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Sawing energy in mechanical crank
press drives
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Abstract
The paper deals with the drive options of mechanical presses and their influence on energy efficiency. Although the main
focus is on energy efficiency, we also emphasize design and operational issues. The press machine is divided into two
separate sections – the machine side and the drive side. The machine side and its efficiency is described using an energy
balance formula. We quantify the energy balance for an 80 MN forging press. We describe eight different types of drives
from a typical drive with a flywheel to direct drive and their combinations. We describe individual losses and efficiencies
for components of the drive side.
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Introduction

Forming is one of the most productive and therefore
also the most widespread production and processing
technologies. However, implementing this technology is
very energy intensive. To increase production efficiency,
we must pay special attention to forming and look for
ways to save energy.

An example of sprocket production can be used as
an illustration both as a comparison with machining
technology, Figure 1, and as a demonstration of the
energy balance in its production by forming.

The graphs in Figure 2 clearly demonstrate the bene-
fits of forming technology over machining technology,
not only in terms of energy efficiency.

Hot forging operations (described in Unver and
Kara2) are: Cutting; Heating; Forging; Flash trimming;
Finishing; Crack control. An example of chromium
alloy steel forging was analyzed in a forge shop with
the following results – see Figure 3.

Figure 3 shows that the largest amount of energy
needed to produce the part is used by the forming pro-
cess (25.34 kJ, which is 52 % of the energy of the whole

production process). This can also be generally applied
to other forgings. This is why we decided to look for
possible energy savings in this area.

The values correspond to the globally accepted
energy values consumed by forging of 128kJ/kg.3

The basic energy needs for the production of a prod-
uct by forming can be divided as follows:

� Performing the technological operation – the
deformation energy and the associated work
needed to overcome the friction between the
tools and the formed product.
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� Operating the machinery – the work required to
operate the forming machine, manipulator,
transport, etc.

If we want to think effectively about energy savings,
we should focus primarily on the areas that are the
most energy-intensive, but also where solutions can be
expected that could bring significant energy savings.

In the first case, the amount of energy required is
largely defined by the technical requirements of the
final product and very often changes with the changing
product range. In the second case, there is a choice of
equipment and the most suitable and efficient one must
be selected to produce the product. The machine energy
saving solutions are long-term (for the entire life of the
machine) and are not so dependent on the range of
products produced.

Therefore, we focused on the second case – forming
machinery, and the most common type – mechanical
crank presses. Because a large number of these

machines are in operation, even a small energy saving
in their operation will benefit society many times over.

Description of a crank forging press

To help understand the problems of the machine func-
tion, here we describe the most frequently used drive
systems of crank presses. A flywheel drive with or with-
out a countershaft serves to accumulate the energy
absorbed by the impact during forming. A typical
arrangement is shown in Figure 4.

The press (Figure 4) consists of:

� Machine part – it is kinetically identical for all
crank presses and the energy balance of most
presses does not differ much. Energy savings in
this part depend mainly on losses caused by

Figure 1. Sprocket wheel – an example.1

Figure 2. Comparison of environmental effects of machining
and hot forging.1

Figure 3. Energy consumption – steel forging facility (case
study).2

Figure 4. Diagram of a forging press with a crank mechanism
and a flywheel drive (variant B).
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friction, or on losses caused by elastic deforma-
tions of functional elements.4

� Drive part – there are various design variants.
Therefore, it is necessary to pay attention to this
part of the drive system to influence its energy
consumption by a suitable design and a suitable
choice for different types and sizes of crank
presses.

Therefore, below we analyze various solutions and
use the results to propose new variants of solutions that
should have lower energy intensity.

Mechanical crank press drive – analysis of
individual systems

The mechanical crank press drive transmits power
between the electromotor at the input and the crank-
shaft at the output. Since the rotational speed of the
input and output is different, the drive reduces it. The
usual rotational speed of a large press crankshaft is
30 rpm considering a theoretical continuous work cycle,
and the rotational speed is 100 rpm for small presses.
The usual gear ratio for large presses is 1:30.

