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State-of-the-art in underground coal mining and automation technology
in the United States
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Abstract; Underground coal mining in the USA employs two methods: longwall mining and room & pillar mining.
Mines with suitable geological condition and sufficient reserves generally use longwall mining, otherwise ,room & pillar
mining is used. Between 1994 and 2017, the number of underground coal mines in the USA fell by 79% ,to0 237 in
2017. But the output from individual mines has risen by 230% , and coal production is more concentrated and effi-
cient. Longwall mining in the USA is mainly practiced in medium-thick seams, and the mining height is generally

1.6-2.5 m (maximum height is 4.2 m and minimum height is 1.2 m). Multi-entry development, rectangular cross-
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section roadway and roof bolting are all adopted for panel development and roadway configuration and support. In re-
cent years, panel dimensions,equipment power and size continue to increase , production system have become more re-
liable. Automatic of longwall mining began with the development of shield with electro-hydraulic control technique in
1984. Since then,the technology of single machine automation of shield, shearer, AFC and SISA system has been de-
veloped. After 2000, the technology of semi-automatic panel and remote control technology of shearer were developed.
At present,the main application is semi-automated longwall face,only 2 working faces have applied the remote control
technology of shearer. These technologies have solved the problem of automated mining in panels with good conditions,
but it still needs manual intervention in complex geological conditions. Research and development of key sensors and
equipment for automatic mining to adapt to the change of geological conditions, the improvement of face-end operation,,
operation safety ,the control of dust and noise, big data analysis, faster communications and visualization technologies
are currently the key fields of research and development in the USA. In recent ten years,the process of room & pillar
mining technology has not changed much. However, significant progress has been made in the development of related
technologies such as automation ,informatization and intelligentization of mining system.

Key words : underground coal mining;automatic mining;longwall mining;room and pillar mining;intelligent mining
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Fig. 5 Production and proportion of room & pillar
mining in U. S. Between 1999 and 2019
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3.2 XEBEHAFARKRIVKEHRE FURfE B 5 fe 22 A9 7 2 R BEHL, 2ok A /D

H AT 2L |, 203 B AR B AR R B AW
MO FNRCES | 7ET0 LAY DL SR LR TR I 2 1R
FELAE L B TR 2L 5 B AL S

BRBACTT &, JUHL R e S R 2 4 5 e 5 1 AH DG B

I, AR RS R
3.2.1 ZHALIIEZCR L

K (Joy, 1 2017 4F- 4 H H AR /NN EE A WO T
FE A% (Joy) FREREEH]) | REEHH (CAT) 35
K (Eickhoff) | 1184 73 ( SandVic ) 55 15 85 il & 7, £
PO Eip ey =) o8 : i N R )t Ry B e S N [ B
FFRAETT il 1 1G5 45 PVRAE SR T B RYESR
SREBL, JCHOR B X2 B i R RS 5 i
JEVE SR AL TT K AR 20 a RIS T 5 R0,

# ( Ji& Joy Global Underground Mining LLC ) ¥
Joyl12CM RFERML, H 1948 4E LG, C 4 M2 FR
BRI T 6 000 5 2AE, TR 5™ B HEA 1T 20 HY
SR ,98% I R LY R A A% (Joy) o Joyl2CM
ORI LR AL B RS 1 M E
12CM12 2 T8 ~ SR TF R B S5 i # ALY (&
7),12CM15 i%ﬁﬁ?%‘ﬁ?%%(m J il
&R (Joy) TFA B 14CM R LR MRS I T4
TR 2 251 jﬁ@iﬁﬂﬁﬁiﬁﬁ@ﬁ’]ﬁf#ﬁﬂa_Tﬁg
FAEILKE
3.2.2 fREALSEREERIHOR

/R (Joy ) FE T IELERIEHL 5 AT REARTF R T
Joy BB RS (Joy connect) , % FR G0 LIE T 4



514

www.chinacaj.net

FEREAE  REBRR IR A SO 43

El 7  Joyl2CM12 Bl SR AL
Fig. 7 Joyl2CM12 continuous miner

&8 Joyl2CMI15 Bl 4 R AL
Fig. 8 Joyl2CM15 continuous miner

KIF R %5, NiESHE i & TN FT 45K
ML L 26 TPl R 5 AR P MO B SR &
FEHL . R R R, DA — S E R R
BEATCER Joy B RS, SR 514 5 1% iy 31 b
VR BE = AT M T A A R B RS A
A

