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Abstract 

 

DEM is a method based on the theory of molecular dynamics that can simulate 
the movement of granular materials. One of the advantages of this method is it 
can simulate accurately without creating a real object. This study aims to 
determine how much influence the inclination of the screw conveyor has on the 
capacity and power of the motor. Corn shelled was used as a test with 
continuous filling of 1000 ft3/hour for 20 seconds, while modeling by screw 
conveyor 2 meter long at positions 00, 200 and 450 with variations in speed of 
50 rpm, 75 rpm and 100 rpm. Screw conveyor mass flow and torque data are 
taken for analysis. The DEM simulation results at a speed of 100 rpm with 
inclination of 00 is 21,2 ton/hour and the required power of 1.58 HP. Different 
results are obtained in modeling with an inclination of 450, the capacity drops to 
8,6 ton/hour with the required power of 11.8 HP. It can be seen that the capacity 
reduction due to inclination reaches more than 50% with a significant increase 
in power. 
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1. INTRODUCTION  

 Screw conveyor is one of bulk materials conveying that is capable of handling various 
kinds of materials with relatively good flowability (1). Screw conveyors are widely used to 
transport bulk materials in industries ranging from chemicals, cement, mineral industries, 
and food processing (2). The screw conveyor consists of a pipe as the main shaft with a 
plate formed into continuous helix which is welded to the main shaft (3). The main shaft will 
be rotated by the drive so that the screw plate or so-called flight will also rotate. The rotation 
of this screw plate will push the bulk material (4). Apart from planning, there are several 
factors that can affect the capacity of the screw conveyor, one of which is the inclination of 
the conveyor (5). Large inclinations will be followed by reduced capacity (6). Planning 
before the manufacturing process is very important to produce the expected performance. 
One part of the planning is simulation to find out conveyor performance without expensive 
real manufacture. 
   DEM (Discrete Element Method) software has the ability to simulate flow in a screw 
conveyor by entering required parameters (7). EDEMTM is a DEM simulation software 
platform designed for the simulation and analysis of bulk material handling and processing 
operations (8). EDEM can quickly and easily model the parameters of a bulk solids system. 
EDEM manages information about each particle (mass, velocity, force and so on) and the 
forces acting on it and can also take into account the shape of the particle, rather than 
assuming that all particles are spherical. For post-processing, EDEM provides data 
analysis tools, 3D particle flow visualization and video making (9).  
 The purpose of this study is to determine the performance of the screw conveyor when 
it is in an inclined position, especially the performance of capacity and motor power. The 
results obtained from this research can be a reference in screw conveyor design to obtain 
more accurate performance. 
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2. METHODS  

 The method used in this study is a computational experiment with a screw conveyor 
design reffering to the CEMA standard. Meanwhile, the simulation uses EDEM software 
version 2021. For computing, use a PC with Intel® Core™ i3-9100F CPU @ 3.60GHz, 8GB 
RAM, Graphics Processor using AMD Radeon 4GB. Modeling was carried out at positions 
00, 200 and 450, with variations in speed of 50 Rpm, 75 Rpm and 100 Rpm respectively. 
The results of the simulation were analyzed to find out how much the inclination affects the 
capacity and power on the screw conveyor. The simulation data is presented in the form of 
graphs for analysis of the results. 
 The screw conveyor modeling for this experiment uses the following parameters. 
 

Table 1. Modeling Parameter 

Parameter Value 

Design Capacity 1000 ft3/hr (21 TPH)  
Screw Diameter 12 inch 
Pitch 6 inch 
Screw Length 6,5 feet 
Speed (rpm) 50, 75, 100 
Inclination 00, 200, 450 
Bulk Material Corn shelled 

  
 Due to the limited three-dimensional modeling capabilities of the EDEM software, 
three-dimensional modeling was done by Solidworks software, which mainly includes three 
parts. They are feed area, screw, and housing. 
 

 
Figure 1. 3D Model of Screw Conveyor 

 

 The bulk material particle size is determined to minimize the simulation error and 
obtain a reasonable and effective simulation time. For this experiment, it determines the 
bulk material is corn shelled. 
 

