
(12) STANDARD PATENT (11) Application No. AU 2014243983 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Mining methods and equipment 

(51) International Patent Classification(s) 
E21D 15/44 (2006.01) E21D 23/04 (2006.01) 

(21) Application No: 2014243983 (22) Date of Filing: 2014.03.13 

(87) WIPO No: WO14/160253 

(30) Priority Data 

(31) Number (32) Date (33) Country 
13/826,463 2013.03.14 US 

(43) Publication Date: 2014.10.02 
(44) Accepted Journal Date: 2018.04.26 

(71) Applicant(s) 
Seneca Industries Inc.  

(72) Inventor(s) 
Myers, Timothy J.;Cline, Michael;Dickinson, John 

(74) Agent / Attorney 
Pizzeys Patent and Trade Mark Attorneys Pty Ltd, PO Box 291, WODEN, ACT, 2606, AU 

(56) Related Art 
US 3,856,356 A 
US 4887935 A



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2014/160253 Al 
2 October 2014 (02.10.2014) WI PO I P CT 

(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, 
E21D 15/44 (2006.01) E21D 23/04 (2006.01) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 

(21) International Application Number: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 

PCT/US2014/026161 SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, 
(22) International Filing Date: TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, 

13 March 2014 (13.03.2014) ZW.  

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 

(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 

(30) Priority Data: UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 

13/826,463 14 March 2013 (14.03.2013) US TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 

(71) Applicant: SENECA INDUSTRIES INC. [US/US]; 430 MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
Harper Park Drive, Beckley, West Virginia 25801-2663 TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
(US). KM, ML, MR, NE, SN, TD, TG).  

(72) Inventors: MYERS, Timothy J.; 402 Silver Street, Hur- Declarations under Rule 4.17: 
ley, Wisconsin 54534 (US). CLINE, Michael; 14300 - as to applicant's entitlement to applyfor and be granted a 
Brushy Mound Road, Carlinville, Illinois 62626 (US). patent (Rule 4.17(ii)) 
DICKINSON, John; 3801 PGA Boulevard, Suite 903, 
Palm Beach Gardens, Florida 33410 (US). - as to the applicant's entitlement to claim the priority of the 

- ~earlier application (Rule 4.1 7(iii)) 
(74) Agent: DEAN, Sean M., Ph.D., J.D.; Fish & Richardson 

P.C., P.O. Box 1022, Minneapolis, Minnesota 55440-1022 Published: 

(US). - with international search report (Art. 21(3)) 

(81) Designated States (unless otherwise indicated, for every - before the expiration of the time limit for amending the 
kind of national protection available): AE, AG, AL, AM, claims and to be republished in the event of receipt of 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, amendments (Rule 48.2(h)) 
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 
DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 

(54) Title: MINING METHODS AND EQUIPMENT 

82 

92 

90 

92 
86 84 88 

FIG. 4A 

(57) Abstract: Methods and equipment have been developed that combine the use of continuous miners, flexible conveyor trains, 
O and longwall mining techniques to provide flexible and efficient removal of resources from subterranean formations.



WO 2014/160253 PCT/US2014/026161 

Mining Methods and Equipment 

TECHNICAL FIELD 

This invention relates to mining methods and equipment.  

BACKGROUND 

5 Longwall mining is a method of mining in which a relatively long mining face 

(typically in the range 200 to 460m) that is created by driving a roadway at right angles 

between two continuous miner sections that form the sides of the longwall block, with 

one rib of this new roadway forming the longwall face. Once the longwall face 

equipment has been installed, coal can be extracted along the full length of the face in 

10 slices of a given width using a shearer depositing coal on an armored face conveyor.  

The modem longwall face is supported by hydraulically powered roof supports and 

these supports are progressively advanced to support the newly extracted face as slices 

are taken, allowing the section where the coal had previously been excavated and 

supported to collapse. This process is repeated continuously, thus completely removing 

15 a rectangular block of coal.  

Shortwall mining is a method of mining in which a continuous miner cuts and 

loads from a shorter mining face (typically in the range of 30 to 200m) that is created 

by driving a roadway between two continuous miner sections that for the sides of the 

block, with one rib of this new roadway forming the shortwall face. Once the shortwall 

20 face equipment has been installed, coal can be extracted along the full length of the face 

in slices determined by the cutting width of the continuous miner. The excavated 

material is loaded by the continuous miner to haulage systems. Ventilation and haulage 

is provided from the headgate entries.  

SUMMARY 

25 Methods and equipment have been developed that combine the use of 

continuous miners, flexible conveyor trains, and longwall mining techniques to provide 

flexible and efficient removal of resources from subterranean formations. These 

methods and equipment can be applied to smaller reserves than the reserves typically 

considered appropriate for longwall mining and can provide flexibility in avoiding, for 

30 example, recovering from edges with irregular boundaries caused by property control, 
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geologic obstacles or geographic obstacles. These methods and equipment also can 

provide increased efficiency relative to room and pillar or shortwall mining techniques.  

In one aspect, methods for use in a mining operation include: advancing a 

continuous miner towards an angled face that extends from a headgate to a tailgate; 

5 performing an angled cutting turn in which the continuous miner turns less than 900; 

advancing the continuous miner along the angled face to the tailgate in a cutting 

operation; depositing material extracted from the face by the continuous miner on a 

flexible conveyor train; supporting a roof of the mine along the angled face with a 

plurality of powered roof supports; withdrawing the flexible conveyor train along the 

10 angled face; withdrawing the continuous miner along the angled face; and sequentially 

advancing each of the plurality of powered roof supports towards the angled face.  

