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Abstract: This paper proposes the improvement of the dynamic performance of the eccentric 
power presser by controlling the driving motor using the DTC (Direct Torque Control) method. For 
this purpose, the presser operation was simulated in different situations,  and  the advantages of using 
this control scheme  were  punctuated. 

The models of the power presser, induction motor and DTC were realised in Matlab-Simulink.  
The simulation results, related to both the motor without control and the motor controlled 

using DTC are comparatively presented, and are followed by comments and observations. 
 

1. INTRODUCTION 
 
The eccentric power pressers constitute in present days an important group of machine 

tools for metal plastic cold working, due to their technological capability, simple construction 
and good rated capacity. 

This machine are driven by a three-phase induction motor which is directly network-
driven. 

This construction has the disadvantage that it is not possible to obtain more working 
speeds, in order to satisfy diverse technological requirements – given by the type of the 
operation and the properties of the half – finished material. If more working speeds could be 
obtained, the same presser could be utilized for a larger range of technological operations. 
 

2. THE DINAMIC MODEL OF THE ECCENTRIC POWER PRESSER 
 

 This power presser is of non-geared type. It has a flywheel which rotates directly the 
main shaft and which is driven by the electric motor using a belt transmission. 
 The large values of deformatin force, which varies during the processing cycle, 
explain the presence of the flywheel. The flywheel has an important contribution to the 
deformation energy and it maintains the uniformity of the movement, leading to the reduction 
of the dynamic loading – which otherwise could affect the working piece. A part of the 
kinetic energy stored by the flywheel is absorbed by the deformation process in the active 
portion of the work cycle. In the remaining portion the motor tends to re-establish the 
operating speed for the next cycle. 

The power presser model is based on the calculus of the crank turning moment  
produced by the deformation force at the presser shaft [1]:  
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where:             

R  - is the radius of the crank circle; 

dF - is the deformation force, on the direction of translation;  
cu _−π=α  

cu _ - is the flywheel current angle  = 0cu _ o, at the upper position of the ram  
                                          = 180cu _ o at the lower position. 

L  - is the length of the connecting-rod; 
  

ul =   0 la PMS
    180 la PMI

flywheel angle

PMS- superior point
PMI- inferior point
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Fig. 1. The dynamic model of the power presser  

Jv = 1.6384   [kg*m^2]
Jr = Jv * (1/i) ^2 = 0.0655
                            [kg*m^2]

step

Terminator

Scope

v_m  [rpm]

start 
Load Torque

Presser

u_A

u_B

u_C

T_load

i_A

i_B

i_C

v [rpm]

T_motor [Nm]

Induction motor

AC Voltage Source

3x220 V ;  50 Hz

Fig. 2. The model of the system comprising the 
power supply, the power presser and the 

induction motor 
 

  
In figure 1 is presented the dynamic model of an eccentric power presser. The input of 

the system is the angular speed of the motor shaft (v_m), and the output is the crank turning 
moment, referred to the motor shaft.  

The current angle of the flywheel is obtained by integrating the angular speed of the 
motor shaft, allowing for the gear-ratio. The following parameters can be adjusted: the ram 
course, which is equal to 2R, the length of the connecting-rod L and the work angle u_l [1]. 

The deformation force, , is applied between the position corresponding to the work 
angle (u_l) and the  lower position, corresponding to the angle of 180

dF
o.  

The load moment at the motor shaft is calculated by dividing the torsion moment  
by the gear-ratio “i”:  

tM

i

M
M t

r =              
flywheel

motori
Ω

Ω
=  

 
The effective moment of inertia at the motor shaft is given by the expression [7]:  
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where: 

mJ  = the moment of inertia of motor 

vJ = the moment of inertia of the flywheel, obtained from instruction book.  

eJ  is one of the parameters of the induction motor model. 
 

3. WHY DIRECT TORQUE CONTROL? 
 

The goal of the proposed numerical electric drive is both the possibility of an 
adjustable work speed, and the ability to apply a certain speed profile along the fast duty 
cycle. Therefore it is necessary to use a control scheme which can provide a fast torque 
response and the availability of the peak torque even at low speed.  