Typical drive systems used today

Flywheel on a crank shaft drive (variant A) and flywheel on a
countershaft drive (variant B). The most commonly used
forging press drive is a flywheel drive with or without a
countershaft. The flywheel serves as an energy accumu-
lator to provide energy in peaks for the forging opera-
tion in the machine side of the press. For both variants
the motor and the flywheel are coupled by a belt drive.
An example of a typical machine layout is illustrated in
Figure 5.

For presses that have a smaller number of strokes,
thus a smaller number of crankshaft revolutions (these
are large presses), a larger reduction ratio is required
(approximately 1:30), and then another gear must be

used on the countershaft (Variant B). There is a gear in
variant B between the countershaft and the crankshaft
due to the transmission of high power.

A direct drive with a torque motor (variant C). Direct drive is
typical in that all the power consumption of the press
mechanism is covered by a special high-power torque
motor. Because the crankshaft speed is low, the torque
motor must also be slow running. Torque motors are a
special class of brushless permanent magnet synchro-
nous motors.

The direct drive makes use of electric energy accu-
mulation – usually by means of a supercapacitor or an
externally located flywheel.

The brake in this kind of drive is only to meet safety
requirements. The machine side is braked by the motor
itself when it is in generator mode. Hence there is no
brake energy loss – only energy loss in the accumulat-
ing device.

The direct drive layout (Figure 6) has no clutch and
there is no clutch energy loss.

Comparison and results of the analysis of the most frequently
used drives

Variant A. This is the most frequently used drive sys-
tem for crank presses due to its simple design. Of all
the flywheel drives its drive is the stiffest from the
motor to the crankshaft, it has the lowest energy losses
in coupling (there is only a belt coupling from the
motor to the flywheel) and is the cheapest thanks to its
low technological manufacturing requirements. Its
drawback is the significant weight of the flywheel and
the high dynamic loads linked to it. It is suitable for
presses where a smaller reduction ratio from the engine
to the crankshaft is sufficient (with a belt approxi-
mately 1:6; with a gear approximately 1:9). It is used
mainly with smaller presses with nominal forces up to
20MN.

Variant B. This is the second most commonly used
drive system for crank presses. To increase the

Figure 5. Diagram of drive with a flywheel drive (variant A –
left) and drive with a countershaft (variant B – right). Figure 6. Diagram of drive with direct drive (variant C).
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reduction ratio from the engine to the crankshaft, a
countershaft is inserted into the drive system, on which
the flywheel is located. Because the flywheel has a
higher speed on the countershaft, it can weigh less than
in variant A. However, inserting the countershaft
reduces the rigidity of the transmission and increases
the losses by another gear pair. This drive is also more
expensive and technologically more complicated to
manufacture. However, despite these disadvantages, it
is the only solution for drives where a large transmis-
sion between the engine and the crankshaft is required
(approximately 1:30), which is used in large crank
presses (from 25MN).

Variant C. This is a direct drive with a torque motor
located on the crankshaft. This drive system eliminates
the need for a clutch and gears. The brake is mainly
used to fix the position. This drive has the best mechan-
ical efficiency and therefore the greatest rigidity of the
drives. However, torque motors have lower efficiency
than commonly used electric motors. These motors are
very heavy and very expensive. Their operation is pro-
blematic because they draw high currents at peak times,
which most electrical networks cannot withstand.
Therefore, energy accumulators must be used, which,
however, reduce the efficiency of the entire drive and
make it more expensive. So far, these drives are used in
small, and occasionally medium presses, especially for
technologies where it is necessary to regulate the speed
during the stroke.

Proposal for new, more advanced variants of drive
systems

The following list contains non-standard types of
drives.

