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Abstract: In this article the new shape of lifters for Semi-Autogenous Grinding (SAG) and autogenous mills has been investigated. Lifters 
are designed for lifting, separating the grinding bodies (at SAG mill) and the grinding material to the required height of separation, crushing 
and grinding of the material in order to achieve the required output particle size. The main purpose of these mills is material grinding and 
crushing. Lifters are most used in the mining industry. Hence, attention is paid to analysis of different working regimes of mills with new 
lifter shape. 
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1. Introduction 
Grinding process is mostly applied in ball mills, and it is a 

major technological function in many industries such as: production 
of cement, metallurgy, mining and etc. This process is extremely 
energy-intensive (globally 20% of energy is used for grinding 
processes), and it requires overall testing and optimization of the 
milling technology, the shape of the grinding bodies and the 
parameters of the grinding media. The expected results of grinding 
process are improvement in the quality of the starting material, 
reducing energy costs, increasing productivity [1-3]. 

The aim of this article is analysis of new type of lifters for SAG 
and autogenous mills.   

2. Manuscript Preparation 
The most commonly used form of lifter shape includes head, 

edges and face (Fig. 1) [4]. Lifters are located in the inner surface of 
the cylindrical shell of the mill, rigidly mounted. The head lifter 
body is exposed to friction surface with a non-linear profile. Also, 
there are three linear parts: the top of the lifter head, a lower portion 
to the lifter base, a middle portion between the upper and lower 
part, and upper part with flat end and a smaller size. 

 

 
Fig. 1. The most commonly used form of lifter [4]. 

Also, other shape of lifter is investigated – inverted trapezoid, 
shown on Fig. 2. Narrow side of lifter is in contact with the inner 
wall of the mill (drum). Thus, the trapezoid shape and pockets on 
the sides of the trapezoid allow to the material to elevate higher. F. 
The pockets are placed on the both sides of the lifter. This enables 
rotation of the mill in both directions (clockwise and 

counterclockwise). In this variant, the material for grinding and the 
grinding bodies are elevated to a higher angle. Consequently, the 
material falls in the central part of the mill and falls on the filling 
material and grinding bodies [5].  

 
Fig. 2. Lifter with inverted trapezoid shape [5]. 

3. Analysis of the New Shape of Lifter 
The new lifter shape for SAG and autogenous mill is designed 

for lifting, separating the grinding bodies (at SAG mill) and the 
material for grinding to the required level. The new design of lifter 
shape helps for fragmentation and crushing material in order to 
achieve the required particle size.  

The new body form aims to achieve a high degree of crushing 
and grinding material for the mining industry. 

Lifters type of spheroidal tetrahedron Reloe can be used for 
autologous and SAG mills, as well as in ball mills. The shape of the 
body includes a spheroid shape with slightly rounded edges.  

The advantage is that the output material, achieved of the device 
with new lifter shape, has an increased crushing of the material. The 
main crushing will be accompanied by the entry of material 
grinding on the sharpened edge. 

Another advantage is that the spherical surfaces contribute to 
the dissipation of energy produced by the impact of material 
grinding lifters, to avoid damage of the lifter edge. 

In practice and literature are known different modes (regimes) 
of grinding [1, 2]. These modes can be achieved by separation 
inside the mill, as well as landing at certain angles. Fig. 3 shows 
different grinding modes.  

Cascade regime is used for fine grinding (Fig. 3a). The most 
used regime is cataract regime, shown on Fig. 3b. The crushing of 
the material is achieved in the opposite part of the mill (red arrows). 
This regime provides also milling in the “blue part” of the drum. 
The centrifugal regime is shown on Fig. 3c [1-3]. 

The lifter [6], shown in Fig. 4 consists of body 1 with head 2 
and base 3. The head 2 is a triangle with spheroidal walls 4 and 
pointed tip 5. The base 3 is of a smaller size than the head 2 and the 
head 2 ends with a perpendicular wall 6 to the base 3. The space 
between the wall of the base 3 and the perpendicular wall 6 forms a 
pocket 7. Axially on forehead 8 of the base is made a hole 9 for 
fixing the lifter to the drum of the mill through a hole 11 in the 
drum 10  
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a) Cascading 

 
b) Cataracting 

 
c) Centrifugal 

 
Fig. 3. Work regimes in ball mills. 

