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Abstract: Forests tractors are inseparable part of a forest economy. Forests tractors serve for logging of logs in forests. Current forests 

tractors are usually equipped by hydraulic arms, which allow to expand the utility of a tractor. A tractor with a hydraulic arm is able to 

handle with wood logs without a need additional forest machine, which helps to reduce costs. On the other hand, it is necessary to analyse 

tractors abilities, which has such an additional equipment. This article is focused on assessment of stability of a forest tractor, which is 

equipped by such a hydraulic arm. It is a newly designed forest tractor which smaller dimensions, which is intended to be used in conditions 

with requirements for lower contact pressure and better manoeuvrability. As the hydraulic arm changes the centre of gravity of an entire 

tractor, mainly with the load, safe operation of the tractor needs to know limit conditions of stability under the maximal load and in the given 

slope inclination. 
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1. Introduction 

Consistent technological progress in the field of technics and 

machine industry has caused significant increase of using special 

logging tractors (or skidders) for timber harvesting and yarding [1; 

2]. Nowadays, yarding by means of logging tractors is the most 

widely way for timber harvesting in forests not only in Europe, but 

also around the world [3; 4]. Technologies applied in these special 

wheeled forest tractors allow to use them in every type of terrain as 

well as in various gradient of slopes. Recent needs of customers 

require to design a new and more compact model of a tractor, which 

would be able to compete other products on the European market. 

 

Fig. 1 A 3D model of the forest tractor. 

 

The objective of the presented article is analysis of stability of 

the tractor, which will serve for logging the wood in forest and 

which is equipped with a hydraulic arm. The analyzed tractor 

represents the smallest model of the tractor producer (Fig. 1) and it 

also represents the logging tractor, which belongs to the smallest 

tractors in this sector within the European market. The presented 

solution has arisen due to the need of mounting of a hydraulic arm 

on the given tractor as a non-standard equipment. 

Timber logging can be defined as transposition of logs form a 

place of harvesting to a place of timber processing or timber 

transportation. Ground yarding is most often used for slopes up to 

40 %, but some logging tractors are able to works on slopes even up 

to 50 % [1-4]. 

2. Selection of a hydraulic arm 

A winch and a hydraulic arm with a grapple are very important 

construction units of the solved tractor. The main role of the winch 

(Fig. 2) is yarding of logs from hardly accessible places nearer to 

the tractor. The two-drum winch optionally controlled by means of 

a remote control is mounted on a rear part of a tractor frame and it 

is included in a base package of the tractor. When logs are near 

enough to the tractor, an operator can handle the logs by means of 

the hydraulic arm (Fig. 2). This hydraulic arm will be mounted on 

the pedestal, which is placed above the winch, whereby operational 

space of the winch as well as the hydraulic arm must not be limited. 

Just this component is the objective of the solved task. 

Hydraulic arms of logging tractors are mostly placed in a rear 

part of a tractor frame. Such a conception allows utility of tractors, 

mainly in a hardly accessible terrain and in bad weather conditions. 

The solved logging tractor is intended for using in a thinning and 

premature timber harvesting and for easier yarding of toppled trees 

and other wood-pulps.  

 

Fig. 2 A hydraulic arm for the forest tractor 

 

The hydraulic arm is located on the tractor by means of an 

adapted pedestal, which is placed above the winch. The hydraulic 

arm is mounted on the pedestal by ten screws with a cylindrical 

head and with an internal hexagon. As the hydraulic arm is a 

nonstandard equipment of the tractor, it is necessary to design such 

a pedestal structure, which can be installed and removed in a simple 

way, which will not be time-consuming. 

 

Fig. 1 Working range of the hydraulic arm. 
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In term of a conception, it is a four-wheeled articulated tractor 

with an all-wheel drive train. A steering system of the tractor 

contains two hydromotors and vertical pins [5]. Such a system 

ensures very well manoeuvrability and ability to work in heavy 

gradient of slopes. The tractor is powered by a four-cylinder four-

stroke diesel engine, which is liquid-cooled and turbocharged by a 

supercharger. The engine meets all valid limits in term of exhaust 

emissions regulations for ensuring ecological operation [6]. 

Selection of a hydraulic arm comes out from two terms. On one 

hand, criterion assessment of various available products has been 

performed and on the other, requirements of the tractor producer 

have been taken into account. Fig. 3 shows a working range of the 

selected hydraulic arm. 

