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Abstract. At the initial stage of designing a dump truck it is necessary to 
determine the main units and assemblies of the vehicle, their parameters and 
dimensions. One of the systems of the dump truck is the hydraulic system. 
When creating new dump trucks, there is a necessity to define parameters 

and characteristics of hydraulic system components. The peculiarity of 
quarry dump trucks, in contrast to dump trucks, which are used on public 
roads, is that the modes of their operation are different. Therefore, when 
creating new dump trucks, it is necessary to develop an algorithm for 
selecting and justifying the parameters of the hydraulic system at the early 
stages of design. The article substantiates the necessity of developing an 
algorithm for determining the parameters of the hydraulic system. The main 
hydraulic consumers are defined and the requirements of each of the 

consumers are presented. The algorithm of justification of the parameters of 
the hydraulic system of the quarry dump truck is described. Determination 
of the required pump capacity of the hydraulic system is described. The use 
of the described algorithm for justification of the hydraulic system 
parameters of the dump truck contributes to the reduction of terms of 
development of design documentation at the early stages of design. 

1 Introduction 

When designing a dump truck (DT), the parameters and characteristics of the components of 

the hydraulic system (HS) are to be determined [1-15]. The HS of a modern DT includes 

many elements, the characteristics of which are interrelated with each other. In HS DT it is 

possible to distinguish the following main consumers: 

- hydraulic cylinders of lifting the load platform; 

- hydraulic cylinders of steering wheels turning; 

- brake mechanisms. 
These consumers require different hydraulic pump capacities and do not operate 

simultaneously. When determining the required hydraulic pump capacity, it must be taken 

into account that during DT operation, the steering wheels are not turned while the load 

platform is being lifted. For this reason, the required flow rates of the hydraulic cylinders for 
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lifting the load box and turning the wheels should not be summed up when determining the 

pump capacity. 

DT operation modes differ from the operation modes of dump trucks used on public roads, 

therefore, the task of developing an algorithm to justify the parameters of the hydraulic 

components of DT is urgent. 

The purpose of the work is to develop an algorithm to justify the parameters of the 

hydraulic system of a dump truck. 

2 Materials and Methods 

An algorithm for calculating the parameters of the hydraulic pump is proposed for selecting 

the parameters of hydraulic components DT, the block diagram is shown in Figure 1. 

 

 

Fig. 1. Algorithm of justification of the parameters of the hydraulic system of the dump truck 

The peculiarity of the algorithm is that the selection of the hydraulic pump is made first 
of all on the basis of the hydraulic fluid flow rate required for lifting the load platform, as it 

requires a higher capacity than turning the steered wheels. It is then checked that the pump 

capacity is sufficient for wheel turning and braking. 

Determination of parameters of hydraulic cylinders for lifting the load platform begins 

with the construction of the kinematic scheme of lifting. At the first stage of the algorithm 

on the known positions of the axes of fixing the platform to the frame, fixing the hydraulic 
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cylinders of lifting to the frame and to the cargo platform, as well as on the known geometry 

of the platform it is necessary to determine the maximum angle of lifting the platform and 

the lengths of hydraulic cylinders in the opened state. 

The scheme of application of the gravity force of the load platform with the rock mass 

and the lifting force of the hydraulic cylinders is shown in Figure 2. 

 

 

Fig. 2. Schematic diagram of forces in the calculation of the hydraulic cylinder for lifting the load 
platform 

When constructing the dependence of the moment of gravity of the load platform with 

rock mass on the angle of elevation of the platform with bulk material, it is necessary to take 

into account that the rock mass in the process of lifting the load platform spills out, therefore, 

its mass and the position of the centre of mass change according to a complex nonlinear law.  

There is a known method, when the loads from the action of dispersed bodies are 
determined in software systems using the discrete element method (DEM), and the loads in 

the joints - in the application for calculating the dynamics of solids [16-18]. Such approaches 

make it possible to realise high accuracy in determining the dependence of forces acting on 

the hydraulic cylinders of DT cargo platform lifting on the lifting angle, which is necessary 

for determining the hydraulic cylinder parameters. At the same time, this approach requires 

considerable time expenditure and a large amount of data on the designed DT. 

In this paper it is proposed to exclude the simulation modelling of the process of bulk 

material ejection at the early stages of design to reduce the time spent, and to estimate the 
volume of hydraulic cylinders of lifting to be carried out using the kinematic scheme of lifting 

the cargo platform and CAD-model of the platform with bulk cargo.  

