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PERFORMANCE CHARACTERISTICS OF THE LEVER-VAN 

SHOCK ABSORBER WITH THE HINGE-LEVER  

CONTROL MECHANISM 
І.І. Сидоренко, І.В. Прокопович, М.В. Королькова, С.Ю. Дмитрієва, С.В. Ковбан. Pобочі характеристики важільно-

лопатевого амортизатора з шарнірно-важільним механізмом управління. У статті представлений принципово новий зразок 
пасивного важільно-лопатевого амортизатора з шарнірно важільним механізмом управління його робочої характеристикою, 
застосування якого є ефективним в складі торсіонної підвіски гусеничного транспортного засобу. Ефективність представленого 
пристрою значно підвищена шляхом науково обґрунтованого розширення його механічної структури додатковою керуючою 
механічною структурою у вигляді шарнірно-важільного механізму. Наведена розроблена розрахункова схема і відповідна до неї 
узагальнена математична модель запропонованого пристрою. На базі розробленої узагальненої математичної моделі проведені 
аналітичні дослідження, на основі яких отримані математичні вирази. що описують функціональну взаємодію між складовими 
елементами запропонованого важільно-лопатевого амортизатора і показаний їх вплив на вигляд робочих характеристик, що при 
цьому реалізуються. Проведено порівняльний аналіз отриманих робочих характеристик з робочими характеристиками, які можуть 
бути реалізовані за допомогою існуючих важільно-лопатевих амортизаторів. Встановлено, що запропонований пристрій здатний 
реалізувати робочі характеристики, які неможливо реалізувати за допомогою відомих зразків пасивних важільно-лопатевих і 
важільно-поршневих амортизаторів. Виділено та обґрунтовано основні геометричні параметри як основної механічної структури 
запропонованого пристрою, так і додаткової механічної структури управління, варіація якими дозволяє відтворити цільові 
(потрібні при деяких умовах) робочі характеристики. Наведено напрямки і перспективи подальших досліджень, що дозволяють 
підвищити ефективність важільно-лопатевого амортизатора з шарнірно - важільним механізмом управління. 

Ключові слова: важільно-лопатевий амортизатор, торсійна почіпка, механізм керування, робочі діаграми, робочі 
характеристики 

І. Sidorenko, І. Prokopovych, M. Korolkova, S. Dmitrieva, S. Kovban. Performance characteristics of the lever-van shock absorber 
with the hinge-lever control mechanism. The article presents a fundamentally new example of a passive lever-blade shock absorber with an 
articulated lever mechanism for controlling its operating characteristic, the use of which is effective as part of the torsion bar suspension of a 
tracked vehicle. The efficiency of the presented device is significantly increased by scientifically substantiated expansion of its mechanical 
structure with an additional controlling mechanical structure in the form of a pivot-lever mechanism. The developed structural scheme and the 
corresponding generalized mathematical model of the proposed device are presented. Based on the developed generalized mathematical model, 
analytical studies have been carried out, on the basis of which mathematical expressions have been obtained that describe the functional 
interaction between the constituent elements of the proposed lever-blade damper and their influence on the type of working characteristics that is 
realized in this case. A comparative analysis of the obtained performance with the performance that can be implemented using existing lever-
blade shock absorbers is carried out. It was found that the proposed device is able to realize working characteristics that cannot be realized using 
known samples of passive lever-blade and lever-piston shock absorbers. The basic geometric parameters of both the main mechanical structure of 
the proposed device and the additional mechanical control structure, the variation of which allows reproducing the target (needed under certain 
conditions) working characteristics, are highlighted and substantiated. The directions and prospects of further research are given, which make it 
possible to increase the efficiency of the lever-paddle shock absorber with the articulated-lever control mechanism. 

Keywords: lever-paddle shock absorber, torsion bar suspension, control mechanism, working diagrams, performance characteristics 
 
Introduction 
To date, the use of a shock absorber with translational or rotational movement of the working 

link in the drive of the engine can not fully take into account the specifics of the use of the link. Piston 
shock absorbers of various schemes, which are axial devices with translational movement of the work-
ing link, are widely used in tracked engines with torsion hitch [1, 2, 3]. The use of piston shock ab-
sorbers in the torsion suspension is irrational, because in this type of suspension the angular displace-
ment relative to the body of the balancer is determined. First of all, it can be considered irrational to 
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attach the body of the piston shock absorber and its rod (working link) to the body of the machine and 
the balancer [2, 4] by means of ball joints. This solution is necessary due to the design features and the 
principle of operation of the piston shock absorber, which does not provide for the action of bending 
moments on its rod.  Similarly, this leads to the following problem. Fastening of the piston shock-
absorber to the car body by means of ball joints leads to constant change of the system of external 
forces operating on the shock-absorber as in this case the cylinder and a shock-absorber rod in the 
course of work constantly change the position concerning the engine case. In this case, the real picture 
of the shock absorber load may differ significantly from the calculation schemes, according to which 
its performance is determined. 

