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Summary: The structural analysys of typical mobile elevating work platform articulating boom, moving quasi-statically in 
the vertical plane, has been carried out. Along with certain approximations, a model for calculating the load transmission 
from basket to the support on the vehicle chassis has been developed. Thus, it made possible to track changeable load 
conditions of every structure element, as well as to track force changes in hydro cylinders, depending on boom joints’ angles 
and geometric parameters of the boom sections. Analytical forms of boom sections load and hydro cylinders forces enable 
the optimization of the characteristic boom sections dimensions, cross-sections parameters and hydro cylinders abutment 
points position. In addition, obtained functions can be used for hydro cylinders and hydro pumps workflow control. 
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1. INTRODUCTION 
 
Hydraulic elevating platform is a hoisting device that provides temporary access of men and equipment to hardly 
reachable spots, which are placed at certain heights (from a few meters to several tens of meters). Named 
application features distinct them from hoisting devices with permanent access to working places and put them 
into special purpose construction hoisters.    
In contemporary urban conditions, just because of configuration of terrain which has lot of obstacles such as 
street lights, traffic signs, advertising panels, trees, electric, phone and other public installations, parked cars and 
other objects, the advantage in exploitation often goes to hydraulic elevating platforms with articulating booms, 
which are typical representatives of structures with variable geometry [3]. 
The most important parameters of an elevating platform are, besides the lifting capacity, maximum platform 
height and horizontal reach. Appropriate way of showing these parameters are working diagrams or usage 
diagrams, shown in Figure 1. In them, the space of usage is marked as a constelation of working points that 
elevating platform can achieve.    
The most often in use are the hydraulic elevating platforms mounted on vehicle. Such machine is called Mobile 
Elevating Work Platform - MEWP, [5]. 
 
2. BASIC ASSUMPTIONS AND CALCULATION MODEL 
 
Articulating boom with hinged sections is a complex mechanism, which is exposed to various loads such as load 
weight, self-weight of structure elements, dynamic loads at accelerating and decelerating and wind. It can be 
taken that on/off switching of hydraulic actuators is slow (gradual), by which the slow initiating and final 
movements of boom sections are realized. In this way, the dynamic loads are considerably decreased, that is the 
loads can be considered as quasi-static. If the wind is taken out of consideration as an exceptional type of load, 
calculation model of boom sections load is shown in Figure 3.    
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Figure 1: MEWP boom types: telescopic, articulating and combined 

 
Main construction elements of a typical MEWP with articulating boom are shown in Figure 2. 

 
1- Vehicle; 2-Chassis; 3-Outriggers; 4-Revolving bearing; 5-Revolving pillar;  
6,8,10-boom sections; 7,9,11-Hydro cylinders; 12-Basket carrier; 13-Basket;  
14÷20-Bar system for basket floor horizontality maintenance (leading bars);  

21- Bars for boom joint angle increase 
Figure 2: Construction elements of a typical MEWP with articulating boom 

 
Sections lengths from one, and appropriate boom joint angles from the other side determine basket position 
within the work range (lifting height and horizontal reach). The angles defining basket position are those that 
sections enclose with constant directions: 1  and 2  are the angles that sections 1 and 2 enclose with the 
horizontal direction and 3  is the angle that section 3 encloses with the vertical direction. 
Each section is attached to the local (separate) movable coordinate system ( i i i , i 1,2,3 ), at which the 
coordinate origin is placed at the joint connection with the previous section and i  axes are perpendicular to the 
figure plane. At the section 1 support, that is the whole boom support, the global coordinate system AXYZ  is 
set. In Figure there is also shown the boom position at maximum joint angles that are: 

1max 2max 3max75 , 70 , 150 . 
During the work MEWP, there is a number of limitations for angles of sections 1, 2 and 3, which are the result of 
acting of electrical and mechanical position limiting devices or structure limitations:   
 1 2 2 3 2 2 3 1max 2max 3max15 ; 80 ; 0 0 ; 75 ; 70 ; 150  
Thus, Table 1 shows the possible combinations of these angles values. 
 

Table 1: Possible combinations of angles 1 , 2  and 3 values 
75 
45 1[ ]   

 0 
2 [ ]  -60 -30 0 15 45 70 

3 [ ]  0÷20 0÷50 0÷80 15÷95 45÷125 70÷150 
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Figure 3: Model for calculation and analysis of boom sections load in relation with basket position 

 
At basket position change, each boom section load is continually changing in the vertical XZ  plane. In order to 
define loads, it is necessary to determine functional relations between all the forces that act on each section and 
joint angles 1 , 2  and 3 , as well as forces projections on local coordinate systems. Then, each section can be 
taken out of the structure and analyzed as separate carrier.   
At calculating the forces in relation to the named angles, the sections weights are taken to act in their middle 
points. Beside this, the model simplifying was done by reducing the influence of forces that act in leading bars 
on carrying sections, according to figure 4.  
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Figure 4: Leading bars forces influence 

 
The leading bars (four bar linkage system) provide the basket floor horizontality and it is taken that they are 
approximately parallel with boom sections at distance Ol const  for any boom position. On this basis, bar 
extension force is slightly changeable, so it can be, for the sake of simplifying, excluded from analysis. Work 
load consists of the basket and load mass T k Qm m m , where km  stands for basket mass and Qm  stands for 
mass of the operator and tools in the basket. 
 
