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Abstract: This paper focuses on determining the friction energy loss in the mechanism of a mechan-
ical crank press. After defining the crank press mechanism and how it works, we describe the energy 
balance of a technological operation—forming. Four distinct methodologies for calculating friction 
loss in the mechanism are then presented, namely an empirical method, a spreadsheet calculation 
utilising force decomposition in a crank mechanism, an analytical calculation of the dynamic behav-
iour of a press, and a multibody simulation. Each additional approach expands the possibilities for 
approaching reality, but as the primary aim of the study is to compare the approaches, these possi-
bilities are not exploited. Multibody simulation has proved itself to be accurate and suitable for 
simulating press mechanisms and investigating their dynamics. Multibody simulation is a much 
more powerful tool that can lead to a digital twin, which can help us to develop a less energy-de-
manding press. Confirmation of the multibody simulation results is the main outcome of the com-
parison and will be used in future work. 

Keywords: energy losses; mechanical press; crank mechanism 
 

1. Introduction 
The crank mechanism is used in forging presses, which are widely used in (but not 

limited to) the automotive industry. Due to the high impact forces involved in forging, 
plain bearings are used in the crank mechanism of a forging press because of their high 
load-carrying capacity. A typical bearing in such a machine consists of a steel shaft and a 
bronze bushing mounted between two steel housing halves. Plain bearings in the press 
mechanism are a source of relatively high friction losses [1]. Plain bearings in forging 
presses are lubricated with grease or oil. Grease lubrication is typically used to mitigate 
potential damage to the lubricating film under high impact loads, despite its higher fric-
tional losses compared to oil lubrication [2]. Oil-lubricated plain bearings are commonly 
used in high-speed rotating machinery, but mechanical presses tend to operate at low 
speeds.  

Our general goal is to explain the formation of friction losses during the forging 
phase of a press stroke, optimize the press design, and reduce energy costs [3]. Our sec-
ondary aim is to compare four different methods to identify their advantages, suitability, 
and difficulty of use in the design phase of a new machine.  

Methods compared include the following: 
• Empirical Method (Section 4) 
• Calculation in a Spreadsheet (Section 5) 
• Analytical Calculation (Section 6) 
• Multibody Simulation (Section 7) 

There are traditional approaches to counting energy losses. The most straightforward 
approach was developed by our predecessors through observation and measurement of 
real machines—empirical relationships. Other approaches have been based on simple kin-
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ematic description and static force analysis of the crank mechanism [4]. Modern ap-
proaches are based on computer simulations of the kinematics. Within these simulations, 
the dynamics or flexibility of the mechanism can be considered. This article focuses on the 
verification of multibody simulations for future use. 

In this article, we only focus on the machine side of the press, without considering 
the drive side, which also has an important influence on energy efficiency. 

2. Description of Crank Press Mechanism 
The crank press mechanism consists of a crankshaft, connecting rod, and ram, as 

shown in Figure 1. In our setup, the connecting rod is connected to the ram by a pin pass-
ing through the ram. The mechanism is mounted in a robust frame that is under a working 
load. 

The press drive is connected to the mechanism via the crankshaft. The drive typically 
consists of an electric motor powering a flywheel, which is usually mounted on a coun-
tershaft. The energy accumulated in the flywheel is transferred to the crankshaft through 
a friction clutch. To stop and secure the mechanism at top dead centre (TDC), a brake is 
installed. As this article does not address energy losses in the drive part of the crank press, 
it does not consider these losses. 

 
Figure 1. Diagram of the crank press mechanism. 