These requirements can be satisfied by using Flux Oriented Control schemes (FOC) or 
Direct Torque Control schemes (DTC). 

DTC was preferred for this application due to some of its advantages comparing with 
the FOC [2]: 

• the control scheme is simpler – there is no need for voltage decoupling circuits 
(required in voltage-source vector drives), coordinate transformations or 
separate voltage modulation block; only the sector where the flux-linkage 
space vector is located, and not the actual flux-linkage space vector position 
has to be determined; 

• less computation burden; 
• it is easier to implement a sensorless control.  

The most important disadvantage of a conventional DTC – the high torque ripple, does 
not affect the performance of the drive, due to the large flywheel moment of inertia. 

In figure 3 is presented the model of the drive system, cosisting of the induction 
motor, supplied by the Voltage Source Inverter (VSI), which receives the control signals from 
the DTC block.  

The DTC scheme is shown in figure 4. In principle, the DTC method selects one of 
the inverter’s six voltage space vectors in order to keep the stator flux and torque within a 
histeresis-band around the demanded flux and torque magnitudes. If the stator ohmic drops is 

neglected then 
dt

d
u s

s
ψ

= . It follows from this equation that in a short  time, when the 

voltage space-phasor is applied, 

t∆

tuss ∆=ψ∆ . Thus the stator flux-linkage space phasor 

moves by sψ∆  in the direction of the stator voltage space phasor. 

In the control model – figure 4 – the actual flux and torque magnitudes are estimated 
using the machine terminal voltages and currents. The stator flux-linkage components are 
obtained from the stator voltage equations in the stator reference frame. The DTC needs only 
the actual sector of 60o in which the stator flux space phasor is located – the trigonometrical 
circle is divided in 6 equal sectors corresponding to the 6 voltage space-phasors which are 
available at the terminals of the VSI. 

The reference values of the flux and torque magnitudes are compared to their 
corresponding estimated values using the hysteresis comparators [2]. Depending on the 
outputs of this comparators and the sector in which the flux space-phasor is located, the 
proper voltage space-phasor is selected, in the inverter switching table. 
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Fig. 3. The model of the system the power presser, 
the induction motor, the VSI and DTC scheme.  
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Fig. 4. The DTC model  

 

 
 

4. THE RESULTS OF THE SIMULATIONS FOR DIFFERENT POSSIBLE 
WORKING SITUATIONS OF THE POWER PRESSER 

 
For the modeling it was used the power eccentric presser PAI 6,3, driven by an 

induction motor with rated power Pn=750 W, two pole pairs and rated torque Mn=5.15.Nm. 
In every diagram the following presser working parameters are specified:  

• deformation force Fd (the maximum allowed value is Fdmax=6.3 tf);  
• current angle u_l, wich is the flywheel angle corresponding to the beginning of 

the deformation;  
• ram course, equal to the diameter of the crank circle; the presser has 4 steps to 

which the ram course can be adjusted: ram_course = 8; 21; 35; 48 mm. 
The evolutions of the following quantities are plotted: the motor speed [rpm]; the 

motor torque  M, and load torque Mr [Nm]; stator current in phase “a”, i_sa [A].  
The first case considerred is the starting of the machine – figure 5. The presser 

parameters are: deformation force Fd=6,3 tf;  work angle  u_l=90o;  ram_course =8 mm. The 
high value of the flywheel moment of inertia enlarge the period of this transient regime, 
which is characterised by high currents. The overburden of the motor can be easily avoided in 
the case of controlled motor because it is possible to limit the electromagnetic torque and 
implicitely the current. The torque limitting is applied only for the starting period and then it 
is cancelled. 

