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Abstract: The hydraulics are used in various heavy-duty applications involving elevating weight or rotating any mechanical 

component. The current research studies the work conducted on hydraulic systems using experimental or numerical methods.  The 

application of electro mechanical systems, latest sensor technologies, novel material combinations in hydraulic systems is thoroughly 

studied. The research findings have shown that significant improvement in performance of hydraulic system can be achieved using 

various techniques.   
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1. INTRODUCTION: 

Rapidly growing rate of industry of earth moving machines is 

assured through the high-performance construction 

machineries with complex mechanism and automation of 

construction activity. Backhoe excavators are widely used for 

most arduous earth moving work in engineering construction 

to excavate below the natural surface of the ground on which 

the machine rests. Hydraulic system is used for operation of 

the machine while digging or moving the material [1]. An 

excavator is comprised of three planar implements connected 

through revolute joints known as the boom, arm, and bucket, 

and one vertical revolute joint known as the swing joint [2]. 

Kinematics is the science of motion which treats motion 

without regard to the forces that cause it. Within the science of 

kinematics one studies the position, velocity, acceleration, and 

all higher order derivatives of the position variables (with 

respect to time or any other variables) [3]. The excavator 

linkage, however, is a complex link mechanism whose motion 

is controlled by hydraulic cylinders and actuators. To program 

the bucket motion and joint-link motion, a mathematical 

model of the link mechanism is required to refer to all 

geometrical and/or time-based properties of the motion. 

Kinematic model describes the spatial position of joints and 

links, and position and orientation of the bucket. The 

derivatives of kinematics deal with the mechanics of motion 

without considering the forces that cause it [4]. In the 

hydraulic system of civil aircraft, the piston pump is one of 

the most critical power components. The pumps convert 

mechanical energy into hydraulic energy, supplying power to 

the actuators to fulfill the flight posture adjustment, and 

retraction and extension of the landing gear and braking. Due 

to their compact and simple design, swash plate type axial 

piston pumps are widely used in the aviation field, and they 

are capable of working at extremely high pressures and speed 

while maintaining high overall efficiency.  

 

 
Fig. 1 Lubricating interfaces in swash plate type axial piston 

machines [30] 

 
The lubricating gaps of the friction couples in piston machines 

represent the main source of power loss. The three main 

lubricating gaps (Fig. 1) [30] in these machines must fulfil the 
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functions of sealing and bearing. Unlike other tribological 

contacts, the gaps of axial piston machines fulfill 

simultaneously bearing and sealing functions under extreme 

oscillating loads, making the optimization of gap geometry an 

extremely challenging task. Besides the main movement (for 

example, axial movement and piston spin motion for the 

piston), a micro movement is performed in the piston, slipper 

and cylinder block, changing the film thickness and 

generating an additional squeeze film effect. Recently, the 

problem of friction couples has become a hot topic due to its 

importance and complexity. 
 

2. LITERATURE REVIEW 

Zhang and Chao et al. [5-8] investigated the cylinder block tilt 

in a high-speed electro-hydrostatic actuator pump of aircraft, 

considering the effect of piston-slipper assembly mass 

difference and the geometric errors of the cylinder block. The 

schematic of electro hydraulic actuation system is shown in 

figure 2 below. 

 

 
Figure 2: Schematic of an electro-hydraulic actuation system 

[7] 

 

Ouyang et al. [9,10,11] conducted dynamic analyses of the 

swash plate vibration and pressure pulsation of an aircraft 

piston pump based on fluid-structure interactions (FSIs), and 

presented the attenuating characteristics of the integrated 

buffer bottles. In addition, the researchers from Beihang 

University have carried out effective studies and achieved 

significantly in fault diagnosis, and prognostics and health 

management (PHM) of aviation mechatronic systems and 

components.  

 

Wang et al. [12,13] analysed the failure mechanism of high-

speed aircraft pumps, and presented the fault diagnosis 

methods based on the layered clustering algorithm, Dempster–

Shafer evidence theory and a nonlinear unknown input 

observer. 

 

Ma et al. [14-18] studied the typical failure modes of the 

aircraft hydraulic pump such as wear, fatigue, and thermal 

aging, and proposed the accelerated lifetime test methods 

including strengthening the load and worsening the operation 

conditions. 