The use of shock absorbers, the body of which is directly attached to the body of the engine, will 
be more natural for the suspension, the elements of which carry out angular movements. Such devices 
include lever-piston and lever-vane shock absorbers (LPA and LVA) [5, 6, 7]. Given the relative sim-
plicity of the design of LVA in comparison with LPA, their use in the composition of torsion hooks 
can be considered more preferable (Fig. 1). 
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Fig. 1. Lever-vane shock absorber: use as part of a caterpillar propulsion (a);  
scheme of work at overcoming of an obstacle (b) 

To confirm the advantage of the use of LVA and LPA in the torsion suspensions of machines op-
erating in severe conditions, it was found that the operating temperature of the LVA (for example, in 
the case of use in the suspension of products T-72 and T-62) is lower than the same conditions of pis-
ton shock absorbers (for example, on the product T-80) [4, 8]. This is explained by the fact that the 
body of the LVA structurally provides a tight contact with the massive board of the machine, which 
provides greater heat transfer [4, 8, 9]. The housings of axial piston shock absorbers, due to their de-
sign features, can not provide such contact and, as a consequence, their housings are forced to supple-
ment the cooling fins. The effectiveness of such solutions, given the operating conditions of the shock 
absorbers (dirt accumulation, etc.), is questionable. 

However, the performance of existing LVAs cannot fully meet the existing requirements for 
smooth running of caterpillar propulsion. This problem is the main reason for the use of axial piston 
shock absorbers in the composition of torsion suspensions, because their performance is more in line 
with modern requirements. In addition, the technology of manufacturing piston shock absorbers, 
which determines their relatively low cost and ensures their widespread use is well established [5, 7, 8, 
10]. Based on the above, it is necessary to consider relevant scientific and applied problem of synthe-
sis and analysis of a fundamentally new lever-vane shock absorber. It will be designed to work as part 
of torsion suspensions of tracked engines. And its performance will exceed the performance of both 
existing axial piston shock absorbers and known lever-piston and lever-vane shock absorbers. 

Analysis of recent achievements and publications, problem statement 
Research related to the application of the technique of modified kinematic graphs for structural 

analysis and synthesis of elastic and dissipative mechanisms have shown that by adding to the structures 
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of existing mechanisms of additional mechanical structures, you 
can significantly expand their functionality [11, 12, 13]. 

The result of the application of this technique for structural 
analysis and subsequent structural synthesis of this device is a 
fundamentally new design of LVA [14]. The structural analysis 
of one of the existing LVA with a throttle hole of constant cross 
section allowed to obtain the basic structure, which became the 
basis of structural synthesis [3, 6]. The result of the synthesis is 
a device whose structure is supplemented by a mechanical con-
trol structure in the form of a hinged-lever mechanism (Fig. 2). 
The shock-absorber consists of the case 1 in which cylindrical 
boring membranes 2 with a rectangular throttle opening are ra-
dially established. Shaft 3 with blades is installed coaxially in 
the cylindrical bore of the housing. The side washers 4 and 
flange covers with bearings 5 serve to orient the shaft 3 and cre-
ate an internal sealed cavity. In this LVA additional mechanical 
structure, in the form of a hinge-lever mechanism, is represented 
by a lever 6 and a slider 7. One end of the lever is hinged to the shaft 3, and the other on the slider 7. 
The slider 4, moving in the radial direction along the membrane 2, may partially or completely cover 
the throttle hole. The presence of this mechanical structure significantly changes the performance of 
the shock absorber, as it determines the mechanical feedback between the amount of displacement of 
the working body of the shock absorber and the area of the throttle hole. 

There is a problem of determining the performance for a fundamentally new lever-vane shock ab-
sorber with a hinged-lever control mechanism. It remains unresolved to determine the relationship be-
tween the presence of the control mechanism with the main design parameters of the proposed device. 

The purpose of the research is to create a calculation scheme and calculation of performance 
characteristics that can be implemented by the proposed lever-vane shock absorber with a hinged-lever 
control mechanism to determine its functionality. 