Embodiments can include one or more of the following features. The steps can 

be repeated with a new face generated by each repetition of steps substantially parallel 

to the angled face generated by previous iterations of the steps. The flexible conveyor 

15 train is a first flexible conveyor train and the method comprises discharging extracted 

material from the first flexible conveyor train to a second flexible conveyor train.  

Sequentially advancing each of the plurality of powered roof supports towards the 

angled face includes sequentially advancing each of the plurality of powered roof 

supports at least 10 feet towards the angled face. Some continuous miners are wider 

20 and are accommodated by advancing each of the plurality of powered roof supports at 

least 11.5 feet towards the angled face. Sequentially advancing each of the plurality of 

powered roof supports towards the angled face includes sequentially advancing each of 

the plurality of powered roof supports in coordination with movement of the continuous 

miner. Sequentially advancing each of the plurality of powered roof supports towards 

25 the angled face includes pushing loose material into the path of the continuous miner by 

extending dozer blade spill plates on the powered roof supports. The angled face is an 

angled coal face.  

In one aspect, a system for use in a mining operation includes: a continuous 

miner configured to cut material from a face; a plurality of powered roof supports 

30 positioned along the face; and a guidance system operable to receive a location signal 

based on relative location of the continuous miner along the face and to send control 

signal to the plurality of powered roof supports positioned along the face.  
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Embodiments can include one or more of the following features. The system 

includes a cable reel assembly operable to store, feed, and receive a cable attached to 

the continuous miner. The cable reel assembly is mounted on one of the plurality of 

powered roof supports. Portions of the cable reel are movable between a plurality of 

5 positions along an axis of symmetry of the powered roof support on which the cable 

reel is mounted. The cable reel assembly comprises a rotating mount enabling rotation 

of a cable reel about a first axis to feed or receive the cable and rotation of the cable 

reel about a second axis to track the movement of the continuous miner relative to the 

cable reel assembly. The system includes a flexible conveyor train positioned to 

10 receive material from the continuous miner as the continuous miner makes advances 

along a face extending from a headgate to a tailgate. The flexible conveyor train is a 

first flexible conveyor train and the system comprises a second flexible conveyor train, 

the second flexible conveyor train positioned to receive material from the first flexible 

conveyor train. Each of the plurality of powered roof supports is movable between a 

15 retracted position and an extended position supporting at least 11 linear feet of roof 

than the retracted position.  

In one aspect, systems for extracting material from subterranean formation 

include: a main gate; a tailgate connected to the maingate by an active mine face, the 

active mine face extending at an angle between 950 and 1350 relative to the maingate.  

20 Embodiments can include one or more of the following features. The angle is 

between is less than 1300 (e.g., less than 1250, 1200, 1150, or 1100). The angle is 

greater than 950 (e.g., greater than 1000 or 1050). The active mine face extends 

between 100 feet and 700 feet from the maingate to the tailgate. The active mine face 

extends more than 200 feet from the maingate to the tailgate.  

25 In one aspect, a powered roof support includes: a canopy configured to directly 

contacts a roof of a mine; a base configured to rest on a floor of the mine, the base 

comprising a spill plate and a push cylinder with a maximum stroke greater than 11 

feet; and a pair of hydraulic legs 84 attaching the canopy to the base.  

Embodiments can include one or more of the following features. The push 

30 cylinder is a multiple-stage push cylinder with nested hydraulic chambers. The push 

cylinder is a double-stage push cylinder. The push cylinder is a triple-stage push 

cylinder. The nested hydraulic chambers that can extend up to four times a retracted 
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length of the push cylinder. The base has a length between 12 feet and 18 feet and a 

width between 4 feet and 6 feet. The canopy has a length between 20 feet and 26 feet 

and a width between 4 feet and 10 feet.  

The described mine layouts and systems can provide several advantages. It can 

5 be used to recover smaller reserves than feasible in traditional longwall mining, while 

requiring less capital than longwall mining and providing more efficiency than room 

and pillar mining. It can provide flexibility in terms of avoiding geologic or geographic 

obstacles or recovering materials from seams having edges with irregular boundaries.  

In comparison to previous shortwall mining techniques in which the mining face is 

10 perpendicular to the main gate, there is less unsupported exposed roof at the turn corner 

between the headgate and the face, resulting in less danger of roof collapse and 

improved safety.  

The details of one or more embodiments of the disclosure are set forth in the 

accompanying drawings and the description below. Other aspects, features, and 

15 advantages of the disclosure will be apparent from the description and drawings, and 

from the claims.  

DESCRIPTION OF DRAWINGS 

Figure 1 is a schematic of an angled mine layout.  

Figures 2A and 2B illustrate a continuous miner.  

20 Figure 3 illustrates a flexible conveyor train.  

Figure 4A and 4B are, respectively, a schematic side and profile views of a 

powered roof support.  

Figure 5 is a connector between a spill plate and push support of the powered 

roof support of Figure 4.  

25 Figures 6A-6B are schematic front and side views of cable reel mounted on a 

powered roof support.  

Figures 7A-7J illustrate a mining operation sequence in the angled mine layout 

of Figure 1.  

