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Introduction 

The Bond graph formulation is used by Louca et al 
[1] for model development because it facilitates the 
integration of component/subsystem models, 
provides the user with physical insight, and allows 
easy manipulation of models. The Engine model is of 
a steady state torque generator. The drive train 
consists of the torque converter, transmission and 
driveline. A nonlinear planar model of the vehicle is 
used to predict the dynamics in the longitudinal, 
heave and pitch degrees of freedom. Glass [2] has 
dealt the trailing-arm spring is constrained by a 
bushing that has very low rotational friction and 
reduces the suspension’s ability to dissipate energy 
without an additional viscous damper. This aspect of 
VOAS-2 is quite desirable from the standpoint of 
controlling suspension damping, and for providing 
better ride and harshness characteristics due to the 
suspension. Kim et al [3] established that 
demonstrates this complex modeling and solution 
process in the chassis design of a sport-utility 
vehicle. Ride quality and handling targets are 

cascaded down to systems and subsystems utilizing 
suspension, tire, and spring analysis models. 
Potential incompatibilities among targets and 
constraints throughout the entire system can be 
uncovered and the trade-offs involved in achieving 
system targets under different design scenarios can 
be quantified.Kim et al [4] describe design the 
hydraulic circuit is designed for the steering control 
and the driving machine system; It can be employed 
to advance the performance of the lateral control 
and creating a prototype of construction equipment. 
The hydraulic steering system model and hydraulic 
driving system model through tire roller system are 
formulated. Finally, the acquired performance results 
in actual tire roller equipment using the data 
acquisition system are validated. These results may 
perhaps facilitate the establishment of priorities and 
design strategies for incremental introduction of tire 
roller technology into the vehicle and construction 
field. Maxim and Nguyen [5] have dealt For the 
modeling, it will be assumed that the vehicle is a 
rigid body with a suspension that will be modeled as 
a two-degree-of-freedom (DOF) system.  The 

Abstract 
This model has then been extended to a hinged arm suspension vehicle car model with two sets of springs 
and dashpots across the hinge. The model has been successfully compiled showing the logical correctness of 
the model. A few results have also been obtained more results from the model created can be obtained by 
giving relevant inputs. The efforts here examine the modeling of automobile suspensions, specially that may 
be useful in future to bring in active control systems etc..A vehicle car model of a conventional suspension 
using Bondgraphs has been created first for modeling heave and rocking motion of a car as it passes over a 
bump on the road. The results are specially obtained for a case where published value is available. Hinged 
arm suspensions have been around for quite some time. However, they become important for introducing 
active computerized control of vehicles. It has used a model without active elements but two sets of springs 
and dashpots. While a successful compilation of the Bondgraph on the software (Symbol Shakti).A more 
systematic activity can be carried out of study the benefit of the hinged arm suspension under comfort ride a 
vehicle conditions, through the model created. 
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suspension will consist of equivalent springs in which 
the stiffness of the tire and the spring are combined 
and equivalent dampers that account for the shock 
absorber and the damping of the tire.  Modeling of 
an automobile suspension spring- mass- damper 
model. Rideout et al [6] propose a high-fidelity 
model is first generated using the bond graph 
formalism. The relative contributions of the terms of 
the generalized Kirchoff loop and node equations 
are computed by calculating and comparing a 
measure of their power flow. Negligible aggregate 
bond power at a constraint equation node indicates 
an unnecessary term, which is then removed from 
the model by replacing the associated bond by a 
modulated source of generalized effort or flow. If 
replacement of all low-power bonds creates separate 
bond graphs that are joined by modulating signals, 
then the model can be partitioned into driving and 
driven subsystems. The partitions are smaller than 
the original model, have lower-dimension design 
variable vectors, and can be simulated separately or 
in parallel. The partitioning algorithm can be 
employed alongside existing automated modeling 
techniques to facilitate efficient, accurate simulation-
based design of dynamic systems. Granda [7] 
established the suspensions and steering 
mechanisms, vehicle dynamics using multibody 
systems in three dimensions and computer models 
of vehicles using solid models and dynamic models. 
The objective is to provide the student with 
analytical and computer skills that will allow him to 
analyze and design two and three dimensional 
components and entire working Assemblies, and to 
train students so that they can acquire the ability to 
perform in kinematic and kinetic dynamic analysis, 
Finite Element Analysis, time and frequency domain 
analysis etc. Zoroofi [8] established that the 
performance of the vehicle could become more and 
more energy efficient. Since the integrating of all 
these components in a drive train configuration 
could be a challenge for the manufacturer, computer 
simulation and modeling before prototyping could 
be really beneficial in terms of cost, Safety and 
design performance. It is shown that modeling and 
simulation could be really helpful in design process. 
The battery model was verified with measurements 
and is proved to have a good accuracy. Silva et al [9] 
applies the main contribution of the proposition of a 
simplified Diagnostic Bond Graph that, on the 
ground of the chosen measurements, allows solving 
the fault detection and isolation (FDI) problem on a 
reduced subsystem decoupled from the wheel 

