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The Influence of Electronic Stability Control,
Active Suspension, Driveline and Front Steering
Integrated System on the Vehicle Ride and
Handling

Ahmed Elmarakbi *, Chandrasekaran Rengaraj °, Alan Wheatley ® & Mustafa Elkady ©

Abstract - The main aim of this paper is to investigate the
influence of integration of vehicle dynamics control systems by
proposing new control architecture to integrate the braking,
steering, suspension and driveline. A 6 DoF nonlinear vehicle
handling model is developed for in Matlab/Simulink. The
modelling work contains linear suspensions with nonlinear
tyres suitable for combined slip conditions. The results are
validated against commercially available vehicle dynamics
software. All the four active chassis control systems are
evaluated over the entire range of vehicle handling region in
standalone mode through simulation. Based on the analysis of
these four standalone controllers, a novel rule based
integration strategy is proposed to improve the vehicle
handling. A comparison of the proposed integrated control
strategy and the standalone control strategy is carried out and
the results of the simulation are found to prove that the
integrated control strategy improves vehicle stability across
the entire vehicle operating region.

Keywords vehicle dynamics, integrated control
systems, vehicle ride and handling, vehicle modeling,
and numerical simulations.

[. INTRODUCTION

echatronics and active control systems are
I\/l playing an ever increasing role in automobiles.

Modern vehicles typically include more than 40
actively controlled systems that play a major role in
vehicle directional stability, ride comfort and safety. At
present these systems generally work independently but
it is widely accepted that integration of these stand-
alone systems will lead to improved vehicle dynamic
performance. Additional benefits include cost and
weight reductions and reduced sensor requirements.

Both the automotive industry and the end users
will benefit directly from this research. However,
successful integration of such control systems is still
largely in the research phase. Previous studies have
identified that these systems were originally developed
independently to perform specific tasks and some

Author o o p @ . Department of Computing, Engineering and
Technology, Faculty of Applied Sciences, University of Sunderlana,
Sunderiand SR60DD, UK.

E-mail : ahmed.elmarakbi@sunderiand.ac.uk

Systems do co-exist, Junjie et al. (2006), Karbalei et al.
(2007), and Kazuya et al. (2000). Researchers have
succeeded in the successful integration of several
systems, March and Shim (2007); however, potential
conflicts are still a problem. Complete integration of
many sub-systems is still a real technical challenge.

The overall aim of this research is to develop
new control strategies/algorithms to enable successful
integration of a subset of vehicle control systems.
However, this paper focuses primarily on the methods of
improving vehicle stability and emergency handling
through the integration of four specific vehicle control
systems: Active Front Steering (AFS), Active Suspension
(AS), brake-based Electronic Stability Control (ESC) and
driveline based Variable Torque distribution (VTD)
system.

There are many ways to compare the
performance improvement obtained by an integrated
chassis controller against its standalone counterpart.
Few of the techniques include comparing the reduction
in energy consumption, reduced cost, less/modular
parts, improvement in performance variable etc. In this
paper, the improved performance objectives established
from using the integrated chassis control approach are
defined as a reduction in yaw rate and vehicle side-slip
angle that lead to better handling capabilities.

The main aim of this paper is to investigate the
influence of integration of vehicle dynamics control
systems by proposing new control architecture to
integrate the braking, steering, suspension and
driveline. The active control systems investigated
include brake-based electronic stability control (ESC),
active suspension (AS) and active front steering (AFS)
and variable torque distribution (VTD). The paper is
organized as follows. In the vehicle modeling section, a
detailed passive vehicle dynamics model with nonlinear
tires suitable for combined slip and transient conditions
is developed in Matlab/Simulink environment along with
the dynamics of steering, braking, suspension and
driveline systems.

In the standalone control systems section, the
development of standalone control system models of
active front steering, active suspension, a brake based

© 2013 Global Journals Inc. (US)
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electronic stability control and a variable torque
distribution system are discussed. Various possible
integrated control strategies amongst those systems in
consideration are analysed and investigated in the
integrated control system section. This section also
explains a new integrated control strategy (ICC)
developed from the results of the analysis and
implemented then in MATLAB/Simulink. Finally the
conclusions based on the new ICC strategy are
presented.

[I.  VEHICLE MODELLING

A detailed study on various vehicle models
available in literature was conducted for their suitability
in this research. Considering the vehicle operations in a
wide lateral acceleration range and interactions
amongst various degrees of freedom (DoF) of vehicle, a
non-linear vehicle handling model with 6 DoF for the
chassis has been developed for this research. The I1ISO
vehicle axis system is assumed throughout the
modelling process. It is assumed that the steering
angles of both front wheels are considered identically,
the effect of un-sprung mass is only considered in the
vertical direction and ignored in the vehicle’s lateral and
longitudinal directions and the tires and suspension
remain normal to the ground during vehicle maneuvers.
The chassis equations of motion based on Newton’s
laws can be derived as follows:

(V Vyz//+V6j Fot = Fur * Furl +Fxrr(yfr+FyfI)5 1)

mV(Vy-VZ¢Z +Vxx//j = Fyﬂ + Fyfr + Fyrl + Fyrr +(FXﬂ + FXfr )5 (2)

mS(VZ—VXG +Vy¢j =F_,+F_ +F_, +F

Sfl sfr srl sr - Ms9 ()

= 2( st ) a(Fsﬂ _str)_h(':xfl *Fotr * Pl +Fxrrj (4)
F)6)

ar ~Fer ™ srr)+h( yil +Fyfr+ yrr)

Jyl/7 = a(Fyﬂ +Fyir )_b(Fyrl + FyrrJJr%(Fxfr *Frr =Pt P j (6)

Figure 1 shows the schematic of the vehicle
model used in this study. The vehicle model is divided
into sub-models that describe the wheel, brake,
suspension and steering dynamics.

© 2013 Global Journals Inc. (US)

Fig. 7 :Vehicle Model

The dynamics of the tire-road interaction are
dependent on the lateral and longitudinal tire slips. The
lateral tire slip angles for each wheel can be calculated
as follows:

| Vyray 4| Vybv | (7)

_t.
Vx+§‘//

o. =tan

i -0, a;=tan

J

_t.
Vx+§‘//

The component of the vehicle velocity of the
wheel centre that is parallel to the wheel vertical plane is
given as

V, =costa) (Vo F L2 + vy a2 ®

Vj =cos(a )\/(\/Xi%;p)2 +(Vy—b:/))2 ©)
The longitudinal wheel slip is defined as
Ru Yy
. = RN I

V.- .
N W VR’V@' ,(braking)
Xi

Vxi ,(driving)

Capturing the tire behavior is probably the most
difficult and important problem to tackle while building a
vehicle model as realistically as possible. In the past a
lot of different models have been created to solve this
problem. The most realistic models are the most
complicated but probably they are not useful in every
kind of research. On account of our objectives, a too
simple model is not applicable because it can provide
correct results only if the slip angles are very small, but it
cannot represent for example the forces the tires
transfer during an emergency handling manoeuvre. For
this reason a semi-empirical model usually called



“Magic formula”, suggested by Pacejka and Besselink,
(1997) is chosen which proved to be a good model but
not too complicated. For simplification the camber has
been set to zero in the current vehicle model. The
general equation of the tire model is

y(x)=Dsin[Ctan~!(Bx-E(Bx—tan"1(Bx)))]  (11)

Where y(x)is F,and F,, respectively, if xis A or
a. The tire forces generated using the above equations
in longitudinal and lateral directions are a function of
pure slips in their respective directions. But in reality,
these tire forces are generated as a function of
combined slip that exists during typical combined
braking and cornering situations such as braking before
entering a corner and accelerating before exiting it.
Weighing functions G as described by Bakker (1987) are
introduced which when multiplied with the original pure
slip functions produce the interactive effects of
longitudinal slip on £, and lateral slip on £,. The cosine
version of the magic formula is used to represent the hill
shaped weighing function, G:

G =Dcos[C.tan” [ (Bx)] (12)
The combined side force is described by the
following formulae:

S (13)

F Uk

y=Gyk-Fy0+

Where, S, the effect due to ply-steer is
assumed in this paper to be zero to reduce the
complexity. The function G, is used as described by
Rajamani and Hedrick (1995). And, the combined side
force is described by the following formulae:

Fy = Gy, -F

Xa T x0 (14)

where G, and G« are described as follows:

-1
. cos{Cyk tan (Bykksﬂ

-1
cos{Cyk tan [ BykSHyk H

-1
cos{Cxa tan [Bxa [a + SHXa )ﬂ

COS{C tanfl(B S ﬂ
Xa Xa Hxa

A detailed description of these weighing
functions can be found in Bakker (1987). Figure 2 show
the longitudinal and lateral tyre forces in combined
braking and cornering conditions used in this paper
obtained using the above mentioned equations. The

G (15)

G, = (16)

effect of tire force lag (Rajamani and Hedrick, 1995) is
also taken into account according to the following
equation.

-
i
x
TN
| o
—
T
x
S
~
+
Sy
I
-

XSS
vy et
} (16
Fy( d
_y(_ (Fy)j *Fy = Fyss
v, Lt

Longitudinal Lateral Force (Fx, Fy)

Lateral Force (N)

Longitudinal Force (N)

Tire forces during combined braking and cornering
Fig. 2 Tyre forces in combined slip -friction ellipse

The equation of motion for each wheel in the
wheel dynamics model is defined as:

ij (17)

© 2013 Global Journals Inc. (US)
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The steering system modeled in this work has a
hydraulic power steering mechanism. The input for the
steering system is the angle of the steering wheel and
steering column, while the output is the position of the
rack, which determines the angle of the front
wheels. There is a mechanical connection between the
rack and the steering column with a pinion gear, which
converts the rotational motion of the steering column to
translational motion of the rack to turn the wheels.