2.1. Kinematic Relations  
To perform an energy analysis of the friction losses in the machine mechanism, it is 

necessary to know the dependence of the ram position h on the rotation of the crankshaft 
α. For the mechanism shown in Figure 1, the formula is as follows: ℎ = 𝑅 ∙ ቆ1 − cos𝛼 + 𝑅𝐿 ∙ 𝑠𝑖𝑛ଶ𝛼2 ቇ (1)

where ℎ  is ram position (from BDC)—current stroke; 𝑅  is crank radius—eccentricity of 
crankshaft; 𝐿 is connecting rod length; and 𝛼 is the crank angle (from BDC). 
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2.2. Static Force Analysis 
Understanding the forces acting in the mechanism is crucial to determining friction 

losses. The following figure shows the force decomposition in the crank mechanism. This 
is not affected by frictional forces. However, there are also friction torques in separate 
contact pairs. These are shown in the same Figure 2 [5,6]. 

 
Figure 2. Force decomposition of a crank mechanism. 

The following formulae are for the forces and torques in the crank mechanism (Figure 
2). 

Force in the connecting rod 𝐹஼ோ is as follows: 𝐹஼ோ = 𝐹்௘௖௛cos (𝛽) (2) 

where 𝐹஼ோ  is the internal force in the connecting rod [N]; 𝐹்௘௖௛  is the technology force 
(forged material resistance) [N]; and 𝛽 is the angle between the connecting rod and mech-
anism axis [rad]. 

Force acting on the linear guide 𝐹  is as follows: 𝐹 = 𝐹்௘௖௛sin (𝛽) (3) 

In this paper, the influence of the force acting on the linear guide 𝐹  is neglected. This 
force causes a friction loss between the ram and its linear guide. The magnitude of this 
loss is much smaller than the other types of friction losses. 

At this point, the force in the connecting rod, 𝐹஼ோ, is divided into the tangential force, 𝐹், and the radial force, 𝐹ோ. 𝐹் = 𝐹஼ோ ∙ cos𝛼 𝐹ோ = 𝐹஼ோ ∙ sin𝛼 
(4) 

To induce the technological force 𝐹்௘௖௛, it is necessary to apply the following torque 𝑀ெ௘௖௛ to the crankshaft. 𝑀ெ௘௖௛ = 𝐹் ∙ 𝑅 = 𝐹஼ோ ∙ cos𝛼 ∙ 𝑅 = 𝐹்௘௖௛ ∙ 𝑅 ∙ cos𝛼cos𝛽 (5) 

The following frictional torques, acting against the direction of movement, are in-
duced in the connections of the parts of the crank mechanism. Torque 𝑀௙ଵ is a frictional 
torque induced between the crankshaft and its bearings in the machine frame. 𝑀௙ଵ = 𝐹஼ோ ∙ 𝜇 ∙ 𝑑஼௥௔௡௞௦௛௔௙௧2  (6) 
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where 𝜇 is coefficient of friction [1]; and 𝑑஼௥௔௡௞௦௛௔௙௧ is diameter of the crankshaft journal 
in the stand [m]. 

Torque 𝑀௙ଶ is a frictional torque induced between the crankshaft and its bearing in 
the connecting rod. 𝑀௙ଶ = 𝐹஼ோ ∙ 𝜇 ∙ 𝑑஼௢௡௥௢ௗ2  (7) 

where 𝑑஼௢௡௥௢ௗ is diameter of the crankshaft in the connecting rod [m]. 
Torque 𝑀௙ଷ is a frictional torque induced between the ram pin and the bearing in the 

connecting rod. 𝑀௙ଷ = 𝐹஼ோ ∙ 𝜇 ∙ 𝑑ோ௔௠2  (8) 

where 𝑑ோ௔௠ is diameter of the ram pin in the connecting rod [m]. 
To determine the drive torque 𝑀஽௥௜௩௘, the torque 𝑀௙ଷ is converted to the crankshaft. 

