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I. INTRODUCTION 
 
Hydrostatic Transmission (HST) system is an 
essential part of modern machinery drive technology. 
In common terminology, whenever there is a variable 
displacement pump or motor in a pump-motor 
system, it is called Hydrostatic Transmission (HST). 
In specific terms, an HST is a case of energy 
transmission where the oil input device is a positive 
displacement pump and the output element is the 
same kind of motor, both of which are designed with 
matching physical and operational characteristics 
with optimum energy transmission. 
Hydrostatic transmission drives are widely used in 
heavy earth moving and construction equipment for 
their better control, smaller weight per unit power, 
compactness and Low Speed High Torque (LSHT) 
characteristics. It has good low speed characteristics 
without the need of a reduction gear unit and also has 
a high output torque throughout its range. 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. 
 
In an HST system, a pump, driven by a prime mover, 
supplies pressurized fluid to drive a hydraulic motor, 
which in turn, drives a load connected to its shaft.If 
the displacement of the pump and the motor are fixed, 
the HST system simply acts as a gearbox to transmit 
power from the prime mover to the load. The 
majority of HST systems, however, use a variable-
displacement pump and a fixed displacement motor 
or both pump and motor may be of variable 
displacement type so that, speed, torque or power can 
be suitably regulated. 
There are two types of hydraulic systems mainly 
used, discussed below: 

 
I. Open Circuit Hydraulic System: 

The open circuit mainly consists of a hydraulic 
reservoir, pressure compensated variable 
displacement in-line piston pump, radial piston 
motor, proportional pressure relief valve. In this the 
output from the motor goes to the hydraulic 
reservoir.The simple arrangement of open-circuit 
hydraulic system is shown below: 

 
Fig.1 open circuit HST system 

 
In this circuit the electric motor work as a prime 
mover and drive the variable displacement pump. the 
fluid from the tank goes to the bidirectional motor 
through hydraulically actuated 4/3 directional control 
valve. A load (RL) with load inertia (JL) is coupled 
with motor shaft. The fluid from the outlet of the 
motor directly goes to the tank. A pressure relief 
valve is also used for safety purpose. If the pressure 
at the inlet side of the motor is exceeds or equal to the 
setting pressure of relief valve, the valve is open and 
all fluid goes to the tank through pressure relief valve 
to prevent the damaging of motor, otherwise valve 
remain closed as shown in the fig.1 internal leakage is 
also shown. 
 
II. CLOSE CIRCUIT HYDRAULIC SYSTEM 
 
This circuit consists a hydraulic tank, axial piston 
swash plate controlled variable pump and rest 
components are same as open circuit hydraulic 
system. 
The simple arrangement of closed-circuit hydraulic 
system is given below: 
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Fig.2closed circuit HST system 

 
This hydraulic circuit consists two circuits; one is 
main circuit and another one is charge or make-up 
circuit. 
The main circuit consists of a prime mover, one 
bidirectional variable displacement pump, one 
bidirectional fixed displacement motor, four check 
valve, and load(RL) with load inertia (JL) and two 
pressure relief valve. The charge circuit consists a 
make-up pump. The fluid in main circuit recirculates 
from main pump to motor and from motor to main 
pump.  
Both the main pump as well as the make-up pump 
drive by a single prime mover. But generally the 
capacity of make-up pump is 20% of the capacity of 
main pump. The charge pump is used to make-up the 
reduction of fluid due to internal leakage and some 
fluid removed time to time for cooling purpose. 

 
III. LITERATURE SURVEY 
 
A number of studies on the performance of HST 
systems and its components have been made in recent 
past. Some of the relevant and significant studies 
related with the present work are discussed here. 
 
K. Dasgupta et al. [1] proposed the Dynamic analysis 
of a low speed high torque hydrostatic drive using 
steady-state characteristics. In this article 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. Using the parametric values, the overall 
dynamic model of the hydrostatic drive has been 
validated experimentally. 
 
K. Dasgupta et.al.[2] have been developed the open-
loop dynamic performance of a servo-valve 
controlled motor transmission system with pump 
loading using steady-state characteristics. This article 
presents a study on dynamic performance of a servo-
valve controlled axial piston motor used in a 
transmission system. The modeling of the system has 

been made using bond graph simulation technique. 
The various loss coefficients of the motor have 
beendetermined from the steady-state pressure/flow 
relationships. The simulation results obtained at 
different operating conditions are validated 
experimentally. Using the validated model, transient 
response of the system has been predicted with 
respect to the variation of some critical parameters of 
the system. Some of the results shown below: 
 

Fig.3Pressure–torque characteristics of the motor. 
 

