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Purpose. Creating	a	mining	robot	complex	with	adaptive	control	(MRAPCS)	intended	for	coal	extraction	
from	local,	offbalance	reserves	of	coal	seams	(pillars	for	different	purposes),	as	well	as	for	the	development	of	coal	
seams	occurring	in	complex	geological	conditions,	with	the	length	of	the	longwall	up	to	45–60	m.	The	complex	
can	be	used	for	selective	mining	while	mining	shallow,	inclined	coal	seams	with	hardstructural	framework,	as	the	
EFM4NА	able	to	conduct	the	layering	selective	mining.

Methodology. When	doing	research	on	a	new	type	of	coal	mining	complexes,	a	complex	method	was	used	
that	includes	scientific	generalization,	analysis	of	practice	data	and	prior	industrial	research,	design	and	develop
ment,	experimental	studies,	mine	and	bench	studies,	simulation,	etc.

Findings.	 The	 design	 has	 been	 selected	 and	 improved;	 the	 complex	 components	 including	 the	 excavation	
manipulators	have	been	substantiated	and	investigated.	The	block	diagram	of	the	subsystems	regulated	by	execu
tive	body	while	selecting	the	method	of	cutting	has	been	developed,	the	issues	of	designing	a	model	of	elements	of	
microcontroller	process	control	systems	have	been	observed,	namely,	the	control	system	of	robotic	platform	of	
excavation	manipulator	moving.	The	development	of	technical	documentation,	prototyping	and	production	tests	
of	the	complex	in	one	of	the	mines	of	Karaganda	have	been	specified,	which	are	expected	to	conduct	research	of	
processes	and	methods	of	destruction	of	hard	rock,	taking	into	account	the	dynamics	of	the	interaction	of	the	
environment	and	the	elastic	properties	of	the	links.

Originality. An	innovative	way	of	coal	cutting	in	the	longwall,	which	provides	a	reduction	in	energy	intensity	
of	the	formation	of	cutting	up	to	10	times	over	an	existing	shearer,	is	offered.	The	total	capacity	of	electric	paddle	
excavation	is	about	50	kW.

Practical value. Introduction	of	the	technology	of	coal	mining	with	minimal	presence	of	workers	through	the	
use	of	adaptive	management	software;	reduction	of	energy	intensity	of	destruction	of	mineral	by	the	cutter	ma
chine	and	metal	consumption	of	the	coal	mining	complex	and	excavation	manipulator	by	2–3	times	compared	to	
existing	narrow	cutting	shearers.	The	introduction	of	robotic	technology	systems	will	 improve	the	efficiency	of	
interaction	between	the	human	operator	and	the	diagnostic	system	of	the	cleaning	robot	technology	sector	and	
minimize	the	risk	for	workers	in	underground	coal	mining.	It	becomes	possible	to	reactivate	and	develop	techno
logical	reserves	of	mineral	deposits	under	complex	geological	conditions.

Keywords: mining robotic complex with adaptive control software (MRCACS), powered roof supports, 
excavation frontal manipulator (EFM), a human operator, the microprocessor control system
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Introduction.	One	of	the	priorities	of	the	concept	
of	development	of	mining	industry	in	Kazakhstan	for	
the	period	up	 to	2020	adopted	by	 the	government	of	
the	Republic	of	Kazakhstan	is	robotic	application	and	
automation	 of	 production	 processes,	 environmental	
safety,	and	measures	to	reduce	the	negative	impact	of	
the	environment	on	people.	The	development	of	coal	
seams	by	an	underground	method	has	a	negative	im
pact	on	the	state	of	land	resources	and	causes	both	en
vironmental	and	socioeconomic	damage.	Implemen

tation	of	wastefree	technologies	of	coal	seams	excava
tion	requires	creation	of	scientific	bases	of	mining	ro
botic	 application,	 as	 well	 as	 the	 preparation	 of	 engi
neering	 and	 design	 development	 elements,	 devices,	
systems	of	control	of	mining	robots.

Unsolved aspects of the problem.	Currently,	in	
most	cases,	the	management	of	mining	and	excavation	
units,	 complexes	 is	 performed	 by	 people,	 i.e.	 by	 the	
operator	who	is	required	to	continuously	monitor	the	
technological	process	and	to	manage	 the	operational	
process.	This	situation	is	determined	by	the	failure	of	
units,	 systems	 to	edit	automatically	or	change	an	ac
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tion	 program,	 to	 make	 independent	 decisions	 in	 the	
cases	of	changing	technological	situation	(the	change	
of	 the	 hardness	 of	 rocks,	 the	 occurrence	 of	 areas	 of	
waste	rock).

The	existing	systems	require	organization	and	on
going	support	of	the	communication	channel	unit	with	
a	manoperator.

While	carrying	out	technological	operations	the	op
erator,	receiving	 information	on	the	management	ob
ject	 and	 technological	 process	 from	 the	 system,	 con
tinuously	 monitors	 and	 controls	 the	 actuators	 of	 the	
whole	complex.	The	complexity	of	the	process,	adverse	
conditions	along	with	the	nature	of	work	requiring	at
tention,	results	in	the	operator’s	fatigue	and	increasing	
probability	of	erroneous	actions,	conse	quen	tly.

