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Influence of foundation types
on kinematics and dynamics of forging hammers
Wpływ sposobu posadowienia młotów kuźniczych
na ich kinematykę i dynamikę
ARKADIUSZ TRĄBKA *
In the paper the influence of foundation types on kinematics
and dynamics of forging hammers was analyzed. Three types
of foundations for forging hammers were compared.
Computational models were analyzed numerically in the
Matlab program. It was established which type of foundation
provides the most favorable working conditions for forging
hammers. Restrictions on the use of hammers depending on
the type of foundation were also indicated.
KEYWORDS: foundations for forging hammers, computational
models, kinematics and dynamics of forging hammers

and compare different hammer-foundation-soil dynamic
systems to establish which foundation provide the most
favorable working conditions for forging hammers.
In order to obtain unambiguous comparative results, it was
decided that the hammer of the so-called average
characteristic values, for which realized mountings on each
of the considered types of foundations are known, will be the
object of the analyses. The object that meets these
requirements is the steam-air die forging hammer type MPM
10000 B [9].
Physical models of considered dynamic systems

Forging hammers are devices whose operation is
accompanied by the occurrence of very high dynamic loads
and vibrations of significant amplitudes. Due to the abovementioned impacts, the hammers must be placed on
specially designed supporting structures. The purpose of
these structures is to effectively reduce both the creation of
dynamic loads and their transfer to the ground [1, 4, 7, 10,
12].
Based on experimental investigations and analyses of
computational models, various concepts for making
foundations for forging hammers were developed [3, 7, 8, 10].
The most common foundations are found in Fig. 1.
A number of analyses have been carried out with regard
to particular foundation methods [1, 2, 4–7, 9, 11, 12]. In none
of the checked literature items, however, a study containing
a direct comparison of foundation methods presented in Fig.
1 was found. The authors of the article decided to fill this gap
a)

b)

Development of computational models began with the
assumptions simplifying the real structures, resulting in their
physical models (Fig. 2). In the process of replacing the real
structures with physical models, it was assumed, among
others, that the hammer, the foundation block and the
foundation trough are coaxially positioned, non-deformable
material solids with a possible rectilinear relative motion. The
Kelvin-Voigt body fulfills the role of constraints for particular
solids. The constraints are considered as weightless.
Experimentally or computationally determined stiffness and
damping with linear characteristics are assigned to the
constraints. The subsoil for the foundation, according to the
technical model of Savinov [7], is treated as an element with
elastic-damping properties. The subsoil properties are
represented by stiffness and damping with linear
characteristics.
c)

Fig. 1. Types of foundations for forging hammers: a) reinforced concrete foundation block placed directly on the ground (foundation type A),
b) reinforced concrete foundation block based on spring-rubber isolation system in a reinforced concrete foundation trough (foundation type
B), c) direct foundation of a hammer on viscous-spring isolation system in a reinforced concrete foundation trough (foundation type C)
_____________
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a)

The parameters of the models were determined on the
basis of the data characterizing the real steam-air die forging
hammer type MPM 10000 B and the real, implemented
foundation methods. When the soil parameters were
determined, it was assumed that all foundations rest on the
soil with the same properties. A list of parameters for the
computational models is provided in the table.

b)

TABLE. Parameters of computational models
Parameter
Mass,
kg

Fig. 2. Physical models of considered hammer-foundation-soil
dynamic systems: a) model corresponding to foundations type A and
C, b) model corresponding to foundation type B

Stiffness,
N/m

Mathematical models and their parameters
The mathematical model of the system consisting of two
mass elements (Fig. 2a) was written in the form of motion
equations, which were derived based on d'Alembert's
principle for the case of forced damped vibrations:
𝑚1 ∙ 𝑦̈ 1 + 𝑐1 ∙ (𝑦̇1 − 𝑦̇ 2 ) + 𝑘1 ∙ (𝑦1 − 𝑦2 ) = 𝑃(𝑡)
𝑚2 ∙ 𝑦̈ 2 + 𝑐1 ∙ (𝑦̇ 2 − 𝑦̇1 ) + 𝑘1 ∙ (𝑦2 − 𝑦1 ) +
+𝑐2 ∙ 𝑦̇ 2 + 𝑘2 ∙ 𝑦2 = 0