A torque motor drive with a gear pair (variant D). As the
speed of a motor decreases, its efficiency usually
decreases and its weight and price increase consider-
ably. Therefore, it is possible to insert a gear between
the torque motor and the crankshaft, which allows the
use of a motor with higher speed and lower weight,
greater efficiency, and lower cost (Figure 7). This com-
pensates for the reduction in efficiency by the gear.
This drive system works on the same principle as var-
iant C, but it is cheaper and lighter.

A drive with a flywheel on the motor shaft (variant E). The
main advantage of placing the flywheel on the motor
shaft (Figure 8) is lowering its weight while keeping the
accumulated energy the same. This modification is
based on placing the flywheel on a shaft with higher
rotational speed, which leads to significant lowering of
its moment of inertia.

The disadvantage of moving the flywheel in front of
the belt drive is its transient load with considerable
power. The transmitted power can reach the limit of
the possibilities of the belt transmission. After that, it is
necessary to use a more expensive gear.

The benefit of this drive system is the greater
dynamic stability due to smaller rotational masses, and
greater efficiency can be expected when using a gear.

If a larger reduction ratio is needed, a countershaft
can also be used with this drive. This drive system is rec-
ommended especially for presses up to 20MN.

A flywheel drive combined with torque motor (variant F). This
is a drive that combines the advantages of both fly-
wheel and direct drives (Figure 9). The direct drive with
the torque motor is used to accelerate and brake the
press mechanism. The flywheel drive is used to perform
technological operations where peak power is needed.
Because the clutch is a part of the flywheel side, it
engages with the shaft on the drive side at a synchro-
nous speed, and thus the slip and wear are minimized.

Unlike the current design, this type of drive might
expand the use of torque motors for medium sized

Figure 7. Diagram of drive side with a direct drive with an
intermediate gear (variant D).

Figure 8. Diagram of drive with a flywheel drive with a
flywheel on the motor shaft (variant E).5
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presses, that is around 25MN. It could mean significant
energy savings compared to conventional flywheels.

A flywheel drive with a planetary gearbox inside the flywheel
(variant G). A gearbox may be included to achieve a suf-
ficient reduction ratio higher than with a countershaft
(Figure 10). The gearbox means there does not have to
be a countershaft, so the flywheel can reach higher
speeds and thus be smaller.

This type of drive reduces the weight of the rota-
tional masses, better energy efficiency, and high
dynamic stability is predicted.

A flywheel drive with a torque motor (variant H). A flywheel
drive with a torque motor uses the flywheel to accumu-
late energy for the technological operation. A torque
motor is used to charge the flywheel, which charges
only in the part of the stroke between top dead center
and bottom dead center (Figure 11).

This drive system broadens the possibility of using
torque motors even for large presses and lowers the
losses from electrical accumulation.

Comparison and results of the analysis. To achieve energy
savings in mechanical crank press drives it is important

to choose a suitable drive system in respect to the tech-
nological purpose, design, and size of the press. In this
sense, there are still considerable reserves in the current
production ranges of crank press producers.

Therefore, we carried out the analyses described
above to enable us to make the right choice from the
different drive systems. Currently, the energy efficiency
is around 40%, which is not much. It can be assumed
that with the correct choice of drive the efficiency could
increase by up to 10%, which means huge savings for
units with power of MWs.

Variant D. An improved variant C with all its advan-
tages and disadvantages. Lower energy demands are
expected. For use with small and medium presses.

Variant E. The benefit is lower weight of rotating
masses, greater dynamic stability, and the assumption
of better efficiency. For use with small and medium
presses.

Variant F. The benefit of this system is the possibility
of using a torque motor drive with a range of medium-
large presses around 25MN. Energy savings can be
expected compared to existing drive systems.

Variant G. The advantage is that a relatively large
countershaft is eliminated. It is also possible to use a
gear ratio greater than 1:30. The total weight of the
machine can also be reduced. At the same time, all the
advantages of the classic flywheel drive are preserved.
It is not limited by the size of the machine.