However,	despite	the	significant	development	and	
wide	 application	 of	 the	 considered	 automated	 units,	
complexes,	it	should	be	noted	that	the	existing	system	
does	not	have	the	ability	 to	conduct	selective	mining	
required	 while	 developing	 seams	 with	 complex	 hyp
sometry,	with	the	occurrence	of	rock	layers	and	solids,	
as	well	as	geological	faults	that	is	characteristic	of	de
posits	of	the	Karaganda	coal	basin.

Analysis of the recent research.	In	Eurasian	Na
tional	University	named	after	Gumilev	(Astana)	scien
tific	 research	 work	 is	 currently	 performed	 on	 “Re
search	 and	 development	 of	 technology	 for	 cleaning	
mining	complex	robotic	selective	on	the	basis	of	stan
dard	equipment	(SRCACS)”.	L.N	Gumilev	ENU	and	
Karaganda	 State	 Technical	 University	 (KSTU)	 (Ka
zakhstan,	Karaganda),	together	with	the	coal	depart
ment	 (CD)	 of	 “ArcelorMittal	 Temirtau”	 JSC	 and	
“Karaganda	Engineering	Consortium”	LLP	are	con
ducting	 the	 development	 of	 industrialinnovation	
project	 “Mining	 robotic	 complex	 with	 adaptive	 con
trol	software”	(MRCACS)

Work	 on	 mine	 robotics	 and	 software	 control	 of	
technological	processes	has	been	the	most	developed	
in	the	UK,	Japan,	the	USA,	Germany,	and	the	Czech	
Republic.	For	example,	in	1995	the	United	States	be
gan	extensive	use	of	 robotic	manipulators	 for	drilling	
(“Fanuk”	 company),	 the	 installation	 of	 the	 concrete	
tubing	lining	in	tunnels	(“Dainik”	firm).	Robotic	au
tomation	of	mining	operations	in	the	UK	has	been	car
ried	out	under	the	state	program.

The	 control	 system	 mounted	 on	 the	 main	 shaft	
“Ellalont”	(Australia)	provides	remote	control	for	the	
following	 operations:	 unloading,	 shifting,	 the	 thrust	
support	 units,	 advancing	 the	 conveyor	 extension	 and	
retraction	of	the	flexible	lining	console.	This	system	is	
based	on	 lowcurrent	electronic	equipment	 in	an	 in
trinsically	 safe	 design.	 The	 operator	 can	 unload	 and	
move	 the	 bursting	 roof	 support	 and	 move	 the	 con
veyor.

Such	control	is	carried	out	remotely	within	the	sup
port	 of	 25	 units	 on	 either	 side	 of	 the	 currently	 con
trolled	section.

The	 “Raspadskaia”	 mine	 of	 “Yzhkuzbassugol”	
pro	duction	 association	 tested	 hardware	 remote	 and	
automated	control	mounted	in	the	part	of	the	experi
mental	 sample	 set	 KM138,	 machinery	 of	 a	 wireless	

remote	control	combine	with	an	infrared	channel	of	
USM	 type	 and	 control	 equipment	 for	 hypsometry	
reservoir	with	a	“rock		coal”	sensor	of	“Quantum	–
III”	type.

Within	 the	 mechanic	 (automatic)	 complexes	 in
cluding	KM137A,	KAM	and	KMS	(for	layers	of	0.8	
to	1.5	m),	KM138A	(from	1.2	to	2.5	m),	the	AFC	(for	
layers	from	0.65	to	0.9	m)	and	F1	frontal	aggregates,	
automation	 machinery	 of	 several	 independent	 or	 re
lated	information	systems	was	used	to	implement	au
tomatic,	remote	and	automated	modes	of	roof	support	
control	according	to	the	operator’s	commands.	It	was	
possible	 for	 the	 operator	 to	 change	 the	 order	 of	 ad
vancing	 sections	 (serial,	 chess	 ones),	 size	 of	 groups.	
The	 centre	 console	 displayed	 the	 information	 about	
the	 state	 of	 the	 combined	 machine,	 conveyor	 and	
magnetic	station.

Automated	frontal	combines	(AFC)	of	RKU,	KA,	
and	 KAS	 type	 were	 equipped	 with	 “coalrock”	 fold	
tracking	subsystems;	they	have	a	wireless	radio	or	in
frared	 control.	 The	 AFC	 unit	 is	 operated	 from	 the	
control	panel	in	the	haulage	drift.

“Donavtomatgormash”	Institute	together	with	the	
“EMAG”	 agricultural	 association	 (Poland)	 created	
automated	 facilities	 of	 mining	 equipment:	 hydraulic	
and	 electrohydraulic	 actuators	 for	 the	 automation	 of	
downhole	equipment;	specialized	microcomputers	for	
installation	on	stopes	and	road	headers;	laser	dial	des
tinations	for	mining	and	face	equipment	management	
system	using	infrared	radiation.

The	 issues	 of	 mining	 robotics,	 manless	 mining	
technology	for	very	thin	layers	of	steep	have	been	stud
ied	 by	 research	 institutes	 and	 universities	 of	 Russia	
(Institute	of	Coal,	Siberian	Branch	of	Russian	Acade
my	of	Science;	MI	after	A.	A.	Skochinskiy,	MMI,	No
vocherkassk	Polytechnic	Institute),	Ukraine	(Institute	
of	Geotechnical	Mechanics	of	NAS	of	Ukraine,	Insti
tute	of	Geological	Sciences	of	Ukraine).

