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Support load and resistance

FIG 1 - Ground reaction curve – BMA 
Broadmeadow mine
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FIG 2 - Support load and roof convergence 
characteristics – BMA Broadmeadow Mine
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Support stiffness

Leg diameter
(mm)

High pressure set 
pressure

(bar)

Leg convergence 
between set @ 325 bar

and yield pressure (mm)

Leg convergence 
between high pressure 
set and yield pressure 

(mm)

380 400 23.7 9.9

400 380 14.8 7.0

TABLE 1 - Convergence between set and yield
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High pressure set

Parameter Units 380 mm leg 400 mm leg

Set pressure Bar 325 325

Yield pressure Bar 410 410

Support density at set load (before the cut) t/m² 97 97

Support density at yield load (before the cut) t/m² 122 122

Roof closure (set to yield) mm 23.7 14.8

Natural roof convergence mm +/- 9 +/- 9

Total roof convergence: mm 32.7 23.8

TABLE 2 - Comparison of 380 mm and 400 mm legs
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Canopy control and canopy aspect 
ratio

Original design Final design

Parameter Description JOY DBT JOY DBT

Total Canopy Length (mm) 4505 4420 4605 4520

Front Canopy Projection (mm) 3280 3195 3180 3195

Rear Canopy Projection (mm) 1325 1225 1425 1325

Canopy Aspect Ratio (mm) 2.47:1 2.61:1 2.23:1 2.41:1

TABLE 3 - Comparative canopy designs
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Leg design

Walkway dimensions and ergonomics

Torsional rigidity
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Side shields

Future developments
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Possible cost implications

ARMOURED FACE CONVEYER, 
CRUSHER AND BEAM STAGE 

LOADER TECHNOLOGY
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Recent developments in AFC design

SHEARER
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Cutting methods and sequences



353

Bi-directional cutting system
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Uni-directional cutting system

FIG 3 - Bi-di cutting sequence (after Rutherford, 2001)
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Forward snake

FIG 4 - Uni-directional cutting sequence with backward snake (after Rutherford, 2001)
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Half web

FIG 5 - Uni-directional cutting sequence with forward snake (after Rutherford, 2001)
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Kaiser half web

Thick seam variant
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General considerations

FIG 6 - Half web cutting sequence (after Rutherford, 2001)
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Cutting System Bi-directional
Cutting Uni-directional Cutting Half Web Kaiser Cut Half Web High Seam 

Variant

Relative complexity of system Most complex Simple
Complex because
Bi-di cut is needed with 
shearer

More akin to Uni-di

Cycle time on 200 m face @ 
10 m/min 36 46 46 48

Faster shearer speed needed 
for same level of production No Yes - >13 m/min Yes - >13 m/min Yes - 15 m/min

AFC loading:

Standard Reduced Reduced Lower and balanced

  To tailgate Standard Substantially lower Substantially lower Lower and balanced

Yes No No No

Support advance on intake 
side Yes Yes (in TG backward) 

No (if forward snake) No No

Snake length Standard Standard Half standard but two half 
snakes

Half standard but two half 
snakes

Double snake on face No No (for backward)
Yes (for forward) Yes (only 50%) Yes (only 50%)

Balanced AFC loading Yes No No (unless drum diameter 
matched to seam)

Yes
(high seam especially)

Reduced loading on shearer No
Yes (depending on seam 
section taken on main 
cut)

Yes Yes

Precutting face No No Yes - middle of face Yes (top & middle of face)

Bench to support face No Yes Minimal Yes

Reduced slumping in front of 
shearer No No No Yes

Reduced lumps traveling to 
maingate No No Yes Yes

Improved loading of loose coal No No No Yes

  Poor roof can be double 
chocked Yes No No No

monitored and corrected No Yes No No

Wider clearance on face side 
for coal No No Yes Yes

Variation of cutting volume:

  Vertically No Yes No (in thin seam) Yes

  Horizontally No No Yes Yes

Can be manually operated
Yes - but with 
airborne dust 
risks

Yes - simple Yes (but with air borne 
dust risks)

Yes - but with air borne 
dust risks

Likelihood of lumps on TG side 
of shearer Yes No (except with backward 

snake at TG end) Some Less likely

Tip to face distance changed No No
In weak coal the undercut 
can fall and increase the 
tip to face distance