(1)

Damping,
N·s/m

y1, m

Przemieszczenie y1, m

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
Czas, s

1

when

0≤𝑡≤𝜏

when

𝑡>𝜏

(3)

where: Pm – maximum value of the impact force, S –size of
the pulse load, τ – the load duration, R – coefficient of
restitution, U – full hammer energy, mB –mass of a ram.
Differential equations of motion (1) and (2) were solved
numerically in the Matlab program. The integration of the
equations was made using the fourth order Runge-Kutta
technique and own calculation scripts.

y2, m

Time, s
c)

y3 (black curve),
y2 (red curve), m

𝜏

Foundation type
Fundament
typuAA
Foundation type
Fundament
typuBB
Foundation type
Fundament
typuCC

b)

The time course of the impact force was adopted in the
form of a rectangular pulse [1, 7]:
(1+𝑅)∙√2∙𝑈∙𝑚B

1.298·106
9.387·106

Time, s

where: m1, m2, m3 – masses of: the hammer, foundation block
and foundation trough, respectively; c1, c2, c3
– damping coefficients of: the sub-anvil pad, vibro-isolators
and soil, respectively; k1, k2, k3 – stiffness of: the sub-anvil
pad, vibro-isolators and soil, respectively; P(t) – time course
of the impact force; ÿi, ẏi, yi – acceleration, velocity and
displacement of the i-th mass (i = 1, 2, 3), respectively.

𝑆

6717·106
5766·106

Foundation type
B
C
103 000
103 000
402 780
97 152
336 882
9300·106
114·106
506·106
3744·106
9600·106
4.63·106
1.716·106
2.724·106
5.577·106
18.32·106

In order to determine how the selected dynamic and
kinematic parameters of the forging hammers are influenced
by particular foundation methods, a single hit of the ram of
mass mB = 4950 kg in a forged material was analyzed. It was
assumed that the impact occurs with the maximum kinetic
energy U = 110 ∙ 103 J, and the coefficient of restitution R =
0.8, which corresponds to the hardest works performed on
die forging hammers [4].
The calculations were carried out for the maximum force
Pm = 59.4 ∙ 106 N, the value of which was calculated on the
basis of equation (3), assuming that the load duration
τ = 0.001
s.
-3

12
For the system consisting of three mass elements (Fig. 9
2b), the mathematical model was written in the form of motion 6a)
equations:
3
0
𝑚1 ∙ 𝑦̈ 1 + 𝑐1 ∙ (𝑦̇1 − 𝑦̇ 2 ) + 𝑘1 ∙ (𝑦1 − 𝑦2 ) = 𝑃(𝑡)
-3
𝑚2 ∙ 𝑦̈ 2 + 𝑐1 ∙ (𝑦̇ 2 − 𝑦̇1 ) + 𝑘1 ∙ (𝑦2 − 𝑦1 ) +
-6
0
(2)
+ 𝑐2 ∙ (𝑦̇ 2 − 𝑦̇ 3 ) + 𝑘2 ∙ (𝑦2 − 𝑦3 ) = 0

𝑃(𝑡) = {𝑃m = 𝜏 =
0

𝑚1
𝑚2
𝑚3
𝑘1
𝑘2
𝑘3
𝑐1
𝑐2
𝑐3

A
103 000
265 213

Results and discussion

where: m1 – the hammer mass; m2 – mass of the foundation
block (Fig. 1a) or the foundation trough (Fig. 1c); c1 –
damping coefficient of the sub-anvil pad (Fig 1a) or vibroisolators (Fig. 1c); c2 – damping coefficient of the soil; k1 –
stiffness of the sub-anvil pad (Fig. 1a) or vibro-isolators (Fig.
1c); k2 – stiffness of the soil; P(t) – time course of the impact
force; ÿi, ẏi, yi – acceleration, velocity and displacement of the 15 x 10
i-th mass (i = 1, 2), respectively.