Figures 8A-8E are schematic side views of the angled mine layout of Figure 1.  

30 Figures 9A and 9B are schematics of two flexible conveyor trains connected in 

series.  
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DETAILED DESCRIPTION 

Methods and equipment have been developed that combine the use of 

continuous miners, flexible conveyor trains, and longwall mining techniques to provide 

flexible and efficient removal of resources from subterranean formations. These 

5 methods and equipment can be applied to smaller reserves than the reserves typically 

considered appropriate for longwall mining and can provide flexibility in avoiding, for 

example, geologic or geographic obstacles or recovering from edges with irregular 

boundaries. These methods and equipment also can provide increased efficiency 

relative to room and pillar mining techniques.  

10 We discuss examples of these methods and equipment in the context of 

extracting coal from a coal bed but they can be applied to other mining applications 

including, for example, mining trona, gypsum, potash and salt.  

Figure 1 illustrates an angled mine layout 10 for use, for example, in extracting 

coal from a coal bed. Coal is extracted from an active face 15, also known as the mine 

15 face or seam. The location of the face 15 changes during mining operations as coal is 

removed from the face 15. The face 15 is accessed by at least two sets of tunneled 

roads, called entries, gates, or gateroads 16, 18. Personnel, supplies, ventilating air, and 

the mined coal extracted at the coal face 15 can pass through these roads to access the 

surface above. The headgate 16 is the primary gateroad used to access the face 15 and 

20 experiences the most travel during operations. The point at which the face 15 and the 

headgate 16 intersect, called the turn corner 19, can be considered the "beginning" of 

the face 15. The gateroad that intersects the face 15 at its opposite end is the tailgate 

18.  

Coal is extracted from the face 15 using a continuous miner 30. A flexible 

25 conveyor train 50 follows the continuous miner 30 as the continuous miner 30 performs 

mining operations and creates a path along the coal face 15. The flexible conveyor 

train 50 receives the coal extracted from the coal face 15 by the continuous miner 30 

and transports the coal, for example, to a fixed section belt for removal from the mine 

10.  

30 Multiple powered roof supports 80 are positioned along the length of the face 

15. Removal of material from the face 15 by the continuous miner 30 causes a loss in 

structural integrity of the mine roof, and powered roof supports 80 provide support to 
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the newly created roof. As the continuous miner 30 removes coal along the face 15, the 

powered roof supports 80 automatically advance from their previous position to a new 

position that holds up the new section of mine roof just created by the passing of the 

continuous miner 30.  

5 The face 15 intersects the headgate 16 at an angle 22 (e.g., the angle extending 

from the face 15 through the un-mined formation to the wall of the maingate) at turn 

corner 19. The angle 22 is an obtuse angle, i.e., greater than 90 degrees. As the face 15 

is oblique to the headgate 16 rather than perpendicular to it, equipment that approaches 

the coal face 15 along the headgate 16 turns through an angle 23 of less than 90 degrees 

10 in order to travel along the coal face 15. In the illustrated layout, the angle 22 is 

approximately 105 degrees. In some embodiments, the configuration of the roof 

supports 80 limits the angle 22 between the headgate 16 and the face 15 to less than 

135 degrees (e.g., less than 1300, 1250, 1200, 1150, 1100, etc.). In some embodiments, 

the turning radius of the equipment being used limits the angle 22 between the headgate 

15 16 and the face 15 to greater than 900 (e.g., greater than 950, 1000, 1050, etc.).  

Powered roof supports traditionally attached to face conveyor perpendicularly.  

Greater angles between the headgate 16 and the face 15 increase the length of the face 

15 and can increase the number of expensive powered roof supports required along the 

face 15. Previous wall mining techniques were implemented with the face 

20 perpendicular to gates in part to minimize the number of roof supports necessary since 

the roof support cost, for example, approximately $350,000 USD each. In addition, this 

geometry works well with the advancing of the system. The distance between gate 

roads is fixed in a longwall application but the shortwall application allows for some 

flexibility in the width of the face as the tolerances are not as critical.  

25 A mining layout with a face angled to relative to the main gate can enable 

implementing shortwall mining techniques with a continuous miner in conjunction with 

a flexible conveyor train. Surprisingly, the resulting increases in efficiency can 

counterbalance the additional capital costs associated with additional roof supports 

required for this configuration. In addition, diagonal attachment of the powered roof 

30 supports to the face conveyor in the mining layout with the face 15 angled relative to 

the maingate 16 can reduce the area of unsupported roof at the turn corner between the 

maingate 16 and the face 15.  
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The angled line layout 10 can be used in combination with the innovative 

continuous miner 30 and powered roof supports 80 described below in a mining 

operation that can provide flexible and efficient removal of resources from subterranean 

formations.  

5 Continuous Miner 

Figures 2A and 2B illustrate a continuous miner machine that has a large 

rotating steel drum 32 equipped with tungsten carbide teeth 33 that scrape coal from the 

coal face 15. Continuous miners are traditionally used in a "room and pillar" mining 

system where the mine is divided into a series of 20-to-30 foot "rooms" or work areas 

10 cut into the coal bed. A continuous miner can mine as much as 38 short tons of coal a 

minute, and can remove swaths of material approximately 11.5 feet wide. Continuous 

miners can utilize, for example, conveyors, ram cars or shuttle cars to transport the 

removed coal from the coal face, and unlike the shearers often used in longwall mining 

operations, is independently mobile rather than carried or otherwise conveyed along the 

15 length of the coal face 15.  

