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Abstract- Hydrostatic transmission (HST) systems are widely recognized as an excellent means of power transmission when 
variable output velocity or large torque is required in engineering applications, especially in field of manufacturing, 
automation and heavy duty vehicles In this paper a literature survey of hydrostatic system has been carried out. This paper 
helps us to understand different factors on which hydrostatic system depends and also methods to increase its efficiency. 
 
Index Term- Hydrostatic Transmission system (HST). 
 

 
I. INTRODUCTION 
 
An HST drive converts mechanical power of the 
input drive shaft of a pump to hydrostatic power in a 
nearly incompressible working fluid and then 
reconverts it into mechanical power at the output 
drive shaft of the motor. It is used to convert the 
rotating mechanical power from one source to 
another without the use of gears. An LSHT 
hydrostatic drive is widely used in Heavy Earth 
Moving Machinery (HEMM) because of its compact 
design and better low speed characteristics compared 
to high speed hydrostatic drive with integrated gear 
unit. It mainly consists of a fixed or variable 
displacement pump and an LSHT hydraulic motor, 
either in open loop or in closed loop configuration. 
The failure of HST systems frequently results from an 
inability to predict performance, rather than from 
failure of the transmission to perform as could be 
expected. Therefore, the performance analysis of 
hydrostatic drive is important to establish the design 
guidelines based on the operating parameters of the 
major components of the system. From the accurately 
predicted performance of the HST system, the best 
combination of available components can be selected. 
The performance of the system depends on the 
operating parameters of the system such as pump 
speed, load torque and supply flow rate. In order to 
improve the performance of the LSHT output 
hydrostatic drives to make them more suitable for 
modern requirements, the detailed analysis of 
performance of such systems are essential. It will 
provide a rational methodology for assessing the 
performance characteristics of existing devices. Such 
studies may be useful for obtaining the design 
guidelines for the level of precision required for the 
manufacturing of the components used in such drives 
for modern control applications. 

 
II. LITERATURE REVIEW 
 
A number of studies on the performance of hydraulic 
transmission system and its components have been 

made in the recent past. There was lot of experiment 
done in order to determine operational characteristics 
and losses related to HST. These experiments helped 
to determine different losses and also the selection 
criteria of the components of the HST. Different 
mathematical models have been developed to 
understand the HST. Some of the related published 
works are briefly described. Dasgupta [1], have 
analysed the performance of a Hydrostatic 
Transmission system, consisting of a pressure 
compensated swash plate controlled variable 
displacement pump and an Orbital Rotor Low Speed 
High Torque hydrostatic motor. Bond graph 
modelling technique [9] has been used to study the 
dynamics of the system. The effect of some critical 
parameters on the overall performance of the system 
has been investigated. He had considered a physical 
system in which the pump is in closed loop 
configuration. The system is shown below. 
 

 
Fig- 1- Open loop HST system 

By Bond graph modelling technique he showed that 
steady state pressure of the system depends on motor 
flow rate, load torque and leakage characteristics of 
the motor 

.……(1) 
He compared the experimental and theoretical 
response of different parameters and traced it.  There 
was small fluctuation in the trace. 
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Fig- 2 (a) Comparison of experimental and theoretical 

transient response of system pressure. (b) Comparison of 
experimental and theoretical transient response of swash plate 

angle. (c) Comparison of experimental and theoretical 
 

He obtained that with the increase in the torque level, 
the overall leakage losses of the system increase. The 
model does lack the flexibility of the linearized model 
as proposed by Schoenau et al. [12]; however, its 
simplicity lends itself to be used for wider variation 
of system parameters. Dasguptaet. al. [3], studied the 
low speed high torque hydrostatic drive using steady 
state characteristics. Here dynamic analysis of an 
open-circuit hydrostatic (HST) drive has been carried 
out to study its performance. A Low Speed High 
Torque (LSHT) radial piston motor has been 
considered for the drive. Bond graph simulation 
technique is used to model the hydrostatic drive. The 
relationships of the loss coefficients of the drive with 
the other system variables, obtained from the steady-
state model, are identified through experimental 
investigation. The physical system consists of open-
circuit hydrostatic drive where the speed of the 
electric motor is controlled by a variable frequency 
control drive. The pump flow is supplied to the LSHT 
hydraulic motor through solenoid operated direction 
control (d.c.) valve. The motor drives loading pump 
through a step-up gear unit. By pump loading through 
the proportional pressure relief valve (PPRV) of the 
loading circuit, the viscous load on the motor shaft is 
controlled.  

