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Abstract 

In this research, the discrete element method is employed to study the mixing performance of a 

1𝑚3 capacity planetary concrete mixer. The performance was evaluated based on the homogeneity 

of granular particle mixing and the scanning of the mixer’s inside by the gyrational and planetary 

mixing blades. The granular particle mixing was realized by applying the Hertz-Mindlin contact 

law, constant directional torque, and the Simplified Johnson-Kendall-Roberts (SJKR) models 

using open-source software. Furthermore, analytical formulations for the trajectories of mixing 

blades were developed and implemented in MATLAB. The trajectories were plotted at various time 

intervals, and it was observed that the entire mixer was fully scanned in approximately 30 seconds. 

Finally, numerical and analytical results were compared to verify the findings. 

Keywords:   Discrete Element Method (DEM), Planetary Concrete Mixer, Granular Particles, Mixing 

Blades 
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1. Introduction 

Fresh concrete is ubiquitous in the construction industry. The performance of high-

quality concrete is primarily influenced by the homogeneous mixing of its constituent 

ingredients. To achieve this quality, numerous concrete mixing machines have been 

designed, developed, and mass produced to facilitate the preparation of fresh concrete 

for civil engineering projects. These machines can be broadly categorized into two main 

types: vertical rotating machines, such as pan mixers and planetary mixers, and 

horizontal rotating machines, including twin-shaft mixers, continuous mixers, ribbon 

mixers, and others. Referring to previous research on concrete mixing, relatively few 

studies have focused on the numerical simulation of concrete mixing using planetary 

mixers. This highlights a significant gap in the literature, emphasizing the need for 

further study and analysis of the mixing dynamics and efficiency of planetary mixers 

using computational methods.  

Valigi et al. [1] developed a dynamic simulation environment to predict the behavior and 

service life of planetary concrete mixers by analyzing their geometric and physical 

parameters. Cazacliu [2] investigated the relationship between the evolution of the 

microstructure of concrete materials and the mixing power in a planetary mixer. Valigi 

et al. [3,4] also studied the wear resistance of mixing blades in planetary concrete mixers 

and proposed structurally modified blades to enhance durability against wear. Long et 

al. [5] characterized the mixing performance and power consumption of a twin-blade 

planetary mixer with non-cohesive particles using the Discrete Element Method (DEM). 

Zheng et al. [6] examined the planetary mixer from a kinematics perspective and 

proposed a digital evaluation method for analyzing the mixing efficiency of the planetary 

arm. Additionally, Salamat and Genç analyzed the mixing performance of two different 

agitator units in a planetary concrete mixer using DEM [7].   

In this study, the Discrete Element Method (DEM) was utilized to analyze the mixing 

performance of a 1𝑚3 capacity planetary concrete mixer. Statistical methods were 

applied to calculate the mixing degree over one complete cycle. The Lacey and Miles 

methods [8] were employed to calculate the mixing degree, and the results provided 

quantitative data about the homogeneity of the mixture inside the planetary mixer. 

Additionally, mathematical formulations for the trajectories of the mixing blades were 

developed and plotted at various time intervals using MATLAB. The results from the 

numerical analysis were compared with those from analytical analysis to validate the 

findings. Numerical simulations were conducted using LIGGGHTS 3.0, an open-source 

DEM particle simulation software. LIGGGHTS stands for “LAMMPS Improved for 

General Granular and Granular Heat Transfer Simulations” and is based on LAMMPS 
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(“Large Atomic and Molecular Massively Parallel Simulator”), an open-source molecular 

dynamics code developed by Sandia National Laboratories for massively parallel 

computing on distributed memory machines [9,10].  

2. Materials and Methods 

2.1. Mathematical Model for DEM Analysis 

DEM is a mathematical model used to analyze the dynamics of granular materials and 

particulate systems. It was first developed by Cundall and Strack [11] to analyze the 

trajectories of spherical and disk-shaped particles. The translational and rotational 

motion of each particle is described by the following equations:   

 
 𝑚𝑖

𝑑V⃗⃗ 𝑖
𝑑𝑡

= ∑(𝐹 𝑐,𝑖𝑗
𝑛

𝐾𝑖

𝑗=1

+ 𝐹 𝑑,𝑖𝑗
𝑛 + 𝐹 𝑐,𝑖𝑗

𝑡 + 𝐹 𝑑,𝑖𝑗
𝑡 ) + ∑(𝐹 𝘷,𝑖𝑗

𝑁𝑖

𝑗=1

) + 𝑚𝑖𝑔  (1) 