Pk R ME T AR T Faceboss #2625 &
SrFTE A E TR AShHET s YOz B tERE
DA A3 B T B A 0 W 2 58 45V E N R e AE A ™
BOR 5817 A 2 18] A B 4T F- A5 Faceboss
BRI T A Joy B MRERSIE &, ik 9 B
No

K19  Faceboss ¥l REGE
Fig. 9 Faceboss control system
2015 A E B 1% 4 5 AT PR (MSHA ) &
A3 T —IRRIR LI, ZOR A 1 SR ML 25 il i 4
EPERGE, WK 10 s, ik, 2 LR AL
W RIIF A T HISERSE, BN Joy12CM 5 14CM 351
BERMLEPR A SmartZone $EITHUE R 48, IR IE T
PR AAER e 25 Jo L T AR s f o DX 3> 3%

F 8 n] S B BE UL S BOBI AL B N B 760, &R 45
IR AL IR AR E T RN — e X, sy A
P I CI, SRAEUREAS 1 TARSCE A BEBUS 3, o]
LT R TR ST BE L

K10 ESCRIEHL SmartZone 2T FUH R 58

Fig. 10 SmartZone approaching alarm system of continuous miner
3.2.3 PG M EEHEOR

/NS (Joy ) ) Wethead #2312 —Fh AR 32 S
AT TAR R A R IF 1 Sis - R BE TR
o ZBORTE )BT 0 A A S T AR A T 4
WS 552, PR B PR 48 Sl & A T I R AR
WEPERY B U KIS Sy v J 50 IR , A 280
T AT KAE S Ry A Tl [ KA A i 3 540
AT RS A7, FEAROK BT AR R

/IR (Joy ) ZR B FERALAE MR R 128 il B AR T 4 75 ThT
WA TARKHE R, 55 1 A S AR R TR
XUBE AT TR AILEE A A 2 A A7 /A7 S 1 2 M
JEE | KRR A 0 B A SRR T Rk BRI R R 5
2 A REERATE M Joy REWURIE R RIRERT LY
HERHUBINEAL 3 dB B,

5 % 4 5 WL it FRAE 5 e (NIOSH) | 15 29 23
F] ( Kennametal ) 5 7z BLAZ K22 7] ( Corry Rubber ) £ X}
DAk s ORMERAT VL MR A AT 1 RIS, A T
MR B A AR Ml 2 3 ™ T 4 2k i L 2
— U200 T A W 7R R R A TR S TR 3 S
77100 ~200 mm 4k, BF5EERM, 8 R
T B ARS T B 5 BT B Sk S AT R TR R
R MR P FAARR IR P i D 3 BB AT O AR 30, W5
AR EW], IZ IR R B & T DL 3 ~ 5 dB il
o AR R E Y F (Kennametal ) & B 1 4
FRESHLR RO AR | 3302 — D RUAE Sk RGE R B
A RURS TROSOR 2 e Sl sk L As R GE R, LUk LY
AL (NI ET R
3.2.4 R ESIEA

IM360 i 2 0L 07 B SEYIBE AU A (F 1), BEAE
UL b3 T R SR R LRAE 3RS |l it R G K
R i B IR | 56 1 B 1 02 A 1) e 3 21



s 4 %

www.chinacaj.net

F % 2021 4E45 46 %

B SR TR o 1 DL S B RFAIE 2 B
BRI SRS IR BOAST , SR e 432 15l

EIM A 518 S, 45 R P IR B TR RLKF
AR, 2 HEEHAE AT T STEPRERAE

Redefining
Simulator Based
Training

11 IM360 o S e P00 FL S IS ALL 2
Fig. 11 IM360 advanced virtual reality training machine

W VIFT S 90 d I8 Fl Y il 3% R WL R BILIK)
SERR TAE R BB, DAk FU0 405 0 S U110 s st s
W SEBR TAER I LU PR RAE i 45 b5, ek
1T IM360 =54 JE B B 52V , s A T R % SR AL )
LA ZRBE P i P4 S T 12%

