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ABSTRACT 
The report discusses the results of replacement of ball-bearing clutches, used in the drives of mill fans of the combustion compartment of “Bobov dol” Thermal 
Power Plant with centrifugal ball clutches of 800 kW power. The disadvantages of the used ball-bearing clutched from a point of technical maintenance are 
indicated. Oscillograms are prepared, which indicate the low quality initial characteristics of the ball-bearing clutches. They are compared to the oscillograms of the 
transitional process, done with centrifugal ball clutches. The advantages of centrifugal ball clutches are apparent. 

 
   The centrifugal ball clutches are frictional mechanisms, 
which operation is fulfilled automatically by the centrifugal 
forces. Their kinematical connection and the frictional 
momentum is carried out by steel balls, freely placed in six 
operating chambers.  
   In their principle of operating, they do not practically differ 
from the various centrifugal clutches, in which the moment is 
transmitted by fluids, solid weights with permanent shape or 
graphitized powder. 
   In respect of initial characteristics they are similar to those of 
hydraulic clutches, as though they are capable to translate 
larger initial momentum at identical dimensions and weight, 
and ensure loss-free work for the established modes of 
operation. The hydraulic clutches, in the best case, operate 
with efficiency of 98-99, which in the case of transmitted 
power of 800 кW, means continuous loss of 8-16 кW. In 
comparison to the clutches with monolithic weights or powder 
filling, they differentiate by: 

- constant initial parameters; 
- high smoothness of the starting process; 
- high stability upon heat supercharges.  

   In respect of maintenance characteristics, the centrifugal 
ball clutches are totally comparable to hydraulic clutches, as 
they practically have an equivalent resource.  
   In this aspect, they significantly better than other types of 
centrifugal ball clutches – with monolithic weights and with 
powder filling.  
   They achieve the good maintenance indexes, more than 
10000 starts, owing to the use of high-quality steels during the 
last 10 years and active elements, operating in a proper oil 
medium. Their construction is not much more complicated 
than construction of the other types of centrifugal clutches and 
it is considerably more simplified than construction of 
hydraulic clutches. 
   The reasons for applying hydraulic ball clutches to the mill 
drives at “Bobov dol” Thermalo Power Plant were the 
problems, which were brought about by clutches of “Pulvis” 
type, used before 1994. They were the less safe element of 

the fan drive. Actually, mostly repairing and reconstruction of 
clutches occupied the maintenance department. 
   After fixing the problem, firstly an analytical check of the 
possibilities of the utilized asynchronous motor for running the 
machine without a starting clutch was done. The mill fan is an 
aggregate, which provides feeding of fuel mixture of coal dust 
and air into the furnace of the boiler. It provides 
simultaneously the filling-up of the necessary amount of air 
and coal, and in the same time grinds the coal to required size 
of the grain fragmentation. The operating body of the mill is a 
cylinder with diameter of 3,2 m and a weight about 10 t. 
Significant part of it is concentrated to the periphery of the 
cylinder, which defines an inertia momentum of about 14200 
kgm2. The static resistivity momentum for the starting period 
without a coal feeding is 5 kNm. 
  The accomplished calculation showed that the common time 
for initiating the spinning of the mill fan is 47,58. This is 
inadmissible high, since practically through the whole starting 
period current flow of 6-7Iн will flow, which may bring it out of 
order. Moreover, for the time of starting process, there is a 
significant overloading of the entire electricity supply system, 
and this may bring to worsening the electricity supply of all 
other consumers. 
   After proving the necessity of a starting clutch the issues 
related to the “Pulvis” type clutch that had been used before 
were investigated.  
   With the aim of specifying the problems during the 
exploitation of the powder clutches, an analysis of the existing 
clutches was made. It is based on the following: 

1. Oscillography of the starting process with the existing 
drive, the inlet and outlets speeds are measured as well as 
current of the motor. 

2. Analysis of the most frequent damages of the used 
clutches. 

3. Investigation of the exploitation indexes of the 
centrifugal clutches with graphitized powder filling. 
   The practice of exploitation of clutches with graphitized 
powder filling showed: 
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 - instability of initial characteristics, which are expressed 
by: 

 - change of the initial torque in the starting process; 
 - absence of repetition of characteristics for different starting 

processes. 
 - high sensitivity towards thermal overloading; 
 - fast wearing out of the active surfaces and friction junctions; 
 - granulation, densification and enlargement of the filling, 

bringing to obtaining of large forms and disbalance. 
 - adhesion of the filling to the active surfaces and blocking of 

the clutch. 
   Some of the reasons, bringing to the above phenomena, 
figure out to be the thermal-frictional phenomena in the area 
of friction. For clutches of discussed type and the particular 
case, the thermal flow through the active elements reaches 
from 2 to 2,5 MN/m2. Considering the bad thermal conduction 
properties of the mentioned filling and the relatively large 
duration of starting process, the expectation of a superficial 
layer (the place of frictional contact), where temperature 
reaches considerable values, which leads to melting and 
enlarging of fragments, as well as to unpredictable chemical 
reactions is logical. In any case, it is inevitable to expect an 
intense wearing out, change of the grain composition, 
chemical changes, unexpected alterations of the friction 
coefficient and therefore of initial starting torque.  
   An effective solution for decreasing the thermal loading and 
respectively the undesired above described phenomena, is 
the reduction of time for starting process.  The only way of 
reducing the time of starting process is increasing the torque, 
developed by the clutch Мс. This opportunity is restricted also 
by the capacity of the motor.  