Unsolved  aspects  of  the  problem.	 Attempts	 to	
remove	 existing	 drawbacks	 were	 made	 in	 the	 project	
on	 creating	 robotic	 systems	 for	 coal	 mining	 without	
constant	 presence	 of	 people	 in	 the	 working	 face	
(MRCACS),	which	uses	a	microprocessor	control	sys
tem	with	automatic	remote	controlled	excavation	arm	
of	the	EFM,	powered	roof	supports	and	longwall	con
veyor	providing:

	automatic	control	of	 the	excavation	arm	for	 the	
given	program;

	 control	 of	 powered	 roof	 supports	 for	 the	 given	
program;

	control	of	reversible	conveyor	on	bord	gate;
	control	of	the	face	conveyor;
	control	of	«Titan»	stowing	complex;
	automatic	control	of	the	load	with	EFM	cutting	

heads	of	different	diameters;
	changes	in	the	program	of	the	complex	work,	de

pending	on	geological	conditions;
	 remote	control	of	 the	excavation	arm	and	pow

ered	roof	supports;
	 providing	 the	 necessary	 protections	 and	 inter

locks.
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The	 control	 system	 includes	 a	 local	 systems	 con
trolling	the	EFM	and	roof	support,	devices	transmit
ting	and	receiving	information,	control	device.

Microprocessor	control	system	for	robotic	complex	
for	selective	extraction	was	performed	on	the	basis	of	
the	KR580IK80A,	the	module	of	interface	circuits	was	
implemented	 on	 the	 132	 series	 chips,	 and	 program
mable	read	–	only	memory	was	implemented	on	BIS	
KT556RT5.

The	pipe	system	allows	connecting	the	interface	for	
the	automatic	control	of	the	complex.	A	set	of	such	de
vices	and	the	control	program,	which	corresponds	to	
different	processing	circuits	of	the	face	and	is	placed	in	
the	module	of	a	programmable	memory,	are	used	 to	
handle	the	complex	in	various	modes	of	coal	mining,	
taking	into	account	hypsometry	formation.

Objectives of the article.	The	goal	is	to	develop	
and	create	a	prototype	of	a	robot	technology	complex	
on	the	basis	of	sloping	complex	of	“Glinik”	(Poland),	
where	 EFM4NA	 mining	 excavation	 arm	 of	 forward	
action	is	used	as	an	excavation	tool	(Fig.	1	and	Table).	
Another	 objective	 is	 the	 implementation	 of	 pilot	 re
search	of	the	complex	performance.

Presentation  of  the  main  research.  Mining	
stoping	robotic	technology	complex	[1–6]	is	intended	
for	the	development	of	coal	seams	by	the	underground	
method	 according	 to	 a	 manless	 mining	 technology	
and	consists	of	the	following	modular	and	functional	
elements:

	a	mining	excavation	manipulator;
	 equipment	 with	 adaptive	 programmed	 control	

unit	with	a	diagnosis	of	the	condition	and	actuators	in	

the	form	of	hydropillars,	hydraulic	cylinders	with	po
sition	 indication	 during	 operations	 on	 securing	 and	
managing	the	roof;

	a	powered	support	and	an	excavation	manipulator	
of	 the	EFM  whose	hydropillars	and	hydraulic	cylin
ders	are	equipped	with	cylinders	with	position	indica
tion,	they	serve	as	the	actuators;

	a	downhole	scraper	conveyor	with	vertical	scrap
ers	 in	 the	curved	 section	 for	 the	displacement	of	 the	
EFM	in	case	of	failure	of	functional	elements;

	electrohydraulic	equipment.
The	control	system	of	a	robotic	technology	com

plex	is	a	combination	of	the	following	modular	com
ponents:	 an	 automatic	 excavation	 manipulator	 of	
EFM	type,	a	mechanized	support,	a	scraper	conveyor	
and	 other	 equipment,	 which	 records	 the	 incoming	
signals	in	the	DAC	control	unit	through	pressure	sen
sors	and	magnetic	indication	of	liquid	flow	and	tem
perature.

The	control	system	of	the	robotic	technology	com
plex	is	shown	in	Fig.	2.	All	signals	from	the	digitalto
analog	 converter	 are	 processed	 as	 digital	 values	 with	
computer	software;	therefrom	as	digital	values	signals	
are	supplied	to	the	actuators.	The	sensor	signals	are	se
quentially	transmitted	to	the	DAC,	therefrom	they	are	
converted	 into	 the	 required	 signals	 to	 the	 actuators,	
hydraulic	control	valve	and	the	electric	control	valve	
(ECV),	which	further	serve	to	control	all	the	processes	
and	operations	of	coal	mining	in	the	working	face,	and	
are	also	applied	to	all	hydropillars	and	hydraulic	cylin
ders	 with	 position	 indication	 according	 to	 the	 soft
ware.

