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Automation Management and Optimization of Mechanical Equipment in

Open-Pit Coal Mines

Yuan Pengchun, Yuan Wei, Zhao Zhipeng
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Abstract : This paper focuses on the research of automation management and optimization of mechanical equipment
in open—pit coal mines, aiming to address core challenges such as complex environmental conditions,
dispersed equipment, and the difficulty in balancing efficiency and safety. It elaborates on four key
technologies for automation management, providing foundational support for automated systems. A four—
tier collaborative automation management system is constructed, comprising the "perception layer, network
layer, platform layer, and application layer," clearly defining core functional modules such as equipment
monitoring, intelligent scheduling, predictive maintenance, and energy consumption management. Through
a "cloud—edge-end" data platform and multi-role visual terminals, data—driven closed—loop management
is achieved. Three optimization strategies and models for equipment operation are proposed: production
scheduling optimization enhances equipment utilization by 15%-20% through dynamic matching and
algorithmic optimization; equipment maintenance optimization reduces spare parts inventory costs by
25% based on health scoring and predictive models; and energy consumption optimization achieves a
10%—-15% reduction in energy consumption per ton of coal through parameter adaptive adjustment and
new energy pilot projects. Overall, the research facilitates a transition in the management of mechanical
equipment in open-pit coal mines from "experience—driven" to "data—driven," effectively improving
production efficiency, ensuring operational safety, and reducing operational costs.

Keywords : open-pit coal mine; coal mine machinery and equipment; automated management system;
equipment operation optimization

515

R VR E SRR BN AR R O DAURER 7y, HA AR S E R B R R AR IR R RUE M. B TR RS T
SHERET, RO & AR s i A JatR . A S BB N THRAEIRIR, SEBSGSS FREE NS E R, ST
T AURSEIN R | B REA T BEIARK, FITE AR — AR - R IRIR - ARRREH)” AR P ER, MR L aies |
LSRN EMER, ST, ASCRERTE P& O3S 0UE, RemEEsE . WEMNLY . HIRRE. a3zt
PURFRHERARIRR, ML BRASIMCTE RGN, BRI AP | R . REREISH =R R USRI 5 R . BF5T
SRS g M DU S N 0K 6] “AURIKED” B, DRI LSRR AR e BB E AR SR
7, BIMERAT R R . SRl R R R

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 035



T72RlE | ENGINEERING SCIENCE

—. BRET igE Bt EENXEREAR

(—) BMEEMEAR

B ARG AR I3 &, GBS LEAUI LBl
LT A MR, JF BAR R A ki, HERALE Y
f. FE AR, DU AR — i AKIERIROCR RS, MG
AN MBEDT . SRR, SRR o R
o SEBER TR Beas f R, ALETH ST R
Bt &SRR DRG0, ME—Emamms
SERLRFR . AERERAETTT, WA R 49 (1P68.,
PUIR ) WIS, SCRREERZE . ISR Eh . T
NAERSAL, TR wefir b, P Akl +GPS” X
5% GNSS 56 RTK BORSCHUERIURTRE, FFAE S0P D &
TSI SEO R TANE , RS AR e Y it
Ob, HEHERRGEEL A, ER. DIMERER LI %
&, ST, HSREHERGEE, WREEREIT
FEh g &N, IR TT AR A e 4 R

(=) BESMERER

WEMSENEE MR 5 B2 A, e
A" TR A, REER . BT MERETRR B TRR
FHESHEEAF IR, ORIEE E A AR e (4 . BahER
WILLSG TNl FILAMBEANE, WL To N\ B SR ER = ]
TR AR, RGERMNL: - ZUENUR], R HEEe
SERURAEASBAL B, TR AR SE N EE N PRI b, B
LRIF R E RSN, WitRAUR A SRR S I 2 e,

(=) HIBLBESERREREAR

B SR RERRIATR “Hda” o “FTahiR <"
HIRel, WHUREEREY “HuRE, A RS E AR
Y, S SRR AR, MRS, ARSI T
THE. NTE, M R - R - BRED 4R, ISR sk
+ R PR MM RBSTIA IR R, R LSTM i
BT 27 KA A s T IR A Ao 5 s L SR A
FE; 53 YOLOV8 Bkl e a UGt e s . TRAethdT4s
EHNGEES AT SUITERR G, RS b A A,
TR EZHRAT, IITFEAR L SRR MR,

() BshiEflSHiTRER

BEN R SHATEARRA RIS iy SR
MASRIRY, T Rl eamTie, JEMERTI
SHLPER L, SRS = ARSI, R AL
NGRS A AT =R RSz . 23 M RE 5G
VX E, M - B - RSB -R R4 TR, 7T
BerGaea, WAh, RGN ATIEAR N S HI A7 ) 22 2
i, DA Ez sl il , BheRaJo—5k.