dynamics. This renders unnecessary using the 
complex and uncertain ground-tire interaction 
model. The simulation results presented illustrate the 
methods ability of monitoring and isolating all the 
possible suspension faults considered.  Adibi and 
Rideout [10] have dealt the active versus passive 
suspension system is evaluated based on a linearized 
full car model with seven degrees of freedom. The 
results show a significant reduction in bounce and 
pitch acceleration as well as some improvement in 
roll acceleration of the body for both deterministic 
and random road profiles. Simulations are 
performed using commercial software that allows 
hybrid bond graph and block diagram models. 
Model construction, simulation, control design and 
evaluation can therefore be done easily in one 
software environment. Milner et al [11] have 
presented  The vehicle model was designed primarily 
for the trade study for the design of a specific 
vehicle, but was created with sufficient flexibility and 
capability for modeling future vehicles as well.The 
interchangeability of the vehicle models’ 
components and environments allow a user to 
modify or replace the vehicle’s power system 
components, chassis masses, tires, transmission, duty 
cycles, courses to traverse, and many other aspects 
of the vehicle. Thus the user can essentially model 
any vehicle with similar types of components or 
structures and use that model to determine the 
impact of those elements upon many vehicle design 
considerations such as mass requirements, volume 
constraints, power system requirements, wheels 
design, suspension characteristics, and controls. 
Several new vehicle models are already being 
developed using this model’s flexibility and 
capability.Gauchia and  Sanz  [12] observed that the 
electric vehicles are especially interesting due to the 
exclusion of the ICE, which reduces to zero the 
emissions on the road and presents a higher 
efficiency of the power train and environmentally 
friendly operation. However, even if these reasons 
are activating its interest, there are several 
drawbacks which should be solved before reaching a 
mass production scale. Some of these issues include 
the development of energy technologies able to 
guarantee an adequate vehicle range, attractive 
power ratings and safe, simple and fast recharge. 
Nowadays there is no electric energy storage 
technology which can exhibit both high energy and 
power densities, necessary to meet range and 
accelerating requirements. Creed et al [13] dealt 
active suspension is concerned with controlling the 
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vertical movements of the vehicle in response to the 
road inputs to each of the wheels. This is 
accomplished by actively applying vertical forces in 
the suspension to counteract some of the effects of 
the road surface. As a result, these systems can be 
used to minimize vehicle body roll, vertical 
accelerations experienced by the passengers, and 
improve overall vehicle handling.Lyons et al [14] 
established that the automobile is chosen as the 
system to study because it is compact, relatively 
inexpensive and is in the direct realm of experience 
of most students. More importantly, its many 
complex subsystems provide opportunities for the 
students to apply the spectrum of their mechanical 
engineering knowledge, including the principles of 
mechanics, dynamics, thermodynamics, heat transfer, 
and controls. Wakeham and Rideout [15] investigate 
the half car-based optimal gains, based on feedback 
of eight states for the entire vehicle, are computed. 
Using quarter car-based controllers at the front and 
rear of a half car gives superior performance in 
reducing sprung mass inertial acceleration, and can 
effectively control pitch motion even when 
interactions between front and rear suspensions are 
not decoupled. Minimizing vertical motion of the 
front and rear ends indirectly regulates pitch motion. 
Improvements resulting from the additional 
complexity of the half car-based controller are seen 
only when the weighting factor for pitch suppression 