 

 
Fig. 2 Cross-section view of a typical civil aircraft hydraulic 

pump [14] 

 

Pelosi,[19] Zecchi [20] and Schenk [21] investigated the fluid 

structure interaction modeling of the three primary sliding 

interfaces in swash plate type axial piston machines. In their 

dissertations, each lubricating interface model can capture the 

complex fluid-structure interaction and thermal phenomena 

affecting the non-isothermal fluid film conditions. In 

particular, the models consider the change in fluid film 

thickness and squeeze film effect due to the component micro-

motion as well as the elastic deformations of solid boundaries. 

The elastic deformation of the surfaces is related to the fluid 

film pressure and thermal stresses. The models couple 

iteratively different numerical domains and solution schemes, 

as depicted in the case of piston/cylinder The numerical model 

can be used to investigate better lubricating interface designs, 

including novel material combinations [22,23] and micro-

shaped surfaces.[24]  

 

The researchers in MAHA [25,26] discovered that a micro 

metric sine waved piston shape could reduce power loss 

generated in the piston/cylinder assembly. Simulations have 

demonstrated the potential decrease of overall power loss up 

to 50% at full displacement and 65% at partial displacement at 

higher pressures, and even up to 20% and 60% at full and 

partial displacements, respectively, at lower pressures. These 

results represent a major breakthrough in this research 

direction, suggesting that an even deeper study of the possible 

new technologies will lead to a new generation of pumps and 

motors. 

 

Seeniraj et al. [27] found that among the passive design 

methods, precompression grooves and precompression filter 

volume (PCFV) were most effective in reducing noise 

sources. The authors also explained the limitations of 

precompression grooves and PCFV, and further proposed a 

new design method which combines the precompression 

grooves, PCFV and decompression filter volume (DCFV).  
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Fig. 3 Valve plate 3 (VP3) with precompression grooves, 

PCFV with groove and DCFV with groove [27] 

 

Xu et al. [28] proposed a new design method for the transition 

region of valve plate based on the matching of the flow area 

and the reduction of transient reverse flow. The authors 

discussed the impact of the flow ripple in the discharge line of 

an axial piston pump and the impact of the pressure overshoot 

and undershoot in the piston chamber on the fluid borne noise. 

The results showed that the new method could reduce the flow 

ripple and eliminate the pressure overshoot and undershoot. In 

2016, this research group continued the investigation of the 

potential of flow ripple reduction using a combination of 

cross-angle and pressure relief grooves. [29] 

 

Manring and Dong [31] pioneered the analysis of the control 

and containment forces acting on the swash plate. In their 

research, the dynamic characteristics of the control and 

containment forces were calculated by deriving instantaneous 

and average equations of the motion for the swash plate. The 

results showed that using a secondary swash plate angle could 

limit the magnitude of the required control effort for the 

pump, and further reduced the flow ripple in a large range of 

operating conditions. 

 

Kim and Ivantysynova35,36 proposed the concept of swash 

plate active vibration control with Two-Weight Notch Least 

Mean Square/Filtered-x Least Mean Square (LMS/FxLMS) 

Filters. The concept of AVC is the reduction of the swash 

plate vibration by means of creating a destructive interference 

force using the swash plate control. As a pump rotates, the 

oscillating swash plate moment (MX) is converted to the 

oscillating force (FSL) which is acting on the swash plate 

control actuator. The active vibration control adjusts the high 

response servo valve and generates a destructive interference 

force to the oscillating force (FSL) as shown in Fig. 4 (in this 

figure, FSL represents the self-adjusting force; FControl 

represents the control force; SPAcc represents the acceleration 

of the swash plate; usv represents the control voltage of servo 

valve) 

 

 

Fig. 4 Concept of swash plate AVC [32,33] 

 

5. CONCLUSION 

The development of hydraulic pumps is accelerated with the 

recent advancements in CFD simulation techniques, sensor 

technologies along with material development. The paper 

presented an overview of the description, future directions and 

critical technologies of the piston pump used in hydraulic 

systems. The insight of critical technologies used in hydraulic 

systems is also presented.  