A trailing cable 34 (see Figure 2B) provides power to the continuous miner 30.  

The cable is deployed from a separate cable reel (described below) rather than being 

mounted on the continuous miner. The operator controls the continuous miner by 

wireless systems. The water is supplied to the continuous miner through a separate 

20 water hose.  

This approach provides the continuous miner with significantly greater 

flexibility by controlling the length of the cable along the shortwall face and headgate 

entry in contrast to existing continuous miners which incorporate a trailing cable 34 

which is pulled along the mine floor. In addition, this approach can be safer for the 

25 operator of the continuous miner.  

Cables 34 are typically approximately 2 inches in diameter and weigh 

approximately 3 lb. per foot. Traditional continuous miner operations required that a 

worker physically position the continuous miner cable and water line as the machine 

was maneuvered. This required the operator to be outside of the spill plate of the 

30 flexible conveyor train in a relatively exposed position. Traditional continuous miner 

operations also require the operator to pick up the continuous miner cable and place 
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loops of the cable on holders on the sides of the continuous miner when the continuous 

miner was backing up.  

By using the cable reel and having the water line carried by the flexible 

conveyor train (FCT) unit, the operator can now be positioned behind the spill plate and 

5 under the powered roof support. This position has fewer hazards to the operator than 

positioning near the machine. In addition, use of the cable reel eliminates the need for 

the operator to pick up the continuous miner cable and place loops of the cable on 

holders on the sides of the continuous miner when the continuous miner is backing up.  

Flexible Conveyor Train 

10 Figure 3 illustrates a flexible conveyor train 50. The use of the flexible 

conveyor train along the face 15 is enabled by the angle of the face relative to the main 

gate. The material extracted by the continuous miner 30 is loaded into a hopper 52 

located at the front end of the flexible conveyor train 50. The flexible conveyor train 

removes the received material from the face 15 by conveying it via a conveyor belt 54 

15 running along the length of the flexible conveyor train 50. Receiving the coal from the 

continuous miner 30 and transports the coal, for example, to a fixed section belt for 

removal from the mine 10, the flexible conveyor train 50 reduces the total number of 

mobile machines (e.g., shuttle cars) and workers in the mine 10. Higher capacity 

production is also possible as the continuous haulage eliminates the bottle necks and 

20 wait times during batch haulage systems. In addition, material degradation is reduced 

with the reduction of transfer points improving product quality while reducing dust and 

improving safety. Flexible conveyor trains are typically provided with radio remote 

controls similar to the continuous miners.  

As flexible conveyor train 50 both follows the continuous miner 30 and 

25 removes material from the face 15, varying parts of the conveyor 54 must bend through 

angle 23as they reach the turn corner 19. The angled mine layout 10 reduces this angle 

from the traditionally used 90 degrees. Although relatively flexible, the flexible 

conveyor train 50 requires a turn radius which can be reduced with the reduction in 

angle 23.  

8
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Powered Roof Supports 

As shown in Figures 4A and 4B, the roof supports 80 have a canopy, or shield 

canopy 82 that directly contacts the mine roof on its upper surface. The number of 

powered roof supports 80 shown in the figures is not intended to limit the number of 

5 roof supports 80 used in an angled mine layout 10. The number of roof supports is 

chosen based on a number of factors of a particular mine 10, including the length of the 

face 15 to be worked. For example, 107 to 122 roof supports 80 may be used in a mine 

layout with a 700 feet face. The roof supports 80 are typically placed adjacent to each 

other, with a spacing of about 2 meters between centerlines of adjacent units.  

10 A pair of hydraulic legs 84 attach the roof support canopy 82 to a base 86. The 

hydraulic legs 84 provide the force necessary to push the canopy 82 upwards and 

buttress the mine roof. The roof support base 86 includes a powered push cylinder, or 

ram 88. The push cylinder 88 advances the roof support 80, and pushes a spill plate or 

dozer blade 90 attached to the end of the push cylinder 88. The push cylinder used in 

15 the angled mine layout 10 requires a stroke of approximately 144 inches, or 11.5 feet, 

to traverse the width of unsupported roof left by the passage of the continuous miner 

30. Current roof supports in longwall mining are configured to traverse a distance left 

by a shearer cut, which is typically less than 44 inches, or less than one third of the 

distance of the cut left by the continuous miner 30. To accommodate this greater 

20 distance, push cylinder 88 is a double-stage, or triple-stage push cylinder with nested 

chambers hydraulic chambers that can extend up to four times the original length of the 

ram cylinder. A triple stage push cylinder is formed in a series of nested hydraulic 

rams which un-nest from each other in series. Consequently, the push cylinder 88 has a 

larger diameter than push cylinders traditionally used for roof supports. To 

25 accommodate the larger diameter of the push cylinder 88, the roof support base 86 has 

dimensions of approximately 14.8 feet long by 5.34 feet wide. The canopy 82 is 

correspondingly approximately 22.7 feet long and 6.55 feet wide, and is capable of 

supporting up to 2000 tons of load.  

