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Introduction

• Dr. S Uludag, University of Pretoria, Mining 

Engineering Department

• 30 years of mining engineering research and consultancy

• Lead Researcher on WP 6 amd WP5 as part of the LOCM

• PHD in System Dynamics field
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Objective of the study

Establish the industry and requirements for the rocker shovel system 

optimization with potential proximity detection capability

• Easy to operate 
and robust • Sustainable
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• Cost effective and 
low maintenance



Types of Underground Mucking Equipment
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Underground mucking 
equipment

Auto-loaders

LHD

Diesel

Electric

Pneumatic (ST, LE 
and Tun)

FEL CAVO

Conventional

Remote Controlled 
(LE)

Rocker Shovels

Track (ST)

Steel Tyre (ST & 
LE)

Crawler (ST & 
Sink)

Arm loaders

GAL (ST and LE)

GRAB (SI)

Cactus (Sink)

Scraper (ST & LE) Shovel

Dipper (Tun and 
LE)

Hydraulic

FEL: Front end loader

ST: Small sized tunnels

Tun: Large Sized Tunnels

LE: Large underground excavations

Sink: Shaft sinking



Before 1946
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Rail Bound: Pneumatic (Boesman)
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Machine Human Interaction: Pneumatic 
Rocker Shovel
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 Requires Pneumatic power

 Manual

 Limited ergonomics for the user

 Violent and noisy

 High risk of derailments



Rail Bound: Hydro-powered (HPE)
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Never went into production due to lack of infrastructure or 
commitment by the mines to have a new infrastructure 



• Cycle time

• Machine human interaction

• Coupling decoupling challenges

• Rail extension challenges

• Operational challenges

• Limitations with remote controllability

• Battery power challenges

• Hopper/Material car swopping challenges

Narrow Reef Development End Challenges
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Framework towards blueprint

Framework to create a blueprint model for an improved rocker shovel-based development-end cleaning system
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Objectives of a Blueprint Model
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 A blueprint model can aim to demonstrate a combination of 
conditions such as:

 Bench marking to identify internal opportunities for improvement:

 Performance benchmarking

 Practice benchmarking

 Internal benchmarking

 External benchmarking

 Cost Constraints

 Cost Reduction



Mine Parameters for the Blueprint
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RNA Mitochondria

OPTIMALACTUALUnitsPerformance Area

2.52mAdvance per blast

5842m/monthAdvance Rate

2.782.78t/m^3Average Density

9179t/blastTons per blast

21921663t/monthTons per month

OptimalActualORD FACE CYCLE

34.343.3minTravelling time (return)

142.6114.6minCleaning time

28.013.5minPrimary support time

50.055.0minFace preparation time

105.0101.4minDrilling time

55.2199.2minCharging & Blasting time

6.38.1hrsFace Cycle time 
required/blast

• Unit Processes are:

• Drilling

• Blasting

• Support

• Cleaning or mucking

• All unit processes are 
to be captured per

• Tunnel specifications

• Machine 
specifications



BluePrint: Summary Specs per 
Machine Type
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Performance per Machine Type

Numbers are not real but for model validation randomly generated within the 
common mining layouts experienced in narrow reef mines
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Discussions

15

• The OEM industry seems to have less appetite for developing new equipment on 
already mature mines that are not interested in replacing the existing machinery 
with more expensive ones due to challenges of

 Limited flexibility in existing mine layouts

 Confined spaces

 Limited infrastructure

 Costly exercise to replace with modern equipment, small tunnels are more economical

 Not proven to work on several trial attempts of various loader options

 Little experience or training

 Production demand versus development rate matching it is not a bottleneck

 No measurable output in terms of how safe and practical are the alternative solutions



Phase 2 LOCM WP2

16

• Identify service providers involved in validation (for Level 9 
legislation requirements) of equipment or products for South 
African mining applications in narrow reef hard rock mines.  

• Establish a database of the validated equipment or products or 
equipment or products which require testing for technology 
readiness.  

• Establish an information-sharing framework to create linkages 
between sponsors, OEMs, and research institutions to 
collaboratively partake in developing, testing and funding 
selective products. 

• Establish at least three agreements from OEMs to conduct 
equipment or product testing at the MMP test mine.  



Thank you

• Sezer Uludag

• 012 420 3195

• sezer.uludag@up.ac.za
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