  𝐼𝑖
𝑑𝜔⃗⃗⃗ 𝑖

𝑑𝑡
= ∑ (𝑇⃗ 𝑖𝑗

𝑡𝐾𝑖
𝑗=1 + 𝑇⃗ 𝑖𝑗

𝑟)   
(2)  

Where, 𝑚𝑖, 𝐼𝑖 , 𝑉⃗ 𝑖, 𝜔⃗⃗ 𝑖, 𝐾𝑖 , 𝑁𝑖, and 𝑔  denote the mass, moment of inertia, translational 

velocity, angular velocity, number of particles in contact with particle 𝑖, number of 

particles in the immediate neighborhood of particle 𝑖, and acceleration due to gravity, 

respectively. The contact and damping forces in the normal and tangential directions are 

represented by 𝐹 𝑐,𝑖𝑗
𝑛 , 𝐹 𝑑,𝑖𝑗

𝑛 , 𝐹 𝑐,𝑖𝑗
𝑡  and 𝐹 𝑑,𝑖𝑗

𝑡 , sequentially. 𝐹 𝘷,𝑖𝑗 indicates the cohesive force 

between particles 𝑖 and 𝑗. Furthermore, the tangential and rolling friction torques are 

denoted by  𝑇⃗ 𝑖𝑗
𝑡  and 𝑇⃗ 𝑖𝑗

𝑟  consecutively.  

To study the mixing performance of planetary concrete mixers, the Hertz-Mindlin contact 

law, the constant directional torque model, and the SJKR contact model were 

implemented in the simulation using LIGGGHTS, an open-source DEM software. The 

SJKR model is a simplified Johnson-Kendall-Roberts (JKR) cohesion model, incorporating 

an additional normal force to simulate the cohesion between particles. Comprehensive 

mathematical formulations are provided in previous publication and related literature 

[12]. 

2.2. Physical Model and Simulation 

As shown in Figure 1, the main mixing components of the planetary concrete mixer 

consist of a sidewall blade, a gyrational mixing blade, and two planetary mixing arms. 

Each planetary mixing arm is equipped with two mixing blades that rotate in a clockwise 

direction at 57.9 rpm while simultaneously revolving clockwise around the central point 

of the mixer at 16.2 rpm. Also, the sidewall and gyrational mixing blades rotate around 
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the central point of the mixer at 16.2 rpm. The mixing blades are powered by an ELKON 

type planetary gearbox, which is specially designed for application in both stationary and 

mobile concrete batching plants.  

 
Figure 1. Geometric views of the planetary concrete mixer, (a) axonometric view, (b) top view. 

The ANSYS SpaceClaim module was employed to construct the 3D geometries of the 

mixer components. The rotational speed of the mixer and its material properties were 

then defined within the simulation environment using User-Defined Function (UDF) 

codes, allowing for precise customization and control of the simulation parameters. 

Additionally, a minimum time step for reliable simulation was determined using 

the Rayleigh time step criterion [12]. Subsequently, two different colors of solid granular 

particles, each with specific physical and mechanical properties, were generated within 

the planetary concrete mixer, which enabled the analysis of particle behavior and mixing 

efficiency in the simulation. The input parameters used in the simulation are detailed 

in Table 1, providing a comprehensive overview of the setup conditions and employed 

properties. 

Table 1: Properties of particles and walls used in DEM simulation. 

Material Properties                     Particle                                          Wall          

Density(kg/𝑚3)                       2400                                              7800 

Radius (mm)                       10                                                  - 

Young’s Modulus (N/𝑚2)                       10×106                                          210×109 

Poisson Ratio                       0.30                                               0.32 

Contact Properties                    Particle-Particle                            Particle-Wall                                                                

Sliding Friction Coefficient                              0.30                                               0.20                   

Rolling Friction Coefficient                              0.10                                               0.01                   

Coefficient of Restitution                              0.25                                               0.25                  

Cohesion (kJ/𝑚3)                              100                                                100                          
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2.3. Blade’s Kinematics 

To evaluate the mixing efficiency of the mixer, the kinematic equations of the mixing 

blades were derived and plotted using MATLAB.  Assuming B to be the central point of 

the single planetary blade, its instantaneous position is illustrated in Figure 2.  The 

vectorial position of the blade in the fixed reference frame R can be written in the 

following form:  

 
(𝑂𝐵)⃗⃗⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  

𝑅 = 𝑂𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝑂′⃗⃗⃗⃗⃗⃗  ⃗ + 𝑂′𝐵⃗⃗⃗⃗⃗⃗  ⃗  (3) 

Considering the planetary motion of point 𝐵, which rotates clockwise around point 𝐴, 

while simultaneously revolving clockwise around the central point 𝑂 (as shown in Figure 

2), the following formulation can be written to describe the rotational and translational 

motion of point 𝐵  [3]. 