Here it acts as a torque 𝑀௙ଷ∗. 𝑀௙ଷ∗ = 𝑅 ∙ cos𝛼𝐿 ∙ cos𝛽 ∙ 𝑀௙ଷ (9) 

where 𝑅 is crankshaft eccentricity [m]; and 𝐿 is length of connecting rod [m]. 
The drive torque is given as the sum of its component torques. 𝑀஽௥௜௩௘ = 𝑀ெ௘௖௛ + 𝑀௙ଵ + 𝑀௙ଶ + 𝑀௙ଷ∗ (10)

Coefficient of Friction 
The coefficient of friction has a significant effect on the friction losses, i.e., the amount 

of energy lost. Many analyses have shown that the coefficient of friction is not constant. It 
is known that the coefficient of friction depends on the relative speed of bodies in contact 
[7]. In the case of lubricated contact, the friction losses depend on the viscosity of the lub-
ricant, which usually depends on the temperature of the lubricant [8]. After reaching op-
erating temperature, friction losses can be reduced by an order of magnitude compared 
to the cold state. 

Although the coefficient of friction can be considered as a dependent function for 
simulation purposes [9], it was considered constant 𝜇 = 0.03 in our comparison. 

2.3. An Analysis of Energy Flow in a Crank Press—Energy Balance 
The energy balance equation (the amount of energy that a drive must deliver to a 

mechanism (machine) to perform its technical operation) is solved for one work cycle dur-
ing the continuous operation of the machine [10]. 𝐴௖ = 𝐴௨ ± 𝐴ௗ + 𝐴௙ ± 𝐴௔ ± 𝐴௚ (11)

where 𝐴௖ is Total work; 𝐴௨ is Useful work; 𝐴ௗ is Work of elastic deformations; 𝐴௙ is Fric-
tion work (loss); 𝐴௔ is Work of acceleration of masses; and 𝐴௚ is Work of gravity. 

The energy balance of a forming machine can also be evaluated for a discontinuous 
work cycle. A discontinuous work cycle is one in which, after each technological opera-
tion, the crank shaft and the connected ram stop in the upper dead centre of the mecha-
nism. This means that the energy is calculated from the time the drive and the crank shaft 
of the mechanism are connected by the clutch to the time they are disconnected from the 
clutch, and the crankshaft is stopped by the brake. The energy required to start the ma-
chine is not included in the energy balance formula. 

3. Parameters of a Real Forging Press 
The following Table 1 shows the parameters of a real forging press. 
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Table 1. Parameters of a real press. 𝐹ே௢௠ 25 MN Nominal forming force 𝑅 160 mm Crankshaft eccentricity 𝐿 1 075 mm Length of connecting rod 𝑑஼௥௔௡௞௦௛௔௙௧ 540 mm Diameter of the crankshaft in the stand 𝑑஼௢௡௥௢ௗ 870 mm Diameter of the crankshaft in the conrod 𝑑ோ௔௠ 620 mm Diameter of the ram shaft in the conrod 𝜇 0.03 Coefficient of friction 𝑛 70/min Number of strokes per minute 

As the example is made for a crank forging press, a simplified die-forming character-
istic is considered for the subsequent load simulation. The considered shape of the tech-
nological force curve is shown in the following Figure 3. The expected useful work of this 
technology is 220 kJ. 

 
Figure 3. A force–displacement curve representing closed die forging for a 25 MN crank press. 

The technological force 𝐹்௘௖௛ is equal to the nominal force 𝐹ே௢௠ of the press for fur-
ther calculations. 

4. Empirical Method for Enumerating Friction Losses 
The historical method of designing a mechanical forging press is based on the expe-

rience gained during decades of production of these machines (SMERAL, Brno, Czech 
Republic, former Czechoslovakia). All partial work is calculated as part of the useful work, 
except for the work consumed by elastic deformation of the machine and tools. 

Work of Friction (Loss) 
According to [11], the friction work equals 0.8 ÷ 1 of the useful work. However, these 

sources only provide figures for machines with flexible stands (Table 2). 𝐴௙௬ = (0.8 ÷ 1) ∙ 𝐴௨ = (0.8 ÷ 1) ∙ 220 = 176 ÷ 220 kJ (12)

Table 2. Results of empirical method. 
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5. Determination by Calculation in a Spreadsheet 
Please keep the following text in mind: 
The calculation of partial moments and the work derived from them was carried out 

in a spreadsheet program (e.g., MS Excel 2013). The calculations were based on force de-
composition as described in the Static Force Analysis chapter. The primary goal was to 
determine the friction loss work. The angle of rotation was divided into small increments 
(e.g., 0.5°) in the table. The work was determined by numerical integration (using the trap-
ezoidal rule [12]) of the friction torque curve (refer to Figure 4). 