4 & it

(1) SEEZ S B rb [ DU LT R M e ™
HiRZ P ER, R T REAR S ek i) E
Ko FEBERHL T 2R 43 R BE 2R B A X 2 Fof
FoAR R BEFF R0 7™ 1 5 b R R ™™ 1 55%
HAx 45% M B FETF R, 76— S0 M i AR (R 38 H A i
F o AR RN I, — ML BEF RN AL
FRRETER R A, A 1994 LK, JEH T 8 K
WS/, H ST 1 143 ) /0 3] 2017 4E 1Y 237
JE WD T 79% T LR BT g e B s b T
32% K ST HAH = 5N 1994 423 2017 4EH4 N
T 230% HEmA R INAE T E R

(2) & EHBEF R L B2 0 & R — e
1.6 ~2.5 m, KEETAEMHPIRHZ 440 E T W
AIE RS, A AR 5 s e kA i 2
G . TSR, TAEE R s o ks Rt
BT e RG] R, KBE TAE 4
PRI 588 T v, i T E AR AP

(3) KBETAETH 19 H Zh LRI T 1984 4E
B IRE SRR & S IS F R T 3O R
MR FIAERE AL S0l A SR DL IR T 3B
LB ERE AR, 2000 4E UG 4R T2 A shik T AR H
ARFIR LA A 45 il H AR B & A . HATA 2
ASTAEH R T RN RSB AR A TAE w2
PREASE TAEmE AR £, EEMKE Qb
RBEARFEASF T S T8 SR A TH A H 3 AT R )
R, — P L T AR R A o R A D T AR TR

PEME A B3 (F 31 5T 2 il o S5 PRI, A s 2 N T 7
E NTHEAE, HIMETFRERT 25510510
SR F BT R 1) O B A% TR 25 IR £ LA 3 I Hb ot
AR SEE IR T R GE, NS AR & 4 M
PO i , N I 30 A It il e 4 PRl e 8, DD I
AT LA LI 5 B Bl O AL TG S AR T BRI R 40
& W HREAE AT = a5 TR B H
T 9E [ 0 BB R 1)

(4) o FETF R AR AE 52 [ S H A — 26 R S [ K
(220 AR AR B N, AR 30 4R PR T4
(AR AN T AR 5 A QT SR AH 2 BB BB A 45
1E, JEHAER 10 a, XTI RER ZHAL, TR ARG
A sk (5 B4k 8RR AL AH CH AR TT & i iR B 3
TN AN G IR 2 4 5 gt R BRIt T iR
A U RN S b il i,

(VE « ph 32 1 fef PR Rt s AR 0 G 08 0 A 7 R e ™
Geit, B LASCrb iy 38 A e e e B R AR R R B A
IR F . 1 1=1.102 3 4 t;1 t i =0.6t
FasE)

2 % 3L 1k ( References) :

[1] Australian Government Department of Industry. Coal in India 2019
[R]. Sydney:2019.

(2] FERE, 2, 5% S —8 R X R RGP M. b
A RRE R R, 2020.

(3] i, & 3CH , KU Rpgie b iy e il (et 3k M AR Tl
F TR T]. I EES 201945 (12) :32-36.
LIU Feng,CAO Wenjun,ZHANG Jianming. Coal mine intellectuali-
zation; The core technology of high quality development[ J]. China
Coal 2019 ,45(12) :32-36.

(4] EEE BEE SIS BT SE IR B OHAR
ST BB, 2019 ,44 (1) :34-41.
WANG Guofa,ZHAO Guorui, REN Huaiwei. Analysis on key tech-
nologies of intelligent coal mine and intelligent mining[ J]. Journal of
China Coal Society,2019,44(1) .34-41.