The power assistance is provided by a hydraulic
piston attached to the rack. A torsion valve determines
which side of the piston receives pressurized hydraulic
fluid. This torsion valve is attached to the steering
column. The difference between the angular position of
the steering wheel and the angular position of the pinion
determines the fractional opening of the torsion valve. If
the angular difference is positive, the pressure is applied
to one side of the piston, and if the angular difference is
negative, the pressure is applied to the other side of the
piston. The power assistance continues until the
difference between the steering wheel position and
pinion position is approximately zero. The steering
power assist curve is shown in figure 3.

The hydraulic brake system considered in this
study is built upon a standard braking model. The
standard passive brake system considered for this study
consists of a mechanical brake pedal, a servo brake
booster, a master cylinder, a hydraulic brake caliper and
the friction pad. The brake mechanics considered here
are explained as follows. The mechanical brake input is
amplified by the servo booster. This is further amplified
and converted to a hydraulic pressure called line
pressure/supply pressure, which is fed through the
brake lines. The line pressure is further amplified and
converted to mechanical actuation at the brake calipers.
This force moves the friction pads against the rotating
wheel disc. The effect of pipe friction is taken into
account in line with the real world brake dynamics.

Fig. 3 -Hydraulic steering power assist curve

© 2013 Global Journals Inc. (US)

The resulting brake system model assumes
non-laminar flow through restriction as described in the
following equation by Fletcher et al. (2004).

0-cor (-5
P

[1I. DEVELOPMENT OF AUTOMOTIVE TOOLBOX
[N MATLAB/SIMULINK

(18)

Simulation of dynamic systems such as
vehicles is a complex and time consuming task. Most of
the time the modeling tasks need to be repeated in
order to perform system analysis such as ‘“if-what”
scenarios. Developing a toolbox will modularise the
whole modeling process and reduce the model
development and analysis time. Rodic (2003) developed
a specialized piece of commercial software for
modeling, control design and simulation of road
vehicles. Poussot-Vassal et al. (2007) developed a
unique toolbox during the course of his doctoral
research to analyze active suspension and active brake
systems. The automotive toolbox developed in this
paper provides Simulink models and Matlab tools for
vehicle dynamic simulation, analysis and development
of vehicle dynamic control systems. It has modular
Simulink models for quarter car, extended quarter car,
half car for roll and pitch, vertical vehicle model, full
vehicle model, linear, nonlinear tire models and other
vehicle subsystem models.

This toolbox provides a flexible environment for
vehicle dynamic research. It contains libraries with
Simulink graphical blocks and Matlab functions, which
can be connected to build vehicle models. Using this
toolbox, it is also possible to subdivide the whole vehicle
model into a number of smaller vehicle subsystems,
which can be arranged in a neat way and validated
separately. The use of block-diagrams greatly facilitates
computer representation of vehicle dynamic systems.

IV.  VEHICLE MODEL VALIDATION

This section describes the validation of the full
vehicle model developed in the previous sections. The
handling dynamics is evaluated and the simulation
results were compared against industry standard
software. Any software vehicle models developed needs
to be validated either against experimental results or
against other proven simulation software results.

The vehicle model developed in this paper is
validated against the well-known commercial software
CarSim. CarSim is vehicle dynamics simulation software
developed by Mechanical Simulation Corporation in Ann
Arbor, USA. It is parametric modeling software widely
used both in academia and industry to simulate, predict
and analyze vehicle dynamic behavior.



The validation methodology consists of three

phases:
e Describing the validation test condition and
procedures

e Simulation of full vehicle model
e Comparison of simulation prediction with the
CarSim vehicle model simulation data

In order to be used in this research the model
developed must be capable of evaluating vehicle
dynamics both in normal and limit driving situations.
Two standard test maneuvers are used to evaluate the
vehicle model. First, a step steer input at a constant
speed was provided so that it generates a lateral
acceleration (latac) of 0.3g, 0.6g and 0.8g respectively.
This evaluates the model across all the lateral
acceleration range from low to the limit handling.
Figures 4-7 present the results for the step steer input,
showing the comparison of yaw rate at 0.3g latac, of
vehicle side slip angle at 0.3g latac, of yaw rate at 0.6g
and 0.8 latac, respectively. It is clearly shown that there
are a great match between both CarSim and full vehicle
model.
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Then a double land change manoeuvre was
also performed to validate the vehicle model. The test
was performed at a speed of 80km/h on a flat dry
surface whose coefficient of friction was 1 (M =1) First
the test was carried out using CarSim software. The
vehicle parameters for a D Class Sedan were used. The
results were imported to Matlab/Simulink workspace.
Then the Full vehicle model was characterised with the
CarSim vehicle parameters. The same steering data
used to simulate the CarSim model was used as
steering input to the full vehicle model. The simulation
results of the full vehicle model were plotted along with
the CarSim results for comparison. Figures 8-10 show
comparisons of the vehicle yaw rate, of the vehicle
sideslip angle, and of the vehicle path between CarSim
and full vehicle model during an 80km/h double lane
change manoeuvre. It is also clearly noticed that there
are a great match between both results.
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From these figures, it can be concluded that the
responses of full vehicle model developed follows
closely the responses of the CarSim vehicle model
across various lateral acceleration range. The little
deviations observed in the medium and high latac range
are largely due to the differences in the suspension
kinematics between the models, the nonlinearity in the
suspension elements in CarSim and limitations in
transferring all the CarSim vehicle parameters in to the
Full vehicle model. Moreover, as the CarSim model is
validated against real-time experiments, a conclusion
can be derived that the full vehicle model is also
validated indirectly against experimental results. So it
can be concluded that the full vehicle model developed
is in par with the widely used commercial software
vehicle model and is suitable to use in the vehicle
dynamics studies such as integrated chassis control
systems.