Variant H. It is not necessary to install electrical
energy storage, as the energy consumption peaks will
be covered by the energy stored in the flywheel. This
extends the use of direct drive to presses with greater
forces. It is also possible to assume energy savings by
reducing losses in the accumulation of electricity to
cover energy peaks.

An analysis of energy flow in a crank press

Energy balance of a work stroke on the machine side
of a crank press

The energy balance equation (the amount of energy
which a drive must deliver to a mechanism (machine) to

Figure 9. Diagram of drive with a combination of a flywheel
and direct drive (variant F).

Figure 10. Diagram of drive with a flywheel drive with
planetary gearbox (variant H).6

Figure 11. Diagram of drive with a direct drive with flywheel
(variant H).
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carry out its technical operation) is solved for one work
cycle during continuous operation of the machine.

Ac =Au 6 Ad +Az 6 Aa 6 Ag ð1Þ

Ac . total work
Au . useful work
Ad . work of elastic deformations
Az . friction work (loss)
Aa . work of acceleration of masses
Ag . work of gravity
The energy balance of a forming machine can also

be evaluated for a discontinuous work cycle. A discon-
tinuous work cycle occurs when, after each technologi-
cal operation, the crank shaft and connected ram stop
in the upper dead center of the mechanism. This means
that energy is evaluated from the time when the front
shaft and crank shaft of the mechanism connects with
the clutch until the time when the front shaft and crank
shaft of the mechanism disconnects from the clutch and
the crank shaft is stopped by the brake. Energy which
is needed to start the machine is not considered in the
energy balance formula.7

An example of energy balance is described for a
mechanical forging press with a nominal force of
80MN. The force-displacement curve for closed die
forming processes is simplified according to
Kamelander, see Figure 12.8,9

For such an operation and known press dimensions
(and other operational data) it is possible to describe
the work of elastic deformations, the work of friction
and the work of the acceleration of masses. The work
of gravity is not considered within this example (the
start and end position are the same).

The result of such an energy balance of the machine
side is the realization that only 43% of all the energy
used in the machine side is consumed by the technology
process itself (useful work (Au)) (Figure 13). Other par-
tial works are energy losses. The start-up work (Aa)

that describes the energy necessary to set the mechan-
ism in motion is then dissipated in the brake at the end
of the work cycle because a discontinuous work cycle is
assumed. The highest energy loss is dissipated in fric-
tion (Friction work (Az)). The lowest energy loss is dis-
sipated by machine stretching, mainly in its frame
(work of elastic deformations (Ad)).10

Since we have almost exhausted all the possibilities
for saving energy on the machine side, our objective
now shifts to saving energy on the drive side of the
mechanical press.

Locations of energy losses in the drive

We chose Variant B as an example. The flywheel drive
with a countershaft is described in the following figure
in terms of energy losses.

In a typical drive (Figure 14) the locations of energy
losses are:

Figure 12. Force-displacement curve representing closed die
curve for 80 MN crank press.

Figure 13. Distribution of energy usage.

Figure 14. Locations of energy losses in a typical drive with
flywheel and countershaft (variant B).
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Work lost by brake

Work lost by the brake approximately equals the start-
up work. This is the energy of the mechanism in motion
that needs to be dissipated when the mechanism needs
to be stopped (usually before reaching top dead center)

It should be noted that the efficiency of the press is
examined as a whole, and this work needs to be taken
into account only once.

It is possible to lower the work lost by the brake by
lowering the kinetic energy of the machine side. This
can be achieved by lowering the moment of inertia of
the mechanism.

This lost energy might be decreased or completely elim-
inated if energy recuperation is implemented. In practice
attempts are being made to recuperate energy by its trans-
formation into hydraulic, pneumatic, or electrical energy
that is afterwards available to start-up the mechanism.

The total calculated work lost by the brake for a
press of 25MN is 100kJ, which is approximately 45 %
of useful work (Au).