In weak coal the undercut 
can fall and increase the 
tip to face distance

Autosteering be used on 
shearer Yes Yes Yes Yes

Is creep affected by system Less More Less Less

Can single operator be used 
on shearer

Yes - if auto-
steering is 
operating

Yes Yes (if auto-steering is 
operating as Bi-di) Yes (as per Uni-di)
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LONGWALL TOP COAL CAVING

et al

et al

Resources

FIG 7 - Average depth of the potential LTCC 
seams

Operation
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Challenges to introducing LTCC

Geological and geotechnical matters

et
al

Caving assessment

FIG 8 - A conceptual model of the LTCC method (after XU, 1999)



362

Mining environment

1 2 3 4 5

Minning conditions Very good Good Medium Bad Very bad

Caving index > 0.9 0.8 - 0.9 0.7 - 0.8 0.6 - 0.7 < 0.6

Seam recovery (%) > 80 65 - 80 50 - 65 30 - 50 < 30

TABLE 5 - Caving index with corresponding recovery percentages and description of conditions
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Equipment design and performance

STATUS OF RESEARCH AND 
DEVELOPMENT INTO LONGWALL 

AUTOMATION
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LONGWALL IMPROVEMENT 
OPTIONS
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Key business risks
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FIG 9 - Historical industry longwall performance

TABLE 6 - Coal clearance capacities

Mine Coal Clearance System (t/h)

Okay North 6500

Moranbah North 6000

Newlands 5500

Kestrel 5000

South Bulga 4000

Crinum 3500

Oaky Creek No1 3200

Wambo 3000

Ulan 2800

Southern 2500
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FIG 10 - Annual production from top quartile of Australian longwalls
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OPERATING, DESIGN, METHODS 
AND PLANNING ISSUES

Manning

Ventilation and dust control

200 m Case 322 Case Difference

Number of gate roads 50 35 -15

Number of longwall panels 48 33 -15

Development metres 493 012 358 783 -134 229

Longwall metres retreat 148 257 99 826 -48 431

Longwall cycles 185 321 124 783 -60 538

Longwall tonnes (Mt) 163.0 172.5 9.5

Total tonnes (Mt) 174.3 180.7 6.4

Lw rom tonnes/dev metre 331 481 150

TABLE 7 - Vital statistics of life of mine layouts

TABLE 8 - Annualised vital statistics of life of mine layouts

200 m Case 322 Case Difference

Development metres per year 11 879 8,328 -3,551

Longwall metres retreat per year 3,414 2,189 -1,225

Longwall cycles per year 4,268 2,736 -1,531

Longwall tonnes (Mtpa) 4,459 4,557 0.098

Total tonnes (Mtpa) 4,782 4,783 0.001

Ave time between lw moves (mths)* 10.9 16.4 5.5

*LW move time for 322 m face is 42 days (27 days for 200 m face) – days lost to LW moves over 30 years are basically the same
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Panel design, methods and operation
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Longwall recovery and installation
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APPENDIX I
Brief description of seven outcomes of the study by the Longwall 
Automation Steering Committee.

Outcome 1: Face Alignment and Creep Control

face alignment by measuring the three-dimensional position in space 
of the shearer and to use this information to appropriately control the 
movement of the powered supports. Secondly, to implement creep 
control by measuring the position of roof support structures in the 
main gate and use this information to adjust the face geometry.

During the project, a method of longwall retreat measurement was 
invented and a third goal became to develop a system to directly 
measure longwall retreat distance.

Achievements in this outcome included:
1. Automatic measurement of shearer position using the Landmark 

Shearer Position Measurement System (SPMS) on a production 
basis.

2. Accurate shearer position information is now routinely used at 
Beltana No 1 Mine. 

3. The Honeywell or Litton INS hardware at Beltana has not failed 
over three longwall blocks. 

and controls have been implemented. The failure was not due to 
the operating environment.

5. Supervised operation of closed loop for face alignment has been 
realised.

6. Automatic measurement of creep distance has been 
demonstrated and creep correction information has been 
manually applied to the face at Beltana.

7. A system to automatically measure longwall retreat progress 
has been prototyped and successfully tested.

The goal was to achieve automatic horizon control by responding to 

control strategy needed to account for the variability in strata and 
operating conditions between Australian longwall mines.

