG], T A3k, 2022, 48(10): 88-96, 106.

JIA Tianyi, XU Lijun, CHEN Zhifeng, et al. Design of variable



i OIRAE: B R G SRR ST

2024 455 1 11

[48]

[49]

frequency control system for local ventilator based on fuzzy the-
ory[J]. Journal of Mine Automation, 2022, 48(10): 88—96, 106.
XN, B G, B A, AR TR GO KRR DR 2 P R
L], AP EG LRSS, 2021, 50(4): 735-743.

LIU Shangming, MA Li, WEI Gaoming, et al. Study of the char-
acteristics of ast airtight airbag in underground catastrophic wind
smoke flow [J]. Journal of China University of Mining& Techno-
logy, 2021, 50(4): 735-743.

WHEAE 5 M A S E LRI BT TTATTE (], BEARA R,
2012, 40(6): 58-61.

FAN Xisheng. Research on mine automatic resetting type flame

proof door of ventilation shaft[J]. Coal Science and Technology,

[50]

[51]

2012, 40(6): 58-61.

FMENS, A FFui, R, 55 BRI B AR I] whili g 2 i
RS AT [ A Al RSE2A 4R, 2021, 50(4): 755-763.
WANG Yanming, NIU Kaiqing, DONG Yuge, et al. Impact
mechanical response and pressure relief-reset behavior of innovat-
ive shaft explosion-proof door[J]. Journal of China University of
Mining & Technology, 2021, 50(4): 755-763.

I, MRS BT 9 X A R K A T (1.
BARIFFAR, 2019, 47(11): 231-238.

JIANG Wenzhong, XIAO Changliang. Rapid airtight technology
and equipment in underground coal mine disater area[J]. Coal

Science and Technology, 2019, 47(11): 231-238.

195



	0 引　　言
	1 矿井智能通风流程环节
	2 矿井通风智能应用场景化
	3 矿井智能通风系统整体架构
	4 矿井智能通风管控平台
	5 矿井智能通风关键环节技术实现路径探讨
	5.1 通风感知监测板块技术实现路径探讨
	5.2 通风分析诊断解算板块技术实现路径探讨
	5.3 智能通风决策板块关键技术实现路径探讨
	5.4 通风远程集控联控板块技术实现路径探讨
	5.4.1 远程控风无人化执行环节技术路径探讨
	5.4.2 应急控风无人化执行环节技术路径探讨


	6 结　　论
	参考文献