𝑚3 ∙ 𝑦̈ 3 + 𝑐2 ∙ (𝑦̇ 3 − 𝑦̇ 2 ) + 𝑘2 ∙ (𝑦3 − 𝑦2 ) +
+ 𝑐3 ∙ 𝑦̇ 3 + 𝑘3 ∙ 𝑦3 = 0

Symbol

Time, s
Fig. 3. Time histories of displacements of: a) the hammer y1,
b) the foundation block y2 (for foundations type A and B), c) the
foundation trough y3 (for foundation type B) and y2 (for foundation
type C)
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Fundament
typu A to foundations: a) type A, b) type B, c) type C
x 10
Fig.12
4. Amplitude spectra of vibration velocity for models
corresponding
Fundament typu A Fundament typu B
9
typu
Foundation
type
A A Fundament
Foundation type
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On the basis of the analyses of models of hammertypuB B Fundament
Fundament
typu
6
foundation-soil dynamic systems it was found that the most
Fundament
typu B Fundament typu C
favorable working conditions ensure mounting of the hammer
3
Fundament
typu C
on a foundation consisting of: a sub-anvil pad, reinforced
0
concrete block, vibro-isolator and reinforced concrete
-3
foundation trough (foundation type B). Maximum
-6
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1displacement amplitudes only for this type of foundation did
not exceed the permissible values. Mounting the hammer on
Czas,
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
0,9s 1
a foundation type B ensures at the same time the lowest
Czas,
s
0,4 0,5 0,6 0,7 0,8 0,9 1
dynamic load of the ground.
Czas, s
In addition, it was found that hammers placed on

Time, s
Fig. 5. Time histories of forces transmitted to the ground

For each type of foundation, time histories of
displacements, velocities and accelerations of vibrations of
the hammer and the foundation block and/or the foundation
trough have been determined.
From time histories of displacements (Fig. 3) it was read
that the smallest displacement of the hammer occurs for the
foundation type A. In turn, the largest hammer displacements
(almost six times greater than for foundation type A) appear
immediately after the impact of the ram in the case of
foundation type C. Only for foundations type A and B the
displacement of the hammer does not exceed the permissible
values, i.e. 4 mm [4, 6].
Regarding the foundation block (foundation type A) it was
found that its maximum displacement is 41% greater than the
permissible one (1.2 mm according to [6, 7, 10]) for this type
of foundations. Exceeding the permissible level of vibration
amplitudes was also found in the case of the foundation type
C – the maximum displacement of the foundation trough
turned out to be higher than the permissible one (0.2 mm
according to [7, 10]) by as much as 175%. Only for the
foundation type B, the level of permissible amplitudes was not
exceeded.
Using the fast Fourier transformation (FFT), spectral
characteristics of the vibration velocity (Fig. 4) were made,
and then the natural frequency of vibration of the considered
dynamic systems were read out. It was found that the basic
natural frequency of vibration only for foundations type B and
C is in the range of 2÷6 Hz, which is recommended for this
type of structures [7].
The dynamic loads of the soil are presented in Fig. 5. It
was found that the soil lowest dynamic loads occur for the
foundation type B. The forces transferred to the ground by the
foundation type C are greater by 23.5%, while the foundation
type A acts on the ground with almost six times greater force
than that found for the foundation type B.
Conclusions
The article discusses the influence of applied type of
foundation (Fig. 1) on selected dynamic quantities and
kinematic parameters of forging hammers.

foundations type A and C (Fig. 1) should not be used for
heavy forging works (in the case of the foundation type A –
mainly due to the very high dynamic loads of the ground,
while in the case of the foundation type C – due to excessive
vibrations both the foundation trough and the hammer).
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