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Abstract This paper presents an example of a stress analysis of the arm of an industrial operation machine. The
introduction describes the systematic design and stress calculation of the constituent parts of the industrial operation
machine. For stress analysis, the finite element method was chosen, whereby a brief description of the method and
the finite elements is given. The paper describes the creation of the finite element model of the arm of the industrial
operation machine, together with the courses of the resulting final deformation and displacement, as well as the
resulting von Misses stress behaviour.
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1. Introduction
Different types of industrial operation machines differ
from the design point of view, because they are developed
for a different character of loads and methods of
manipulation, multiple operating conditions, different
types of load weights, etc. The variability of the industrial
operation machine is important especially when inserting
it between two continuously operating devices. A very
important technical and economic factor is the speed and
economic efficiency of the production of the industrial
operation machine, which can rarely be achieved by using
standardized components.

Figure 1. The industrial operation machine designed to work with metal
coils

The subject of the stress analysis is the arm of the
industrial operation machine shown in Figure 1. The aim
of the industrial operation machine is to change the
position of a sheet metal coil from vertical to horizontal
and its subsequent transfer by a roller conveyor. In
the horizontal position of the industrial operation
machine’s arm, it is possible to place a sheet metal coil on
the arm, the arm rotation changes the sheet metal coil
position from horizontal to vertical, and a subsequent
transfer of the sheet metal coil by the roller conveyor
would be possible.

2. The Description and Development
Process of the Industrial Operation
Machine
The industrial operation machine shown in Figure 1
consists of a carrier construction, which forms the carrier
system of the industrial operation machine, and gives it an
external contour.
The carrier construction is made of construction steel
with the yield stress of Rm  520MPa .
A mechanism which provides a working movement of
the industrial operation machine is placed inside of the
steel construction.
The mechanism is made and moved by a hydraulic
cylinder. The mechanism design itself is created by
a functional design of the mechanism, and by a strength
calculation of its part.
The functional calculation consists of a calculation of
power parameters of the propulsion system, i.e. the power
of a driven aggregate in the chosen tilting mode of the
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sheet metal coils, and the kinematics values of individual
mechanism constituents.
The strength calculation of the industrial operating
machine’s arm is described in detail in the following part.

2.1. Stress Analysis
Machine’s Arm

of

the

Operating

whereas these base functions [1] are selected as applicable
as follows
Ni ( x j , y j , z j )  1, if i  j,

(4)

Ni ( x j , y j , z j )  0, if i  j.

(5)

In equations (4) and (5), x j , y j , z j are coordinates of

The strength calculation was performed in two stages.
In the first stage, the main parameters of the operating
machine’s arm parts were designed on the basis of
preliminary strength calculations, and approximate and
simpler, single calculation methods were used.
The model of the operating machine’s arm design is
presented in Figure 2 (CAD model). The arm is designed
as a weld of steel sheet parts.

node number j .

Figure 3. 8-node linear finite element

During the stress analysis of the operating machine’s
arm, linear 8-node volume elements - hexahedrons and
tetrahedrons were used (Figure 5). The 8-node volume
finite element have the interpolation functions defined by
the relation

1
Ni  (1  i )(1  i )(1   i ),(i  1, 2,...,8).
8

(5)

For example, the

N1 function, where we put
coordinates of the node 1 ( 1  1 , 1  1 , 1  1 ) is
defined by the relation

Figure 2. Model of the operating machine’s arm

2.1.1. Finite Components Method Stress Analysis
There are 15 equations (6 geometrical equations, 3
differential equilibrium equations, 6 constitutional
equations) to find 15 searched functions (3 displacement
functions, 6 functions of the component of strain tensor, 6
functions of the component of stress tensor) in continuum
mechanics. Moreover, boundary conditions, namely
geometrical, that determines the displacement values on
the parts of the body borders and force boundary
conditions that determine the stress and pressure values on
another part of the body, have to be satisfied. The
analytical solution of these equations is possible only for
limited simple body shape designs. For more complex
body designs appearing in a real engineering practice,
these equations are solved by numerical methods, mostly
by using the finite element method. If it is used, the
researched part is divided into small parts, the so called
finite elements. Within the scope of individual finite
element, searched functions are interpolated by base
functions

u( x, y, z )  Ni ( x, y, z ) ui ,

(1)

v( x, y, z )  Ni ( x, y, z ) vi ,

(2)

w( x, y, z )  Ni ( x, y, z ) wi ,

(3)

