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Rock cutting and cutterhead design in CSIRO

Content

e Smart*Cut technology
 CSIRO cutterhead and shearer drum design software

 Numerical modeling of rock cutting, pick body weatr,
and coal flow across the shearer drums

« Comparing disc cutters with picks for developing new
rapid excavation machinery concepts
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SMART*CUT technology

e Tungsten carbide (WCQC)
wears out very quickly and
reduces the rate of cutting
hard rocks.

 WC Is not hard enough to
cut hard rocks (UCS>100
MPa) economically, even
when fractured.
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SMART*CUT technology

e Super Material Abrasive Resistant Tools (SMART*CUT) is a very
strong and highly wear-resistant cutting element for cutting and drilling
of soft to very hard rocks.

e Consists of a thermally stable diamond composite (TSDC)  cutting
element and worldwide patented bonding technology

e TSDC is more than 1000 times more resistant to abrasive wear than
WC.

 The superiority of SMART*CUT over WC-tipped picks has been
proven in the laboratory conditions. GIIIIIID
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SMART*CUT technology - Rock cutting with WC picks

v = 30 mm/s, RPM = 400, Exc. Height = 40 mm, Sandstone (UCS=120 MPa)

G
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SMART*CUT technology - Rock cutting with SMART*CUT picks

v = 30 mm/s, RPM = 400, Exc. Height = 40 mm, Sandstone (UCS=120 MPa)

G
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SMART*CUT technology - Comparison of wear development

v = 30 mm/s, RPM = 400, Exc. Height = 40 mm, Sandstone (UCS=120 MPa)

G

CSIRO. Rock cutting modeling and cutterhead design csiRO



Pick: Smart*Cut Pick: WC
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Original design CSIRO design
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 In-situ and laboratory studies on SMART*CUT picks
have shown that

* The greatest cause of pick failure is the premature wear
of the steel body that surrounds and supports the pick tip.

e TSDC is fracturing.
* Impact strength of the TSDC must be improved.

» Shape of TSDC is a significant design factor in efficient
and economical cutting operations.

« \We believe that numerical modeling can help in solving
above problems.
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e Aims at developing

A generic, coupled 3D thermo-mechanical SPH/DEM model
of rotary rock cutting process (In progress)

A 3D DEM model of pick body wear (In progress)

* A 3D numerical model of pick impact (Yet to be started)

« SPH (Smoothed Particle Hydrodynamics) is used for the
fracture component.

 DEM (Discrete Element Method) is used for transport
component.

A collaboration with CSIRO Mathematics, Informatics, and
Statistics (CMIS)
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« We want to use numerical models of rock cutting for the following
purposes:

» Developing pick body protection alternatives,
* Improving the material properties of TSDC,
 Improving the impact resistance of TSDC,

e Establishing the optimum shape of TSDC for different
applications

« We are also developing a 3D DEM model of coal flow across the
shearer drums for understanding the flow dynamics of cut coal
particles across the shearer drums in longwall mining.
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 Cutter life is the major problem with hard rock miners/excavators.
e TSDC can be a solution to that problem.

« TSDC may make conventional disc cutting much more efficient
way of cutting hard and abrasive rock.

* A mini-disc has been compared with a WC-tipped point-attack pick
In laboratory linear cutting tests.

* An experimental cutterhead is simulated on a Helidon sandstone
block in the tests.

e Trying to determine the most prospective development route for
developing new machine concepts for hard rock mining and rapid
roadway development.

* A work in progress. Hard rock cutting tests will be done in this FY
where Smart*Cut picks will also be included.

CSIRO. Rock cutting modeling and cutterhead design



Point-attack pick Wedge (V) type steel mini-disc

CSIRO. Rock cutting modeling and cutterhead design



Specific Energy (MJ/m  3)

Specific Energy in Completely Relieved Cuts
(For pick)

16

14

12 A

10

0 T T T T T T T

0 2 4 6 8 10 12 14 16
Spacing-to-depth Ratio

18

a

CSIRO. Rock cutting modeling and cutterhead design

b

200

Specific Energy (MJ/m 2

250

Specific Energy in First Layer Cuts

150

—e— Pick
—a— Mini-disc

100

50 4

6 8 10 12 14 16
Spacing-to-depth Ratio

18




Mean Normal Force (kN)

Mean Normal Forces in Completely Relieved Cuts

s (For pick)
12 »
9
6
3
N
0 T T T T T T T T
0 2 4 6 8 10 12 14 16

Spacing-to-depth Ratio

18

a

CSIRO. Rock cutting modeling and cutterhead design

b

Mean Normal Force (kN)

25

Mean Normal Forces in First Layer Cuts

20 4

15

10

/‘—\.

—e— Pick

—a— Mini-disc

4 6 8 10 12 14 16
Spacing-to-depth Ratio

18




* Rock cutting efficiency is a function of
» The shape and size of the cutter,

 The mode of cutting, when other parameters are kept intact.

e Cutterhead simulation experiments must be conducted In
designing cutterheads.

e High advance rates with mini-discs can be limited by
« Capacity of the bearings,
« Machine weight to provide the required thrust,
e Cutter wear,

* Rock properties (not good for clayey, plastic rocks)
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Phone: +617 3327 4194

Email: Bulent.Tiryaki@csiro.au
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