Work lost by clutch

The clutch in the drive of press typically serves to con-
nect and disconnect the flywheel (A) to the press
mechanism (B) (Figure 15). Usually a dry friction air-
operated disk clutch is used.

Assume that:

Determination of energy loss by taking the law of
conservation of angular momentum and substituting
it in the law of conservation of energy

Determination of the work lost by the clutch is based
on the law of conservation of angular momentum and
the law of conservation of energy.

The law of conservation of angular momentum
states that the angular momentum of an isolated sys-
tem of bodies is conserved. Then the following is valid:

LA0 + LB0 = L1 ð2Þ

IA �vA0 + IB �vB0 = IA + IBð Þ �v1 ð3Þ

v1 =
IA �vA0 + IB �vB0

IA + IB

ð4Þ

The law of conservation of energy states that energy
can neither be created nor destroyed; rather, it can only
be transformed from one form to another. The energy
of the clutch before engagement is equal to:

E0 =EA0 +EB0 ð5Þ

EA0 =
1

2
� IA �v2

A0 EB0 =
1

2
� IB �v2

B0 ð6Þ

E0 =
1

2
� IA �v2

A0 + IB �v2
B0

� �
ð7Þ

The decrease of kinetic energy after connecting both
bodies is given by an irreversible increase of internal
energy. In this case it is thermal energy. It is an inelastic
impact. In an ideal inelastic impact the two bodies have
the same velocity after collision (they do not move with
respect to each other).

The energy of the system after clutch engagement
and stabilizing rotational speed is equal to:

E1 =
1

2
� IA + IBð Þ �v2

1 ð8Þ

E1 =
1

2
� IA + IBð Þ � IA �vA0 + IB �vB0

IA + IB

� �2

=
1

2
� IA �vA0 + IB �vB0ð Þ2

IA + IB

ð9Þ

Loss of kinetic energy is equal to:

DE=E0 � E1 ð10Þ

AzB . Work lost by brake (equal to start-up work)
AzC . Work lost by clutch
AzBcl=AzBco . Work lost by support bearings of clutch shaft

/ countershaft
hgear . Efficiency of gearing
hbelt . Efficiency of belt drive
hmotor . Efficiency of electric motor
hes . Efficiency of electricity source

IA kg �m2
� �

Moment of inertia – drive side
IB kg �m2

� �
Moment of inertia – machine side

vA s�1
� �

Angular velocity – drive side
vB s�1

� �
Angular velocity – machine side

0 – State before clutch engagement
1 – State after clutch engagement
L kg �m2 � s�1

� �
Angular momentum

E J½ � Energy

Figure 15. Schematic representation of connection of rotating
masses by a coupling.
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DE=
1

2
� IA �v2

A0 + IB:�
IA �vA0 + IB �vB0ð Þ2

IA + IB

! 
ð11Þ

Energy loss solved by this method is ideal. In reality
the energy loss will be higher due to clutch slippage
caused by slow clutch engagement.

From Figure 16, it is clear that clutch energy loss is
dependent on the flywheel size. Horizontal axis of the
graph describes ratio between moments of inertia of
drive side to inertia of machine side. The blue curve
(left vertical axis) describes ratio between energy lost by
clutch to energy transmitted by the clutch (kinetic
energy of machine side after clutch engagement). This
ratio is better for bigger flywheel but what cannot be
seen from it is that with bigger flywheel the total energy
lost (the green curve) is higher too. The red curve (right
vertical axis) describes decrease of rotational speed
from initial to final speed. With bigger flywheel the
rotational speed is less affected by clutch and therefore
the press productivity is higher.

It is obvious that proper setting of flywheel size influ-
ence total energy lost. With bigger flywheel energy lost
is growing but rotational speed drop is reduced too –
flywheel size must be optimized to fit intended use.

The total calculated work lost by the clutch for a
press of 25MN is 95 kJ, which is approximately 43%
of useful work (Au).