 

 
 

 

 
Fig. 4. New lifter form [6]. 

 

The behavior of the new type of lifter, including grinding bodies 
in cascade mode is shown in Fig. 5. 

 

 
Fig. 5. Behavior of the new type of lifter, including grinding bodies. 

 

 

 

 

 

 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR X, ISSUE 8, P.P. 9-11 (2016)10



4. Operating principle 
In supplying hole of the mill is fed the material for grinding. 

According to the type of mill feeding with material can be 
discontinuous and continuous cycle. With the movement of the 
drum with a certain speed, the material for grinding begins to rotate 
with the mill. With the help of the lifters, the material rises to a 
certain height. After that it separates from the wall of the drum mill 
and a goes into mode of free fall, then falls on the drum bottom. 
When falls on lifters or drum bottom, the material is crushing. 
According to the desired output size of the material for grinding is 
determined and as well as operating time of the mill. On Fig. 6 is 
shown mill with new shape of lifter.  

 
Fig. 6. Mill with new shape of lifter. 

If you have supplementary material, e.g., executable files, video 
clips, or audio recordings, on your server, simply send the 
managing editor and the editorial assistant a short description of the 
supplementary material and inform them of the URL at which it can 
be found. We will add the description of the supplementary material 
to the online version of the corresponding AIIT volume and create a 
link to your server. Alternatively, if this supplementary material is 
not to be updated at any stage, then it can be sent directly to the 
managing editor and the editorial assistant, together with all the 
other files. 

5. Conclusion 
By changing the size of lifters, the angle of separation and 

landing angle changes. The angle of separation and angle of landing 
depends also from: changing the size of the material for grinding; 
changing the size of the grinding bodies (at SAG mill); changing 
the speed of the mill; wet or dry grinding. 

The lifter body and the edge facilitate the crushing of the 
material. Pocket for retaining material helps to uplift the material to 
a higher point of separation, which increases productivity.  

 

Acknowledgment 
This work was supported by the project “Investigation and 

optimization of grinding processes via innovative forms of grinding 
bodies and environments”, grant DFNP-96/04.05.2016, funded by 
the Bulgarian Academy of Science, program for supporting young 
scientist. 

 
 
 

6. References 
1. Jultov A., Machines for construction materials, Sofia, 

Technika, 1980 (in Bulgarian) 

2. Denev S., Crushing grinding and sieving of minerals, Sofia, 
Technika, 1964 (in Bulgarian) 

3. Tsvetkov H. Mineral processing machines, NP "Technology", 
Sofia, 1988 (in Bulgarian) 

4. David Royston, „Lifter bars“ WIPO No: W000/33963 

5. David J Page, Pramod Kumar, Raj K. Rajamani, Robert 
Mepham “LILFTER BAR” Pub.No.: US 2012/0228416 A1, 
Pub. Date: Sep.13, 2012 

6. Karastoyanov D., Stoimenov N., Lifter, Bulgarian Patent 
Application, Reg.No 112174, priority from 14.12.2015    
Ribière, M., Charlton, P.: Ontology Overview. Motorola 
Labs, Paris (2002). [Online]. Available: 
http://www.fipa.org/docs/input/f-in-00045/f-in-00045.pdf 
(current October 2003) 

7. D. Karastoyanov, M. Mihov, B. Sokolov., Optimization of the 
Control System by Milling Processes., John Atanasoff 
Celebration Days, International Conference “Robotics, 
Automation and Mechatronics” RAM 2012, Sofia, 15-17 
October 2012, ISSN 1314-4634 

 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR X, ISSUE 8, P.P. 9-11 (2016)11


	1. Introduction
	2. Manuscript Preparation
	3. Analysis of the New Shape of Lifter
	4. Operating principle
	5. Conclusion
	6. References