Fig. 1. The winning machine-manipulator EFM-4NA:
1 – boom actuator; 2 – swing bearing; 3 – moving mechanism; 4 – loading device; 5 – electric motor with oil sta-
tion; 6 – ram; 7 – Control Panel; 8 – magnetic station; 9 – support-feed gripping mechanism of jacks supply; 
10 – shoe of downhole support; 11 – hydraulic claw; 12 – round guide



26  ISSN 2071-2227, Науковий вісник НГУ, 2016, № 4

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

During	the	creation	of	the	complex	it	is	supposed	
to	conduct	research	into	the	following	issues:	process
es	and	methods	of	destruction	of	hard	rock,	taking	into	
account	the	dynamics	of	the	external	environment	and	
the	elastic	properties	of	units;	parameter	optimization	
for	electrohydrodrive	of	executive	manipulation	mech
anisms	 with	 walking	 movement	 systems	 of	 different	
degrees	of	freedom;	the	development	of	adaptive	soft
ware	control	interactively,	the	complex	control	system	
(Fig.	3)	and	diagnostic	system	of	states	of	components	
of	the	stoping	complex;	simulation	of	the	dynamics	of	
the	 actuators,	 taking	 into	 account	 nonlinear	 func
tions	of	the	position	when	cutting	hard	rock	and	other	
issues.	 The	 ultimate	 goal	 of	 the	 development	 is	 the	
implementation	of	MRCACS	at	the	CD	of	“Arcelor
Mittal	Temirtau”	JSC.

The	 apparatus	 in	 Fig.	 3	 operates	 in	 the	 following	
way.	Hydraulic	pumps	8–10,	electric	motor	16	of	the	
actuating	device	are	switched	on	from	the	remote	con
trol	 through	 the	 control	 unit,	 so	 are	 selector	 valves	
13–18	 to	 the	 left	position	L.	Due	 to	 the	pressure	of	
the	pump	10	and	control	valves	13,	14	and	18,	valves	
11,	12	 and	19	 are	 switched	on	 respectively	with	hy
draulic	control	in	the	right	position	II.	From	the	oper
ating	pump	8,	the	fluid	is	fed	under	pressure	into	the	
rod	cavity	of	hydraulic	dual	7,	and	it	engages	with	the	

Table

Technical	characteristics	of	the	HМF4NA

№ Indicators	number	 	Values

1 Extracting	seam	thickness,	m 3.0–5.0

2 Scale	of	gripping,	m 0.5–0.8

3 Productivity,	t,		min

with	manual	control 3.0

with	automatic	control 4.0

4 Dip	angle,	deg 9–35

5 Feeding	pressure,	N 10–15

6 Feed	rate	of	m	/	min	 up	to	10

7 Type	of	moving	mechanism	 chainless,	walking

8 Type	of	an	actuator A	boom	with	a	cutting	head

9 Specific	energy	consumption,	kW	∙	h/t 0.25

10 Power	of	an	actuator	on	the	basis	of	the	tunnel	com	Bains	PC56M,	kW 46

11 Overall	size,	mm:

the	length	of	the	base 4000

the	width 1350

the	height 5000

Fig. 2. Block diagram of the module control:
IM ECU – actuator and electric control valve; 
DAC – Digital-to-analog converter; D – sensor

Fig. 3. Control structure diagram for the EFM 
mining excavation manipulator
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rail	conveyor	21	with	curved	sections;	simultaneously,	
through	 the	 valve	 11,	 fluid	 is	 supplied	 to	 hydraulic	
dual	 piston	 cavity	 6	 and	 it	 is	 disengaged	 from	 the	
guide	21.	From	the	operating	pump	8,	the	fluid	being	
under	pressure	is	fed	into	the	piston	cavity	of	the	hy
draulic	cylinder	5	along	the	pressure	line	20	 through	
the	valve	12	to	the	right	position	and	the	line	22.	There	
occurs	a	supply	of	the	EFМ	to	the	slaughter,	while	the	
liquid	 is	distilled	out	of	 the	 rod	end	of	 the	hydraulic	
cylinder	5	in	the	rod	end	of	the	hydraulic	cylinder	4,	
which	 makes	 hydraulic	 dual	 cylinder	 4	 and	 hydroc
lamp	6	ready	for	the	next	cycle	of	operation.	Position	
sensors	of	cylinders	4	and	5	at	full	retraction	of	the	rod	
make	 switch	 over	 valves	 13	 and	 14	 which,	 in	 turn,	
switch	over	valves	11	and	12.

Hydro	clamp	6	engages	with	the	guide	21	while	the	
hydraulic	 cylinder	 4	 delivers	 the	 EFМ	 at	 slaughter.	
The	liquid	from	the	rod	end	of	the	hydraulic	cylinder	4	
is	held	in	the	cylinder	5,	which	prepares	hydroclamp	7	
and	hydraulic	cylinder	5	to	the	next	operation	cycle	of	
choosing	schemes	of	breaking	coal.	Thus,	the	switch
ing	process	recurs,	and	there	occurs	a	continuous	sup
ply	of	the	EFM	to	the	slaughter.	The	speed	of	move
ment	 of	 the	 EFM	 depends	 on	 the	 efficiency	 of	 the	
working	pump	8,	as	well	as	on	the	load	of	the	engine	16	
of	the	activator.