3. Stability of the tractor 

Work in inaccessible terrains in which tractors work are often 

affected by dangerous situations when moving these machines. The 

stability of the machine is a limiting indicator that limits the use of 

the work machine in dangerous terrains. 

Calculation of the center of gravity 

To calculate the center of gravity of the hydraulic arm, which is 

equipped with a grab and rotator without a load, it is necessary to 

know the x- and y-coordinates of the centers of gravity of all the 

components that make up the hydromanipulator. In Fig. 4 the 

coordinates of these components are shown. The blue color shows 

the position of the center of gravity of the hydraulic arm with its 

coordinates relative to the coordinate system, which is shown by the 

yellow x and y axis. All values of these coordinates are listed in 

Tab. 1. 

 

Fig. 4 Coordinates of individual components of the hydraulic arm. 

 

Table 1: Values of coordinates of individual components of the hydraulic 

arm. 

Centre of 

gravity 
x-coordinate Value [mm] y-coordinate Value [mm] 

Ts xTv 30.5 yTv 460 

Tv xTv 1189 yTv 1161.5 

Tn xTn 3429 yTn 1403 

Tvr xTvr 5019 yTvr 1403 

Tdr xTdr 5619 yTdr 1403 

 

To calculate the x-coordinate of the center of gravity xT of the 

hydraulic arm, it is necessary to substitute the values into formula 

(11): 

Ts s Tv v Tn n Tvr vr Tdr dr

T

r

x m x m x m x m x m
x

m

        
  (1) 

where xTi [mm] are the x-coordinates of the centers of gravity of the 

individual components, mi [kg] are the weights of the individual 

components, xT [mm] is the value of the x-coordinate of the center 

of gravity of the hydraulic arm. 

To calculate the y-coordinate of the center of gravity yT of the 

hydraulic arm, it is necessary to substitute the values into the 

formula (12): 

Ts s Tv v Tn n Tvr vr Tdr dr

T

r

y m y m y m y m y m
y

m

        
  (2) 

where yTi [mm] are the y-coordinates of the centers of gravity of 

individual components, mi [kg] are the weights of individual 

components, yT [mm] is the value of the y-coordinate of the center 

of gravity of the hydraulic arm. 

The center of gravity of the hydraulic arm has coordinates T [2650; 

1150] mm. 

Calculation of stability 

The calculation of tractor stability depends on the mutual 

position of the slope of the slope and the tractor. These positions are 

analyzed in the following chapters also with detailed calculations of 

the maximum slope angles. To calculate individual stability 

positions, it is necessary to know the position of the center of 

gravity of the hydraulic arm, the position of the center of gravity of 

the load, which is located at the end of the extended arm, the 

position of the center of gravity of the designed pedestal and the 

position of the center of gravity of the tractor (Fig. 5). When solving 

individual stability positions, it is necessary to know the individual 

loads given in Tab. 2. 

 

Fig. 5 The center of gravity of the tractor. 

 

Table 2: Values of the loads for the stability analysis. 

 Weight [kg] Load [N] 

Tractor mT = 5500 GT = 53955 

Hydraulic arm mR = 940 GR = 9221 

Basic plate mP = 330 GP = 3238 

Burden mB = 850 GB = 8340 

Totally mtot = 7620 Gtot = 15110 

 

When dealing with stability, it is necessary to know that the use 

of the hydraulic arm while driving the tractor is strictly prohibited. 

Manipulation with the hydraulic manipulator is only allowed when 

the tractor is stationary. When solving individual stability positions, 

it is considered that the tractor is not bent, i.e. the tractor is in a 

straight position. 

The position of the tractor parallel to the contour and the 

position of the hydraulic arm down the slope 

This position (position No. 1) occurs when working in the 

forest, when the tractor is placed transversely on the slope of the 

slope and the hydraulic arm is pointing down the slope, with the 

maximum possible load given by the manufacturer. This situation is 

depicted in Fig. 6. 

The stability solution is performed through the moment 

equation to point A, while the maximum angle α1 is investigated, 

which indicates the limit state when the tractor does not overturn 

with the hydraulic arm loaded. For the solution, it is necessary to 

know the distances of the centers of gravity from the pad and the 

tractor axis, which are calculated in Tab. 3. Although the use of the 

hydromanipulator is prohibited during driving, an acceleration of 
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amax = 1.25 m·s-2 occurs during a possible start, which causes a 

dynamic effect. However, in this position, this acceleration does not 

affect the results achieved. 

Table 3: Values of distances of the center of gravity from the surface and the 

tractor axis. 