Fig.4. Comparison of the experimental and the simulation 
results of Pmi with respect to the Rpl 

 

 
Fig.5 Comparison of the experimental and the simulation 

results of ω with respect to Rpl. 



International Journal of Mechanical and Production Engineering, ISSN: 2320-2092, Volume- 1, Issue- 6, Dec-2013 

Modeling And Simulation Of Hydrostatic Transmission System: A Literature Survey 
 

45 

Fig.6 Effect of the variation of the load inertia on the transient 
response of the system pressure (Pmi). 

 
Fig.7 Effect of the variation of the load inertia on the transient 

response of the motor speed (ω). 
 
O. Gad et.al [3] have been discussed the Prediction 
and Improvement of Steady-State Performance of a 
Power Controlled Axial Piston Pump. This paper 
deals with the static and dynamic behavior of a 
variable displacement bent axis axial piston pump 
with power control. The pump static and dynamic 
characteristics are also evaluated experimentally. A 
mathematical model is deduced to predict the 
performance of the pump and its controller. A 
mathematical model for the pump, equipped with the 
proposed controller, is developed and used for the 
computer simulation In the dynamic mode of 
operation, the transient pressure oscillations and 
settling time are considerably reduced, but the 
maximum over shoot is increased The proposed 
controller produced a P-Q relation too close to the 
required hyperbola. 
 
Luigi Del Re [4] has been proposed the nonlinear 
modelling and black box identification of a 
hydrostatic transmission for control system design. 
This paper discussed about the usual approach to the 
design of a state-variable control consists in 
determining a full, nonlinear dynamical model 

allowing a modeling precision of say 5% in the whole 
operating range of the machine, then to linearize it at 
some operating point and to design the controller (in 
our case with full state observer), using this linearized 
model, according to some design criterion. The black 
box approach consists in making an assumption about 
the possible type of transfer function of the system, 
measuring it, usually with some type of wide band 
noise as excitation, and then fitting the parameters of 
the mathematical model to the actual measurements 
by some statistical procedure. 
 
K. Dasgupta [5] developed the analysis of a 
hydrostatic transmission system using low speed high 
torque motor. This paper explained the performance 
of a Hydrostatic Transmission system (HST), through 
a hydraulic system which consists of an Orbital Rotor 
Low Speed High Torque hydrostatic motor and a 
pressure compensated swash plate controlled variable 
displacement pump. To study thedynamics of the 
system, Bond graph modelling technique has been 
used. The effect of some critical parameters on the 
overall performance of the system has been 
investigated. Using system equations derived from 
the bond graph model, the steady state behavior of the 
hydrostatic transmission system has been predicted. 
 
Alarico Macor et.al [6] have been developed the 
Optimization of hydro-mechanical power split 
transmissions. The increasing attention to comfort, 
automation and drivability is pushing the driveline 
technology to ever complex solutions, such as power-
shift or continuously variable transmissions (CVT). 
Between these, the hydro-mechanical solution seems 
promising for heavy duty vehicle, due to the 
reliability and the capability of transferring high 
power. However, the double energy conversion 
occurring in the hydraulic branch of the transmission 
could lower excessively the total efficiency, 
highlighting the needs for a careful design of the 
whole system. The optimization problem is solved by 
a “direct search” algorithm based on the swarm 
method, which showed a good speed convergence 
and the ability to overcome local minima. The 
optimization design method will be applied to study 
the transmission of two vehicles: a 62 kW compact 
loader and a high power agricultural tractor.In this 
work, the design of a hydro-mechanical transmission 
is defined as an optimization problem in which the 
objective function is the average efficiency of 
transmission, while the design variables are the 
displacements of the two hydraulic machines and 
gear ratios of ordinary and planetary gears. 
 
Triet H.H. et.al[7] have been developed the Design 
and control of a closed-loop hydraulic energy-
regenerative system. This paper presents an approach 
to the problem based on a closed-loop hydrostatic 
transmission and used a hydraulic accumulator as the 
energy storage system fabricated in a novel 
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configuration to recover the kinetic energy without 
any reversion of the fluid flow. The proposed system 
was modeled based on its physical attributes. 
Simulation and experiments were performed to 
evaluate the validity of the employed mathematical 
model and the effectiveness of the control system. 
The experimental results indicated that the designed 
system was effective and that the round trip recovery 
efficiency varied from 22% to 59% for the test bench. 
The energy utilization and the influences on the 
energy-recovery potential of the system were 
analyzed. 
 