Simultaneously,	the	liquid	is	supplied	into	the	pis
ton	cavity	of	the	hydraulic	cylinder	3	from	the	operat
ing	pump	8	along	the	line	24	through	a	valve	19	to	the	
right	position;	this	causes	movement	of	the	actuating	
device	down.	The	actuating	device	having	reached	the	
lower	 end	 position,	 the	 valve	 18	 switches	 over	 by	
means	of	the	jack	sensors	via	the	control	unit,	which,	
in	turn,	makes	the	valve	19	switch	over.	The	fluid	from	
the	operating	pump	8	is	supplied	through	the	distribu
tor	19	to	the	left	position	in	the	rod	end	of	the	hydrau
lic	cylinder	3,	which	causes	the	actuating	device	move	
upward,	and	then	the	cycle	repeats.

The	speed	of	the	movement	of	the	actuating	device	
also	depends	on	the	load	of	the	engine	16	of	the	actu
ating	device,	from	the	remote	control	via	the	control	
load	on	the	cable	distributor	23,	15	and	17	are	switched	
on	simultaneously	to	the	left.	From	the	pump	10	the	
liquid	is	supplied	to	the	trunnions	31	and	32	along	the	
line	25,	through	valves	15	and	17	to	the	left	position	
on	 lines	26	and	27	 through	check	valves	35	and	36,	
which	causes	simultaneous	movement	of	the	stators	of	
the	controlled	pumps	8	and	9.	Moving	stators	cause	a	
task	of	certain	performance	of	the	pumps	8	and	9,	and,	
consequently,	 feed	 rate	 assignment	 of	 the	 combined	
machine,	tramming	speed	of	the	boom	and	the	rota
tion	speed	of	the	hydraulic	motor	of	the	actuating	de
vice	preserving	VP/Vn	=	const,	where	Vn	is	feed	rate	of	
the	 combined	 machine	 VP	 is	 the	 rotational	 speed	 of	
the	hydraulic	motor	of	the	actuating	device.

To	overcome	technological	overloads	or	to	main
tain	the	nominal	load	of	the	electric	motor	16	of	the	
actuating	device,	a	 signal	 is	 supplied	 to	a	 load	con
troller	by	applying	current	sensors;	the	processed	sig
nal	is	supplied	to	the	valves	15	and	17	via	the	cable	
23.	Following	the	signal,	the	valves	15	and	17	switch	

over	to	the	right	position	P,	therefore,	the	fluid	flow
ing	from	the	pump	10	along	the	line	25	through	the	
valves	15	and	17	to	the	right	position,	along	the	line	
28	and	the	hearth	29,	is	supplied	to	the	pistoncham
ber	of	 the	check	valves	35	 and	36,	causing	 them	to	
open.	Due	to	the	pressure	of	the	fluid	from	the	pump	
10	along	the	line	30	on	the	trunnions	33	and	34,	and	
due	 to	 the	 momentary	 liquid	 drain	 from	 under	 the	
trunnions	31	and	32	through	the	check	valves	35	and	
36	along	the	lines	26	and	27	and	through	the	valves	
15	 and	 17,	 the	 stators	 of	 the	 pumps	 8	 and	 9	 move	
that	 causes	 a	 proportional	 decrease	 in	 the	 perfor
mance	of	the	pumps	8	and	9,	which,	in	turn,	causes	a	
decrease	in	the	feed	rate	of	the	EFМ,	the	rotational	
speed	of	the	hydraulic	actuator	and,	respectively,	the	
load	current	of	 the	motor	16	while	maintaining	 the	
ratio	Vp	/Vp	=	const.

Thus,	 the	 application	 of	 the	 apparatus	 described	
and	drawn	up	as	an	invention	provides	an	operation	of	
the	combined	machine	in	the	optimal	mode	based	on	
the	output	in	case	of	failure	of	the	functional	element	of	
the	EFM	ACS	through	the	curved	section	of	the	con
veyor.	The	total	amount	of	the	EFM	in	the	ACS	can	be	
up	to	8–10	if	up	to	9	EFMs	are	used	as	sections	of	sup
ports	due	to	the	EFM	failures,	which	provides	improved	
performance	in	a	breakage	face	due	to	their	reliability	
and	the	reliability	of	the	coal	excavation	technology	it
self.	The	recommended	technique	provides	from	6	to	12	
thousand	tons	of	coal	from	a	longwall	per	day.

The	problems	which	are	solved	in	order	to	achieve	
the	end	result	include:	the	security	of	mining	opera
tions	 at	 the	 breakage	 face	 carried	 out	 without	 the	
permanent	 presence	 of	 workers	 through	 the	 use	 of	
adaptive	 management	 software;	 a	 sharp	 decrease	 in	
losses	of	mineral	resources;	improving	quality	of	ex
tracted	minerals	through	the	use	of	automated	min
ing	excavation	manipulator	with	 the	actuator	of	 the	
selective	action;	reduction	of	energy	intensity	of	de
struction	of	minerals	by	a	winning	machine	and	met
al	 intensity	 by	 2–3	 times	 compared	 to	 an	 existing	
shortwall	stoping	machine.	The	project	proposes	an	
innovative	 way	 to	 cut	 carbon	 in	 the	 working	 face,	
which	provides	a	reduction	in	energy	intensity	of	the	
bed	 cutting	 up	 to	 10	 times	 compared	 to	 existing	
shearers.	The	total	capacity	of	 the	electric	motor	of	
the	 mining	 excavation	 manipulator	 is	 about	 50	 kW.	
This	is	achieved	by	the	fact	that	while	breaking	mine	

Fig. 4. Methods of handling the face with the ac-
tuator of the excavation manipulator:
a – continuous method; b – serial method

a

b
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rocks	by	 the	boom	actuator	of	combined	machines,	
which	 consists	 in	 the	 supply	 of	 the	 actuator	 to	 the	
face,	the	tilting	of	the	actuator	within	the	face	seam	
thickness	 and	 movement	 of	 the	 actuator	 are	 con
ducted	simultaneously	(Fig.	4).