1
N1  (1   )(1   )(1   ).
8

(6)

Figure 4. Real 8-node linear finite element

For the coordinates x, y, z of a real finite element
displayed in Figure 4, these transformation equations are
8

x   Ni xi ,
i 1

(7)
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y   Ni yi ,

(8)

8

(9)

i 1

When using tetrahedrons elements (Figure 5), the
interpolations functions of a 4-node element are chosen in
the following form

N1  L1, N2  L2 , N3  L3 , N4  L4 ,

(10)

whereas L1 , L2 , L3 , L4 are volume coordinates defined
by the relations

V ( B 234)
V ( B134)
, L2 
,
V
V
V ( B124)
V ( B123)
L3 
, L4 
.
V
V
L1 

(11)



   xy xy   xz xz   yz  yz  d V

V

i 1

z   Ni zi .

  x x   y  y   z  z
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  f x u  f y  v  f z  w  d V 

V





  p x u  p y  v  p z  w  d S

S

applies that, external virtual work is equal to internal
virtual work when equilibrated forces and stresses
undergo unrelated but consistent displacements and strains.
2.1.2. The FEA Application in the Stress Analysis of an
Operating Device Arm
Though, the model is symmetrical with reference to one
plane, the symmetry was not used because of the
following calculation of the frequencies themselves and
buckling calculations [3] that are not contained in this
article [5]. The boundary conditions were prescribed at the
place of the swivel pins, and in the pin mounting of the
hydraulic cylinder.
The loading corresponding to the double scroll weight
of the sheet coil, was applied by the form of pressure
having effect on the upper panel.
The whole arm is made of the St430C material (steel
class EN 10025 S275JO). Maximum of calculated von
Misses stress can by

R
275MPa
f yd  eh 
 239 MPa,
M
1,15
Figure 5. Volume tetrahedron coordinates

From the geometrical equations point of view
(assumption of small deformations), thus it is true that

x 

u 8 Ni

ui ,
x i 1 x

(12)

y 

v 8 Ni

vi ,
y i 1 y

(13)

z 

w 8 Ni

wi ,
z i 1 z

(14)

 xy 

8 N
v u 8 Ni


vi   i ui ,
x y i 1 x
i 1 y

(15)

 xz 

8 N
w u 8 Ni


wi   i ui ,
x z i 1 x
i 1 z

(16)

 yz 

8 N
w v 8 Ni
 
wi   i vi ,
y z i 1 y
i 1 z

(17)

With this, we achieve that we derive known
interpolation functions instead of partial derivatives of
unknown functions, and only the displacement of element
node is searched for.
When calculating node displacements, we count on the
principle of virtual work, or in case of a linear elastic
material from the principle of the minimum total potential
energy. From the principle of virtual work defined by the
relation

(18)

(19)

whereas Reh is the yield stress,  M is the coefficient of
material reliability [4].

Figure 6. Finite element model of the arm

When calculating, the material was considered as
isotropic and linear elastic, with elastic constants: Young
module E  210000 MPa , Poisson ratio   0,3 .
2.1.3. Interpretation of the Simulation Results
Values of the Von Misses stress are displayed in Figure 7
and in Figure 8.
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Figure 7. Von Misses stress distribution

The maximal stress value is 95MPa . The behaviour of
Von Misses stress on the back part of the operating
machine’s arm is presented in Figure 8.

Figure 9. Resultant displacement distribution

3. Conclusion
In this paper, an example of stress analysis using finite
element method of a in an industrial operating machine
has been described. The method principle as well as the
solution results have been provided. On the basis of the
calculated stress and values of displacement, we can assert
that calculated values of Von Misses stress did not surpass
the value of the allowed stress. Moreover, the extent of the
operating machine’s arm deformation is not that big as to
prevent the correct functioning and operation of this
constituent.
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