REFERENCES 

[1] Mehta Gaurav K, “Design and Development of an Excavator Attachment” 

M. tech Dissertation Thesis, Nirma University, Institute of Technology, 

Ahmedabad, May 2008, pp. 1.  

 

[2] Howard N. Cannon, “Extended Earthmoving with an Autonomous 

Excavator”, Thesis of Master of Science, The Robotics Institute Carnegie 

Mellon University Pittsburgh, 1999.  

 

[3] John J. Craig, “Introduction to Robotics Machines and Control”, Second 

Edition, Addison-Wesley Publishing Company, 1989, pp. 68.  

 

[4] R. K. Mittal, I. J. Nagtath, “Robotics and Control”, Ninth Reprint, Tata 

McGraw-Hill Publishing Company Limited, 2008, pp. 70. 

 

 

[5] Xu B, Chao Q, Zhang JH, Chen Y. Effects of the dimensional and 

geometrical errors on the cylinder block tilt of a high-speed EHA pump. 

Meccanica 2016;52(10):2449–69.  

 

[6] Zhang J, Chao Q, Xu B, et al. Effect of piston-slipper assembly mass 

difference on the cylinder block tilt in a high-speed electro hydrostatic 

actuator pump of aircraft. Int J Precis Eng Manuf 2017;18(7):995–1003.  

 

[7]Zhang J, Chao Q, Xu B. Analysis of the cylinder block tilting inertia 

moment and its effect on the performance of high-speed electro-hydrostatic 

actuator pumps of aircraft. Chin J Aeronaut 2018;31(1):169–77.  

 

[8] Chao Q, Zhang J, Xu B, Chen Y, Ge YZ. Spline design for the cylinder 

block within a high-speed electro-hydrostatic actuator pump of aircraft. 

Meccanica 2018;53(1–2):395–411.  

 

[9] Ouyang XP, Fang X, Yang HY. An investigation into the swash plate 

vibration and pressure pulsation of piston pumps based on full fluid-structure 

interactions. J Zhejiang Univ-Sci A 2016;17 (3):202–14. 

 

[10] Gao F, Ouyang XP, Yang HY, Xu X. A novel pulsation attenuator for 

aircraft piston pump. Mechatronics 2013;23 (6):566–72.  

 

http://www.jetir.org/


© 2021 JETIR November 2021, Volume 8, Issue 11                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2111008 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a52 
 

[11] Li L, Lee KM, Ouyang XP, Yang HY. Attenuating characteristics of a 

multi-element buffer bottle in an aircraft piston pump. Part C J Mech Eng Sci 

2015;46(1):1–13.  

 

[12] Du J, Wang S, Zhang H. Layered clustering multi-fault diagnosis for 

hydraulic piston pump. Mech Syst Sig Process 2013;36 (2):487–504.  

 

[13] Lu CQ, Wang SP, Wang XJ. A multi-source information fusion fault 

diagnosis for aviation hydraulic pump based on the new evidence similarity 

distance. Aerosp Sci Technol 2017;71:392–401.  

 

[14] Ma JM, Ruan LY, Fu YL, Ke B, Chen J, Qi XY, et al. Research on 

current situation and methods of accelerated life test of aircraft hydraulic 

pump (serial 1) — a review on method of accelerated lifetime test for aircraft 

hydraulic pump. Chin Hydrau Pneumatics 2015;6:6–12 [Chinese].  

 

[15]  Ma JM, Ruan LY, Fu YL, Chen J, Qi XY, Luo J. Research on current 

situation and methods of accelerated life test of aircraft hydraulic Pump (serial 

2) — typical failure modles and accelerated lifetime test methods for aircraft 

hydraulic pump. Chin Hydrau Pneumatics 2015;7:6–12 [Chinese].  

 

[16]  Ma JM, Ruan LY, Fu YL, Chen J, Qi XY, Luo J. Research on current 

situation and methods of accelerated life test of aircraft hydraulic pump (serial 

3) — load spectrum for accelerated lifetime test of aircraft hydraulic pump. 

Chin Hydrau Pneumatics 2015;8:10–5 [Chinese].  