 
3. BOOM SECTION LOAD DETERMINATION IN RELATION TO BASKET POSITION  
 
At determining each boom section load, we must start from section 3, at whose end the reduced weight of basket 
and load TG  acts. Section 3 calculation model is shown in Figure 5. 

 
Figure 5: Section 3 calculation model 

 
Force in hydro cylinder CF  is obtained from moment equation for joint C :    

 3
T 3 3 3 3 C 33 33

L
Mc 0 G sin L G sin F sin l

2
 (1) 

For defining the angle 33 , as well as the other angles which appear in consequent workflow, the sine and cosine 
theorems are used:    
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 32
33 2 32 2

33 32 33 32 2 3

l
sin cos( )

l l 2l l sin( )
    (2) 

It shows that: 

 
2 2

3 3 33 32 33 32 2 3
c T 3

33 32 2 3

L sin l l 2l l sin( )
F ( G 0,5G )

l l cos( )
 (3) 

 
Out of section 3 static equilibrium conditions, we get the reaction of section 2 on section 3 at joint C : 

 2 2
c 3 T c 3 T cR ( G G ) F 2( G G )F cos                                                                  (4) 

 
In order to obtain the diagram of section 3 loads, all the forces should be projected on the local coordinate 
system 3 3 3C . After adequate angle transformations and equation substitutions, we get the expressions for the 
force in the hydro cylinder and section 3 loads: 
 

 
2 2

3 3 33 32 33 32 2 3
c T 3

33 32 2 3

L sin l l 2l l sin( )
F ( G 0,5G )

l l cos( )
 (5) 

 3
c 3 c 33 T 3 3

33

L
F F sin ( G 0,5G )sin

l
  (6) 

 T 3 3 33 32 2 3 3
c 3 c 33

33 32 2 3

( G 0,5G )l l l sin( ) sin
F F cos

l l cos( )
 (7)  

 3 3
c 3 T 3 3

33 33

L L
R (1 )G (1 )G sin

l 2l
 (8) 

 T 3 3 33 32 2 3 3
c 3 T 3 3

33 32 2 3

( G 0,5G )l l l sin( ) sin
R ( G G )cos

l l cos( )
 (9) 

 
Section 2 calculation model is shown in Figure 6. Forces CF and CR  are already defined, but now we take them 
in opposite directions. Force in hydro cylinder BF  we determine from moment equation for joint B : 
 
 2 2 T 3 2 3 3 T 3 B 22 22l cos ( G G 0,5G ) l sin ( G 0,5G ) F sin l  (10) 
 
Reaction of section 1 on section 2 in joint B is: 
 

 2 2
B T 3 2 B T 3 2 BR ( G G G ) F 2( G G G )F cos  (11) 

 
In order to obtain the diagram of section 2 loads, all the forces should be projected on the local coordinate 
system 2 2 2B . After adequate angle transformations and equation substitutions, we get the expressions for the 
force in the hydro cylinder and section 2 loads: 

 3 3
c 2 3 T 2 3 T

32

l G
R ( G G )cos sin ( G )

l 2
 (12) 

 
3

3 3 T 32 33 3 2

c 2 3 T 2
33 32 3 2

Gl sin ( G )( l l sin( ))
2R ( G G )sin

l l cos( )
 (13) 

 3 3
c 2 T 3

32

l G
F ( G )sin

l 2
 (14) 

 
3

3 3 T 32 33 3 2

c 2
33 32 3 2

Gl sin ( G ) l l sin( )
2F

l l cos( )
 (15) 
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Figure 6: Section 2 calculation model 

 

 
2 2
21 22 21 22 1 2 2 2 T 3 2 3 3 T 3

B
21 22 1 2

l l 2l l cos( ) l cos ( G G 0,5G ) l sin ( G 0,5G )
F

l l sin( )
 (16) 

 3 32 2
B 2 T 3 2 T 3

22 22

l Gl G
F ( G G )cos ( G )sin

l 2 l 2
 (17) 

 32 22 21 1 2
B 2 2 3 T 3 2 3 T 3

22 21 1 2

GG l l cos( )F l sin ( G G )cos l ( G )sin
2 2 l l sin( )

 (18) 

 3 32 2
B 2 T 2 3 2 2 T 3 3 T

22 22

l Gl GR ( G G G )cos cos ( G G ) sin ( G )
l 2 l 2

 (19) 

 