V.

a) Electronic Stability Control

Electronic stability control is used to stabilize a
vehicle by generating an external yaw moment. The
three strategies explained in literature to perform this are
differential braking, active steering and differential drive
torque distribution. In this section of the research, the
differential braking, a brake (ABS) based ESC strategy is
used. First a fuzzy logic ABS controller was developed
and simulated for its performance. Then the ABS
controller was extended to develop an ESC controller by
additional sensor inputs, like steering angle, yaw rate
and sideslip angle and supplemented with an ESC
controller algorithm that is capable of enhancing the
vehicle stability.

The control architecture as shown in figure 11,
is designed to be a hierarchical, two layer control
(Rajamani, 2006). The upper controller has the desired
objective of ensuring yaw stability control and assumes
that it can command any desired value of yaw torque.
The lower controller ensures that the desired value of
yaw torque commanded by the upper controller is
indeed obtained from the differential braking system
based on ABS.

STANDALONE CONTROL SYSTEMS
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Fig. 77 . Schematic of electronic stability control (ESC)

The lower controller utilizes the wheel rotational
dynamics and controls the braking pressure at each of
the four wheels to provide the desired yaw torque for the
vehicle. Figure 12 describes the relationship between
the yaw rate error and its derivative to the controller
output. Results of the earlier research show that the
brake based ESC are more effective in a wide lateral
acceleration range is validated through simulations.

Fig. 12 Control surface of ESC fuzzy controller

b) Active Suspension

Active suspension in this paper is another active
vehicle control system that minimizes the longitudinal
and lateral load transfer between the wheels. The AS
model used in this research has hydraulic actuators at
each wheels as shown in figure 13 that either add or
subtract an extra force on each wheels and designed to
optimize the normal forces on wheels based on signals
from the active suspension controller as a function of
various vehicle dynamic states.

Fig. 13 Quarter car suspension model

It ensures the tracking of the desired
suspension force using PID and Fuzzy logic control
strategies. Considerable literature can be found on the
dynamics and control of hydraulic actuators for active
automotive suspensions.
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Fig. 74 . Schematic of active suspension system (AS)
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The hydraulic actuator dynamics used in this
paper includes the dynamics of a spool valve controlled
hydraulic actuator model explained by Rajamani and
Hedrick (1995). The schematic of the active suspension
control strategy followed is described in figure 14 and
few of the control surfaces used to develop the fuzzy
logic suspension controller are shown in figure 15.

c) Variable Drive Torque Distribution

Another important way to stabilize a vehicle is
active drive torque control. One of the recent and widely
applied active driveline control techniques is variable
drive torque distribution (Pinnel et al., 2004). The
objective of this control strategy is to increase vehicle
stability and handling capability by suitably distributing
the drive torque between wheels. Different drive torque
on left and right wheels yield a yaw moment about the
vehicle’s vertical axis and can be used to stabilize the
yaw motion. A two layer control architecture similar to
the one shown in figure 11 is used. A Pl controller
strategy is followed in this case and developed in
Matlab/Simulink. The PI controller takes the yaw rate and
side-slip angle errors as inputs and returns a control
value between 0 and 1 giving the ratio of the drive
torque transmitted to the left and right wheels. The
control architecture of VTD used in this paper is as
shown in figure 16.

© 2013 Global Journals Inc. (US)

l 1 in

Tariabl & ‘ :
e G Vehicle | W
|

Y Whee | i | Tyee
Torque ;
pe Distdibution dynarmic B
t

Hynamic
Fig. 16 - Schematic of variable torque distribution control
(VTD)
d) Active Front Steering
The active front steering improves the vehicle
dynamics in the lateral direction by extending the linear
handling region experienced by the driver in a passive
vehicle. In a typical vehicle active steering system, the
steering angle at the tyre is set in part by the driver
through the vehicle classical steering mechanism while
an additional steering angle can be set by the AFS
controller using hydraulic or DC motor actuators
combined with a differential mechanical device. The
schematic of the AFS control strategy followed in this
paper is described in figure 17.

dynamic
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"() ~ dynamics
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i Contraller dynamics | . *

Fig. 17 . Schematic of active front steering (AFS)

Two commonly used control strategies, PID and
Fuzzy logic, were used in the development of
standalone steering controller in this paper. The vehicle
yaw rate and sideslip angle errors (which are the
functions of their nominal and actual values respectively)
and their time derivatives are fed to the AFS controller to
determine the controlled steer addition. Figure 18 shows
one of the control surfaces used to develop the fuzzy
logic steering controller. Results of earlier research
literature in this field are validated here and confirm that
performance of active front steering is limited within the
linear vehicle handling region, i.e., low to medium lateral
acceleration range.