—. BERETRieE B CEEREDE

(=) RAELEIREIST

BERBTHOR & BT RS H L B, K&
S SSPIERT WIROODRR, M CRE - SR - FRE -
N RPUERFZRA, & 2SR SR E e, i AR

WEALER M BB S 1R S M mRRoREs, MRARGRA T RIES
TrFHAED 7 REVEEE TR LR S sk, REoRER
. MR NS, WMAERA “JEL +5G LR + IR
REAM, FRAIRERHIIRER SR 5, FaREIERIIA
i, BAZIESE, TR RERIAR A AR R
A1, N R FTA e, SRR . LSS (PR
Mo BB, AT AR S SR R R AR, AR
RO RIS TIT TR .

( =) Bl IhREER

RO O REIE R [ Se e KM DU & Hids — R - 4
P - BERE" AL AT, SRS BT R L,
TR U F A BRE ) o iR A S MR e e =45 1] b B S R RiR
FAOLE RS ERERR, IR RETASHAZEE Y, Akt
PR ERHRR A, FET SN AR A I — (T55IT
Fig, SEEUEP RN N S R IR . WU MR s (e 5
TR, FER S AEEH AT, RS & . pere
PR Ge it S P RERESR bR, U s T IR AU, TP

(=) HETrs5aRK

P B 5TIMLERSE "B MER" IS, 8
G — R S BRI, IR ALK
Fy” B “HURIRED Y BURTFERA “z -4 - MRS
1, Tt S N, S G e T S s AU,
Frid APTATRE RIS . FIAEISEHT FA[E g
Ol =0 SR G (R R S 2 R ARG B i B
N SR AL RSN 575 SR AR 5 4RI A LA R Al
B9 SEUAICR. AN, REGEREASHEmRELAER, LB
I NCRIE RIR I AREBUIE, IR UR S

=. BHETRHEBSERE

(—) £EF-EEMRK

BRI A RO Al i 18 A SRS B AR ITAE, S
B RER R TR AR, 7 B ARREL”
AR R . IR ST SES IS A MR R .
SR I S BT SN AR I B AR R AU, DL 10-15 43400 JR] 3]
SOHMEET S, THERICROUT SO AR I S B IL , PRI AT
ToRE. [FNEE AR E A - i3 - #17 SRtk
FERI 6G A5 S B A AR A E, R ZE AR I [R] He 205 22 5 43
PAPY U, RERUEEDL BRI IRAR” A bR, SRR AR
MR AL, TR G RIENRTI, e i
T7 IR A BRI AT 16%-20%, B HAE55 Seploi i
FE95% LA Lo EAh, B ER Y iR S T B ORI A R A
TR, ARSI B SUAL R R LB 2, R iz i I A 10%—
15%, [AHEFEITHERE.

(=) igEipiii

RARETIAATE R EHRE” REgm, i T

036 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



PAESRFMEAES , EERRET S A PR Sh& I R4E
PR, SCEL R AME . AR o SRR
HIRZ DR A R R . TR EREERIRE) | i
L RSN FEOR, Satlsins, Kls RS
Jv Mt (80-100 43) . R (60-80 43) . Hr (40-60 43) .
72 (0-4043) 7 g, U Joda Uk RTmaes; R
PR s THRNI R A SR A 1, JFaR SRR
FURAEIIN T2 /NN TR TE 5L, PR A7 i LT v Ve
By 27 QUSRI S, FIPREE A =
HEAPAIBN [ I S 2 GRSl AT B LA, ARE S A TR
BUHAPITI L, OIS N S DAL, S B R E
5%, MRS, SR CHCETN - PR - AR =0
B, SRR LSTM M R%%, 4 A AT 30 KA
PEHARFF, AR 7T RIS, IR 35 F0E 12 85%
PLE; Aot QIR AP S T + (U sl BAR,
R HREHORRN ST A A LSS, AR AR A AR
FAFEER s A PP BRI, A SRR TN 25 15 7 S e, R
I ABC 32BN SSEIHORRITAAST + R 2RI
B, B REFREFPSEER, C Rafh (Unighe) ftivfies (il
J1TAASR) , BRATRRE MRS 25% 2, RN
TSR BRI IR 5% LA