Work lost by shaft support bearings

Drive shafts are commonly seated in self-aligning bear-
ings (double-row spherical roller bearings). Self-align-
ing bearings are used because of their ability to accept
minor misalignments and withstand possible impreci-
sions in the manufacturing of the press stand. Because
of its line contact, this type of bearing has a relatively
high energy loss.

Bearing manufacturers are also occupied with energy
demands. The following example (Figure 17) is from a
Schaeffler11 symposium where different car gearbox
shaft bearings are shown. The article Innovative
Bearing Concepts for the Powertrains of the Future by
Georg von Petery and Reinhard Rumpel deals with
new low friction bearing design. The article shows that
consistent optimization of bearing designs might help
further lower the friction.

Bearing manufacturers themselves are occupied with
energy demands. The example is on following figure
from Schaeffler symposium where different car gearbox
shaft bearings are shown. Article Innovative Bearing
Concepts for the Powertrains of the Future by Georg
von Petery and Reinhard Rumpel deals with new low
friction bearing design. This article shows that consis-
tent optimization of known bearing designs might help
furthermore lower the friction.

The bearing energy loss of a forging press with a
nominal force of 25MN is analyzed with consideration
of the particular types of bearings and lubrication.12

This analysis was performed for both A and B bearings
as shown in Figure 18.

The analysis was performed for two load cases
according to the loading of the countershaft.

From the results of the analysis (Table 1) it is clear
that optimization of the original countershaft bearing
design can achieve energy savings. While being rela-
tively high, in the context of the whole machine the
contribution of these savings are low. In a mechanical
press with a nominal force of 25MN, the energy saved
by the new design is 1.1 kJ while useful work (Au) for
one cycle reaches 220kJ.

The total calculated work lost by the countershaft
bearings for a press of 25MN is 6.5 kJ, which is approx-
imately 3% of useful work (Au).

Figure 16. Dependence of energy lost by clutch on the
moment of inertia of the flywheel.

Figure 17. Friction loss (top) and rating life (bottom) for the
gearbox shaft with different bearings.11

8 Advances in Mechanical Engineering



Efficiency of gearing

Gearing is used when a flywheel is put on a counter-
shaft. Only gearing is able to transfer the required
power from the flywheel to the crank mechanism. The
efficiency of spur gearing itself is stated to be 98%–
99%, which is quite high.13

Ways to affect gearing efficiency are:

� A higher load during running-in yields higher
gear mesh efficiency compared to a lower
running-in load.14

� The tested superfinished gears exhibit an overall
higher efficiency when compared to ground
gears.15

The dependency of gear meshing efficiency on the
manufacturing accuracy is shown in Table 2.

Efficiency of belt drive

Typically, the efficiency of a belt drive is considered to
be 90%–98%. These numbers are given by manufactur-
ers with the words ‘‘up to,’’ so rather lower values can
be expected. Furthermore, there are no regulations on
how the efficiency measurements are carried out, so it
is not clear under what conditions the manufacturers
reach their stated values.17

Experimental verification of a belt transmission effi-
ciency was performed for various belt types (Table 3).
The following Table 3 lists the types of belts, their
declared, and measured efficiency.

Table 1. Comparison of energy losses for a specific countershaft bearing (highlighted in bold) and its alternatives and various lubricants.

Bearing Lubricant Power
loss (kW)

Energy
loss (J)

Difference to the
original solution (%)

23,072 LOAD400 0.91 2732 n/a
LOAD1000 1.18 3542 30%
MULTITOP 0.60 1802 234%
ISO VG 68 0.54 1622 241%

23,972 LOAD400 0.83 2492 29%
LOAD1000 1.05 3152 15%
MULTITOP 0.58 1742 236%
ISO VG 68 0.54 1622 241%

6072-M LOAD400 0.93 2794 2%
LOAD1000 1.30 3899 43%
MULTITOP 0.81 2434 211%
ISO VG 68 0.79 2374 213%

Figure 18. A specific bearing of a countershaft of a forging
press 25 MN.