(5] WoRUHE REZE KER, S A EEZEH TR LA



514

www.chinacaj.net

FEREAE  REBRR IR A SO 45

[10]

[12]

[13]

[14]

ZERAAR 1] BHFIEHR ,2019,47(3) :43-52.
FAN Jingdao, XU Jianjun, ZHANG Yuliang, et al. Intelligent un-
manned fully-mechanized mining technology under conditions of dif-
ferent seams geology [ J |. Coal Science and Technology, 2019,
47(3) :43-52.
BRINKMAN J L, SCHAFLER J R, JOHNSON C E. A study of
US coal mine closures since 1994 [ J]. Mining Engineering, 2017,
69(10) :18-37.
PENG Syd S. Longwall Mining (3rd Edition) [ M]. London ; Taylor
& Francis Group,2020.
PENG S S,DU F,CHENG ] Y, et al. Automation in U. S. longwall
coal mining; A state-of-the-art review [ J ]. International Journal
of Mining Science and Technology,2019,29(2) :151-159.
PENG Syd S,CHENG J Y,DU F. Underground ground control moni-
toring and interpretation , and numerical modeling, and shield capaci-
ty design[ J]. International Journal of Mining Science and Technolo-
gy,2019,29(1) :79-85.
kL 2T S8 I BE AR T H 3 LT R B AR S i SR B S8
F[I]. PEG KR 2018 ,47(5) :949-956.
DU Feng,PENG Syd S. The state-of-the-art and thought of automa-
ted longwall mining in the United States[ J]. Journal of China Uni-
versity of Mining & Technology,2018,47(5) :949-956.
ZEPGSE XK &, PENG Syd S. 3% [ PR 4fi 1f 1 BE T4 1 2R
B RIEHUR[ )] RBRA AR 2016 ,44(1) :166-171.
LI Ximmeng, LIU Changyou,Peng S S. Mining equipment develop-
ment status of fast advance longwall face in US[J]. Coal Science
and Technology,2016,44(1) :166-171.
FRELE:, EEE, Z2M8 ) 55 B TR I 5 1 i S se T
SRR ARMA[T]. B4R ,2018,43(7) :1789-1800.
KANG Hongpu, WANG Guofa, JIANG Pengfei, et al. Conception for
strata control and intelligent mining technology in deep coal mines
with depth more than 1 000 m[J]. Journal of China Coal Society,
2018,43(7) :1789-1800.
SPINDLER G R. The history of US longwall mining[ J]. Coal Age,
1996,101(9) :122-125.
BESSINGER S. CONSOL refines automated longwall [ J]. Coal,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

1991,12.41-43.

NELSON M G. Simulation of boundary coal thickness sensor

[ D]. Morgantown: West Virginia University,1989.
JONATHON C R,CHAD O H,MARK T D. Longwall automation:
Trends, challenges and opportunities [ J ]. International Journal
of Mining Science and Technology,2017,27(2) :733-739.
CSIRO. Exploration and mining and CRC mining[ R ]. Brisbane:
2005.
RALSTON J C. Automated longwall shearer horizon control using
thermal infrared-based seam tracking[ A ]. IEEE international con-
ference on automation science and engineering ( CASE) [ C]. Se-
oul,ROK. ,2012:20-25.
ZAMORA A, TRACKEMAS ]. Longwall automation ; making mining
safer through technology [ A ]. Proceedings of 2013 Longwall USA
Conference & Exhibit. Pittsburgh[ C]. PA,USA,2013:8-13.
FISCOR S. Improved safety and productivity through advanced

shearer automation[ J]. Coal Age,2017,22(7) :16-23.
TZALAMARIAS M, TZALAMARIAS I, BENARDOS A. et al. Room
and pillar design and construction for underground coal mining
in greece[ J]. Geotech Geol Eng. ,2019,37:1729-1742.
SCHMIDT D. Room-and-pillar eyeing the future: The latest in e-
quipment, technology and consumables [ J ]. Coal Age, 2014
(119) :28-30.
BIENTAWSKI Z T. A method revisited ; Coal pillar strength formula
base on field investigations [ A ]. Proceedings of the Workshop on
Coal Pillar Mechanics and Design[ C]. Pittsburgh:1992,1C 9315 .
158-165.
DU X, LU J,MORSY K, et al. Coal pillar design formulae review
and analysis[ A ]. Proceedings of the 27th International Conference
on Ground Control in Mining[ C]. Morgantown ,2008 ;153-160.
DELIVERIS A V,ANDREAS B. Evaluating performance of lignite
pillars with 2D approximation techniques and 3D numerical analy-
ses[ J]. International Journal of Mining Science and Technology,
2017,27(6) :929-936.
LUO Y. Highwall mining: Design methodology, safety and suitability
[ R]. Morgantown 2014 :34.