The following assumptions [19-21] are made for the calculation: 

- bulk cargo is modelled as a volumetric body taking into account the "2:1 cap", according 

to GOST 27923-88; 

- when unloading the platform, the cargo is dumped at an angle of 26.6º (according to 

GOST 27923-88, this angle of natural dumping is the closest to the angles formed by rocks 

and ordinary soils); 

- part of the bulk cargo (15%) "freezes" to the bottom and side walls of the load box; 
- the weight of the load box is evenly distributed between the hydraulic cylinders. 
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3 Research results 

To build a graph of the dependence of forces arising from the mass of bulk cargo on the 

hydraulic cylinders of lifting, using the kinematic diagram (Fig. 2) determine the length of 

the arm of the hydraulic cylinder of lifting and the length of the arm of gravity of the body 

with the load in the lower and upper positions of the load platform, as well as in several 

intermediate positions. To determine the centre of gravity of the bulk cargo in intermediate 

positions, it is proposed to build a new model of the bulk cargo in each intermediate position, 

taking into account the angle of natural shrinkage.  

Fig. 3 shows the developed models of the cargo platform DT with a load capacity of 240 

tonnes with different degrees of lifting and different degrees of spilling of rock mass, and 
shows the images for the angles of lifting with respect to the bottom of the platform 0º, 20º 

and 40º, as well as the change of positions of the centres of gravity for the platform with a 

"stuck" load and for the loose load. At 40º angle of lift, the angle between the bottom of the 

platform and the horizontal plane exceeds 26.6º, which means that the load platform is 

completely empty of rock mass. 
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Fig. 3. Modelling of rock mass ejection from the loading platform of a dump truck 

The force acting on one hydraulic cylinder of lifting from the platform with frozen rock 

and loose load is determined by formula 1: 

 

𝐹𝐻𝐶 𝑖
=

𝑚𝑝 · 𝑔 · ℎ𝑝𝑖
+ 𝑚𝑐 𝑖

· 𝑔 · ℎ𝑐 𝑖

2 · ℎ𝐻𝐶 𝑖

 (1) 

here 𝑚𝑝 – platform weight with frozen load; ℎ𝑝𝑖
 – gravity arm of the platform with frozen 

load relative to the hinge of platform attachment to the frame in the i-th tilt position; 𝑚𝑐 𝑖
 – 

mass of bulk cargo in i-th tilt position; ℎ𝑐 𝑖
 – arm force of the bulk cargo gravity relative to 

the hinge of the platform attachment to the frame in the i-th tilt position; ℎ𝐻𝐶 𝑖
 – lever arm of 

the hydraulic lift cylinder relative to the hinge of the platform attachment to the frame in the 

i-th tilt position. 

Fig. 4 shows the graph of force dependence Fhc per cylinder for lifting a platform with 

frozen rock and loose load from the platform lifting angle for a DT with a lifting capacity of 

240 tonnes. Force Fhc is calculated by considering the equilibrium of the load platform in 

each of the positions and taking into account the changing mass and position of the centre of 

mass of the load platform. 

Centre of gravity of the 

load box with frozen bulk 

material 

 
 

 

E3S Web of Conferences 458, 08024 (2023)

EMMFT-2023
https://doi.org/10.1051/e3sconf/202345808024

5



 

 

Fig. 4. Graph of dependence of the force on one hydraulic cylinder for lifting the load platform with 
frozen rock and loose load on its lifting angle 

The force generated by the hydraulic cylinder should be selected so that it exceeds the 

force generated by the load platform with the rock mass by the value of the reserve 

coefficient. The reserve factor is selected depending on the permissible overload of the tipper 

and also depending on the types of bulk materials to be transported and their natural slope 

angles. 

In DT, telescopic lifting cylinders are most often used. Due to their design features, it is 

necessary to take into account the reduction in force at the next step in the calculations. Based 

on the kinematic diagram, the length of each stage and the lifting angle at which the next 
stage will be operated can be determined from the known length of the hydraulic cylinder 

when folded and fully opened at the maximum tilt angle of the load platform. 

Fig. 5 shows the graph of dependence of the force per one cylinder for lifting the cargo 

platform with frozen rock and loose cargo, and the graph of the force realised by one 

hydraulic cylinder on the angle of platform lifting for DT with payload capacity of 240 

tonnes, obtained by multiplying the pressure provided by the pump and the piston area of 

each stage of the hydraulic cylinder. 
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Fig. 5. Graph of forces generated by the hydraulic cylinder of lifting and half the weight of the load 
platform with bulk material from the angle of inclination of the load platform 

We calculate the total volume of the DT load platform lifting cylinders according to 

expression 2. 

𝑉𝐻𝐶 𝑝𝑙
= 2 · ∑ 𝑙𝑗

𝑗=1

𝑛

𝜋 · 𝑑𝑗

4
 (2) 

here 𝑛 is a number of hydraulic cylinder stages; 𝑙𝑗  is the length of the j-th stage of the 

hydraulic cylinder; 𝑑𝑗  is cylinder diameter of the j-th stage. 