The period “dt”, which corresponds to a complete turn of the flywheel, starting with 
the stroke moment, is marked down for every cycle on the speed plots.  
 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

500

1000

1500

m
ot

or
 s

pe
ed

  
[r

pm
]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

10

20

30

40

50

M
, 

M
r [

N
m

]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-12

-6

0

6

12

time [s]

i sa
 [

A
]

dt = 0.217 

 
a) The motor is supplied directly from electrical 

network 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

500

1000

1500

m
ot

or
 s

pe
ed

 [
rp

m
]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

10

20

30

40

50

M
, 

M
r [

N
m

]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-12

-6

0

6

12

time [s]

i sa
 [

A
]

dt=0.213 

 
b) The motor is supplied by the VSI using DTC 

Fig. 5.  Simulations results for the start transient followed by a single stroke.  
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 figure 6 and 7 are presented two cases of automatic working of the presser, 
corresp

ation 
force a

In
onding to different values oe deformation force, working angle and ram course. 
The load torque is larger when the working angle is closer to 90o and the deform
nd ram course are bigger. 
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Fig. 6. Simulations results in auto
defo m. 

mate mode (repeated strokes) 
rmation force Fd=6,3 tf;  work angle  u_l=120o;  ram_course =8 m
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a) The motor is supplied from electrical network
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b) The motor is supplied by the VSI using DTC 

Fig. 7.  Simulations results for auto
defo m. 

mate mode, different parameters 
rmation force Fd=3,15 tf; work angle u_l=150o; ram_course =35 m

 
 both situations, the torque in the control scheme was limited, on purpose, to the 

rated to

 in wich the presser locks, after a certain 
numbe

angle u_l=120 ; ram_course=21.mm. 

In
rque. In this condition, two aspects can be noticed, by comparing to the case of the 

motor with no control. The first one, related to the situation presented in figure 6, is that the 
controlled motor is working with no current shocks, unlike the motor supplied directly from 
the mains. The second aspect, featured in figure 7, is that the controlled motor speed has a 
constant value along a significant portion of the cycle. This is due to the fast torque response, 
wich is a characteristic of DTC. Moreover, in both situations, the average speed of the 
controlled motor is a little higher ( the periods “dt” are smaller), despite the fact that the 
refference torque was limited to the rated torque. 

In figure 8a is presented a working case
r of cycles, when it is driven by the motor with no control. On the contrary, when the 

presser is driven by the controlled motor, in the same conditions, it is working correctly and 
the motor is not overheated. The presser parameters are: deformation force Fd=6,3.tf; work 

o
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a) The motor is supplied directly from electrical 

network 
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b) The motor is supplied by the VSI using DTC; 

v_ref =1300 rpm 
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c) The motor is supplied by the VSI using DTC; 

Pn=0,75 kW; Jv  reduced 
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Fig. 8. Critical situation in the presser work 
 
On the purpose imp drive, the authors propose, 

in addition, the reduction of the flywheel moment of inertia by replacing it by a flywheel with 
smaller

half, driven by the initial motor and, respectively, by a motor with double 
rated p

itial flywheel (figure 8b). The speed 
decreas

  

roving the dynamic performances of the 

 mass. On the other hand, considering the high values of the load torque, the active 
torque must be increased. This can be done by replacing the motor by another one, with a 
higher rated power. 

In the figures 8c and 8d is represented the work of the presser with a flywheel moment 
of inertia reduced to 

ower. The speed reference is v_ref=1300 rpm. 
 It can be noticed that in the first case – figure 8c – the motor speed decreases much 

more than in the situation corresponding to the in
e is attenuated when the motor with double rated power is used, but it still remains 

larger than in the case of initial flywheel. 
The figure 9 shows the possibility of the presser to work at low speed, set by the 

operator, when the control scheme is used.
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Fig. 9 The operation at low speed reference with DTC, Pn=0.75.kW 

 
Evidently there is a minimum value (v_min) at which the speed reference can be set, 

so that to keep the real speed above 0. This value depends both on the presser characteristics 
(motor rated power, flywheel moment of inertia etc), and technological parameters. In the 
situation represented in the figure 9a, v_min=670 rpm, in the following conditions: 
deformation force Fd=6.3 tf, ram_course=8 mm, work angle u_l=90o.  

In figure 9b is represented a case in which the motor torque reference is limited, on 
purpose, to the rated torque. The operating conditions are the same, excepting the work angle, 
which is set to a larger value – u_l=1200, which means that smaller mechanical work is 
required. v_min=520 rpm represents the minimum reference speed that can be set in this 
conditions. 

It can be observed, in figure 9a,. that the induction motor is able to generate its peak 
torque along the whole speed range. 