Achievements in this outcome included:
1. enhanced horizon control of the vertical shearer track using INS 

based measurement has been successfully bench tested, 
2. optical marker band detection has been successfully 

demonstrated underground, 
3. thermal infrared detection of coal interfaces and detection of 

marker features in the seam have been shown underground, 
and

4. a procedure for automatic horizon control for crossing fault 
conditions has been developed. 

Outcome 3: Open Communications
The goal was to develop a communications method to facilitate 

systems and critical components that form the longwall system.

Achievements in this outcome included:

1. A standard information interchange protocol between equipment 
from different suppliers has been developed.

2. A broadband communications link to the longwall shearer to 
support automated longwall shearer-based instrumentation 
has been developed. The wireless communications link to the 
shearer has been one of the major successes of the project. 
Coverage along the entire 260 metre face length has been very 
reliable and the link is now an established part of the mine’s 
production system. In addition, power line carrier tests have 
been promising. 

3. The introduction of the EtherNet/IP open system communication 
standard and associated development of the automated longwall 

This has been fundamental to the overall success of the project. 
This has provided a solid platform for ongoing development 

standard for the interconnection of mining equipment.

Outcome 4: OEM Involvement 
An important outcome was to maintain OEM commitment over a range 
of activities to the Landmark Project throughout the three years.

Achievements in this outcome were:

1. OEM involvement was maintained at a high level. Since only one 
major test site was provided for in the project scope, only two 

the project work program. However, as all OEMs need to be part 
of the delivery of longwall automation products to the industry, it 
was necessary to involve the other manufacturers actively in the 
project.

of information between longwall components from different 

communications protocol. The work program of the various 
project outcomes involved all major OEMs and served to keep 
them abreast of project developments. 

3. CSIRO has built strong communication and technical links with 
the Longwall OEMs in Australia, Great Britain, Germany and the 
United States. This effort included a facilitation role and resulted 

manufacturers.
4. In particular this has been through in-kind contributions in the 

form of:

equipment,
2. development of Landmark-compliant equipment control 

software for roof supports and shearers,
3. provision of personnel to participate in design reviews and 

risk assessments, and
4. participation in laboratory and underground testing of 

Landmark Longwall Automation systems.

Outcome 5.1: Information System
The original goals consisted of developing an underground monitoring 
station and the implementation of visualisation software for automation 
system operation in the monitoring station. In addition, a third 
objective was aimed at achieving software design and maintenance 
requirements for implementation in the monitoring station for a single 
user operation and to run with ‘off-the-shelf’ computer hardware. The 
information system was also required to report exceptions relating 
to the performance of face equipment in keeping with the on-face 
observation concept of the project. High quality 3D visualisation 
of face equipment and conditions would be essential to give users 

system is operating correctly.

Achievements gained were:
1. a powerful tool set has been constructed for automation and 

general process management; 
2. visualisation systems incorporating database and graphical user 

interface software that allows multiple users access to tailored 
information, have been developed and an integrated information 
system to merge automation, geotechnical, mine design and 
equipment performance has been put in place; and

3. the initial implementation has clearly shown that relevant forms 
of information can be made available to different people at 
different locations at the mine site and appropriate interaction 
with the system can occur from various locations including on 
the surface and at the maingate.

Outcome 5.2: Automation Sequence Development – Process 
Design
The second portion of this outcome set out to develop automation 

production sequences.

A plan to facilitate the design of operating sequences and transfer 
them to the shearer control system has been developed.

Outcome 6: Production Consistency and Reliability
This outcome deals with a number of topics concerned with achieving 
production consistency and reliability in an automated longwall 
system by investigating the present longwall face equipment reliability 
and then develop reliability projections for an automated longwall 
face. The aim was to investigate the failure causes and to propose 
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different maintenance strategies to improve low utilisation of the face 
equipment in Australian longwall mines.

strategies was carried out. The outcome achieved at both test sites 
found that equipment related delays were the single major contributor 
to the total downtime, accounting for over 50 per cent of all lost 
production time. The largest component of the equipment downtime 
is attributed to delays associated with face equipment. These delays 
are caused by either genuine breakdowns or by erroneous condition 
based alarms.

The goal was to identify personnel characteristics and attributes and 
then the subsequent skills required in the workforce for operation 
of a considerably more automated longwall face and develop the 
framework for a training package to assist in the design of training 
programs.

Achievements attained included:

1. a study of manning requirements has been performed,
2.
3. generic roles have been established and a training matrix has 

been completed, and
4. a framework for individual training packages has been 

developed.