During operation, the spill plate 90 is extended by the push cylinder 88 after the 

30 flexible conveyor train and the continuous miner are withdrawn. As the spill plate 90 

advances across the mine floor, it pushes any spilled materials left by the recently 

passed continuous miner 30 and flexible conveyor train 50 across the mine floor. This 

9
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places the spilled materials into the vicinity of the newly mined face 15, ready to be 

removed by the continuous miner 30 and flexible conveyor train 50 on their next pass 

along the face. When the spill plate 90 is fully extended, the powered roof supports 

sequentially move forward by lowering the hydraulic legs 84 and linkages 92. The 

5 push cylinder then pulls the powered roof support to its new position nearer the face 

and the hydraulic legs 84 are powered to support the roof. The powered roof support is 

moved approximately 11.5 feet into its second position.  

The angled mine layout 10 requires that the roof supports 80 advance in a 

direction parallel to the headgate 16 but at an angle 22 to the face 15. The adjacent 

10 spill plates form a line 20 parallel to the face 15. Figure 5 shows an angled spill plate 

connector 94 that attaches the spill plate 90 at the angle 23 to the push cylinder 88.  

Spill plate connector 94 has a mechanism 96 that is makes angle 23 adjustable for the 

precise degree required in a specific mine.  

Previous shortwall systems used powered roof supports that had a cantilever 

15 support that extended from the tip of the canopy to cover the distance. Current 

generation powered roof supports are larger machines that can span a bigger distance.  

This application uses currently available powered roof supports that were designed to 

use in the headgate and tailgate of a longwall setup and use these supports along the 

face. These supports are larger and more expensive than the roof supports typically 

20 used in the face for a longwall system.  

Cable Reel 

Figures 6A and 6B illustrate a cable reel 100 mounted on a roof support 81.  

Cables 34 are attached to the continuous miner at one end while the un-deployed length 

of the cables 34 are spooled on the cable reel 100. The cable reel 100 is located at an 

25 edge of the turn corner 19 and attached to (e.g., mounted on, etc.) a first roof support 81 

(i.e., the roof support located at the "beginning" of the face). The cable reel 100 stores, 

feeds, and receives the cables 34 as described below. Cable reel 100 advantageously 

organizes and positions the long cables required for the increased length of the face 15 

used in the mining layout of the current invention, reaching up to 700 feet. This 

30 relatively long face 15 (and associated relatively long length of cable) contrasts to 

traditional shortwall mining operations which vary between 100 to 200 feet in length.  

10
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Figures 6A and 6B are front and side views of the cable reel 100 attached to the 

canopy 82 of the first roof support 81. The cable reel is movable between several 

positions along the canopy 82 (e.g., along an axis of symmetry of the roof support 81).  

Cables 34 can be reeled and unreeled from the cable reel 100 as more or less cable 

5 length is required by the movements of the continuous miner 30.  

A cable reel assembly 101 is mounted to the powered roof support via a rotating 

mount or turntable 112, and is capable of rotation about two distinct axes. The cable 

reel assembly includes a cable spool 106 which is rotatable around a first axis parallel 

to the surface of the canopy 82. As the cable spool 106 rotates about this axis the 

10 cables 34 are reeled and unreeled from the cable spool 106. The cable assembly 101 

also includes a cable spooling guide 108 which restricts the motion of the cables 34 

such that they leave the body of the cable spool 106 at a determined location. The 

cable reel assembly 101 is rotatable about a second axis perpendicular to the first axis 

and perpendicular to the canopy 82. Rotation about this second axis allows the entire 

15 cable reel assembly 101 to rotate relative to the canopy 82. This second rotation is 

facilitated by the turntable 112 and permits the cable spooling guide 108 to move and, 

for example, track the movement of the continuous miner 30 as it turns through angle 

23 at the turn corner 19.  

The cable reel assembly 101 is positioned along the powered roof support by a 

20 hydraulic positioning jack. The positioning jack 104 translates along guide rails 110 

that extend along the canopy 82. In Figure 6A, the cable reel 100 is in an extended 

position 100a, at the end of the first roof support 81 closest to the face 15. In this 

position, the cable reel is substantially aligned with continuous miner as the continuous 

miner proceeds along the face. Figure 9B shows the cable reel 100 in a retracted 

25 position away from the face 15. The distance between the two positions 1 00a and 1 00c 

is chosen to minimize the translation of the cable reel 100 while providing clearance for 

the machines running under the canopy 82 of the first roof support 81. For example, 

this distance can be 4.12 feet.  

Movements of the cable reel 101 can be controllable by remote control. For 

30 example, the timing and speed of positioning of cable reel 100 in its various positions 

(e.g., to position 100a, 100b, 100c) can be controlled by an operator located in the 

mine. The speed of rotation of cable spool 106 as it takes in or feeds out cables 34 can 

11
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be variable, and can be controlled by an operator. Alternatively movement and 

positioning can be done automatically. The automation may be part of the guidance 

system described below.  

Mining Sequence 

5 Figures 7A - 71 illustrate exemplary mining operations implementing the 

equipment and layout described above. To extract material from the angled mine 

layout 10, a continuous miner 30 approaches a face 15 in a generally straight line along 

the headgate 16 (see Figure 7A). When the continuous miner 30 reaches the turn 

corner 19, it must change orientation to parallel to the face 15 which it does by turning 

10 through angle 23 as shown in Figure 7B. Angle 23 is less than the 90 degrees 

traditionally used in mining operations. In some embodiments, while executing the 

turn the continuous miner 30 performs a preliminary cutting operation, partially 

embedding the cutter drum 32 into the solid material of the subterranean formation 

adjacent the face 15 and positioning the continuous miner to extract material in a 

15 straight line parallel to the face 15.  