Presentation of the main material of the study with a full justification of the obtained scien-
tific results 

During theoretical research, a lever-vane shock absorber with an additional mechanical structure 
was considered. When compiling the calculation schemes, the numbering of the scheme of the device 
of its main elements is preserved (Fig. 2). 

Assume that at the initial time the angle between the blades of the shaft 3 and the jumpers 2 is 90 
(Fig. 3). Consider the process of compression, when 
an external load is applied to the shaft in the form of 
torque M and the working fluid flows from the 
working cavity I into the cavity II through the throt-
tle hole in the membrane. 

The volume of which is described by the blade 
of the object per unit time (flow) is equal to the vol-
umetric flow rate of the liquid flowing through the 
throttle hole: 
 Ql = Qо. (1) 

The volume that describes the blade of a given 
object per unit time is calculated as the product of 
the speed of movement of the blade ω on its area: 
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Fig. 2. Lever-vane shock absorber with 

hinged-lever mechanism 
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Fig. 3. The design scheme of the proposed  

lever-vane shock absorber 
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where r1 – the radius of the inner cylindrical surface of the shock absorber housing,  
 r2 – the radius of the outer surface of the shaft;  
 h – housing width;   
 φ – the angle of rotation of the shaft with blades relative to the body with membranes;   
 ω – turning speed.  

The volumetric flow rate of the fluid flowing through the throttle hole of the membrane, taking 
into account its area, calculated by the Torricelli formula: 

 122о оQ A p
= µ

ρ
,   (3) 

where μ – flow rate (μ = 0.85 for a rectangular hole with the number Re < 10000 [4]);   
Aо – the area of the rectangular throttle hole;  
ρ – the density of the working fluid (machine oil ρ = 0.9∙103  kg\m3[5]). 
Then, taking into account (3), equation (2) takes the form: 
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Solution of equation (4) with respect to pressure p1 for this sample: 
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For this sample, the presence of an additional mechanical structure in the form of a hinge-lever 
mechanism consisting of a lever 4 and a slider 5, allows you to convert the angular displacement φ of 
the shaft 3 relative to the housing 1 (controlled displacement) in the displacement b(φ) of the slider 7 
in the radial direction on a membrane 2 of the case 1 (controlled movement). 

The slider 5 may partially or completely cover the throttle hole. We will assume that in the initial 
position the throttle hole is fully open. Suppose that as the angle of rotation of the shaft φ increases, it 
changes, and the change in its area at a constant value of the parameter a depends on the magnitude of 
the movement of the slider b(φ), which, for this design, is determined by: 

 ( ) ·cos( )  ·cos arcsin sin( )
n
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b
   ϕ = − ϕ +   
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⋅ ,  

where bn ‒ the length of the rectangular throttle hole at the time taken as the initial. 
Then, the change in the area of the throttle hole on the membrane 2 depending on the angle of ro-

tation of the shaft φ is described by: 

  ( )( ) ( )o nA a b bϕ = − ϕ . (6) 

When solving equation (5) with respect to pressure p1, taking into account the dependence (6) for 
this sample obtained: 
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To determine the performance characteristics of the sample, set the values of its geometric pa-
rameters (Table 1). 
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Тable 1 

Geometrical parameters of the lever-vane shock-absorber with the hinged-lever control mechanism 

№ Name of the parameter (designation), unit of measurement Value 

1 Radius of an internal cylindrical surface of the case of the shock-absorber (r1), mm 60 

2 Radius of the outer surface of the shaft (r2), mm 20 

3 Shock absorber housing width (h), mm   40 

4 The maximum angle of rotation of the shaft with the blades relative to the body (φmax), deg 75 

5 Throttle width (а), mm 15 

6 Throttle length (bn), mm 25 

7 Maximum shaft rotation speed (ω), 1/sec. 0,5 

8 The distance from the axis of the device to the place of attachment of the lever on the shaft (k), mm 25 

9 The length of the lever (l), mm 20 

10 The distance from the membrane to the place of attachment of the lever on the slider (e), mm 5 
 
It should be noted that the type of performance of the shock absorber is influenced by the magni-

tude and law of change of speed of its moving element. Assume that the crawler hits an obstacle that 
determines the full stroke in the form of a sinusoid, and the change in speed of the shock absorber 
shaft occurs within t = 2 seconds, according to the expressions: 
 ɷ =0.5t   at   0 ≤ t ≤ 1   and   ɷ =1 – 0.5t   at   1 ≤ t ≤ 2.  