 
Figure 4. An example of numerical integration (trapezoidal rule) of a torque versus crankshaft angle 
plot. 

The integration formula is as follows: 𝐴ெ௘௖௛ = 𝛼௡ − 𝛼௡ିଵ2 ∙ 𝑀ெ௘௖௛ ௡ିଵ + 𝑀ெ௘௖௛ ௡2  (13) 

The following flow chart (Figure 5) illustrates the calculation using the spreadsheet. 

 
Figure 5. Spreadsheet calculation flowchart. 
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5.1. Initial Conditions 
It is the initial conditions of the calculation that make the difference between the dif-

ferent approaches (which this study aims to compare). As the complexity of the calcula-
tion increases, so does the ability to account for initial conditions and thus its realistic 
accuracy. We considered the following initial conditions in this paper: 
• Rigid body mechanism—determines whether the bodies of the mechanism (press 

structure) are absolutely rigid or flexible. This criterion affects not only the energy 
consumed by elastic deformations. 

• Angular velocity of the crankshaft—determines whether the considered angular ve-
locity of the crankshaft is constant or depends (state is dependent) on the kinetic 
energy of the system. 

• Inertial forces—is the criterion determining whether inertial forces are included in 
the calculation. States are neglected or included. 

• Gravitational acceleration—is the criterion determining whether gravitational accel-
eration is included in the calculation. States are neglected or included. 

• Weight balancing—is the criterion determining whether the weight balancing (the 
device of the mechanical press overloading its ram and crank mechanism due to the 
definition of clearances in the bearings) is included in the calculation. States are ne-
glected or included. 
The initial conditions of the Calculation in a Spreadsheet are as follows (Table 3):  

Table 3. The initial conditions of Calculation in a Spreadsheet. 

 Status 
Rigid body mechanism rigid 

Angular velocity of the crankshaft constant 
Inertial forces neglected 

Gravitational acceleration neglected 
Weight balancing neglected 

5.2. Results of Calculation in a Spreadsheet 
Figure 6 shows the results of the torques within the crank mechanism from a spread-

sheet calculation. It can be seen that the value of the torque 𝑀௠௘௖௛ decreases to zero upon 
reaching BDC, which is due to the mechanical advantage also reaching zero [11]. How-
ever, the friction torque values increase due to the increasing load of the technological 
force. 

 
Figure 6. The graph of torques versus crankshaft angle—Calculation in a Spreadsheet. 
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The friction work values in Table 4 are as expected. For example, the friction work 𝐴୤ଵ is comparatively smaller than 𝐴୤ଶ because the friction radius rେ୰ୟ୬୩ୱ୦ୟ୤୲ is smaller than 
the friction radius rେ୭୬୰୭ୢ by the same ratio. Similarly, the friction work 𝐴୤ଷ is smaller than 
the others due to the smaller pin radius rୖୟ୫ and, at the same time, the swing angle of the 
connecting rod is smaller than the swing angle of the crankshaft. 

Table 4. Results of Calculation in a Spreadsheet. 

 
AMech Af1 Af2 Af3 Az ADrive 

kJ 
Calculation in a Spreadsheet 224 50 82 9 141 364 

6. Analytical Calculation of the Dynamic Behaviour of the Mechanism 
The interaction of the body with external forces and moments can be studied by 

breaking down a work cycle into multiple steps. If the force and moment are both zero, 
the external forces form a zero-equivalent system, and the rigid body is in equilibrium 
according to the following conditions [13]: ෍𝑭 = 0 , ෍𝑴 = ෍(𝒓 × 𝑭) = 𝟎 (14) 

This method is highly versatile and is suitable for mechanisms with an unlimited 
number of degrees of freedom. It also allows for the inclusion of frictional resistances 
against movement. This method enables the calculation of reaction forces in the joints.  