Fig. 18 Control surface of AFS fuzzy controller



VI.  INTEGRATED CONTROL SYSTEM

The goal of the integrated controller is to
cohabit the active steering, active suspension, electronic
stability control and variable torque distribution control
strategies in order to attain a level of performance that
would not otherwise be achievable by them in a stand-
alone manner. All the integration strategies explained in
this paper are obtained through simulation investigation
of the vehicle handling dynamics by performing the
ISO3888 double lane change maneuver.

The integrated controller was based primarily on
yaw rate and vehicle side-slip angle errors, derived from
the actual and desired values. A supervisory fuzzy logic
controller (ICC) is used to coordinate among individual
control systems. The transition of control authority
between individual control systems takes place using a
smooth blending function (Junjie et al., 2006 ) so that
better stability and handling performance is maintained
throughout the vehicle performance envelop.

To begin the investigation in developing the
integrated controller, first, various possible combinations
of control strategies between these four systems were
analyzed. From the standalone controller systems
development in the previous section, we observe that
the control objective of ESC is to improve the vehicle
lateral stability by minimizing the yaw rate and side-slip
angle errors. And the control goal of the active
suspension is to optimize the normal wheel forces as a
function of various vehicle dynamic states irrespective of
ESC’s control objective. So, one possible concept of
integrating ESC and AS is to optimize the normal wheel
forces taking into account the vehicle's yaw rate and
side-slip angle errors as well. The schematic of this
strategy is described in figure 19 and leads to the co-
existence of ESC and AS without affecting the present
vehicle handling behavior.
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Fig. 19 - Schematic of ICC strategy between ESC & AS

The control objectives of both ESC and AFS are
to improve vehicle lateral stability. From the analysis of
these two standalone controllers and from the research
literature, it is observed that the AFS is more effective in
fulfilling its control goal in the linear vehicle handling
region whereas the ESC is effective in achieving its
control objective in a wide range of lateral accelerations.

Further results of the analysis and literatures
show that the ESC is affecting the longitudinal dynamics
of the vehicle while improving the lateral stability. The
effect of ESC in longitudinal dynamics is perceived as
an intrusion in drivers’ point of view. Based on the above
analysis, an integrated control strategy between ESC
and AFS was developed and analyzed through
simulation.

This integrated control strategy gives the control
authority to AFS during low to medium lateral
acceleration range thus providing more comfortable

lateral stability compare to ESC. Once the AFS’s ability
to stabilize the vehicle diminishes, the integrated
controller switches the control authority to ESC, in
medium to high lateral acceleration range to improve the
vehicle stability in critical driving situations. The
schematic of above mentioned strategy is shown in
figure 20.
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Similarly an integrated control
improve the vehicle lateral dynamics stability by
integrating AFS and AS is also developed and
investigated. Here the active suspension optimizes the
normal wheel forces taking into account the vehicle yaw
rate and side-slip angle errors. Figure 21 describes this
control strategy.
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Fig. 21 . Schematic of ICC strategy between AFS & AS

Finally the control objectives of both ESC and
VTD are to improve vehicle lateral stability by reducing
the yaw-rate and side-slip angle errors. From the
development of these two standalone controllers, it is
observed that both the ESC and VTD are effective in
stabilizing the vehicle in both the linear and non-linear
handling regions, but the ESC is intruding and affecting
the longitudinal dynamics of the vehicle whereas the
intrusion of the VTD in longitudinal dynamics is more
acceptable. The schematic of this control strategy is
described in figure 22.

Based on these simulated investigations a new
integrated control strategy (ICC) is proposed among
AFS, ESC, VTID and AS to improve the present vehicle
handling performance as follows. Here, the stability of
the vehicle is determined using a stability criterion.

This stability criterion is based on a phase-plane
characteristics (Vientinghoff, 2008) between the vehicle
side-slip angle and its rate of change. The vehicle’s
stability is classified based on the stability criterion. Then
a supervisory fuzzy logic controller is designed that

© 2013 Global Journals Inc. (US)

decides the weighting of control authority among the
four active control systems to generate the necessary
control steer angle, brake pressure, drive torque and
suspension force to be added.