 

(𝑂𝐴)⃗⃗⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  
𝑅 = {

𝑅𝑔. 𝑐𝑜𝑠(𝛼1) = 𝑅𝑔. 𝑐𝑜𝑠(2𝜋.𝑁𝑔. 𝑡)

𝑅𝑔. 𝑠𝑖𝑛(𝛼1) = 𝑅𝑔. 𝑠𝑖𝑛(2𝜋. 𝑁𝑔. 𝑡)

0

  (4) 

            

(𝐴𝑂′)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗
𝑅 = {

0
0

𝐴𝑂′⃗⃗⃗⃗⃗⃗  ⃗
   ,  (𝑂′𝐵)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗

𝑅 = {

𝑅𝑝. 𝑐𝑜𝑠(𝛼2) = 𝑅𝑝. 𝑐𝑜𝑠(2𝜋. (𝑁𝑔 + 𝑁𝑝). 𝑡)

𝑅𝑝. 𝑠𝑖𝑛(𝛼2) = 𝑅𝑝. 𝑠𝑖𝑛(2𝜋. (𝑁𝑔 + 𝑁𝑝). 𝑡)

0

 (5) 

 

(𝑂𝐵)⃗⃗⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  
𝑅 = {

𝑅𝑔. 𝑐𝑜𝑠(2𝜋.𝑁𝑔. 𝑡) + 𝑅𝑝. 𝑐𝑜𝑠(2𝜋. (𝑁𝑔 + 𝑁𝑝). 𝑡)

𝑅𝑔. 𝑠𝑖𝑛(2𝜋.𝑁𝑔. 𝑡) +𝑅𝑝. 𝑠𝑖𝑛(2𝜋. (𝑁𝑔 + 𝑁𝑝). 𝑡)

0

 (6) 

Here, 𝛼1, 𝛼2, 𝑅𝑔, 𝑅𝑝, 𝑁𝑔, and 𝑁𝑟 represent the gyrational angle, planetary angle, radius of 

the gyrational motion, radius of the planetary motion, rotational speed of the gyrational 

motion (clockwise), and rotational speed of the planetary motion (clockwise), 

respectively. The instantaneous velocity vector of the point B can be obtained by 

differentiating the equation (6) with respect to time. 

(𝑉𝐵
⃗⃗⃗⃗ )

𝑅
= (

𝑑𝑂𝐵⃗⃗ ⃗⃗  ⃗

𝑑𝑡
)

𝑅

= {

−2𝜋𝑅𝑔𝑁𝑔. 𝑠𝑖𝑛(2𝜋. 𝑁𝑔. 𝑡)−2𝜋𝑅𝑝(𝑁𝑔 + 𝑁𝑝). 𝑠𝑖𝑛(2𝜋. (𝑁𝑔 + 𝑁𝑝). 𝑡)

2𝜋𝑅𝑔𝑁𝑔. 𝑐𝑜𝑠(2𝜋. 𝑁𝑔. 𝑡)+2𝜋𝑅𝑝(𝑁𝑔 + 𝑁𝑝). 𝑐𝑜𝑠(2𝜋. (𝑁𝑔 + 𝑁𝑝). 𝑡)

0

 

(7) 

Therefore, the magnitude of velocity of point B is expressed as:  
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∥ 𝑉𝐵
⃗⃗⃗⃗ ∥= 2𝜋√(𝑅𝑔𝑁𝑔)2 + 𝑅𝑝

2(𝑁𝑔 + 𝑁𝑝)2 + 2𝑅𝑔𝑅𝑝𝑁𝑔(𝑁𝑔 + 𝑁𝑝)𝑐𝑜𝑠(2𝜋𝑁𝑝𝑡) (8) 

 
Figure 2. 3D kinematic scheme of a single planetary blade (a) and its projection on the horizontal (X-Y) 

plane (b) adapted from [3] 

Equation (6) was extended to account for all blade categories within the planetary 

concrete mixer. This extension enabled the evaluation of the mixer’s inside scanning 

capability, a critical measure of how effectively the blades cover the entire interior to 

achieve uniform mixing. The blade trajectories were plotted at different time instants, 

and it was observed that the entire mixer was fully scanned in approximately 30 seconds. 