Turn corner 19 must be kept substantially free of equipment or blockages to 

allow for the passage and movements of the continuous miner 30 and the flexible 

conveyor train 50. As a consequence, the roof supports 80 must be maintained in a 

location to provide adequate clearance for the mobile equipment (e.g., the continuous 

20 miner). In a traditional wall mining layout, previously installed roof bolts provide 

protection along the headgate and tailgate and the powered roof supports provide 

protection along the face. However, use of a continuous miner can require removal of a 

portion of the coal panel to smooth the corner between the headgate 16 and the face 15.  

Depending on the distance to the existing installed roof bolts / powered roof supports, 

25 roof bolting can be required in the turn corner. Since the angle 23 between the face 15 

and the headgate 16 is less than 90 degrees in the angled mine layout 10, the area of 

turn corner 19 is reduced compared to a traditional wall mining layout. This reduction 

in roof area can reduce or eliminate the need to perform roof bolting at the turn corner 

with associated savings in time and costs.  

30 During the turning operation of the continuous miner at turn corner 19, the cable 

reel 100 is at a retracted position relative to the body of the first roof support 81 (see 

Figure 6B). The retracted position can help to keep the cable and cable reel out of the 
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way while the continuous miner 30 executes its turning and preliminary cutting 

operations. In general, the cable reel 100 unreels the shortest possible length of cables 

34 possible to reach the continuous miner 30 and permit it to move easily with the cable 

34 either suspended or lying along the ground but does not unnecessarily tension the 

5 trailing cable 34.  

Figure 7C shows the continuous miner 30 angled and ready to cut coal from the 

face 15, having completed its turn at the turn corner 19. The continuous miner 30 is 

located within the turn corner 19 with the rotating cutter drum 32 at the front end of the 

continuous miner 30 facing and partially embedded in the solid material to be cut and 

10 removed. The body of the continuous miner has completed its maneuvering past the 

first powered roof support 81 and the attached cable reel 100.  

Prior to making a cutting operation across the face 15, the flexible conveyor 

train 50 is positioned immediately behind the continuous miner 30, as shown in Figure 

7D. The flexible conveyor train 50 follows the continuous miner 30 as the continuous 

15 miner 30 cuts a path along the face 15 and provides continuous material clearance for 

the continuous miner 30. The flexible conveyor train 50 can convey coal away from 

the face at flow rates up to 27 tons/minute and can convey salt, trona, gypsum or potash 

at up to 40 tons/minute.  

As the continuous miner 30 and flexible conveyor train 50 perform their 

20 combined material extraction and removal process across the face 15, the location of 

the face 15 moves. The powered roof supports 80 likewise move, translating 

themselves forward from an initial position near the first location of the face 15 to 

second position near the second location of the face 15. As shown in Figure 7D, roof 

support 81 and the two adjacent roof supports have advanced from their previous 

25 position as seen in Figure 7C. The movement, or stroke, of the roof supports is 

approximately the width of material removed from the continuous miner 30. This 

width can be between 10 and 13.5 feet, e.g., 11.5 feet wide. Different width continuous 

miners can be used for different applications. In their second position, the roof supports 

support the roof just created by the passage of the continuous miner 30.  

30 As the continuous miner 30 and flexible conveyor train 50 begin their combined 

material extraction and removal movement across the face 15, the cable reel 100 moves 

to its extended position. In its extended position, the cable reel 100 has moved away 
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from both the spill plate 90 and face 15 and the cable reel 100 is positioned for the 

continuous miner 30 to make its mining operation such that the trailing cable 34 is free 

from encumbrances such as the spill plate 90. In some embodiments, the spill board 

above the dozer blade on the powered roof supports defines a cable trough through 

5 which the trailing cable 34 extends. In some embodiments, the trailing cable 34 lays on 

the floor.  

As shown in Figures 7D-7F, the roof supports 80 advance to their respective 

second positions in coordination with the passage of the continuous miner 30. In 

Figure 7E, continuous miner 30 is approximately half way across the face 15 and 

10 accordingly approximately half of the powered roof supports 80 have advanced to their 

respective second positions. Cable reel 100 unspools trailing cable 34 as the 

continuous miner advances with the trailing cable 34 lying underneath the canopies 82 

of the advanced roof supports 80, not interfering with the mining operation.  

In Figure 7F, the continuous miner 30 (and flexible conveyor train 50) has 

15 reached the tailgate 18 at the "end" of the face 15. Trailing cable 34 can be at its full 

extension at this point. Materials along the face (except for any spilled materials) have 

been extracted by the continuous miner 30 and removed from the face 15 by the 

flexible conveyor train 50. The powered roof supports 80 located outby the continuous 

miner have moved to their second positions.  

20 This advance of powered roof supports 80 happens automatically due to a 

guidance system 130 coordinates the movement of the continuous miner 30 with the 

roof supports 80 using the dozer blades 90. In some embodiments, the position of the 

continuous miner is indexed based on the position of the FCT as determined from the 

tailpiece by positioning software. The zero position can be or by a sensor that identifies 

25 when the continuous miner goes past the first powered roof support. In some 

embodiments, the position of the continuous miner is indexed based on the cable reel.  