In figure 10 is presented the working of the presser at low speed reference, with a 
fywheel having half of the initial moment of inertia and a motor of double rated power. 
Comparing to the case presented in figure 9.a, it can be seen that, in the same conditions, a 
lower reference speed is allowed when using a motor with a higher rated power. 

Conclusively, the presser equipped with a reduced flywheel and a motor with double 
rated power is suitable to work at low speed. This can be explained by the fact that the kinetic 
energy of the flywheel decreases as the speed decreases.   
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b) v_ref =530 rpm 

Fig. 10 The operation at low speed reference with DTC, Pn=1.5..kW; Jv  reduced 
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5. CONCLUSIONS 
 

The simulation results of the analyzed situations show the advantages offered by the use 
of DTC in the electric drive of a power presser: 

• Significant improvement of the dynamic performances, due to the fast torque response 
which is a characteristic of DTC; 

• The maximum torque can be limited, if the operation conditions allows it, in order to 
limit the peak values of the current; 

• DTC method is suitable for a sensorless control (without speed transducer), which 
leads to reduced costs and increased reliability of the drive; 

• It makes possible the improvement of the presser dynamic at low speed, by using a 
reduced flywheel and a motor with a higher rated power; 

Evidently there are some disadvantages: 
• The total cost of the presser rises, which is inherent, due to the presence of the 

controller board and the Voltage Inverter; 
• Variable swithing frequency at the inverter;  
• There is a high torque ripple, but due to the flywheel moment of inertia the ripple does 

not affect significantly the speed; 
The most important advantage of DTC, the fast torque response, makes possible the 

applying of an adequate speed profile, depending on the technological requirements, in order 
to achieve better performances in the plastic deformation process. Thus the same presser can 
be used for more types of operations. 

 In addition, the number of strokes per time unit can be increased, when the process 
characteristics allows it, in order to improve the presser productivity. 

  
Note: 
Induction motor parameters: 
Pn=750.W; Ufn=220.V; In=2.1.A; fn=50.Hz; Mn=5.15.Nm; p=2; J=0.00442.kg*m2;  Rs=10.Ω ; 
Rr=6.3. ; ; Ω H  0.0401== σσ rs LL H  0.4212=mL ; Mmax=10.7.Nm;  

 
Reference 
   [1] Şt. Velicu, S. V. Patucă, M. Covrig, A. Nicolescu.  A Study on the Improvement of the Mechanic  Eccentric 

Presser Dynamic, Proc. ICMas 2004, p223-226, Bucureşti, 2004.  
   [2] Vas, Peter. Sensorless Vector and Direct Torque Control, Oxford University Press; U.K,  1998. 

[3] Bose, B. K.  Modern Power Electronics and AC Drives. Prentice Hall PTR, Prentice-Hall, Inc., U.S.A. 
2002 

[4] Velicu Şt. Bazele proiectării preselor. Ed. Printech, Bucureşti, 2003. 
[5] R. Parlog-Cristian, M. Covrig, V. Năvrăpescu, F. David Maşini Electrice- probleme specifice, vol II. Ed. 

ICPE, Bucureşti, 2001 
[6] M. Covrig, L. Melcescu, N. Vasile, R. Parlog-Cristian Maşini Electrice- probleme specifice, vol III. Ed. 

Printech, Bucureşti, 2002 
[7] E. Seracin, D. Popovici Tehnica acţionărilor electrice, Ed. Tehnică, Bucureşti, 1985 
[8] Mei C.G., Panda S. K.., Xu J. X., Lim K.W.. Direct torque control of induction motor-variable switching 

sectors, Proc. PEDS’99, p80-85. 1999 
[9] Năvrăpescu V., Covrig M., Todos P.. Comanda numerică a vitezei maşinii asincrone, Ed. ICPE, Bucureşti. 

1998 
[10] Drăgănescu Fl., Savu T., Drăgănescu B. Computer aided data acquisition in punching steel bands on 

mechanic eccentric presser. The Annals of  “Dunărea de Jos” University of Galaţi, XVI (XX),  p.60 – 69. 
1998 


	Pn=750.W; Ufn=220.V; In=2.1.A; fn=50.Hz; Mn=5.15.Nm; p=2; J=
	Reference

