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where cycleT  is the cycle period. 

 
Fig. 2. The press drive behavior before and after the torque 
adjustment: motor phase current (top), motor and load torque 
(middle) and motor speed (bottom) 

 
After the initial phase, the torque reference provided by the 

speed controller is limited at the previously calculated average 
torque, which is increased by 10%, in order to take into account 
that the real load torque is not exactly the same from one cycle 
to another. 

In order to illustrate the behavior of the press drive, there 
are represented in figure 2 the evolution in time of one phase 
current, motor and load torque and the motor speed, before and 
after the torque spread adjustment according to the proposed 
solution. The results were obtained from the simulation of a 
cupping process. The quantities are expressed per unit, taking 
the corresponding rated values as the base values.  

It can be observed that when the torque adjustment and 
correspondingly the new torque spreading are applied, the 
motor still reaches the no-load speed before the next stroke 
occurs, and the no-load duration is decreased. In the same time, 
as expected, the current overshoot is much lower than in the 
case when no torque adjustment was applied. In order to reveal 
the effectiveness of the proposed efficiency improvement 
solution, there were conducted numerical simulations of the 
press performance in case of directly connected motor and DTC 
drive controlled motor, with and without torque adjustment. 
Some results, obtained for a continuous cupping process, are 
comparatively presented in figure 3, where the press efficiency 
is represented as function of the press loading (expressed by the 
deformation force). The deformation force is expressed per 
unit, taking the maximum press force as the base quantity. 

The press efficiency was defined as in equation 3, 

W
L

=η                                            (3) 

where L  is the mechanical work in a press cycle and W  is the 
energy absorbed by the motor in a press cycle.  

 
Fig. 3. Press efficiency versus deformation force, showing the 
effectiveness of the proposed solution 

 
In the case of drive controlled motor, the efficiency was 

multiplied by 0.92, which is a usual value of drive efficiency. 
The graph in figure 3 shows that the DTC drive provided a 

better press efficiency than the directly connected motor at 
heavy loads (32% of maximum force), when the slip losses of 
the uncontrolled motor become significant. When DTC drive 
with the proposed solution was used, the efficiency 
improvement started at much lighter loads (12% of maximum 
force). 

 
4. CONCLUSION 
 

This paper presented a proposed solution of improving the 
efficiency of the mechanic presses equipped with variable 
speed drives. The solution was tested by numerical simulations, 
using a press dynamic model which was created and 
experimentally validated by the authors. The results showed 
that the solution can offer a better press efficiency for a wide 
load range, comparing to the efficiency obtained by using 
directly connected motor and drive controlled motor. 

The solution, in the actual form, is only applicable for 
variable speed drives that use vector control or Direct Torque 
Control. As further work, the authors intend to extend the 
solution applicability to the Volt-Hertz control, which is the 
most widely used motor control type in industry. 
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