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Global demand for net-zero energy transition requires more mining activities, of
which most of the ores are low-grade, so they need to be fine ground to liberate
the desired minerals. However, as a unit operation, grinding and comminution
contribute one of the highest energy consumption rates; the mining sector alone
was responsible for an estimated 1.8% of global electrical consumption in 2015.
However, efficiency value can be as poor as 1%-2%, so reducing energy use
while maximizing grinding quality is of paramount interest to the industry,
especially considering the current global economic and energy climate. Ball
media milling is an extensively used grinding technique. To improve the
efficiency and performance of the mill, we study the grinding process in this
work using the Discrete element method.

INTRODUCTION

 Study stress distribution in the mill at different operational conditions.
 Develop a particle breakage probability function based on von mises stress

criteria and frictional shear work.
 Quantify the breakage probability as the particle size distribution in the mill

changes.

OBJECTIVES

RESULTS AND DISCUSSIONS

DISCRETE ELEMENT METHOD (DEM)
DEM is a computational method that simulates the rotations, displacements, and
contacts of discrete bodies/particles. This method can be used to study the
motion of the charge (media and ore particles) in any comminution device. The
method tracks the motion of each particle and models all particle-to-particle and

particle-to-geometry collisions.

METHOD

CONCLUSION
This study demonstrates that particles are more likely to break due to grinding
within the bulk of the flow, rather than from impact at the surface of the charge.
The velocity profile across the charge reveals the coexistence of active and
passive regions, which influence potential breakage patterns. The active regions
primarily drive surface impacts, while the passive regions are dominated by
frictional forces from grinding within the charge. DEM simulation results
support hand calculation predictions, indicating that breakage is unlikely to
occur through impact. Instead, we propose that the stress conditions within the
mill are the key drivers of particle breakage.
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ANALYSIS OF GRANULAR FLOW DYNAMICS IN BALL MILL

START

CONTACT 
DETECTIONS

DETERMINE FORCES AND MOMENTS

�𝑭𝑭𝒏𝒏𝒏𝒏𝒏𝒏 = �𝑭𝑭𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 + �𝑭𝑭𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 = 𝑴𝑴
𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅

INTEGRATE STATES

𝑽𝑽𝒏𝒏𝒏𝒏𝒏𝒏 = 𝑽𝑽𝒐𝒐𝒐𝒐𝒐𝒐 + ∫𝒕𝒕
𝒕𝒕+∆𝒕𝒕 𝑭𝑭𝒏𝒏𝒏𝒏𝒏𝒏

𝒎𝒎
dt,  𝑿𝑿𝒏𝒏𝒏𝒏𝒏𝒏 = 𝑿𝑿𝒐𝒐𝒐𝒐𝒐𝒐 + ∫𝒕𝒕

𝒕𝒕+∆𝒕𝒕 𝑽𝑽𝒏𝒏𝒏𝒏𝒏𝒏 dt

END

𝑭𝑭𝒏𝒏 = 𝑲𝑲𝒏𝒏𝑺𝑺𝒏𝒏 + 𝑪𝑪𝒏𝒏𝑺̇𝑺𝒏𝒏

CONTACT  MODEL
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Kn is the normal contact stiffness, defined previously for the linear hysteretic spring model in equation Cn is the normal 
damping coefficient, Sn is the contact normal overlap,  𝑺̇𝑺𝒏𝒏 is the time derivative of the contact normal overlap

𝑭𝑭𝒏𝒏𝒕𝒕  is the contact normal force at time (t), 𝝁𝝁𝒔𝒔 is the friction coefficient.

Kinetic energy = 800J
Elastic strain Energy =300JSpecific energy in the mill  1100J/530kg 

= 2.075J/Kg = 0.000576kwh/t
STRESS DISTRIBUTION IN THE MILL
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𝝈𝝈𝑿𝑿𝑿𝑿 − 𝝈𝝈𝒀𝒀𝒀𝒀 𝟐𝟐 + 𝝈𝝈𝒀𝒀𝒀𝒀 − 𝝈𝝈𝒁𝒁𝒁𝒁 𝟐𝟐 + 𝝈𝝈𝒁𝒁𝒁𝒁 − 𝝈𝝈𝑿𝑿𝑿𝑿 𝟐𝟐 + 𝟔𝟔 𝝈𝝈𝑿𝑿𝑿𝑿𝟐𝟐 + 𝝈𝝈𝒀𝒀𝒀𝒀𝟐𝟐 + 𝝈𝝈𝒁𝒁𝒁𝒁𝟐𝟐

ABSTRACT
In this study, the Discrete Element Method (DEM) is employed to investigate 
the dynamics of granular flow in a ball mill under varying operational 
conditions. The stress distribution within the mill is analyzed to provide insights 
into regions of high-stress concentration that are critical for particle breakage. A 
particle breakage probability function is developed based on the von Mises 
stress criterion and frictional shear work, enabling a more precise prediction of 
breakage events. The results can inform the design of more efficient mills and 
contribute to a deeper understanding of particle breakage mechanisms in 
granular flows.

Vp

VmaxS = 1m

h

𝑽𝑽𝒑𝒑 = 𝝅𝝅𝑫𝑫𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝝎𝝎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎
𝟔𝟔𝟔𝟔

= 2 m/s

𝑽𝑽𝒎𝒎𝒎𝒎𝒎𝒎 = √ 𝑽𝑽𝒑𝒑𝟐𝟐 + 𝟐𝟐𝟐𝟐𝟐𝟐  
             = 5 m/s

𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎 = 𝝆𝝆𝝆𝝆𝝆𝝆 = 𝝆𝝆𝝆𝝆𝝆𝝆𝑫𝑫𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 
                                  ≈ 12- 22kpa 

Specific comminution energy(𝑬𝑬𝒄𝒄𝒄𝒄) =𝟎𝟎.𝟓𝟓𝟓𝟓𝑽𝑽𝒎𝒎𝒎𝒎𝒎𝒎𝟐𝟐   =12.5J/Kg = 0.0035kwh/t

Considering a full-size mill of diameter 12m,
𝑽𝑽𝒑𝒑= 5.3 m/s, 𝑽𝑽𝒎𝒎𝒎𝒎𝒎𝒎 = 14 mls, 𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎 ≈ 85 – 140kpa
 𝑬𝑬𝒄𝒄𝒄𝒄 = 100J/kg (0.03kwh/t)

Hand calculations example of an ore in a mill

Ball mill

From the stress tensor 𝑰𝑰𝟏𝟏 = 𝝈𝝈𝑿𝑿𝑿𝑿 + 𝝈𝝈𝒀𝒀𝒀𝒀 + 𝝈𝝈𝒁𝒁𝒁𝒁
𝑰𝑰𝟐𝟐 = 𝝈𝝈𝑿𝑿𝑿𝑿𝝈𝝈𝒀𝒀𝒀𝒀 + 𝝈𝝈𝒀𝒀𝒀𝒀𝝈𝝈𝒁𝒁𝒁𝒁 + 𝝈𝝈𝑿𝑿𝑿𝑿𝝈𝝈𝒁𝒁𝒁𝒁  − 𝝈𝝈𝑿𝑿𝑿𝑿𝟐𝟐 − 𝝈𝝈𝒀𝒀𝒀𝒀𝟐𝟐 − 𝝈𝝈𝒁𝒁𝒁𝒁𝟐𝟐
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FUTURE WORK
More research will be conducted  to calculate  the 
stresses and frictional shear work in the mill: 
• As the  mill content changes.
• At various operational  speed.
• At various mill filling rate
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