The	main	advantages	of	the	complex	designed	are:
	 automatic	 control	 of	 the	 excavation	 manipulator	

and	powered	roof	supports	according	to	a	given	program;
	managing	the	face	and	reversible	conveyors	on	a	

bord	gate	with	a	stowing	complex	(for	selective	mining);
	automatic	regulation	of	load	with	different	diam

eters	of	the	cutting	heads	of	the	manipulator;
	changing	 the	program	of	 the	complex	work	de

pending	on	mining	and	geological	conditions.
Adaptive	control	software	(ACS).	Adaptive	control	

MRCACS	includes	the	following:
	the	general	scheme	of	microprocessor	control;
	 the	 electrical	 distributor	 circuit	 with	 ferrite	 for	

22	positions;
	the	general	control	scheme	of	the	EFM4NA	ex

cavation	manipulator;
	the	hydraulic	scheme	of	automatic	control	of	the	

EFM4NA;
	the	hydraulic	circuit	of	the	powered	roof	support	

sections;
	 the	 general	 scheme	 of	 the	 microprocessor	 con

sisting	 of	 a	 hydraulic	 section	 control	 circuit	 and	 the	
control	scheme	of	the	powered	roof	supports.

The	scope	of	application	of	the	MRCACS	complex.	
The	complex	is	designed	for	testing	the	local,	offbalance	
sheet	reserves	of	coal	seams	(pillars	for	different	purpos
es)	as	well	as	for	the	developing	the	coal	seams	occurring	
in	 rough	 mining	 and	 geological	 conditions,	 with	 the	
length	of	lava	up	to	45–60	m.	The	complex	is	also	used	
for	 selective	mining	while	mining	shallow,	sloping	coal	
seams	 with	 hard	 structural	 composition,	 as	 the	 EFM
4NA	is	able	to	conduct	layering	selective	mining.

Development	of	robotic	technology	complexes	will	
increase	the	efficiency	of	interaction	of	the	human	op
erator	and	diagnostic	systems	and	minimize	the	risk	of	
emergencies.	It	becomes	possible	to	reactivate	and	de
velop	technological	reserves	of	mineral	deposits	under	
difficult	geological	conditions.

Expected	results	are:
	the	ability	to	optimize	characteristics	of	drive	and	

mechanisms	with	walking	systems	of	motion	with	dif
ferent	degrees	of	mobility;

	 automation	 of	 the	 design	 of	 manipulation	 “Ro
bot”	 in	 a	 variety	 of	 manufacturing	 operations	 in	 the	
conditions	which	are	dangerous	to	life	and	health;

	 formation	 of	 technological	 and	 technical	 con
cepts	of	constructing	and	manipulating	diagnostic	sys
tems	based	on	studying	mechatronics;

	high	mobility	of	operations	 in	different	versions	
depending	on	the	EFM4NA	location;

	the	possibility	of	adaptive	software	control	of	the	
complex	at	a	distance	and	even	surface;

	 ensuring	 high	 reliability	 and	 efficiency	 of	 the	
complex	in	the	working	face.

Conclusions and recommendations for further 
research.  The	 project	 on	 the	 use	 of	 the	 MRCACS	

complex	 will	 provide	 protection	 and	 significant	 im
provement	in	the	resources	status,	namely:	eliminate	
the	 violation	 and	 damage	 of	 the	 mining	 take	 land;	
eliminate	the	need	for	using	the	land	as	mine	dumps	
eliminating	all	negative	environmental	impacts.

In	 the	 course	 of	 scientific	 experimental	 research	
the	following	issues	will	be	grounded:	motion	param
eters	of	the	mining	rocks,	technological	parameters	of	
excavation	 technology	 for	 coal	 seams	 and	 the	 main	
functional	elements	of	 the	MRCACS	complex.	They	
will	allow	reducing	the	energy	density	of	destruction	of	
coal	and	metal	intensity	3fold,	improving	operational	
safety	through	automation	and	robotics	of	coal	extrac
tion	on	the	basis	of	unification	of	resources,	diagnos
tics	 and	 fault	 of	 the	 microprogramed	 control	 using	
microprocessor	means;	 improving	 the	environmental	
situation	in	the	region	(due	to	the	abandonment	of	the	
rock),	as	well	as	reducing	the	loss	of	coal	and	improv
ing	the	quality	and	productivity	of	coal	mining.