 
Fig-3- The Physical system (Open Loop) 

 
Bond graph modelling [9] is used here determine 
different parameters. He obtained mechanical load 
part of motor from torque balance equation which is 

expressed by the following equation, resulting from 
the constitutive equation of each element: 

…(2) 
where, the first term of the above equation is the 
torque due to the inertia load, the second term 
indicates the torque equivalent to the differential 
pressure across the motor, the third term is the 
constant torque loss, the fourth term takes into 
account the torque loss due to viscous friction 
coefficient and the fifth term represents the load 
applied on the motor shaft due to the pressure of the 
loading pump. The derivation of the system equations 
from the model and their numerical solutions are 
carried out using the software SYMBOLS 2000 [11]. 
He traced the experimental and theoretical trace 
between pump and motor at different loads. The 
deviation occurred between experimental and 
theoretical due to number factors like leakage, 
thermal and hydrodynamic losses of the fluid etc.  

 
Fig 4- Comparison of the predicted and experimental pump 

pressure at different inertia load 

 
Fig-5- Comparison of the predicted and experimental motor 

speed at different inertia load. 
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He found out that as the inertia increases, the speed 
and the pressure responses become more oscillatory. 
The maximum overshoot of the speed at the higher 
inertia (Jl=0.41 kg m2) is about 50% over the steady-
state motor speed of 100 rpm. It is also clear that with 
increase in the load inertia, the settling time of the 
system response increases. It is also shown here that 
the loss coefficients of the pump and the motor that 
are difficult to estimate in running conditions, are 
best deduced by considering experimental data with 
the simulated results and for which the components 
need not be disassembled and special measurement 
techniques are not required. SaberAbdRabbo et.al. [2] 
The dynamic behaviour of hydro-static transmission 
(HST) systems is studied experimentally and 
theoretically to formulate a linearized mathematical 
model of the HST system and a recursive 
identification model is then proposed. He also 
introduced the parameter variation of the volume 
displacement and motor torque in order to study their 
effect on pressure and hydraulic motor speed. A 
photograph of his experimental set is shown below 

 
Fig-6- The physical system used for study 

He formulated torque balancing equation using Newton 2nd 
law. 

 (3) 
From the continuity equation the upper line equation 
can be written as 

…….(4) 
Also for the lower line equation can be written as 

…….(5) 
Where, DP- Pump volumetric displacement, Dm-
Volumetric displacement of hydraulic motor, Jm- 
Hydraulic motor mass moment of inertia, P2 Low 
line pressure, Pa, P1 High discharge pressure, Pa, Qr1 
-High line flow rate of relief valve,  Qr2 Low line 
flow rate of relief valve, Tm Motor torque, N.m, Tf 
Coulomb friction torque, N.m, V total volume of oil 
under compression, " Effective bulk modulus, Pa, βv 
Drag coefficient, N.m.s, Ωp Speed of hydraulic 
pump, rad/s, ωm Speed of hydraulic motor, rad/s He 
found out that increase in the leakage might lead to an 
unstable system. On the other hand, an increase in the 
bulk modules and volumetric displacement of the 

hydraulic motor decreases the fluctuation of working 
pressure and in turn reduces the associated damping 
ratio and improves the performance of speed control. 
Design and control of a closed- loop hydraulic 
energy-regenerative system was explained by Trient 
Hung HO ,Kyoung K wan Ahn [4]. It is found that 
system was based on a closed –loop hydrostatic 
transmission and used a hydraulic accumulator as the 
energy storage system manufactured in a novel 
configuration to the regain the kinetic energy without 
any change of the flow. The displacement variation in 
the secondary unit was reduced increasing the use of 
several types of the hydraulic pump /motor. In this 
paper we implement a closed- loop hydraulic energy 
regenerative system for use in rotational motion load 
system. Conclusion-a novel hydraulic accumulator 
energy saving method was developed from modelling 
through simulation and finally to experimental 
belidation. The experimental result conform the 
validity of the employed mathematical model the 
effectiveness of the control scheme and recovery 
potential of the system. From fig 5.equation for the 
ideal flow rate of fluid through a pump or motor, the 
mechanical torque at the pump shaft, the pump 
volumetric efficiency, and the torque efficiency 
respectively: 