Table 2. Parameter of Corn Shelled (10) 

Parameter Value 

Particle length (mm), l 12.57 
Particle width (mm), w 7.99 
Particle thickness (mm), h 4.89 
Particle equivalent diameter (mm), de 8.0 
Particle radius (mm), re 4.0 
Particle mass (mg), m 250‐349.7 
Bulk density (kg m‐3), ρb 721 
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Particle Poisson ratio, ν 0.32 
Particle elastic modulus (MPa), E 10.9‐2320 
Particle shear modulus (MPa), G 23 
Particle static friction coefficient, μs 
(With steel or stainless steel) 

0.12 

Bulk angle of repose (°) 
Dynamic angle  

16 
23.1‐34.7 

 
In the pre-processing setting, the particle model adopts the corn shelled model, with 

the particle generation mode being dynamic, and material with a mass of 6 kg/s (21,6 t/hr) 
generated by fast filling with a simulation time of 20 seconds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Flowchart of EDEM simulation 
 

3. RESULT AND DISCUSSION  
 In the DEM simulation, the mass flow sensor is positioned at the screw conveyor 
outlet, then the average value is taken and converted to capacity per hour. While the power 
is obtained from the highest torque value during the simulation then it is calculated to get 
the power value in Horsepower (HP). The simulation results in several variations. 
 

Table 3. Screw conveyor simulation results with various variations 

S/N 1 2 3 4 5 6 7 8 9 

Inclination 00 00 00 200 200 200 450 450 450 
Speed (rpm) 50 75 100 50 75 100 50 75 100 
Capacity (t/hr) 
Power (HP) 

12,2 
0,94 

19,2 
1,21 

21,2 
1,58 

10,3 
1,13 

9,8 
2,28 

9,1 
1,81 

1,8 
1,09 

7,6 
2,26 

8,6 
11,8 

 
 From the simulations by EDEM, it can be seen the flow rate in the material flow 
process and the required power in real time. The resulting capacity and the required power 
at the inclination position are shown in the following figure. 
 

 
Figure 3. Simulation on 45 Degree modelling with 50 Rpm 
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Graph 1. Mass flow simulation results of 45 degrees on 50 Rpm 

 
Graph 2. Torque simulation results of 45 degrees on 50 Rpm 

 
 The capacity for the degree of inclination and the speed of the screw conveyor is 
shown in graph 3, while the power required for the degree of inclination and the speed of 
the screw conveyor is shown in graph 4. 
 

 
Graph 3. DEM Simulation results for capacity 
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Graph 4. DEM Simulation results for horsepower 

 
 The largest capacity obtained from nine DEM simulations is the screw conveyor with 
an inclination of 00 at 100 rpm, and the required motor power is 1.58 HP. While the smallest 
capacity is on the screw conveyor with an inclination of 450 at 50 rpm, and the required 
motor power is 1.1 HP. 
 It can also be seen that the screw conveyor with the same filling capacity, at an 
inclination of 00 with 100 rpm can produce a capacity of 21,2 t/hr. Different results were 
obtained when the screw conveyor was positioned at an inclination of 450 at the same 
rotation resulting in a capacity of 8,6 t/hr, or there was a decrease in capacity of around 
60%. 
 According to Bulgakov at. el. (2022), at 300 rpm rotation with an inclination of 300 the 
capacity will decrease between 45% to 50% (11). 
 

 
Angle of inclination of the conveyor to horizon , deg 

 
Graph 5. Productivity Q of the conveyor with a screw working body (solid line) and bladed one 

(dashed line) at 300 rpm (1 – sand; 2 – peas; 3 – wheat; 4 – corn). 

 
 Even though the value of decrease is different, the two experiments have the same 
conclusion, there is a significant decreasing in capacity caused by the inclination of the 
screw conveyor. The difference in the value of this decrease occurs due to using different 
methods and different rotation speeds and degrees of inclination. The advantage of the 
DEM method is its ability to analyze every particle movement and its interactions without 
making a screw conveyor on a real manufacture. 
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 The decrease in capacity and the increase in power at the inclination position occur 
as a result of the fall back or falling back of bulk material and the effect of gravity. This is in 
accordance with KWS Manufacturing's explanation in his book Screw Conveyor 
Engineering Guide, 2015. 
 The results of this experiment show that the slope or inclination of the screw conveyor 
has a large effect on decreasing capacity and increasing motor power, therefore inclination 
is one of the important factors in design a screw conveyor. 
 

4. CONCLUSION 
 Based on the previous literature, the DEM simulation and actual experiments have 
almost the same results. Simulation using DEM will minimize the cost of making real 
conveyors with the same accuracy of simulation results. 
 An increase in inclination will be accompanied by a decrease in transport efficiency 
and an increase in the power required to overcome gravity and falling bulk material. 
Reduced transport efficiency due to inclination can be overcome by increasing the screw 
conveyor speed. 
 Screw conveyors with an inclined position cause some of the bulk material to fall 
backwards causing loading to become overloaded. Screw conveyors with an inclined 
position must be designed taking these conditions by increasing the motor power. 
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