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The aim of the article is to verify dimensions of the hydraulic arm column (the necessary cross-sectional area) by 
analytical dimensional calculation and thus to design a lifting rotary arm which will be located on the pick-up car 
body (Figure 1). After the analysis of dimensions, the next step is creation of the structure in FEM program and 
then a numerical analysis will be carried out for verification of stress in the structure already with the values that 
are not available for the preliminary design (e.g. the structure weight). The next step in the solution will be to 
import the proposed and by strength calculations checked geometry into the multibody system program, where 
the dynamic response of the structure will be monitored, depending on the size of the load and the movement 
possibilities of this mechanism. 
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 Introduction 

The successful development of mankind to the state 
we see today has its origins in the ages when man had to 
fight for survival in the original living conditions. Repea-
ting successful activities that have brought improved li-
ving conditions has also triggered brain activity, i. e., 
from simple logical operations to memorization and ana-
lysis [1]. The result of this process was creations of man, 
whose improvement led to progress consisting of the con-
struction of machines and heavy machinery. This process 
of developing technical systems that relieve man from re-
petitive physical work is called mechanization, and there 
is no need to talk too much about the importance of ma-
chinery for manipulating material. Mechanisation is an 
important means of increasing productivity, quality and 
competitiveness of production. The effort is to make the 
individual work actions as short and simple as possible, 
to make them easy to learn while demanding a minimum 
of human effort. Mechanisation greatly relieves man from 
heavy physical work, for example, in dangerous or harm-
ful environments. Such a mechanism is also the proposed 
hydraulic arm, which greatly facilitates the manipulation 
process with great operability and with the condition of 
minimal production costs we achieve the most cost-
effective ratio [2]. 

 
Fig. 1 Platform for mounting the proposed hydraulic 

arm 

 Verification of column in critical cross-section 

This calculation was preceded by the determination of 
the maximum load resulting from the maximum weight 
of the lifted load, which was set on m = 300 kg [3]. Sub-
sequently, calculations were made to determine the posi-
tion at which the column is most stressed (Fig. 2). 

 

Fig. 2 The most effective position of the arm for ma-
ximum column loading 

 
The largest possible stress in the critical cross-section 

of the column body arises when loading the arm with ge-
ometry according to Fig. 2, and that is to be defined. After 
considering loading effects of the forces acting on a 
structure it was found that they cause tensile/compressive 
stress, shear stress and bending moment. We assume that 
the most exposed area on the column's body is a common 
border of critical cross-sections (Fig. 3 right), i. e., verti-
cally oriented surfaces to which is welded the holder of 
the second hydraulic motor with dimensions t1 x b1 and 
a horizontally oriented surface of the intended section ta-
ken close to the welding edge with the hydraulic motor 
holder (Fig. 3). This is due to the fact that the greatest 
bending moments and at the same time the most force 
effects act on this surface. Therefore, it was determined 
that the location of the greatest load on the structure is 
between the holder of the second hydraulic motor and the 
column [4]. 
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Fig. 3 3D model of the arm’s column (left) definition of  
the expected extreme stress location in the common 

crossing of the critical cross sections (right) 
 
The effects of the force RB on the stress value in the 

critical cross section were detected earlier. To this, it is 
still necessary to add the effect of another acting force by 
the superposition method, i. e. force FHM2x acting in the 
axis of the hydraulic motor between the middle arm and 
the column (see Fig. 2). The force FHM2x in the given cross 

section causes the compressive stress σd. Its value is de-
termined by (1): 
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By solving equation (1) we get σd = 0.93 MPa. 
Furthermore, the force FHM2x causes the shear stress τS2 
whose value we determine by (2): 
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The size of the shear surface S2 is shown in Fig. 4 left 
(grey area) and its size is (3): 

 ( )tbttS ⋅⋅+⋅⋅= 112 22  (3) 

By solving equation (3) we get S2 = 3,600 mm2 and 
from equation (2) we get τS2 = 0.82 MPa.Further, the force 
FHM2x causes eccentric compressive stress because the 
holder is not loaded symmetrically by the force of FHM2x, 
and thus produces a bending stress σo3 whose value is de-
termined by (4): 
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Fig. 4 Critical cross-section stress induced by FHM2x (left) and FHM2y (right)

Value of bending moment Mo3 is (5): 

 123 eFM xHMo ⋅=  (5) 