(=) BeFEfilL

REFEILILTRE S8 RRRmiBERERE” o0 BdR, MRS
B VR A BEIRGTI = ANERET R A, LB T RE S AL
O, SR L, TS SRR E R, HART
e = S SRS R, S NURGED e il 52 &
TGP ) MR R Sl (BEA Nt T 22 80% A
B, B EZE60%) , BRSNS 7 H-RERIERE S
fE GBI GNSS it 50 ) R ZINEE (233 3N

243t

HAERFAE60%, WHEL TN Fe % 40% I 55 A BIHIsh ) , Mk
IF 5 e 1 T PR FE 8%—12% 0 HARAU AL AR LAy To e
FE, TBILAAT T DRI SR ISR TR
PR, IR S TSR B B (PR BB RE AT (R
REFEAY 15% ) 5 TERAR BB i 25 A ( HFR A 25% P22 15% L)
T, AR A, RIS E (A 800r/min fEE
600r/min) o AN, BFEIAFRRIREA, EEREHIATTR A
AR (S + 8 ) |, FFE < Skm W U140 iR
FEREVEL DR E R sy, L il s . MRS i)
W, BRI, AR T B AR RE S S (RS2 A ST
Fo BEFETUMELRLR I RENLARM T, i AN AR S
PRGOS, i sstas / FECTTIRERE(E,
AR AR, BECRTLIE TR TR, DL B 5
REFEIAR” N BfR, ERSIRESHAE, Wil T EESTH
SR PRI B T “RERE - R L, R
R, RMREREHEAR SR, LIy miaaeress
K10%~15%, HITLREIARALT H T,

=

. BRIE

AL SRR R WU A F ST B S UL R T T R Gk
F, MEARIHE REMEBBI T e R TT R, AL
[N T 8 KA FERCRAR T e R IR 5 A 1 05 T A OO R
Ko BRI WU & A S ER MR SR IE R8G5 R,
RMERATIALHL “Zedr, Wi, G RSB E. JI5T
BT e AR BT SE B TT 56, HEBI T 2 g M 1
iAoy Ay, DR K I Re A = A, TR REIR
BRI SRS T T A SRR A RS

(1] I & . S A AHARAEB WU & PR SR (1), #E0RE |, 2020(27): 339-340.

[2] 250 . E R NI £ (1 R R S e A B o ). BN Z 0 (RS IR (HLFFI)) ,2021(10):3111-3112. DOI: 10.12277/].issn.1673-7075.2021.10.1551.
[3) JHAEHE | AL, SRE N . BB WU & R R S e A B o ). R TR R S8, 2020(21):691. DOI:10.12159/].issn.2095-6630.2020.21.0661.
(4] FERE AW, P SERE WU LRSI F AR R A (). PhE R 2021(9):140, 154

[5] HURGE . S5 WU £ OIS AT A RS W AR AT SIESE 1), 371 L 2020(3): 161-162. DOI:10.3969/j.issn.1673-6761.2020.03.081.

(6] dAEld | FTERE . SR WU S 2 W S4EE (). AZIERIT L 2023,64(15):125-127,131.

[7) RS . BRI HUOR A 22 AT B SRS ARIR AT (). TN S22 ,2023(6): 35-37. DOIL: 10.3969/].issn.1006-2114.2023.06.012.

(8] AHf . B KM HUOR A TAT B AST (). 6D TRIET |, 2020(44): 329.

[9] 8 /INR . R R WU £ 1 R R 52 A T 9 (0. BRI, 2015, 13(13): 144. DOI:10.3969/.issn.1672-3791.2015.13.116.
[10] T EEsR . B RM MR & e E SRS U], TRERSKE ,2024,3(5):155-157. DO1:10.12417/2811-0722.24.05.052.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 037