 
Figure 1 

 
   The oscillogram shown in fig.1 shows that the electrical 
current of the motor at the starting process is 2-2,5Ін, which 
suggests utilizing the maximum feasible, “the critical” for the 
asynchronous motor torque. This method ensures a relatively 
stable operation of the clutch, but has some disadvantages, 
as follows: 

 - considerable electrical current of the motor at the time of 
starting;  

 - danger of “overturning” of the motor while an eventual 
change of drive parameters takes place. 
 
   Exactly the same case of “overturning” of the motor is 
shown in the oscillogram in fig.2. 

 
Figure 2 

 
   Through the figure is obvious, that because of the reasons 
connected to the above described processes in the friction 
contact, the momentum of the clutch increases, passes over 
the critical for the motor moment, as follows: 
  - abrupt decrease of the velocity of the motor; 
  - considerable increasing of motor current. 
   This occasion may be considered us a accidental one, 
because of its relation to the significant overloading of the 
overall kinematics of the drive of machine, as well as to a 
significant mechanical and current rush upon the motor and 
the current supply system.  
The accomplished research and the negative experience in 
the maintenance of up-to-now used clutches of the “Pulvis” 
type, predetermine the application of centrifugal ball clutch 
(CBC). For this purpose a project for a proper CBC is 
accomplished. It was initiated by the following considerations: 

1. Mill aggregate has relatively small static starting torque 
and there are no strict restrictions for the time of starting.  

2. Motors are large and expensive aggregates, which 
permit only one switching per day.  

3. Maximum care for the motor, by ensuring the minimum 
time for acceleration of the motor and accelerating of the 
system by the least possible current. 
   Starting process of drive accomplished by CBC and 
asynchronous motor is fulfilled as follows. When switched on, 
the motor begins to accelerate by a dynamic moment equal to 
the starting torque of the motor Мп.. Together with rotations of 
the motor, the rotor of the CBC also rotates together with the 
balls filling. The momentum of CBC increases by the square 
of initial angle velocity (ω1). At definite ω1, Мс equalizes to the 
static resisting moment of the machine and it begins to driven 
into motion. This time is called initial time for rotation of the 
machine - tн. From this moment on, the motor accelerates 
simultaneously with the mill fan, by different values of 
acceleration defined by their dynamic moments. This 
continues until the clutch comes to the natural characteristic of 
the motor. The motor ceases its acceleration and the 
momentum developed by CBC remains a permanent one. At 
this momentum of CBC the acceleration of the mill fan 
proceeds, so the size of this acceleration is determined by the 
dynamic moment Мд = Мс - Мр(ω1). This continues until 
equalizing of the revolutions of incoming and outgoing shafts 
of the clutch. After their equalization the acceleration of motor 
is completed by “solid” clutch according to the natural curve of 
asynchronous motor until equaling of the momentum of the 
machine with the momentum of the motor. 
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   After the design and constructing, the clutch was produced 
and mounted to mill fan № 5. 
   The clutch showed smooth, safe and noiseless acceleration 
of the whole system. The oscillography of the starting process 
(fig.3) shows the following: 

 
Figure 3 

 
1. The motor runs to its nominal velocity in 3-4 sec.  
2. The mill fan begins its acceleration after the motor has 

reached its nominal revolutions. The acceleration is smooth, 
almost linear, a certain increase is noticed at the end of the 
process. That is explained with the increase of the momentum 
developed by the CBC, during the decreasing of the relative 
velocity of slipping. 

3. In the process of rotating the current of motor reaches a 
value of 800 А, for a period of time less then one second. 
After reaching the nominal velocity of the motor, the current 
drops to 75 – 80А. That value is determined by the outgoing 
momentum developed by CBC. It is selected in such a 
manner, as the motor is preserved to the maximum extent and 
the current supply throughout the starting process is not more 
than 1,1-1,2Iн. This momentum ensures high smoothness of 
rotation and safety of drive and, at the same time keeps away 
from heavy overloading.  

4. The total time of starting process is about 140 seconds. 
It is thoroughly acceptable for this kind of machines and does 
not make trouble for the technological process. 
 
     The achieved results unambiguously present the good 
starting capabilities of the CBC. The exploitation properties of 
clutches of CBC type may be judged by the almost nine years 
of failure-free operation of clutches installed in 1995. Up to 
now another twenty four clutches are installed to the mill fans 
at the “Bobov dol” Thermal Power Plant. They complying with 
requirements of drive and up to now operate in a failure-free 
mode.  
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*TEPS – Thermo-Electric Power-Station 
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