The proposed strategy is explained in figure 23
in a schematic form. Based on the new integrated
control strategy the AFS, ESC, VTD and AS controllers
were evaluated in both standalone and integrated
manner and found that the integration of these
controllers improves the vehicle lateral stability by
reducing yaw rate and side-slip angle during an ISO
3888 DLC maneuver on both high and low frictional
surfaces as shown in figures 24-27, respectively.
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Fig. 22 Schematic of ICC strategy between ESC & VTD
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VII.  CONCLUSIONS

A detailed non-linear vehicle dynamics model is
developed and four standalone vehicle control systems
AFS, ESC, VTID and AS are modeled and simulated in
MATLAB/Simulink. Various possible combinations of
integrated strategies between these four systems were
investigated through simulations. Based on these
investigations a new integrated control strategy is
proposed to make these four systems cohabit to
improve the present vehicle handling performance.
Simulations with the integrated controller demonstrated
a significant improvement in the performance objectives.
The vehicle motion during an emergency manoeuvre is
much improved, showing better handling and
characteristics during sudden, high speed maneuvers
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NOMENCLATURE
a Longitudinal distance of CG from front
axle
b Longitudinal distance of CG from rear

axle

B,C, D, E Pacejka tire parameters

Suspension force in N

Longitudinal tire force

Longitudinal steady state tire force

Lateral steady state tire force

Gravitational constant
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F.. Lateral tire force
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Height of center of gravity from ground
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Longitudinal tire force lag
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Sprung-mass of vehicle
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Dynamic tire radius
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Sprung mass longitudinal velocity at CG
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Derivative of longitudinal velocity
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Sprung mass vertical velocity at CG
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Derivative of vertical velocity

Tire lateral slip angle

Steering angle at the front wheels
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Vehicle pitch angle at CG




Vehicle pitch rate at CG

Derivative of vehicle pitch velocity

Tire longitudinal slip ratio

Coefficient of friction

Vehicle roll angle at CG

Vehicle roll rate at CG

Derivative of vehicle roll velocity

Vehicle yaw angle at CG

Vehicle yaw rate at CG

Derivative of vehicle yaw velocity
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Angular wheel velocity
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Latest Developments of a Compressed Air
Vehicle: A Status Report

S. S. Verma

Abstract - Compressed air as a source of energy in different
uses in general and as a non-polluting fuel in compressed air
vehicles has atiracted scientists and engineers for centuries.
Efforts are being made by many developers and
manufacturers to master the compressed air vehicle
technology in all respects for its earliest use by the mankind.
The present paper gives a brief introduction to the latest
developments of a compressed-air vehicle along with an
infroduction to various problems associated with the
technology and their solution. While developing of
compressed air vehicle, control of compressed air parameters
like temperature, energy density, requirement of input power,
energy release and emission control have to be mastered for
the development of a safe, light and cost effective
compressed air vehicle in near future.

Keywords compressed air vehicle, technological
trends, enerqy input, enerqy released, emission control,
Storage & fueling, temperature.

[. [NTRODUCTION

ompared to batteries, compressed air is
‘ favorable because of a high energy density, low

toxicity, fast filling at low cost and long service
life. These issues make it technically challenging to
design air engines for all kind of compressed air driven
vehicles. To meet the growing demand of public
transportation, sustainable with environmental
consciousness, people are in the search for the ultimate
clean car with zero-emissions. Many concept vehicles
were proposed that run on everything from solar power
to algae, but most of them are expensive and require
hard-to-find fuels. Compressed air vehicle project in the
form of light utility vehicle (LUV) (i.e., air car in particular)
has been a topic of great interest for the last decade
and many theoretical and experimental investigations [1-
19] have appeared on the subject in the literature. Many
largest car manufacturers [5-8, 11-13, 19] all over the
world have taken up the lead in this direction based on
the initial technological concept of the pioneer-the
French company Motor Development International (MDI)
in the field. In 2008, India’s largest car manufacturer also
announced that it would begin production of world’s first
commercial vehicle to run on nothing but
compressed air.

Author . Department of Physics, S.L.LE.T., Longowal; Distt.-Sangrur
(Punjab)-148 106, Indla.

Fig. 7 -Model of air car by Tata Motors

The car was said to achieve speeds of up to 68
mph with a range of 125 miles between fill-ups, all for
less than $13,000. Unfortunately, the dates for the air
car's much-publicized release in both Indian and
American markets have come and gone with no word
about when the vehicle might actually hit the streets.
Tata says that the first "proof of the technical concept"
phase of the program is now complete with "the
compressed air engine concept having been
demonstrated in two Tata Motors vehicles." Phase two,
which involves, "completing detailed development of the
compressed air engine into specific vehicle and
stationary applications," is now underway and, "the two
companies are working together to complete detailed
development of the technology and required technical
processes to industrialize a market ready product
application over the coming years."

II. TECHOLOGICAL TRENDS

e In Europe inventors have made a simple air engine,
thus opening a new field for compressed air car
technology. These engines allow cars to run on
compressed air instead of fuel. The air, super
compressed and powerful, pumps the pistons in the
car instead of small gas explosions. Pumping air
instead of exploding gasoline means these cars
have zero emission motors—no pollution, no oil. In
addition, current average family cost of fuel is 60
dollars a week and half that for a hybrid car. The
new air engines will give a whole week of driving for
a few dollars. The company, MDI plans to sell this
clean fuel vehicle and a compressed air hybrid in
Europe for less than 15,000 dollars in near future.
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To refit scooters with an air-compression motor that
is about three-quarters of a foot in diameter. In the
engine’s schematics, a tank of compressed air fires
into the chambers of a turbine whose axis is set off-
center from its housing. The vanes of the turbine
extend as they rotate, allowing the chambers to
accommodate the volume of air as it expands and
contributes to the drive. Unlike the Air Car, the
retrofitted scooters would run off the pressure it
takes to fill a tire at the gas station. Although they
are hoping to eventually solve engineering problems
related to torque and range for the scooters (which
currently only hold enough air to travel 18 miles), it
might be a while until they can really solve the
emissions problem.