 
Figure 3. Plane trajectories of the mixing blades in planetary concrete mixer. 
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3. Results and Discussion 

In this mixing simulation, 200,000 monosized granular particles with an equal ratio of 

two different colors were injected into the 1𝑚3 planetary concrete mixer under the 

influence of gravitational force. These particles are generated based on the physical and 

mechanical properties presented in Table 1. To model interactions between particles and 

between particles and the mixer body, the Hertz-Mindlin contact law and the constant 

directional torque model are employed. Furthermore, during the mixing stage, the SJKR 

model is utilized to simulate the cohesion of granular particles. The total simulation time 

is 60 seconds, comprising 4 seconds of simultaneous charging and mixing, followed by 

56 seconds of pure mixing.  

 

Figure 4. Comparison of particles mixing snapshots from the top and bottom views of planetary concrete 

mixer at different time instants.  

Figures 4 presents a series of simulation snapshots from the top and bottom views of the  

planetary concrete mixer at various mixing times. These snapshots illustrate the 

progressive evolution of granular particle homogeneity achieved through different 
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mixing mechanisms, such as convection, diffusion, and shearing. The results demonstrate 

the effectiveness of mixing over time, emphasizing a clear visualization of particle 

homogenization from an uneven mixture distribution in the early stages of mixing to a 

more homogeneous mixture as the mixing continues.  

To quantitatively study the mixing homogeneity, twenty-one mixture samples were 

extracted from different mixer locations. The extracted sample numbers and size are big 

enough to cover the entire planetary mixer. The Lacey and Miles methods are utilized to 

calculate the mixing degree over one complete cycle, and the results are given in Figure 

5. In this figure, the mixing degrees reach their maximum values after nearly 35 seconds 

of the mixing process and reach a steady state condition.  

 

Figure 5. The mixing index versus time via two different statistical methods in the planetary concrete 

mixer. 

To observe the particles’ flow regimes, the velocity vectors of granular particles are given 

from the top and bottom views in Figure 6. The velocity values of granular particles 

around the planetary blades are greater than those of other mixing blades due to the 

rotational velocity difference. Also, the velocity flow regimes at the center of the mixer 

are lower than those in the sidewall region because the flow regimes from two planetary 

arms come to face at the center of the planetary concrete mixer. 
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Figure 6. Comparison of simulation snapshots from velocity vectors of particles in various time instants. 

4. Conclusions and Outlook 

A numerical study based on DEM was realized to analyze the mixing performance of a 

1𝑚3 capacity planetary concrete mixer. The performance was evaluated based on the 

homogeneity of granular particle mixing on the minimum mixing time. On the other 

hand, analytical formulation was developed to analyze the trajectories of mixing blades. 

Then, mathematical equations were plotted using MATLAB to assess the coverage and 

scanning efficiency of the mixer’s interior. By comparing the numerical and analytical 

results, the mixing degrees reach their maximum values after 35 seconds of the mixing 

process, and the full coverage with scanning capability of mixing blades completes 

approximately at the same time interval. 
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6. Abbreviations 

DEM  Discrete Element Method 
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SJKR  Simplified Johnson-Kendall-Roberts  

7. Nomenclature 

Latin Symbols 

𝑚𝑖  Mass, kg 

𝐼𝑖  Moment of inertia, kg.m2 

𝑔   Acceleration due to gravity, m. s−2 

𝑉⃗ 𝑖  Translational velocity, m. s−1 

𝐹 𝑐,𝑖𝑗
𝑛   Contact force in the normal direction, N 

𝐹 𝑑,𝑖𝑗
𝑛              Damping force in the normal direction, N 

𝐹 𝑐,𝑖𝑗
𝑡   Contact force in the tangential direction, N 

𝐹 𝑑,𝑖𝑗
𝑡              Damping force in the tangential direction, N 

𝐹 𝘷,𝑖𝑗  Cohesive force, N 

𝑇⃗ 𝑖𝑗
𝑡   Torques resulting from tangential force, N.m 

𝑇⃗ 𝑖𝑗
𝑟   Rolling friction torque, N.m 

𝐾𝑖   Number of particles in contact with particle i,  

𝑁𝑖   Number of particles in the immediate neighborhood of particle  i,  

𝑅𝑔  Radius of the gyrational motion, m  

𝑅𝑝  Radius of the planetary motion, m  

𝑁𝑔  Rotational speed of the gyrational motion, rad. s−1 

𝑁𝑝  Rotational speed of the planetary motion, rad. s−1 

Greek Symbols 

𝜔⃗⃗ 𝑖  Angular velocity, rad. s−1 

𝛼1  Gyrational angle, rad 

𝛼2  Planetary angle, rad 

Superscripts & Subscripts 

i  Particle i  

j  Particle j 

n  Normal 

t             Tangential 

𝑔  Gyrational  

𝑝  Planetary  

𝑐  Contact 

𝑑  Damping 
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