The zero position can be triggered manually or by a sensor that recognizes when the 

cable reel pivots as the continuous miner proceeds down the face 15. This software 

interfaces with the powered roof support programming to identify when the powered 

30 roof supports would receive a computer command to lower, advance and reset.  

Once the continuous miner cutter head 32 has made contact with the tailgate 18 

as shown in Figure 12, the continuous miner pass is complete. The face 15 has 
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advanced approximately 11.5 feet, or the width of the material removed by the 

continuous miner 30. The continuous miner 30 and flexible conveyor train 50 are 

ready to be withdrawn along the face 15. The direction of travel of the flexible 

conveyor train 50 is reversed, and it is removed from the face and returned to its 

5 original position (see Figure 7G). The continuous miner is also backed up along the 

face 15 and as it passes, the final roof supports 80 located near the tailgate 18 move to 

their respective second positions. As the continuous miner 30 reverses toward the first 

roof support 81, the cable reel reels in the trailing cable 34 moving the cable out of the 

way of the retreating continuous miner 30. As the continuous miner approaches the turn 

10 corner, the cable reel 100 is repositioned to its retraced position moving it out of the 

way of the retreating continuous miner 30.  

As shown in Figure 7H, the continuous miner 30 turns through angle 23 to 

parallel with the headgate 16. The cable assembly 101 rotates on turntable 112 to 

accommodate the change in angle in its retracted position giving maximum 

15 maneuvering space and clearance to the continuous miner 30.  

Once the continuous miner 30 has fully entered the headgate 16 and is out of the 

way, the spill plates 90 attached to the row of roof supports 80 advance approximately 

11.5 feet, pushing any spilled material out of the way. The cable reel 100 returns to its 

extended position to prepare for the next continuous miner cut. This extended position 

20 is behind the spill plate and allows personnel clearance behind the cable reel.  

The steps as described above are repeated multiple times as the material is 

extracted from the mine 10. With each repetition, the face 15 moves closer towards the 

start of the panel, as shown in Figure 71. As the face 15 advances, the extracted area 5 

increases behind the line of roof supports 80. As personnel and equipment are no 

25 longer in the extracted area 5, the mine roof can safely be allowed to collapse behind 

the structural line of roof supports 80 without danger to either operators or the mining 

operation. When the face 15 reaches the end of the dynamic move-up unit (DMU) 51 

as shown in Figure 7J, the section belt and DMU are moved back to start a new cycle.  

Figures 8A - 8E show the angled face mine layout 10 is shown in partial cross 

30 section parallel to the headgate and at a plane intersecting the face 15 at any plane 

between first roof support 81 and the tailgate 18. Figure 8A shows a plane of interest 

prior to a mining cut, with the continuous miner 30 and flexible conveyor train 50 
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located either closer to (i.e., near the "beginning" of the mine) or in the headgate 16.  

The flexible conveyor train 50 deploys off of and retracts onto a dynamic move-up 

(DMU) tailpiece which is the start of the section belt. The powered roof support 80 is 

supporting the mine roof adjacent to the face 15, and the spill plate 90 is in its extended 

5 position.  

The continuous miner 30 and the flexible conveyor train 50 make their 

combined material cutting and removal pass along the face 15 and have reached the 

cross section of interest in Figure 8B. The passage of the mining machines moves the 

face 15 from its original position in Figure 8A to its new position in Figure 8B 

10 approximately 11.5 feet away. At this moment there is an approximately 11.5 foot 

wide unsupported roof area between the face 15 and the roof support 80. The guidance 

system guides the continuous miner 30 as well as coordinates its passage with the 

movements of the roof supports 80.  

The continuous miner 30 continues its mining operation closer to the tailgate, 

15 while the flexible conveyor train 50 continues to follow, Figure 8C. The conveyor 54 

of the flexible conveyor train lies along the entire face 15 including the plane of 

interest. In response to the guidance system, the roof support 80 performs its advancing 

operation, drawing the base 86 towards the spill plate 90, and advancing the canopy 82 

to cover the unsupported roof expanse. As discussed above, this advance of powered 

20 roof supports 80 happens automatically due to a guidance system 130 coordinates the 

movement of the continuous miner 30 with the roof supports 80 using the dozer blades 

90.  

The roof supports can be advanced individually or sets of roof supports can be 

advanced together. The roof supports can be advanced in a single stroke or they can be 

25 advanced by sequencing the roof supports multiple times.  

Once the continuous miner 30 finishes its cut across the face 15 and reaches the 

tailgate 18, the material removal steps for this mining cycle have been completed. The 

flexible conveyor train 50 is withdrawn, snaking backwards and outby along the face.  

The cutter drum 32 on the continuous miner 30 is lowered to a non-cutting position, 

30 decreasing the effective height of the continuous miner 30. The continuous miner then 

retreats backward along the face 15, passing under the canopies 82 which have moved 

to support the newly mined roof, Figure 8D.  
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The spill plate 90 advances to its extended position when both the continuous 

miner 30 and the flexible conveyor train 50 are repositioned in the headgate 16, Figure 

8E. This pushes any spilled materials left by the mining machines near the new face 15 

such that the continuous miner 30 can remove them on the next pass and positions the 

5 roof support 80 into the ready position for its next advancing movement.  