Table 2. Meshing efficiency of cylindrical gear.16

Type Gear meshing
efficiency

6 grade accuracy and 7 grade accuracy 0.98–0.99
8 grade accuracy (oil lubrication) 0.97
9 grade accuracy (oil lubrication) 0.96
Oper gear drive (teeth machined) 0.94–0.96
Open gear drive (teeth casted) 0.90–0.93

Table 3. Nominal efficiency per type of belt (manufacturer’s
data and measurement).17

Type V-belt Cogged
V-belt

Poly
V-belt

Synchronous
belt

Efficiency according
to manufacturer
(up to)

97% 97% 96% 98%

Measured efficiency
(up to)

97% 98% 97% 99%

Hlavac et al. 9



It is clear from the examples that the efficiency of
belt transmissions is relatively high. However, if an
unsuitable belt transmission is used, the efficiency can
drop significantly. Therefore, it is necessary to pay due
attention to the belt drive. For example, improper
installation of pulleys, worn grooves, or improper pre-
load can reduce efficiency by up to 10%.18

Efficiency of the electric motor

According to EU Directive 2005/32/EC, only motors
with a minimum specification of IE3 can be used in the
EU from 2015 onwards.

Asynchronous motors are used for conventional
drives. Since the required rotational speeds of an
eccentric shaft are low, it is advantageous to use slow-
running motors. Slow-running motors are multi-pole
(8- to 12-pole). The efficiencies stated by the electromo-
tor manufacturers are listed in Table 4.

Electric motor losses come from five main domains
(see Figure 19):

For direct drive, special synchronous motors, so-
called torque motors, are used. These are characterized
by being slow-running (up to 75 rpm) and high-power
(up to 4.5MW).21

Efficiency of the electricity source

The control of the electric motor itself has its losses.
An asynchronous motor is typically connected to a fre-
quency converter, which has an efficiency up to 97%,
see Figure 20.

The situation is more complicated when torque
motors are used. If a torque motor is used as the direct
drive of a press with uneven energy consumption, it is
necessary to ensure the accumulation of electrical
energy. A comparison of the possibilities of electric
energy accumulation is shown in the following graph
(Figure 21).23

Results and discussion

A significant result of this research is description and
understanding of estimated partial energy losses that
appear in the presented drive variants, see Table 5.
When all unknown values of energy losses or efficien-
cies are put in the Table 5 it is possible to calculate
total efficiency of mechanical crank press drive.

Conclusion

The Research Center for the Design of Forming
Machines at the University of West Bohemia in Pilsen,

Table 4. Example of 200 kW IE3 electric AC motor
efficiency.19

Poles Full load
speed (rpm)

Efficiency (%)

Load

50% 75% 100%

2 poles 2965 94.2 94.7 94.5
4 poles 1483 94.4 95 95
6 poles 984 94.6 94.7 94.3
8 poles 740 94.3 94.8 94.7
10 poles 592 94.3 94.5 94
12 poles 493 93.6 94.2 94.1

� Pmech . Mechanical losses
� PFe . Iron losses
� Pstator . Losses in stator winding
� Protor . Losses in rotor winding
� Pstray . Stray losses

Figure 19. Percentage distribution of losses in a typical AC
electric motor.20

Figure 20. Frequency converter efficiency as a function of the
frequency.22
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in cooperation with manufacturing companies, has
been dealing with the issue of the intensity of energy
use in forming machines for a long time. We monitor
the current situation, analyze the acquired knowledge,
and use that as a basis for designing new solutions.
The information provided in this article is a brief
extract of some of the results obtained from our devel-
opment and research activities.