 
Qi = αωDmax…….(6) 
 
ηVP ═  …..  (7) 

 
Ti  =α∆pDmax……..(8) 
 
η ═ α∆

α∆
    …….(9) 

 
Fig- 7 Closed Loop energy-regenerative system 

 
Open-loop dynamic performance of a servo-valve 
controlled motor transmission system with pump 
loading using steady-state characteristics is studied by 
Dasgupta et.al.[10 ], He studied the dynamic 
performance of a servo-valve controlled axial piston 
motor used in transmission system. The modelling of 
the system has been made using Bond graph 
simulation technique. The various loss coefficients of 
the motor have been determined from the steady-state 
pressure/flow relationships. The simulation results 
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obtained at different operating conditions are 
validated experimentally. 
Fig. 9 shows the physical system considered in the 
present study. A constant pressure source is 
maintained to the servo-valve which drives a fixed 
displacement axial piston motor that subsequently 
drives an identical pump in a loading circuit. The 
pump loading is controlled through a solenoid 
operated pressure relief valve 

 
Fig-8- The physical system 

 
Bond graph modelling [9] is used here determine 
different parameters. He obtained mechanical load 
part of motor from torque balance equation which is 
expressed by the following equation 

……(10) 
where the first term of the above equation is the 
torque due to the inertia load, the second term 
indicates the torque equivalent to the differential 
pressure across the motor, the third term is the 
constant torque loss due to coulomb friction that 
mainly dominates at the low speed range of the 
motor, the fourth term is the torque loss due to 
viscous friction coefficient and the fifth term is the 
torque applied on the motor shaft due to the 
differential pressure across the loading pump. The 
conclusion obtained here is that the system response 
can be improved by controlling leakage resistances. 
With the increase in the effective bulk stiffness of the 
fluid, the peak rise pressure increases, however, the 
delay time decreases with the increase in the inertia 
load, the speed and pressure responses become more 
oscillatory with the considerable increase in the 
maximum overshoot. With the increase in the load 
resistances, the steady-state speed decreases and the 
pressure increases. However, it provides more 
damping effect to the transient response of the 
system. The valve dead band has a delay 
characteristics and it also increases the maximum 
overshoot of the response. With the combined ramp 
and step input given to the servo-valve, the response 
becomes more oscillatory with the increase in the 
speed. M. Comellas et al. [7], The aim of his work is 
to study and model the driveline of off road vehicles, 
using a hydrostatic transmission, from the 
performance and efficiency point of view, by 
analysing the influence of the operating conditions in 

the transmission efficiency. He has calculated the 
efficiency by using the formula:- 

….(11) 
He found out that overall performance of the 
transmission is highly dependent on operating 
conditions, on the selected transmission configuration 
and on the used components. S.K Mandal et.al. [6], 
has investigated the performance of Hydrostatic 
Transmission System as a Function of Pump Speed 
and Load Torque. He suggested that operating 
parameters of the pump and the motor in a 
hydrostatic system are critical to the overall 
performance of the system. This paper evaluates the 
overall efficiency of the hydrostatic system based on 
the operating parameters of the pump and the motor, 
in this particular investigation they are the pump 
speed and the load torque, using the expressions 
obtained from the simple theory of Wilson 
(HydraulPneum Power 1:136–147, 1967).The system 
considered in the present investigation is an open 
circuit as shown below:- 

 
Fig-9- Physical system Open circuit 

 
Following equation is used to determine the overall 
efficiency, considering the leakages. 

…..(12) 
By the analysis he came into conclusion that the loss 
coefficients of the pump and the motor affect the 
overall performance of the system and hence should 
be taken into account while selection and design of 
the hydrostatic drive are made. The operating 
parameters of the pump and the motori.e. the pump 
speed and the load torque have significant impact on 
the overall performance of the HST system and 
should be taken care of while the system is in 
operation. The wear and tear of the mechanical 
components results in the increase in the clearance 
spaces. This causes increase in the leakages and 
decrease in the leakage resistances which affects the 
overall performance of the hydrostatic drive. Thus 
suitable procedures should be taken up to minimize 
the wear and tear of the components while they are in 
operation.  Andreas Kugiet. al. [5], have proposed the 
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mathematical modelling of the hydrostatic unit of the 
drive box with special emphasis on the swash-plate 
mechanism of the variable-displacement pump. 
Simulation of the Swash plate angle has been done in 
order to determine the angle. 
M. Comellas et.al. [8], have studied the efficiency 
sensitivity analysis of a hydrostatic transmission for 
an off-road multiple axle vehicle. Off-road vehicles 
usually have very complex transmission 
configurations. The aim of his work is to study and 
model the driveline of this kind of vehicles, when 
using a hydrostatic transmission, from the 
performance and efficiency point of view, by 
analysing the influence of the operating conditions in 
the transmission efficiency. He calculated the 
efficiency using the formula:- 