The elastic section modulus Wod of the penetration of 
the holder and the column area S1 (rectangular cross-
section of the dimension t1 x b1) at its orientation towards 
the load is determined from equation (6): 
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By solving the equations (4), (5) and (6) we get σo3 = 
2.1 MPa. The stress in the considered cross-section 
caused by the force FHM2x is shown in Fig. 4 left. Light-
green, violet and red colours represent the compressive 
stress σd in the area S1, shear stress τs2 in the area S2, and 

bending stress σo3 from the bending moment Mo3 due to 
the eccentric loading of the holder with the surface S1, re-
spectively. The force FHM2y in the given cross section 
causes the shear stress τs3 whose size is determined by (7): 
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By solving equation (7) we get τs3 = 4.8 MPa. Further, 
the force FHM2y causes eccentric tensile stress and thus 
causes the bending stress σo4, whose size is determined by 
(8): 
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For Mo4 bending moment applies (9): 



April 2018, Vol. 18, No. 2 MANUFACTURING TECHNOLOGY ISSN 1213–2489 

 

192  indexed on: http://www.scopus.com  

 324 eFM yHMo ⋅=  (9) 

By solving the equations (6), (8) and (9) we get σo4 = 
10.3 MPa. The stress in the considered cross-section 
caused by the force FHM2y is shown in Fig. 4 right. Blue 
and orange represent uniform distribution of the shear 
stress τs3 in the surface S1 and tension σ4 of the bending 
moment Mo4 in the area S1, respectively. 

 Determination of the maximum equivalent 
stress in the structure 

The next step of the task solving methodology is 
calculation of the maximum equivalent stress σredmax. This 
is composed by the normal stresses σN1, for which re-
specting the stress from the previous (Article J.D. EVM 
2017) and the current calculations can be written (10): 

 211 ootN σσσσ ++=  (10) 

By solving equation (10) we get σN1 = 56.64 MPa. The 
equivalent stress is further composed by the normal stres-
ses σN2, for which respecting the stress from the previous 
(article J.D. EVM 2017) and the current calculations can 
be written (11): 

 dooN σσσσ −+= 432  (11) 

By solving equation (11) we get σN2 = 11.47 MPa. The 
equivalent stress is further composed by the tangential 
stresses τ1, for which respecting the stress from the previ-
ous (article J.D. EVM 2017) and the current calculations 
can be written (12): 

 211 SS τττ +=  (12) 

By solving equation (12) we get τ1 = 2.62 MPa. The 
resulting normal stress σVN (13) is: 
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By solving equation (13) we get σVN = 57.8 MPa. For 
the resulting tangential stress τV the following applies 
(14): 

 2
3
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By solving equation (14) we get τV = 5.47 MPa. Then 
the equivalent stress σred is calculated according to HMH 
theory (15): 

 22 3 VVNred τσσ ⋅+=  (15) 

By solving equation (15) we get σred = 58.57 MPa. 
Since the critical cross section between the holder and the 
column gives rise to a notch effect due to right angles 
between them and that the load is mainly bending and ten-
sion, the calculated reduced stress must be multiplied by 
the shape coefficient α which, for such conditions, 
acquires the value α = 2 (-). Then the maximum reduced 
stress in the critical point (16) is: 

 redred σασ ⋅=max  (16) 

By solving equation (16) we get σred max = 117.14 MPa. 
σred max is the greatest stress in the construction of the 
hydraulic arm column determined by the analytical calcu-
lation. 

 Numerical calculation of stress in the column 

In order to verify the accuracy of the analytical calcu-
lation and thus to increase the overall probability of the 
correct result, the column is also solved using the nume-
rical method. It was first necessary to model the column 
geometry [5]. Because it is made of a square seamless 
tube, it was modelled by shell elements (Fig. 5). 

 
Fig. 5 Shell model of the column is made by means of mid-planes with the fixity (left) and loading (right) 
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This was followed by entering boundary conditions 
[6,7].The column was fixed as it is in reality (Fig.5 left). 
The load was represented by the resultant components of 

the two acting forces distributed into corresponding num-
ber of holders - 2 (Fig. 5 right). 

 
Fig. 6 Detail of column mesh (left) and reduced von Mises stress in the structure 

 
Linear tetrahedron elements with a 4 mm element size 

were used to mesh the model (Fig. 6 left). After running 
the solution, we can display results of the equivalent von 
Mises stress in the post processor (Fig.6 right). Results 
show that the chosen profile is designed correctly, since 
the maximum stress in the structure is lower than the all-
owable stress = 140 MPa, which can be written by 
equation (17): 

 MPaMPa reddovred 14014.117max =≤= σσ  (17) 

 Conclusion 

The aim of the paper was to analytically solve column 
part of the versatile small lifting hydraulic arm (Fig. 2). 
Since the numerical calculations have verified the accu-
racy of the analytical solution, it can be stated that this 
goal has been met. After designing and recalculating all 
arm dimensions, it will be possible to create a precise 3D 
model of this structure in the CAD program and then nu-
merically calculate the entire arm. Finally, the model will 
be imported into the MBS program, where dynamic be-
havioural responses will be monitored when operating 
with a maximum load of up to 300 kilograms. 
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