Parameter Value [m] 

xmax 5.620 

xR 2.652 

LT 1.250 

hT 1.050 

hP 1.340 

hR 2.490 

hB 2.270 

 

 

Fig. 6 Stability position No. 1. 
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After substituting the given quantities, the following applies: 

1 1

1 1

22131 102887 0

22131
12 15

102887

cos sin

tan .

 

 

    

   
 (5) 

where α1 [°] is the limit angle, Gx [N] are the individual loads, hx 

[m] are the perpendicular distances of the centers of gravity from 

the base, LT [m] is half the length of the width of the tractor. 

The resulting limit angle reached the value α1 = 12.15°, when 

the tractor is working on a greater slope, the tractor may overturn. 

The position of the tractor parallel to the contour and the 

position of the hydraulic arm on the slope up the slope 

This position (position no. 2) occurs when working in the forest, 

when the tractor is placed transversely on the slope of the slope and 

the hydraulic arm points up the slope, with the maximum possible 

load given by the manufacturer. This situation is depicted in Fig. 7. 

The stability solution is performed through the moment 

equation to point A, while the maximum angle α2 is investigated, 

which indicates the limit state when the tractor does not overturn 

with the hydraulic arm loaded. The use of the hydromanipulator 

itself is prohibited during driving, however, during a possible start-

up, an acceleration of amax = 1.25 m·s-2 occurs, which causes a 

dynamic effect. This acceleration does not affect the calculation of 

stability in position No. 2. 

 

Fig. 7 Stability position No. 2. 
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After substituting the given quantities, the following applies: 
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cos sin
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where α2 [°] is the limit angle. 

The resulting limit angle reached the value α2 = 53.11°, when 

the tractor is working on a greater slope, the tractor may overturn. 

Calculation of the axle loads 

When solving the load on the individual axles of the tractor, the 

machine is placed on the plane, while the hydraulic arm is 

maximally extended and with the maximum possible load. The 

vertical forces acting on the individual axles must not exceed the 

maximum permissible static axle load specified by the 

manufacturer. The following applies to the axles used on the tractor: 

 Maximum static load of the front axle FPN = 125 kN, 

 Maximum static load of the rear axle FZN = 125 kN. 

 

Fig. 8 The loads on individual axles when the machine is on the straight 

surface 

 

Reaction FR1 acts on the front axle and reaction FR2 on the rear 

axle. This state is shown in Fig. 8. The use of the hydromanipulator 

is prohibited during driving, however, during a possible start-up, an 

acceleration of amax = 1.25 m·s-2 may occur, which will cause a 

dynamic effect. This acceleration causes the inertial force Fa, which 

is shown in Fig. 8 in gray and is oriented in the opposite direction to 

the applied acceleration. 
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The rear axle load given by reaction FR2 is given by the moment 

equation to point 1: 

   

 

2

0

T T P P R T R R P

B max T P total max T
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          

       
 (9) 

   

 

2

T T P P R R P

R

B max P total max T

G y G L y G L x y
F

L

G L x y m a h

L

       
 

     


 (10) 

After substituting the values of forces and distances into 

equation, we get: 

2

181225
72490 N

2 5
R

F
.

  (11) 

The front axle load given by reaction FR1 is given by the 

moment equation to point 2: 

   
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      
 (12) 

   

 
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R
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F

L
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L
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 

     


 (13) 

After substituting the values of forces and distances into 

equation, we get: 

1

25660
10264 N

2 5
R

F
.

  (14) 

The value of the vertical force on the front axle is FR1 = 102648 

N, which meets the condition set by the manufacturer (FPN = 125 

kN). The value of the vertical force on the rear axle is FR2 = 72490 

N, which also meets the condition set by the manufacturer (FZN = 

125 kN). 

4. Conclusion 

The objective of this contribution was to analyses the stability 

conditions of the forests tractor. The analyses come from the 

determination of the center of gravity position. Subsequently, two 

positions of the tractor on a slope were analyzed. The calculations 

shown, that the tractor has better stability for the position No. 2. 

This fact is given, that in the position No. 1, the transported wood 

logs lead to greater moment, which overturn the tractor. IN the 

position No. 2, the wood logs lead to stability moment. Finally, the 

loads of the both axles were calculated. The analysis shown, that the 

rear axle is more loaded than the front axle. This is caused by the 

fact, that the wood logs are transported in the rear part of the tractor. 

Therefore, the load is greater on the rear axle. 
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