The	ultimate	goal	of	 the	development	 is	 to	 intro
duce	the	MRCACS	the	coal	department	of	“Arcelor
Mittal	Temirtau”	JSC.
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Мета.	 Створення	 очисного	 роботизованого	
комплексу	 з	 адаптивнопрограмним	 керуванням	
(ОРКАПК),	призначеного	для	відпрацювання	ло
кальних,	 позабалансових	 запасів	 вугільних	 плас
тів	 (ціликів	 різного	 призначення),	 а	 також	 для	
розробки	вугільних	пластів,	що	залягають	у	склад
них	гірничогеологічних	умовах,	з	довжиною	лави	
до	 45–60	 м.	 Комплекс	 може	 застосовуватися	 для	
селективної	 виїмки	 при	 відпрацюванні	 пологих,	
похилих	 вугільних	 пластів,	 що	 мають	 складно
структурну	будову,	так	як	ВМФ4НА	здатен	вести	
шарову	вибіркову	виїмку.

Методика.	 При	 виконанні	 досліджень	 вико
ристаний	комплексний	метод,	що	включає	наукове	
узагальнення,	аналіз	даних	практики	та	раніше	про
ведених	виробничих	досліджень,	проектні	розроб
ки,	експериментальні	дослідження,	шахтні	та	стен
дові	дослідження,	імітаційне	моделювання	та	ін.

Результати.	Вибрані	й	удосконалені	конструк
ції,	обґрунтовані	та	досліджені	складові	комплек
су,	включаючи	виїмкові	маніпулятори.	Розробле
на	структурна	схема	підсистем,	регульовані	вико
навчим	органом	при	виборі	способу	різання,	роз
глянуті	 питання	 проектування	 моделі	 елементів	
мікроконтролерних	 систем	 управління	 техноло
гічними	 процесами,	 а	 саме,	 система	 управління	
роботизованою	 платформою	 переміщення	 виїм
кового	 маніпулятора.	 Передбачена	 розробка	 тех
нічної	 документації,	 виготовлення	 дослідного	
зразка	 та	 проведення	 виробничих	 випробувань	
комплексу	на	одній	з	шахт	Караганди,	у	ході	яких	
передбачається	проведення	досліджень	процесів	і	
методів	руйнування	міцних	гірських	порід	з	ураху
ванням	динаміки	взаємодії	зовнішніх	середовищ	і	
пружних	властивостей	ланцюгів.

Наукова новизна.	Пропонується	 інноваційний	
спосіб	різання	вугілля	в	очисному	вибої,	що	забезпе
чує	зменшення	питомої	енергоємності	різання	плас
та	 до	 10	 разів	 у	 порівнянні	 з	 існуючими	 очисними	
комбайнами.	 Загальна	 потужність	 електродвигунів	
виїмкового	маніпулятора	становить	близько	50	кВт.

Практична  значимість.	 Впровадження	 тех
нології	видобутку	вугілля	з	мінімальною	присут
ністю	 робітників	 за	 рахунок	 застосування	 адап
тивнопрограмного	 управління;	 зниження	 пито
мої	 енергоємності	 руйнування	 корисної	 копали
ни	 виїмковою	 машиною	 та	 металоємності	 очис
ного	комплексу	й	виїмкового	маніпулятора	у	2–3	
рази	в	порівнянні	з	існуючими	вузькозахватними	
комбайнами.	 Впровадження	 робототехнологіч
них	 ком	плексів	 дозволить	 підвищити	 ефектив
ність	 взаємодії	 людиниоператора	 й	 діагностич
ної	 си	стеми	 очисного	 робототехнологічного	
комплексу	 та	 звести	 до	 мінімуму	 небезпеку	 для	
працюючих	 при	 під	земному	 видобутку	 вугілля.	
З’являється	можливість	розконсервації	та	розроб
ки	техногенних	запасів	родовищ	корисних	копа
лин	у	складних	гірничогеологічних	умовах.

Ключові  слова:	 очисний роботизований 
комплекс з адаптивно-програмним керуванням 
(ОРКАПК), механізоване кріплення, виїмковий 
маніпулятор фронтальний (ВМФ), людина-опе-
ратор, мікропроцесорна система управління

Цель.	Создание	очистного	роботизированно
го	ком	плекса	с	адаптивнопрограммным	управле
нием	(ОРКАПУ),	предназначенного	для	отработ
ки	 локальных,	 забалансовых	 запасов	 угольных	
пластов	(целиков	различного	назначения),	а	так
же	для	разработки	угольных	пластов,	залегающих	
в	сложных	горногеологических	условиях,	с	дли
ной	 лавы	 до	 45–60	 м.	 Комплекс	 может	 приме
няться	 для	 селективной	 выемки	 при	 отработке	
пологих,	наклонных	угольных	пластов,	имеющих	
сложноструктурное	строение,	так	как	ВМФ4НА	
способен	вести	слоевую	избирательную	выемку.

Методика.	При	выполнении	исследований	по	
созданию	 нового	 типа	 очистного	 комплекса	 ис
пользован	комплексный	метод,	включающий	на
учное	обобщение,	анализ	данных	практики	и	ра
нее	 проведенных	 производственных	 исследова
ний,	проектные	разработки,	экспериментальные	
исследования,	 шахтные	 и	 стендовые	 исследова
ния,	имитационное	моделирование	и	др.