B 2 T 2 3 2

2 232
2 3 T 3 2 3 T 3 21 22 21 22 1 2

21 22 1 2

R ( G G G )sin

GGl sin ( G G )cos l ( G )sin l l 2l l cos( )
2 2

l l sin( )
 (20) 
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Section 1 calculation model is shown in Figure 7. Forces BF and BR  are already defined, but now we take them 
in opposite directions. Force in hydro cylinder AF  we determine from moment equation for joint A : 
 
 1 1 1 2 3 T 2 2 2 3 T 3 3 3 T A 11 11l cos (0,5G G G G ) l cos (0,5G G G ) l sin (0,5G G ) F l sin  (21) 
 
Reaction of boom support in joint A  is obtained as follows: 

   2 2
A 1 2 3 T A 1 2 3 T AR ( G G G G ) F 2( G G G G )F cos  (22) 

 
In order to obtain the diagram of section 1 loads, all the forces should be projected on the local coordinate 
system 1 1 1A . After adequate angle transformations and equation substitutions, we get the expressions for the 
force in the hydro cylinder and section 1 loads: 
 

 3 32 2
B 1 T 3 2 1 T 3 2 T 3

21 21

l Gl G
R ( G G G )cos ( G G )cos ( G )sin

l 2 l 2
 (23) 

 

B 1 T 2 3 1

32
2 2 T 3 2 3 T 3 21 22 1 2

21 22 1 2

R ( G G G )sin

GGl sin ( G G )cos l ( G )sin l l cos( )
2 2

l l sin( )

 (24) 

 3 32 2
B 1 T 3 2 T 3

21 21

l Gl G
F ( G G )cos ( G )sin

l 2 l 2
 (25) 

 32 21 22 1 2
B 1 2 T 3 2 3 T 3

22 21 1 2

GG l l cos( )
F l ( G G )cos l ( G )sin

2 2 l l sin( )
 (26) 

 
1 1 1 2 3 T 2 2 2 3 T 3 3 3 T

A
10 11 1 0

2 2
10 11 10 11 1 0

l cos (0,5G G G G ) l cos (0,5G G G ) l sin (0,5G G )
F

l l sin( )

l l 2l l cos( )

 (27) 

3 31 1 2 2
A 1 T 2 3 1 T 3 2 3 T

11 11 11

l Gl G l G
F ( G G G )cos ( G G )cos sin ( G )

l 2 l 2 l 2
 (28) 

 3 3 11 10 1 01
A 1 1 T 2 3 1 2 T 2 3 3 T

11 10 1 0

G G l l cos( )G
F l ( G G G )cos l ( G )cos l sin ( G )

2 2 2 l l sin( )
 (29) 

 

1 1 2 2
A 1 T 2 3 1 T 3 2

11 11

3 3
T 3 T 1 2 3 1

11

l G l G
R ( G G G )cos ( G G )cos

l 2 l 2
l G

( G )sin ( G G G G )cos
l 2

 (30) 

 
A 1 1 2 3 T 1

3 11 10 1 01 2
1 T 2 3 1 2 T 3 2 3 3 T

11 10 1 0

R ( G G G G )sin

G l l cos( )G G
l ( G G G )cos l ( G G )cos l sin ( G )

2 2 2 l l sin( )
 (31) 

 
In Figures 8, 9 and 10 there are shown the diagrams of some of the forces and their projections on local movable 
axes in relation to 1 , 2 and 3  angles. For diagram plotting purpose, the following numerical values were 
used: 
 

1 2 3 33 32 22 0

21 11 10 1 2 3 T

L 7602mm,L 8210mm,L 2400mm,l 540mm,l 1288mm,l 876mm, 35 ,
l 3361mm,l 2987mm,l 1215mm,G 15kN ,G 10kN ,G 4kN ,G 5kN

 

Negative sign of force value from diagrams tells that the force projection is of the opposite direction in relation 
to the coordinate axes on which it is projected. Functional relations are shown for some of the section angle 
values according to Table 1, at which the angles 1  and 2  are fixed while the angle 3  is changing according 
to structure limitations. While plotting the diagrams, the influence of leading bars force PF , mentioned in chapter 
2, was excluded.   
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Figure 7: Section 1 calculation model 

 
Figure 8: Diagrams CF , CR , C 3F  and C 3R  for 2 70  at angle 3  change 
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Figure 9: Diagrams B B B 2F ,R ,F  and B 2R  for 1 75  and 2 15  at angle 3  change 

 
Figure 10: Diagrams A A A 1 A 1F ,R ,F ,R  and B 1R  for 1 75 , 2 70  at angle 3  change 

 
 
4. CONCLUSION 
 
The significance of determining the functional dependences of the MEWP articulating boom sections loads can 
be seen through the possibility of finding the critical boom positions from the aspect of each structure element. 
In this way, each element can be analyzed separately with its changeable loads at joints with contiguous 
elements and hydro cylinders abutments. Analytical forms also open a possibility for software development, 
which would enable instant generation of all static diagrams for an arbitrary selected basket position within the 
space of usage. 
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