Roberto Paoluzzi et.al [8] developed the concept for 
the minimum size of hydrostatic transmissions for 
locomotion. The hydrostatic transmissions are often 
used to drive the locomotion devices of off-road 
machines A key factor of their feasibility, in addition 
to their cost, is the size of the volumetric units in the 
fluid loop. The procedure presented in the paper aims 
to find the minimum displacement of one pump and 
one or more motors in parallel, from a set of inputs, 
among which are the rated engine power and the 
power ratio. The procedure is applied to one pump 
and one motor, a simple and popular layout, by using 
data representative of the commercial units in the 
heavy duty range and emphasizing the differences 
between the fixed and variable displacement motor. 
The minimum size also stands as a powerful 
paradigm to evaluate on a rigorous ground the 
alternative, and sometimes rather complex, layouts 
conceived to extend the field of application of the 
hydrostatic transmissions. This paper gives a new and 
powerful resource available in the design of the 
hydrostatic transmission driving the locomotion 
device/s of a self-propelled machine. 
 
M. Comellas et.al [9] have been discussed the 
analysis of a hydrostatic transmission driveline for its 
use in off-road multiple axle vehicles. There is a vast 
range of off-road multi-axle wheeled vehicle 
configurations. Some of the most common are the 
three axle rigid vehicles or the four axle articulated 
vehicles. However, these types of vehicles have the 
problem of using very complex transmission 
configurations. In addition, the requirements in terms 
of torque in each of the wheels are quite variable and 
non-uniform. This work aims to model and study, 
from the standpoint of performance and energy 
efficiency, the driveline of such vehicles. The 
modelling process for the design and analysis of a 
hydrostatic transmission aimed at off-road multiple 
axle vehicles has been conceptually described. 
Mathematical models for the main components of the 
transmission and a global model of the driveline have 
been defined. Results show that the overall 
performance of the transmission is highly dependent 
on the operating conditions, on the selected 
configuration and on the used components. The 
results also show that the actual instantaneous 

efficiency of each of the components is usually far 
below their maximum catalogue value. In the case 
study efficiencies up to 64% have been reached for 
the overall transmission. A specific example study is 
presented, applying the described procedure. 
 
IV. MODELING 
 
The modeling of hydraulic motor and hydraulic pump 
is taken from [7]. 
Hydraulic Motor: Thevolumetric efficiency, 
mechanical efficiency, actual flow rate and actual 
motor torque of the hydraulic motor are expressed by 
the following equations respectively. 
η୴ = αୈౣ౮ω

αୈౣ౮ωା୕ౢ౩౩
                              (1) 

 
η୲ = ఈೌೣΔି்ೞೞ

ఈೌೣΔ
                              (2) 

 
ܳ = ொ

η౬
                                               (3) 

 
ܶ = η୲ܦߙ௫Δܲ                                  (4) 

 
Hydraulic Pump: Thevolumetric efficiency, 
mechanical efficiency, ideal flow rate and ideal 
torque of the hydraulic pump are expressed asgiven 
below: respectively. 
 
η୴ = αୈౣ౮ωି୕ౢ౩౩

αୈౣ౮ω
(5) 

 
η୲ = ఈೌೣΔ

ఈೌೣΔା்ೞೞ
(6) 

 
ܳ = αD୫ୟ୶ω (7) 
ܶ =  ௫Δܲ (8)ܦߙ

 
CONCLUSION 
 
This paper presents the basic concept of hydrostatic 
transmission system and clarifies the difference 
between the open circuit and closed circuit 
hydrostatic transmission with their applications. The 
hydraulic system can be analysed by experimentally, 
simulation and bond graph. On the basis of literature 
survey the following conclusion comes in-front of us: 
1).Thesystem’s response can be improved by 
controlling leakage resistances. 
2). With the increase in the inertia load, the speed and 
the pressure responses become oscillatory with the 
increase in the maximumOvershoot. 
3). 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, therefore 
settling time of the system's response decreases. 
Comparing the theoretical and the experimental 
responses of the system, it may be concluded that the 
model fairly represents the behavior of the system 
and, therefore, it may be useful to the practicing 
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engineers for initial design of the machine, where 
sucha hydrostatic drive is used as a transmission 
system. 
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