 

[17]  Ma JM, Song YH, Lu YL, Qi XY, Fu YL, Luo J. Research on current 

situation and methods of accelerated life test of aircraft hydraulic pump (serial 

4) — affecting factors on life time of aircraft hydraulic pump. Chin Hydrau 

Pneumatics 2016;1:6–12 [Chinese].  

 

[18]  Ma JM, Jin Z, Lu YL, Qi XY, Fu YL, Luo J. Research on current 

situation and methods of accelerated life test of aircraft hydraulic pump (serial 

5) — accelerated lifetime test for aircraft hydraulic pump on virtual test. Chin 

Hydrau Pneumatics 2016;3:7–13 [Chinese]. 

 

[19] Pelosi M. An investigation on the fluid-structure interaction of 

piston/cylinder interface [dissertation]. West Lafayette: Purdue University; 

2012. 

 

[20] Zecchi M. A novel fluid structure interaction and thermal model to 

predict the cylinder block/valve plate interface performance in swash plate 

type axial piston machines [dissertation]. West Lafayette: Purdue University; 

2013.  

 

[21] Schenk A. Predicting lubrication performance between the slipper and 

swashplate in axial piston hydraulic machines [dissertation]. Indiana: Purdue 

University; 2014. 

 

[22] Pelosi M, Ivantysynova M. A simulation study on the impact of material 

properties on piston/cylinder lubricating gap performance. Lafayette, USA. 

New York: ASME; 2014.  

 

[23] Mizell D, Ivantysynova M. Material combinations for the piston cylinder 

interface of axial piston machines: a simulation study. Proceedings of the 8th 

FPNI PhD Symposium on Fluid Power; 2014 June 11–13; Lappeenranta, 

Finland. New York: ASME; 2014.  

 

[24] Pelosi M, Ivantysynova M. Surface deformations enable high pressure 

operation of axial piston pumps. Proceedings of the ASME symposium on 

fluid power and motion control; 2011 October 31-November 2; Arlington, 

USA. New York: ASME; 2011. p. 193–200.  

 

[25] Ivantysynova M. The piston cylinder assembly in piston machines-a long 

journey of discovery. In: Proceedings of 8th IFK International Conference on 

Fluid Power; 2012 March 26-28; Dresden, Germany. Hidrostaticˇni Pogoni, 

2012. p. 30732 

 

[26] Center for Compact and Efficient Fluid Power. 8th annual report of 

CCEFP, vol. 1; 2014. Report No.: #EEC 0540834. 

 

[27] Seeniraj GK, Zhao M, Ivantysynova M. Effect of combining 

precompression grooves, PCFV And DCFV on pump noise generation. Int J 

Fluid Power 2011;12(3):53–63.  

 

[28] Xu B, Sun YH, Zhang JH, Sun T, Mao ZB. A new design method for the 

transition region of the valve plate for an axial piston pump. J Zhejiang Univ-

Sci A 2015;16(3):229–40. 

 

[29]  Xu B, Ye S, Zhang J, Zhang C. Flow ripple reduction of an axial piston 

pump by a combination of cross-angle and pressure relief grooves: Analysis 

and optimization. J Mech Sci Tech 2016;30 (6):2531–45. 

 

[30] Pelosi M, Ivantysynova M. Heat transfer and thermal elastic deformation 

analysis on the piston/cylinder interface of axial piston machines. J Tribol 

2012;134(4), 041101-1-15. 

 

[31] 98. Manring ND, Dong Z. The impact of using a secondary swashplate 

angle within an axial piston pump. J Dyn Syst Measure Control 

2004;126(1):65–74. 

 

[32] 35. Kim T, Ivantysynova M. Active vibration/noise control of axial 

piston machine using swash plate control. Proceedings of the ASME/BATH 

2017 Symposium on Fluid Power and Motion Control; 2017 October 16-19; 

Sarasota, USA. New York: ASME; 2017. p. 1–8.  

 

[33] 36. Kim T, Ivantysynova M. Active vibration control of swash plate type 

axial piston machines with two-weight notch least mean square/filtered-x least 

mean square (LMS/FxLMS) filters. Energies 2017;10(5):645. 

http://www.jetir.org/