……(13) 

 
Fig-10 Power flows in the overall transmission 

 
He found that efficiency results obtained for the 
whole transmission are considerably lower than the 
combination of the maximum efficiency values of 
each of the components that make up the driveline. It 
is verified that the overall driveline efficiency 
depends on the operating conditions of each of the 
elements and the entire vehicle as a whole, as well as 
the relationship between elements and their operation 
mode 
 
CONCLUSION 
 
From this paper we came to know about different 
aspect of hydrostatic transmission system. We came 
to know that apart from the main operating factors 
like pump speed and torque which affect the 
efficiency, there are number of other factors like 
leakages which affect the efficiency. Also we came to 

know about dynamics of hydrostatic system and saw 
that performance of off road vehicles depend on 
operating condition.This paper thus helps us to 
understand the overview of Hydrostatic Transmission 
System. 
 
REFERENCES 
 

[1] K. Dasgupta “Analysis of a hydrostatic transmission system 
using low speed high torque motor” Mechanism and 
Machine Theory 35 (2000)  1481-1499 

[2] SaberAbdRabbo & TarekTutunji ,“Identification and 
analysis of hydrostatic transmission system “Int J 
AdvManufTechnol (2008) 37:221–229 DOI 
10.1007/s00170-007-0966-3 

[3] K. Dasgupta , S.K. Mandal , S. Pan “Dynamic analysis of a 
low speed high torque hydrostatic drive using steady-state 
characteristics “ Mechanism and Machine Theory 52 (2012) 
1–17 

[4] TrietHungoHo ,Kyoung Kwan Ahn* ''Design and control of 
a closed-loop hydraulic energy-regenerative system (2011)''. 

[5] Andreas Kugi,, Kurt Schlacher , Heinz Aitzetmüller , 
Gottfried Hirmann “Modeling and simulation of a 
hydrostatic transmission with variable-displacement pump” 
Mathematics and Computers in Simulation 53 (2000) 409–
414 

[6] S. K. Mandal,  A. K. Singh,  Y. Verma, K. Dasgupta 
“Performance Investigation of Hydrostatic Transmission 
System as a Function of Pump Speed and Load Torque” J. 
Inst. Eng. India Ser. C (April–June 2012) 93(2):187–193 
DOI 10.1007/s40032-012-0022-4 

[7] M. Comellas , J. Pijuan, X. Potau, M. Nogue´s, J. Roca 
“Analysis of a hydrostatic transmission driveline for its use 
in off-road multiple axle vehicles” Journal of 
Terramechanics 49 (2012) 245–254 

[8] M. Comellas, J. Pijuan, X. Potau, M. Nogués and J. Roca 
“efficiency sensitivity analysis of a hydrostatic transmission 
for an off-road multiple axle vehicle” International Journal 
of Automotive Technology, Vol. 14, No. 1, pp. 151−161 
(2013) DOI 10.1007/s12239−013−0017−z 

[9]  A. Mukherjee, R. Karmakar, Modelling and simulation of 
engineering systems through bondgraph’, first edition 
Narora Publishing House, New Delhi, 2000. 

[10] K. Dasgupta, J. Watton, S. Pan “Open-loop dynamic 
performance of a servo-valve controlled motor transmission 
system with pump loading using steady-state 
characteristics” Mechanism and Machine Theory 41 (2006) 
262–282 

[11] Symbols 2000, High Tech Consultants, STEP, IIT, 
Kharagpur, India, www.symbols2000.com. 

[12] J.G. Schoenau, R.T. Burton, G.P. Kavang, Dynamic 
analysis of a variable displacement pump, Trans. ASME, 
Dynamic Systems, Measurements and Controls 112 (1990) 
122-132.   
 

 
 