In order to simplify the mathematical calculations in solving equation (8), the expression includ-
ed in it (7) and taking into account the accepted values of the geometric parameters of the samples, it 
is advisable to replace the corresponding power polynomial: 
 b(φ) = 0.0057 φ3 + 0.0111 φ2 + 0.0443 φ + 0.00001;   R2=1.  

Then the solution of equation (7) with respect to pressure takes the final form: 
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For the considered sample the graphic interpretation of definition of working characteristic shows 
the following. Calculations by expression (8), which determines the pressure in the working cavity of 
the shock absorber at different values of the speed of movement of the working link, allows to obtain a 
family of asymmetric working diagrams for this sample (Fig. 4, a). The received working diagrams in 
this case testify that pressure depends not only on speed of movement of a working link, but also on its 
position in the range of a working course. Therefore, given the close relationship between the parame-
ters of velocity-displacement, when constructing the operating characteristics of the sample must take 
into account not only the law of velocity (Fig. 4, b), but also the law of displacement associated with 
the time parameter t (Fig. 4, c). Given that the working diagrams of the sample in this case are asym-
metric about the middle of the working stroke, the working characteristic is a loop (Fig. 4, d). The 
lower part of the loop, which is bounded by points 0, 1, 2, 3, 4, 5, defines the progressive (throttle) 
section. It is characterized by a relatively small change in pressure with increasing speed of the work-
ing body of the shock absorber in the first half of the stroke. The upper part of the loop, which is 
bounded by points 5, 6, 7, 8, 9, 0, defines the degressive (valve) area. It is characterized by high pres-
sures with decreasing speed in the second half of the stroke. This type of performance is not described 
in the literature, because it is not implemented in the known designs of shock absorbers. 
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Fig. 4. Construction of the operating characteristics of the lever-vane shock absorber: working diagrams (a);  

the law of change of speed (b); the law of change of movement (c); performance (d) 

 
The calculation, provided that in the process of increasing the angle of rotation of the shock ab-

sorber shaft, the throttle hole will open, with other constant parameters allows you to get the perfor-
mance in the form of a loop (Fig. 5, a). 

The initial section of the characteristic will correspond to the upper part of the loop, which is 
bounded by points 0, 1, 2, 3, 4, 5, which defines the degressive (valve) section. In this case, it is char-
acterized by large changes in pressure with increasing speed of the working body of the shock absorb-
er in the first half of the stroke. 

The lower part of the loop, bounded by points 5, 6, 7, 8, 9, 0, defines the progressive (throttle) 
section. It is characterized by high pressures with decreasing speed in the second half of the stroke. 
This performance is also not implemented in the known designs of shock absorbers. 

From a number of calculations it follows that the design of the sample has several main design 
parameters that determine its performance. These include the shape, size, number and location of the 
throttle holes on the membrane, as well as the length of the lever 6, the shape and size of the slider 7 
(see Fig. 3). 
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Fig. 5. Operating diagrams and characteristics: when reducing the throttle hole in the magnitude of the working 
stroke (a); when reducing the throttle hole by 0.5 stroke (b); when increasing the throttle hole by 0.5 stroke (c); 

when reducing the throttle hole by 0.25 stroke, followed by an increase of 0.75 stroke (d) 
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With different variations of these parameters, the considered sample allows to implement different 
types of performance characteristics, both symmetrical (Fig. 5, b, Fig. 5, c) and asymmetrical (Fig. 5, d). 

Moreover, in our opinion, of particular interest may be the performance characteristics that de-
termine the different types of dissipation in certain parts of the stroke, because in this case there are 
prerequisites for solving such a well-known problem as the “breakdown” of the shock absorber. As-
sume that the functionality of the proposed shock absorber can be significantly expanded by using 
curved throttle holes. 

Conclusions 
Based on the results of the research, the following was established: 
1. Expansion of the main structure of the lever-vane shock absorber with an additional control 

mechanical structure in the form of a hinged-lever mechanism significantly expands its functionality 
to implement different performance characteristics. 

2. The proposed device will implement both traditional symmetrical characteristics (throttle hole 
decreases in the middle of the stroke) and performance characteristics that can not be obtained with the 
help of existing passive shock absorbers. 

3. Of particular interest may be implemented by the proposed device performance characteristics 
that determine the different types of dissipation in certain areas of the stroke. 

Prospects for further research 
Based on the fact that the proposed design allows to implement a wide range of performance 

characteristics of different types of nonlinearity, we can assume the possibility of synthesizing the tar-
get performance and the implementation of the optimal performance of the suspension system for the 
caterpillar mover. 
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