 

Based on the received volume of hydraulic cylinders of lifting, we estimate the required 

pump capacity by formula 3. 

𝑄0 =
𝑉𝐻𝐶 𝑝𝑙

𝜂𝑐𝑎𝑝 · 𝑡𝑙

 (3) 

ℎ𝑒𝑟𝑒 𝜂𝑐𝑎𝑝 defines pump volumetric efficiency; 𝑡𝑙 is the time required to lift the platform. 

The time of lifting the load platform should be minimised, as the duration of DT 

unloading significantly affects the efficiency of the technological process of mineral 

extraction. For DT of large load capacity, the time spent for lifting the platform is on average 

20 seconds [4]. 

The required working volume of the pump is defined by expression 4: 

 

𝑉𝑤 =
2 · 𝜋 · 𝑄0

𝑛𝑟𝑒𝑣

 
(4) 

here 𝑛𝑟𝑒𝑣 defines hydraulic pump shaft revolutions. 
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After the DT load platform lifting cylinders have been dimensioned, the wheel steering 

cylinders must be dimensioned. The wheel steering cylinders are the main component of the 

DT steering system and require a high hydraulic pump flow rate during operation. Knowing 

the volume of the wheel steering cylinders, the value of the wheel turning resistance torque 

and the time required to turn the wheels, the required working volume of the variable 

displacement pump can be determined and compared with the results obtained earlier. 

We calculate the force on the rod using formula 5: 

 

𝐹𝑟𝑜𝑑 =
𝑇𝑟𝑒𝑠

𝑙𝑟

 (5) 

here 𝑇𝑟𝑒𝑠 – wheel turning resistance torque; 𝑙𝑟 is the force leverage. 

 

The working area of the piston in the rod end is calculated by formula 6: 

𝑆𝑟𝑜𝑑 =
𝐹𝑟𝑜𝑑

𝑃𝑚𝑎𝑥

 (6) 

where 𝑃𝑚𝑎𝑥 is maximum cylinder pressure. 

 

The piston area is calculated from expression 7 [19]: 

 

𝑆𝑝 = 𝑆𝑟𝑜𝑑 +
𝜋 · 𝑑𝑟𝑜𝑑

2

4
 (7) 

where 𝑑𝑟𝑜𝑑  is the rod diameter. 

 

We calculate the piston diameter using formula 8: 

 

𝑑𝑝 = √
4 · 𝑆𝑝

𝜋
 (8) 

 

Knowing the area of the piston, by formula 9 we calculate the volume of working fluid 

required for one DT hydraulic steering cylinder: 

 

𝑉𝐻𝐶 𝑠𝑡
= 𝑆𝑝 · 𝑙𝑥 (9) 

here 𝑙𝑥 is piston stroke. 

 
The flow rate of the hydraulic cylinders of the steering system is estimated according to 

formula 10. 

 

𝑄𝑠𝑡 =
2 · 𝑉𝐻𝐶 𝑠𝑡

𝑡𝑠𝑡

 (10) 

Here 𝑡𝑠𝑡 is the time required to turn the steering wheels DT. 

Turning the steering wheels from one end position to the other should be done in the time 
required for the driver to turn the steering wheel a full number of revolutions in one direction. 

For DT the recommended turning time is 𝑡st for 4 revolutions of the steering wheel from one 

extreme position to the other - 4 seconds [21]. 

The brake system is also an important component of the HS DT. Although the hydraulic 

fluid consumption for the operation of this component is small compared to the hydraulic 
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cylinders of the platform lift and steering, it should also be evaluated in the early stages of 

vehicle design. 

The brake system flow rate is determined by formula 11: 

 

𝑄𝑡 =
𝑉𝑓𝑟 · 𝑛𝑓𝑟

𝑡𝑡

+
𝑉𝑟𝑒𝑎𝑟 · 𝑛𝑟𝑒𝑎𝑟

𝑡𝑡

 (11) 

Here 𝑉𝑓𝑟  is front brake capacity; 𝑛𝑓𝑟 is the number of brakes on the front axle; 𝑉𝑟𝑒𝑎𝑟  is rear 

brake capacity; 𝑛𝑟𝑒𝑎𝑟 is the number of brakes on the rear axle; 𝑡𝑡 is the actuator response 

time. 

After determining the parameters of the steering and brake system, we compare the flow 

rates required for them with the pump capacity specified in formula 3.  

Depending on the operating pressure and the required volume of liquid, one pump with 
variable flow can be selected, and two pumps can be selected: one with variable flow, the 

operation of which is aimed at supplying the steering units and other consumers with working 

fluid while the dump truck is moving, and the second with constant flow, which is connected 

during operation of hydraulic cylinders of platform lifting during unloading. 