In some embodiments, multiple flexible conveyor trains 50 can be used in series 

to remove material from the face 15. The use of multiple flexible conveyor trains 50 in 

series can extend the length of the face 15 which can be mined using this approach. The 

first 30 feet and the last 30 feet of the flexible conveyor train 50 are not flexible. In 

10 some implementations, a first flexible conveyor train 50 is linked to a second flexible 

conveyor train 50 such that the second flexible conveyor train 50 receives coal 

discharged by the first flexible conveyor train 50 as illustrated in Figure 9A . The 

coupling of the inflexible last 30 feet of the first flexible conveyor train to the inflexible 

first 30 feet of the second flexible conveyor train can prevent the junction between the 

15 first and second flexible conveyor trains from passing the turn comer between the 

maingate 16 and the face 15. This configuration can limit the length of the face 15 to 

the length of the available flexible conveyor train. In some implementations, a mobile 

bridge 53 is used to couple the discharge of the first flexible conveyor train 50 to the 

inlet hopper of the second flexible conveyor train 50 as illustrated in Figure 9B. This 

20 configuration can provide additional articulation joints and allow the inlet hopper of the 

second flexible conveyor train 50 to pass the turn comer and proceed along the face 15.  

A number of embodiments of the invention have been described. Nevertheless, 

it will be understood that various modifications may be made without departing from 

the spirit and scope of the invention. For example, in some embodiments, the fan and 

25 air scrubber system on the continuous miner is removed or de-activated as positive air 

flow along the face towards the tail gate eliminates the need for air control and 

treatment on the continuous miner. Accordingly, other embodiments are within the 

scope of the following claims.  

Throughout this specification and the claims which follow, unless the context 

30 requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or 
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group of integers or steps but not the exclusion of any other integer or step or group of 

integers or steps.  

The reference to any prior art in this specification is not, and should not be 

taken as, an acknowledgement or any form of suggestion that the referenced prior art 

5 forms part of the common general knowledge in Australia.  
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WHAT IS CLAIMED IS: 

1. A system for extracting material from subterranean formation, the 

system comprising: 

5 a main gate; 

a tailgate connected to the maingate by an active mine face; 

wherein the active mine face extends at an angle between 950 and 1350 relative 

to the maingate and the active mine face extends between 200 feet and 700 feet from 

the maingate to the tailgate.  

10 

2. The system of claim 1, wherein the angle is less than 1300.  

3. The system of claim 2, wherein the angle is greater than 1000.  

15 4. The system of claim 3, comprising multiple flexible conveyor trains 

disposed such that a discharge of a first flexible conveyor train and an inlet of a second 

flexible conveyor train are located such that the inlet of the second flexible conveyor 

train receives extracted material discharged from the first flexible conveyor train.  

20 5. The system of claim 4 comprising a guidance system operable to receive 

a location signal based on relative location of the continuous miner along the face and 

to send a control signal to a plurality of powered roof supports positioned along the 

face.  

25 6. The system of claim 5, comprising a cable reel assembly operable to 

store, feed, and receive a cable attached to a continuous miner.  

7. The system of claim 6, wherein the cable reel assembly is mounted on 

one of a plurality of powered roof supports.  

30 

8. The system of claim 7, wherein each of a plurality of powered roof 

supports is movable between a retracted position and an extended position supporting at 
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least 11 linear feet of roof more than the retracted position.  

9. The system of claim 7, comprising a power cable extending from the 

cable reel to a continuous miner.  

5 

10. A method for use in a mining operation, the method comprising: 

forming a main gate of a mine; 

forming a tailgate of the mine connected to the main gate by an active mine 

face; 

10 wherein the active mine face extends at an angle between 950 and 1350 relative 

to the maingate and the active mine face extends between 200 feet and 700 feet from 

the main gate to the tailgate.  

11. The method of claim 10, comprising: 

15 advancing a continuous miner towards an angled face that extends from the 

headgate to the tailgate of the mine; 

performing an angled cutting turn in which the continuous miner turns less than 

900; 

advancing the continuous miner along the angled face to the tail gate in a 

20 cutting operation; 

depositing material extracted from the face by the continuous miner on a 

flexible conveyor train.  

12. The method of claim 11, wherein the steps of claim 1 are repeated with a 

25 new face generated by each repetition of steps substantially parallel to the angled face 

generated by previous iterations of the steps.  

13. The method of claim 11, comprising discharging extracted material from 

a first flexible conveyor train to a second flexible conveyor train.  

30 

14. The method of claim 13, wherein a mobile bridge is used to couple a 

discharge of the first flexible conveyor train to an inlet hopper of the second flexible 

20



conveyor train.  

15. The method of claim 11, comprising sequentially advancing each of a 

plurality of powered roof supports towards the angled face.  

5 

16. The method of claim 15, wherein sequentially advancing each of the 

plurality of powered roof supports towards the angled face comprises sequentially 

advancing each of the plurality of powered roof supports in coordination with 

movement of a continuous miner.  

10 

17. The method of claim 16, wherein sequentially advancing each of the 

plurality of powered roof supports towards the angled face comprises pushing loose 

material into the path of the continuous miner by extending dozer blade spill plates on 

the powered roof supports.  

15 

18. The method of claim 11, wherein the angled face is an angled coal face.  

19. The method of claim 11, comprising: 

supporting a roof of the mine along the angled face with a plurality of powered 

20 roof supports; 

withdrawing the flexible conveyor train along the angled face; 

withdrawing the continuous miner along the angled face; and 

sequentially advancing each of the plurality of powered roof supports towards 

the angled face.  
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