At present, the typical energy efficiency of crank
presses is around 40%. Although the above design
suggestion can increase the efficiency, we cannot
assume that the overall efficiency will significantly
exceed 60%. From the above, it is clear that energy
savings in the drives of mechanical presses can be
found in using right choice of drive system for differ-
ent pressing processes. This also takes into account
the size of the press force and its design. By choosing
the right drive system, energy consumption can be
reduced by up to approximately 10%, especially if we
take into account the possibility of braking energy
recuperation. However, the increased costs of a more
energy-efficient drive system often remain an issue,
which often discourages investors when buying a new
machine. Investors do not realize that these machines
will often be in operation for several decades and that
their increased investment will pay off several times
over.

An attention must be paid to flywheel size when
there is a slip on clutch. With smaller flywheel the slip
loss descend but also rotational speed descend what
influence electric side of drive and, what is more
important, productivity of press.

Another way to reduce the energy demands of a
machine is the optimal choice of its components from
the energy point of view, as stated in the final part of
this paper. However, these savings are only in the
range of a few percent, often in strict compliance with
the technical operating measures. But even a figure of
several percent with such large energy consumption is
significant. T
a
b

le
5
.

O
cc

u
rr

en
ce

o
f
en

er
gy

lo
ss

es
an

d
en

er
gy

tr
an

sf
er

ef
fic

ie
n
ci

es
fo

r
ea

ch
d
ri

ve
va

ri
an

t.

V
ar

ia
n
t

A
B

C
D

E
F

G
H

Fl
yw

h
ee

l
d
ri

ve
Fl

yw
h
ee

l
d
ri

ve
w

it
h

a
co

u
n
te

rs
h
af

t

D
ir

ec
t

d
ri

ve
D

ir
ec

t
d
ri

ve
w

it
h

an
in

te
rm

ed
ia

te
ge

ar

Fl
yw

h
ee

l
d
ri

ve
w

it
h

a
fly

w
h
ee

l
o
f

th
e

en
gi

n
e

sh
af

t

C
o
m

b
in

ed
fly

w
h
ee

l
an

d
d
ir

ec
t

d
ri

ve

Fl
yw

h
ee

l
d
ri

ve
w

it
h

p
la

n
et

ar
y

ge
ar

b
o
x

D
ir

ec
t

d
ri

ve
w

it
h

fly
w

h
ee

l

Id
en

ti
fie

d
en

er
gy

lo
ss

es

W
o
rk

lo
st

b
y

b
ra

ke
A

z
B

Y
Y

Y
Y

W
o
rk

lo
st

b
y

cl
u
tc

h
A

z
C

Y
Y

Y
Y

W
o
rk

lo
st

b
y

su
p
p
o
rt

b
ea

ri
n
gs

o
f
cl

u
tc

h
sh

af
t/

co
u
n
te

rs
h
af

t

A
z

B
c/

A
z

B
Y

Y
Y

Y
Y

E
ff
ic

ie
n
cy

o
f
ge

ar
in

g
h

ge
ar

Y
Y

E
ff
ic

ie
n
cy

o
f
b
el

t
d
ri

ve
h

b
e
lt

Y
Y

Y
Y

Y
E
ff
ic

ie
n
cy

o
f

el
ec

tr
ic

m
o
to

r
h

m
o
to

r
Y

Y
Y

Y
Y

Y
Y

Y

E
ff
ic

ie
n
cy

o
f

el
ec

tr
ic

it
y

so
u
rc

e
h

e
s

Y
Y

Y
Y

Y
Y

Y
Y

Figure 21. Comparison of electricity accumulators by
efficiency and lifetime in cycles.23
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It can be said that it is no longer possible to expect
any significant increases in efficiency in the crank
mechanism of crank presses – that is reducing their
energy demands.

In order to further reduce the energy demands of
forming equipment, it will be necessary to look for new
principles of the forming method itself.

The paper presents completely original drive systems
developed at CVTS (Research Center for the Design of
Forming Machines), some of which are legally pro-
tected.24 The contribution of this paper is mainly the
analysis of existing crank press drives, which has not
yet been published elsewhere to a similar extent.
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