Результаты.	 Выбраны	 и	 усовершенствованы	
конструкции,	обоснованы	и	исследованы	состав
ляющие	комплекса,	включая	выемочные	манипу
ляторы.	 Разработана	 структурная	 схема	 подси
стем,	регулируемых	исполнительным	органом	при	
выборе	 способа	 резанья,	 рассмотрены	 вопросы	
проектирования	 модели	 элементов	 микрокон
троллерных	систем	управления	тех	но	ло	ги	че	ски	ми	
процессами,	а	именно,	система	управления	робо
тизированной	платформой	пе	ре	ме	ще	ния	выемоч
ного	 манипулятора.	 Предусмотрена	 разработка	
технических	 документаций,	 изготовление	 опыт
ного	образца	и	проведение	производственных	ис
пытаний	комплекса	на	одной	из	шахт	Караганды,	
в	ходе	которых	предполагается	проведение	иссле
дований	 процессов	 и	 методов	 разрушения	 креп
ких	горных	пород	с	учетом	динамики	взаимодей
ствия	внешних	сред	и	упругих	свойств	звеньев.
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Научная  новизна.	 Предлагается	 инноваци
онный	спо	соб	резания	угля	в	очистном	забое,	ко
торый	обеспечивает	уменьшение	удельной	энер
гоемкости	резания	пласта	до	10	раз	по	сравнению	
с	 существующими	 очистными	 комбайнами.	 Об
щая	 мощность	 электродвигателей	 выемочного	
манипулятора	составляет	около	50	кВт.

Практическая  значимость.	 Внедрение	 техно
логии	 добычи	 угля	 с	 минимальным	 присутствием	
рабочих	за	счет	применения	адаптивнопрограмм
ного	управления;	снижение	удельной	энергоемко
сти	разрушения	полезного	ископаемого	выемочной	
машиной	и	металлоемкости	очистного	комплекса	и	
выемочного	манипулятора	в	2–3	раза	по	сравнению	
с	 существующими	 узкозахватными	 комбайнами.	
Внедрение	робототехнологических	комплексов	по
зволит	 повысить	 эффективность	 взаимодействия	

человекаоператора	 и	 диагностической	 системы	
очистного	 робототехнологического	 комплекса	 и	
свести	к	минимуму	опасность	для	работающих	при	
подземной	 добыче	 угля.	 Появляется	 возможность	
расконсервации	и	разработки	техногенных	запасов	
месторождений	 полезных	 ископаемых	 в	 сложных	
горногеологических	условиях.

Ключевые  слова:	 очистной роботизирован-
ный комплекс c адаптивно-программным управ-
лением (ОРКАПУ), механизированная крепь, 
выемочный манипулятор фронтальный (ВМФ), 
человек-оператор, микропроцессорная система 
управления
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ДОСЛІДЖЕННЯ ЗАКОНОМІРНОСТЕЙ РОЗВИТКУ 
ГЕОМЕХАНІЧНИХ ПРОЦЕСІВ ПРИ КОМБІНОВАНОМУ 

СПОСОБІ РОЗРОБКИ РОДОВИЩ

Purpose.	The	introduction	of	modern	geodetic	array	condition	monitoring	methods	in	order	to	establish	laws	
governing	 the	 development	 of	 geomechanical	 processes	 in	 the	 combined	 method	 of	 developing	 Maykain	 gold	
deposit,	ensuring	high	accuracy	and	performance	of	surveying.

Methodolody.	Analysis	and	synthesis	of	theoretical	research	in	the	process	of	displacement	of	different	geo
logical	conditions	of	deposits,	systematization	of	international	experience	in	usage	of	combined	development	of	
gold	 deposits,	 experimental	 studies	 in	 the	 laboratory	 and	 mine	 conditions,	 analytical	 calculations,	 processing	
observation	results	by	methods	of	mathematical	statistics	and	computer	modeling.

Findings.	For	safe	and	efficient	extraction	of	gold,	effects	of	natural	and	geotechnical	factors	on	the	develop
ment	of	deformation	processes	were	studied,	this	allowed	evaluating	the	possibility	of	regulating	their	influence	on	
rock	mass	and	engineering	structures.

Geomechanical	monitoring	of	the	condition	of	the	rock	mass	was	conducted	using	modern	surveying	instru
ments,	which	provided	high	accuracy	and	performance	of	surveying.

The	determined	conditions	of	cracking	in	the	rear	sight	between	the	open	and	underground	workings	allow	
obtaining	information	on	changes	of	geomechanical	condition	of	overlying	layers	of	rock	mass.

A	scheme	of	rock	mass	movement	during	the	application	of	the	combined	method	of	mining	of	Maykain	de
posit	was	established	which	allows	choosing	different	ways	of	managing	geomechanical	processes.

Originality. Consists	in	developing	a	method	of	monitoring	an	array	status	on	the	basis	of	modern	geodetic	
instruments,	with	a	high	information	content	and	accuracy	of	the	determination	in	the	process	of	shifting	patterns.

Practical value	consists	in	the	introduction	highprecision	geodetic	methods	into	the	production,	namely,	
into	system	of	geomechanical	monitoring	while	combining	open	pit	and	underground	works.

Keywords:	geomechanical processes, state of rocks, monitoring, modern surveying methods of monitoring, 
electronic tacheometers, levels, laser scanners, three-dimensional modeling
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