The method of solving dynamic problems involves the creation of free-body dia-
grams and the identification of all external forces and moments. Once all the acting forces 
have been identified, a system of equations can be set up with joint reactions as unknown 
variables. In order to facilitate the solution of each individual step of the calculation, it is 
necessary to set up the equations with the crankshaft angle α as a variable. 

From a mathematical perspective, we have obtained a system of algebraic–
differential equations. The addition of passive effects renders the system nonlinear, which 
can be readily solved using the “fsolve solver” function. A multitude of software programs 
are equipped with this functionality, with MATLAB R2023 being a case in point. 

The initial conditions of Analytical Dynamic Calculation are as follows (Table 5):  

Table 5. The initial conditions of Analytical Dynamic Calculation. 

 Status 
Rigid body mechanism rigid 

Angular velocity of the crankshaft constant 
Inertial forces included 

Gravitational acceleration included 
Weight balancing neglected 

The decomposition of force and torque in a press mechanism is as follows (Figure 7):  
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Figure 7. Free-body diagrams—force and torque decomposition of a press mechanism. 
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Figure 8. Flowchart of a analytical calculation. 

After determining all the equations describing the equilibrium of the mechanism and 
its parts, we assembled a system from these equations. The solver of nonlinear systems of 
equations solved the following problem of the system (matrix) of equations 𝐹 depending 
on the vector of unknown 𝑥 [14]. 𝑭(𝒙) = 0 (16)

Accordingly, each row of the system of equations presented in Table 6 must be 
expressed as equal to zero. This signifies that all input and output quantities are on the 
same side. The command that performs the system solution is as follows: 

x = fsolve(@(x)equations(x, alpha(1,i), Ftech(1,i)), x0); (17)

This command says that the vector x is the output of the fsolve solver, which pro-
cesses the equations from the set called “equations” for the crankshaft angle, alpha, and 
the technological force, Ftech, with the vector of the initial estimates of the solution 𝑥0. In 
the program used to calculate the mechanism for the forming part of the stroke, the fsolve 
solver is called in the “for” loop as many times as the necessary computational steps are 
required. The individual steps of the crankshaft angle, alpha, correspond to the specific 
value of the technological force according to the forming characteristic given in Figure 3. 
The vector of the initial solution estimates 𝑥0 is a unit vector of the same length as the 
vector of the searched values 𝑥 [14]. 

  

R, L, La, mo, mb, Jo, s2, 
ω 

 ra,  rb,  rc, fa, fb, fc

Calculate λ, moa, mob, Jkor

ϕ0, Δϕ, n

ϕ0 → ϕ

1 → k

0 → Ms, Mho, Mb

Calculate ϕ3(ϕ), ε3(ϕ), 
a4(ϕ) 

F(ϕ)

Calculate Ax, Ay, Bx, By, Cx, Cy, 
M

k ≥ n

Print Ax, Ay, Bx, By, Cx, Cy, M

ϕ  ≤  ϕfinal

Calculate Ms, Mho, 
Mb

k+1 → k

yes

no

yes

ϕ + Δϕ = ϕ 

Start

Finish

no
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Table 6. The results of the Analytical Dynamic Calculation. 

 
AMech Af1 Af2 Af3 Az ADrive 

kJ 
Analytical Dynamic Calculation 224 50 81 9 140 376 

The frictional moments are given by formulas from the resulting reactions in the pins. 𝑀௙௣ = 𝑟௣𝑓௣ට𝐹௫ଶ + 𝐹௬ଶ (18) 

Subsequently, the loss work (Table 6) of friction moments can be calculated using, for 
instance, the trapezoidal method of numerical integration, as illustrated in Figure 4. 

Results of Analytical Dynamic Calculation 
The graph on Figure 9 shows the torque results of analytical dynamic calculation. 

Shapes of these torque curves are similar to those from the previous calculation approach. 