4 Conclusions 

The developed algorithm allows to determine the characteristics of the main consumers 

(hydraulic cylinders of the load platform lifting and steering wheels turning, braking 
mechanisms) in HS DT, we calculate and select the hydraulic pump. The use of the algorithm 

of HS DT parameters justification contributes to the reduction of design documentation 

development terms at the early stages of DT design. 

5 Acknowledgements 

This work was done with the financial support of the Ministry of Science and Higher 

Education of Russian Federation under the agreement dated 30.09.2022 № 075-15-2022-

1198 with FSBEI HE "T.F. Gorbachev Kuzbass State Technical University" Integrated 
scientific and technical program of the full innovation cycle "Development and 

implementation of a set of technologies in the areas of exploration and mining of solid 

minerals, industrial safety, bioremediation, creation of new products of deep processing of 

coal raw materials with a consistent reduction of the environmental impact and risks to human 

life" (CSTP "Clean Coal - Green Kuzbass") in the implementation of the event "Development 

and creation of unmanned shuttle-type dump truck of 220 tons carrying capacity" in terms of 

research and development works. 

References 

1. M.V. Rak, et.al., Mining Industry (148), 40-42 (2019) 

2. K.A. Ananyev, et.al., Mining equipment and electromechanics 5(157), 3-9 DOI 

10.26730/1816-4528-2021-5-3-9. 

3. D.A. Panasenkov, et.al., IOP conference series: materials science and engineering 939, 

012057 (2020). DOI 10.1088/1757-899X/939/1/012057. 

4. A.S. Muravyev, et.al., Journal of Physics: Conference Series: 3, 2052, 012028 (2021). 

– DOI 10.1088/1742-6596/2052/1/012028 

 
 

 

E3S Web of Conferences 458, 08024 (2023)

EMMFT-2023
https://doi.org/10.1051/e3sconf/202345808024

9



 

5. A. Kartashov, et.al., E3S Web of Conferences 5, 03009 (2020). DOI 

10.1051/e3sconf/202017403009. 

6. D. Dubinkin, et.al., E3S Web of Conferences: 5, 03015 (2020). DOI 

10.1051/e3sconf/202017403015. 

7. D.A. Panasenkov, et.al., Bulletin of Kuzbass State Technical University 6(142), 98-108 

(2020). DOI 10.26730/1999-4125-2020-6-98-108. 

8. D.M. Dubinkin, AIP Conference Proceedings 2486, 040003 (2022). – DOI 

10.1063/5.0105989. 

9. D. Dubinkin, et.al., E3S Web of Conferences 315, 03021 (2021) 

10. N.V. Buzunov, et.al., IOP conference series: materials science and engineering 939, 

012017 (2020). DOI 10.1088/1757-899X/939/1/012017 

11. I.V. Chicherin, et.al., E3S Web of Conferences 315, 03023 (2021). DOI 

10.1051/e3sconf /202131503023. 

12. D.M. Dubinkin, et.al., AIP Conference Proceedings 2486, 040009 (2022). DOI 

10.1063/5.0106051. 

13. D.M. Dubinkin, et.al., AIP Conference Proceedings 2486, 040017 (2022). DOI 

10.1063/5.0106089. 

14. A.S. Muraviev, et.al., AIP Conference Proceedings 2486, 020031 (2022). DOI 

10.1063/5.0106475. 

15. A.A. Khoreshok, et.al., Technics and technology of mining 1(16), 4-15 (2022). - DOI 

10.26730/2618-7434-2022-1-4-15. 

16. D.M. Dubinkin, et.al., Mining industry 6, 117-126 (2021). DOI 10.30686/1609-9192-

2021-6-117-126.  

17. D. M. Dubinkin, Mining equipment and electromechanics 3(161), 31-49 (2022). DOI 

10.26730/1816-4528-2022-3-31-49. 

18. D. M. Dubinkin, Mining equipment and electromechanics 2(160), 39-50 (2022). DOI 

10.26730/1816-4528-2022-2-39-50. 

19. S.V. Podbolotov, A.D. Kolga, Bulletin of Bryansk State Technical University 6(67), 

92-97 (2018) 

20. O.F. Nikitin, Hydraulics and hydropneumoprivod: textbook for students studying in the 

speciality "Automobile and tractor engineering"- 2nd edition, revised and 

supplemented (Moscow: Izd-vo MSTU named after N.E. Bauman, 2012) 

21. V.S. Kvaginidze, et.al., Automobile transport at quarries. Designs, operation, 

calculation (Textbook. - M.: Publishing House "Gornaya kniga", 2012) 
 

 
 

 

E3S Web of Conferences 458, 08024 (2023)

EMMFT-2023
https://doi.org/10.1051/e3sconf/202345808024

10


	1 Introduction
	2 Materials and Methods
	3 Research results
	4 Conclusions
	5 Acknowledgements
	References