An inventor in California (USA) has made a car
running on compressed air, stored in scuba diving
tanks. He modified an engine used on the Honda
RC51 998 cc Superbike. He blocked off one of the
cylinders of the engine and used the spark plug
hole on the other cylinder to feed the compressed
air. The compressed air drives the piston down as
the power stroke. At the end of the power stroke, the
compressed air is released through the exhaust
valves and the exhaust is only air. The pistons were
connected to the wheels through the Honda bike’'s
six-speed transmission. This modified engine was
mounted on a tubular frame and a body that looked
like a curious crossbreed of a motorbike with a
racing car. A bank of three scuba tanks was used to
store compressed air at 3500 psi and throttled it to
250 psi at the engine inlet with a self-designed
throttle valve, linked to the accelerator pedal. The
three tanks were sufficient for the test run over the 2
mile, where an average speed of 46.723 mph was
achieved with a top speed of 54.058 mph. Further, a
speed to the level of 300 mph is expected with
compressed air. However, several issues like large
size and heavy model due to the use of a number of
tanks still remain before this concept can translate
into a usable idea.

Another inventor in Uzbekistan has modified a car to
run it with compressed air, stored in a tank and
claims that as the car runs, it will take in air and
store it in the tank at pressure, resulting in a
perpetual motion machine. Perpetual motion
machines are, of course, not possible under the
known laws of physics but the idea is not being
dismissed as crank. The concept of compressed air
being regenerated while the car is in motion is
intriguing. It is akin to batteries of electric vehicles
using regenerative charging and even a part
regeneration of compressed air would be an
advance from the present understanding of the
technology.
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[11.

DEVELOPERS AND MANUFACTURERS

Various companies are investing in the

research, development and deployment of compressed
air cars. Overoptimistic reports of impending production
date back to at least May 1999. Most of the cars under
development also rely on using similar technology
to low-energy vehicles in order to increase the range
and performance of their cars. Here is a brief list of few
leading manufacturers who are putting their concerted
efforts towards making compressed air vehicle a reality
for public use.

APUQ (Association de Promotion des Usages de la
Quasiturbine) has made the APUQ Air Car, a car
powered by a quasiturbine.

MDI (Motor Development International), France has
proposed a range of vehicles made up of AirPod,
OneFlowAir, CityFlowAir, MiniFlowAir and
MultiFlowAir. One of the main innovations of this
company is its implementation of its '"active
chamber", which is a compartment which heats the
air (through the use of a fuel) in order to double the
energy output.

Tata Motors, India, as of January 2009 had planned
to launch a car with an MDI compressed air engine
in 2011. In December 2009 Tata's vice president of
engineering systems confirmed that the limited
range and low engine temperatures were causing
problems. Tata Motors announced in May 2012 that
they have assessed the design passing phase 1,
the "proof of the technical concept" towards full
production for the Indian market. Tata has moved
onto phase 2, "completing detailed development of
the compressed air engine into specific vehicle and
stationary applications".

Air Car Factories South Africa is proposing to
develop and build a compressed air engine.

The Energine  Corporation, a South  Korean
company claimed to deliver fully assembled cars
running on a hybrid compressed air and electric
engine. These cars are more precisely named
pneumatic-hybrid electric vehicles. Engineers from
this company made, starting from a Daewoo Matiz,
a prototype of a hybrid electric/compressed-air
engine. The compressed-air engine is used to
activate an alternator, which extends the
autonomous operating capacity of the car.

A similar concept using a pneumatic accumulator in
a largely hydraulic system has been developed by
U.S. government research laboratories and industry.
It uses compressed air only for recovery of braking
energy, and in 2007 was introduced for certain
heavy vehicle applications such as refuse trucks.
K'Airmobiles  vehicles were intended to be
commercialized from a project developed in France
in 2006-2007 by a small group of researchers.



However, the project has not been able to gather
the necessary funds. In the meantime, the team has
recognized the physical impossibility to use on-
board stored compressed air due to its poor energy
capacity and the thermal losses resulting from the
expansion of the gas.

e Engine-air is an Australian company which
manufactures small industrial vehicles using an air
engine of its own design.

e In 2010, Honda presented the Honda Air concept
car at the LA Auto Show.