 
Figure 9. The graph of torques versus crankshaft angle—Analytical Dynamic Calculation. 

The final friction values obtained through analytical calculation are presented in Ta-
ble 6. 

7. Multibody Simulation of Press Mechanism 
Multibody simulation (MBS) is a numerical simulation method that employs rigid or 

elastic bodies connected by various kinematic constraints or force elements. Unilateral 
constraints, such as contacts, may be accompanied by Coulomb friction models, among 
other possibilities. Ultimately, it is a highly effective tool for investigating, optimising, and 
verifying machine mechanisms. To investigate the friction qualities of a press mechanism, 
MSC Adams/View software was employed. 

For the computational model to calculate the state vector, it was necessary to compile 
the equations of motion and constraints. These equations then formed three systems of 
nonlinear algebraic and differential equations [15], which were composed in the back-
ground by the software and then processed by the solver. The systems consisted of the 
following equations: 
• Six first-order equations for the dynamic behaviour of each part of the model (con-

necting forces to accelerations). 
• Six first-order equations for the kinematic behaviour of each part of the model (con-

necting forces to velocities). 
• One algebraic equation for each motion constraint. 
• One algebraic equation each scalar force component. 
• Arbitrary number of user-added algebraic or first-order differential equations. 
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Subsequently, the system generated a solution in accordance with the underlying 
mathematical equations. 𝑴(𝒒,𝒖,𝒖ሶ ,𝒇, 𝑡) = 0 𝒖 − 𝒒ሶ = 0 𝚽(𝒒,𝒇, 𝑡) = 0 

(19) 

where 𝑴 is a column vector representing all differential equations describing the dynam-
ics of the model and the user-added differential equations. Symbol 𝒒 marks the general-
ized coordinates of displacement and rotation, and symbol 𝒖 marks the time derivatives 
of generalized coordinates, which corresponds to the second system of equations. The 
third system of equations contains column vector 𝜱, which contains algebraic constraint 
equations [16]. 

The crank press model comprises four principal components as follows: the eccentric 
shaft, the connecting rod, the connecting pin, and the ram. These components are inter-
connected by joints that eliminate the corresponding degrees of freedom (DOFs). The ec-
centric shaft is connected to the ground through a revolute joint, thereby enabling the 
shaft to rotate about its main axis. Subsequently, a revolute joint is applied to the eccentric 
shaft and connecting rod. Subsequently, the connecting rod is linked by a further revolute 
joint to the connecting pin, which is then secured to the ram. The ram is attached to the 
ground through a translational joint. 

The initial conditions of multibody simulation are as follows (Table 7):  

Table 7. The initial conditions of Multibody Simulation. 

 Status 
Rigid body mechanism rigid 

Angular velocity of the crankshaft constant 
Inertial forces included 

Gravitational acceleration included 
Weight balancing neglected 

The initial conditions were identical to those employed in previous calculation ap-
proaches. This enabled a direct comparison of the results of these calculations. In addition 
to the geometric and inertia properties of the press mechanism (Figures 10 and 11), the 
initial conditions included the angular speed of the crankshaft. 

 
Figure 10. Description of press mechanism parts in multibody model. 
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The simulation of the mechanism was conducted for the entirety of the work stroke. 
Consequently, the crankshaft rotated by 360°, rather than merely by 41.28° to the BDC. 

 
Figure 11. Schematic description of body joints in multibody model. 

As a consequence, it was possible to compare the friction energy losses of the entire 
work stroke with those generated during the forging phase of the stroke. The subsequent 
graphs illustrate the relationship between friction torque and friction work, as a function 
of crankshaft angle. As previously stated, the friction work is an integral component of 
the friction torque. 

Results of MBS 
The results of the MBS simulation are presented in Figure 12, which depicts the rela-

tionship between torque and crankshaft angle. The crankshaft angle is represented by a 
full 360°, encompassing the entirety of the work stroke. This enabled us to observe how 
the driving torque Mdrive was affected by gravity. In the portion of the cycle beginning 
at the top dead centre (TDC), the gravitational force acted in a downward direction on the 
ram, resulting in a negative driving torque. Following the completion of the technological 
operation, the driving torque remained at non-zero, as it was necessary to pull the ram up 
to the TDC once more. 