is very high in the performance index. Mukherjee 
and Samantray [16] allows users to create models 
using bond graph, block-diagram and equation 
models. Large number of advanced sub-models 
called Capsules is available for different engineering 
and modeling domains. It automatically derives 
completely reduced system equations. Differential 
causalities and algebraic loops are solved using its 
powerful symbolic solution engine. It creates high-
level C language code and allows any external code 
embedding. The simulator module has both online 
and post-display facilities. Event handlers and online 
event notification and variation of parameters are 
key features of this advanced simulator. It has a well-
developed controls module that automatically 
transforms state-space modules from BG or block 
diagram models and converts them to analog or 
digital transfer functions. Most control and high-
level control analysis can be performed.  

2. Development of the Vehicle Model 

The configuration of the vehicle elements adopted is 
shown in Fig1 which has considerably more elements 
than the earlier model. Basically two more hinged 
platforms have been added which are connected to 
chassis of the vehicle. Sets of springs and dashpots 
between the hinged arm and the vehicle are part of 
the proposition Mukherjee et al [16].   

 
Fig. 1 Vehicle car model with hinged suspension
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Development of the Actual Bondgraph 

To draw the model of the half car with hinged arm 
suspension the activities started by invoking the 
Bond Pad of the Bondgraph software Symbol 
Shakti.Towards developing the Bondgraph 
description shown in Fig 2 the software itself 

provides supports for a variety of activities like 
numbering the Bonds, displaying direction of 
casuality, power and effort flows etc. Infact the 
software checks the feasibility of the system 
modeled by displaying zero errors in end if it is 
logically correct. 

 
Fig. 2 Bondgraph model of vehicle car model with a hinged suspension 

 

  

10.2348/ijset070219055 58



Manoj Kumar Singh et al. International Journal of Science, Engineering and Technology, 2019, 7:2 

 

Parameters of vehicle Car Model with Hinged Suspension 

Table 1 Parameters of a vehicle car model with hinged suspension 

Description Parameter name Values used 

Velocity of  the half car v 15 m/s 

Height of ground excitation h 0.1 m 

Length of ground excitation l 0.3 m 

Rear damper REAR_DM 100 n.s/m 

Rear stiffness REAR_ST 20000 n/s 

Front damper FRONT_DM 100 n.s/s 

Front stiffness FRONT_ST 20000 n/s 

Mass of the half car CAR_MASS 1080 kg 

Distance of rear wheel from C.G a 1.1 m 

Distance of front wheel from C.G. b 0.9 m 

Moment of inertia of the half car J_CAR 250 kgm2 

 

Simulation Results Running on Symbol Shakti                            

A vehicle car model that has been successfully 
compiled can also be run on the system and results 
obtained. Symbol Shakti also allows the provision of 

obtaining various plots by specifying the 
relationships. Activation of the bonds can be done to 
obtain specific details of the variation of the values. 
Simulation results shown in fig.3 

 
Fig.3: Heaving motion of the vehicle car model at rear suspension. Observed through Momentum in bonds, 

Speed-15 m/s, Time- 100 seconds, Numerical data is taken from Table 1 
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Conclusion 

Bondgraph based modeling of various systems of an 
automobiles has been carried out in large number of 
investigations. A hinged arm suspension selected 
has been modeled for a case when the vehicle goes 
over a bump of the shape of a sine wave. Efforts 
have been concentrated on evolving the model, as 
once the model is obtained a variety of results can 
be obtained. The results of this simulation have been 
successfully verified with the data available. An effort 
to model a hinged suspension with a half car model 
as an extension to the vehicle car model. A bond 
graph model for this has been successfully compiled. 
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