 
Figure 12. The graph of torques versus the crankshaft angle for the whole work stroke. 
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Also, the final friction works are similar enough to previous calculation approach. 
One advantage of the MBS simulation is the ability to obtain the values for the entire work 
stroke (Table 8). 

Table 8. The results of Analytical Dynamic Calculation. 

 
AMech Af1 Af2 Af3 Az ADrive 

kJ 
MBS simulation—forging 224 51 82 9 142 381 

MBS simulation—whole stroke 224 56 86 9 151  

8. Summary and Commentary of the Results 
Table 9 presents the resulting values of friction losses obtained by all the calculation 

approaches. 

Table 9. Overall results of friction losses calculations. 

 
AMech Af1 Af2 Af3 Az ADrive 

kJ 

Empiric 220 n/a n/a n/a 

(176 ÷ 220)  
For a press 

with a flexible 
stand! 

396 ÷ 440 

Calculation in a Spreadsheet 224 50 82 9 141 364 
Analytical Dynamic Calculation 224 50 81 9 140 376 

MBS simulation—forging 224 51 82 9 142 381 

The results of the Empirical Method diverged significantly from those of the other 
methods (the expected value of friction work was higher). This discrepancy can be at-
tributed to the fact that the friction work was monitored on a real machine, which is in-
herently flexible, in contrast to a rigid machine. The elastic deformation of the machine 
during the forging phase of the stroke results in the necessity to perform a larger angle of 
rotation of the crankshaft in order to achieve the desired deformation of the forged blank. 
This results in a greater friction torque and greater angle and thus greater frictional work. 
In the case of a flexible machine, it is also necessary to consider the spring-load of the 
machine after the BDC has been overcome, i.e., further friction work. 

The outcomes of the Spreadsheet calculation, Analytical Dynamic Calculation, and 
MBS Simulation (forging) were found to be largely consistent, thereby confirming their 
accuracy. The results of the Analytical Dynamic Calculation and MBS Simulation were the 
most similar, with the values of friction work being lower when compared to the Spread-
sheet approach. This discrepancy can be attributed to the fact that the Spreadsheet does 
not account for the influence of gravity, which exerts a force on the internal components 
of the mechanism. 

A significant outcome of comparing the outcomes of disparate calculations was the 
validation of their precision. The equality of the results of the Spreadsheet Calculation and 
the MBS Simulation indicates that the kinetostatic approach employed was valid. For fu-
ture simulations, the MBS simulation can be relied upon, as it offers possibilities that are 
not achievable with the Spreadsheet calculation. 

9. The Following Research Proposal 
A comparison of the results of the calculations with those derived through Empirical 

Method revealed that the effect of machine spring-load was not negligible. Consequently, 
the subsequent step would be to incorporate the spring into the calculation. 
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Given that the desired outcome is a reduction in friction energy, which is directly 
proportional to the friction coefficient, it is possible to extend the simulations by consid-
ering the influence of other parameters on the friction coefficient. It can be postulated that 
the friction loss may be influenced by alterations to the lubrication of the machine. 

It is assumed that the MBS simulation will continue to be employed, as it is compat-
ible with the 3D solids that are currently available, given that these are also utilised in 
other simulations. Furthermore, the effect of weight counterbalancing should be incorpo-
rated into the simulation, and the friction losses can then be monitored throughout the 
entire stroke, rather than solely during the forming operation, as observed in this paper. 
Furthermore, the effect of the crankshaft angular velocity, dependent on the consumption 
of energy accumulated in the flywheel during the stroke, including clutch engagement, 
can be included in the calculation. 

The subsequent objective of the mechanical press simulation would be to ascertain 
the dynamic effects of its operation on its surroundings. 
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