[V. PROBLEMS WITH COMPRESSED AIR

A compressed air vehicle is a type of alternative
fuel vehicle which uses a motor powered by
compressed air. Compressed air cars are not yet
available in most places but the technology behind them
is being perfected so that they can be introduced into
the market. These cars can be powered solely by air or
by a combination of air and fuel, such as diesel, ethanal,
or gasoline which is how a hybrid electric vehicle runs.
Compressed air car engines are fueled by a tank of
compressed air, instead of an engine that runs with
pistons and an ignited fuel air mixture. Basically,
compressed air cars are powered by the expansion of
compressed air. Vehicles that run on compressed
air sound like a fantastic idea on paper, but bringing this
technology to the masses have proven, well, a difficult
road to travel because of some inherited technical
problems with compressed air [2-4, 14, 18]. The
present article gives a brief report to highlight such
problems so that some methods can be designed to
counter to improve the efficiency of compressed air
vehicle.

a) Engine Technology

The air-powered car runs on a pneumatic motor
that is powered by compressed air stored onboard the
vehicle. Once compressed air is transferred into the
onboard storage tank, it is slowly released to power the
car's pistons. The motor then converts the air power
into mechanical power. That power is then transferred
to the wheels and becomes the source of power for the
car. The engine that is installed in a compressed air car
uses compressed air which is stored in the car'’s tank at
a pressure as high as 4500 psi. The technology used by
air car engines is totally different from the technology
that is used in conventional fuel cars. They use the
pressure generated by the expansion of compressed air
to run their pistons.

b) Air Storage & Refuelling

The cars are designed to be filled up at a high-
pressure pump and thus the tanks must be designed to
safety standards appropriate for a pressure vessel. The
storage tank may be made of metal or composite

materials. The fiber materials are considerably lighter
than metals but generally more expensive. Metal tanks
can withstand a large number of pressure cycles, but
must be checked for corrosion periodically. It may be
possible to store compressed air at lower pressure
using an absorption material within the tank. Absorption
materials such as activated carbon, or a metal organic
framework is used to store compressed natural gas at
500 psi instead of 4500 psi, which amounts to a large
energy saving. One company stores air in tanks at
4,500 pounds per square inch (about 30 MPa) and hold
nearly 3,200 cubic feet (around 90 cubic metres) of air.
The tanks may be refilled at a service station equipped
with heat exchangers, or in a few hours at home or
in parking lots, plugging the car into the electrical
grid via an on-board compressor. The Tata/MDI air car
version had 4,350 psi in its tanks, which would require
stations to install new high-tech air pumps, a difficult
investment for station owners. As thought by engineers
and designers, the storage tank would be made up of
carbon fiber to reduce the car’s weight and prevent an
explosion, in case of a direct collision. Carbon-fiber
tanks are capable of containing air pressure up to 4500
psi, something the steel tanks are not capable of. For
fueling the car tank with air, the compressor needs to be
plugged into the car, which would use the air that is
around to fill the compressed air tank. This could be a
slow process of fueling; at least until air cars are
commonly used by people, after which high-end
compressors would be available at gas stations that
would fuel the car in no time at all.

c) Input Energy

Compressed air to very large pressures is
extremely expensive to produce and it is very inefficient
to use. Of the energy required to produce compressed
air, less than 20% of input energy is left for use. That
means 80% of what is paid for is used up before
compressed air is put in the distribution system. In
order to use air storage in vehicles or aircraft for
practical land or air transportation, the energy storage
system must be compact and lightweight. Energy
density is the engineering term that defines these
desired qualities. Compressed air has a low energy
density. In 300 bar containers, about 0.1 MJ/L and 0.1
MJ/kg is achievable, comparable to the values of
electrochemical lead-acid batteries. While batteries can
somewhat maintain their voltage throughout their
discharge and chemical fuel tanks provide the same
power densities from the first to the last litre, the
pressure of compressed air tanks falls as air is drawn
off. A consumer-automobile of conventional size and
shape typically consumes 0.3-0.5 kWh (1.1-1.8 MJ) at
the drive shaft per mile of use, though unconventional
sizes may perform with significantly less. It is important
to take into consideration that the energy needed to
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compress the air into the tanks comes from the
electrical grid.  Such electric grids are generally
supported with use of fossil fuels. However, efforts are
going on to make use of non-conventional sources of
energy like solar and wind to compress air. Compressed
airhas relatively low energy density. Air at

30 MPa (4,500 psi) contains about 50 Wh of energy per
liter (and normally weighs 3729 per liter). From figure 2,
it is very clear that power input requirement depends
directly on the mass flow rate of the air to be
compressed at a desired compression pressure
[14,16-17].
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Fig. 2 . Power input requirement for compressed air as a function of compressed air pressure

a) Temperature Control

In adiabatic process of compression of air [15],
the heat of compression is retained, that means, there is
no heat exchange resulting in zero entropy change, so
the compressed air becomes very hot. Compressed air
would experience a temperature rise due to the energy
that has been added to the gas by the compressor
(Figure 2) which can be controlled with isothermal or
adiabatic compression processes. In an isothermal
compression process, the gas in the system is kept at a
constant temperature throughout. This necessarily
requires removal of heat from the gas. This heat removal
can be achieved by heat exchangers (intercooling)
between subsequent stages in the compressor. To
avoid wasted energy, the intercoolers must be optimized
for high heat transfer and low pressure drop. Naturally
this is only an approximation to an isothermal
compression, since the heating and compression
occurs in discrete phases. Some smaller compressors
can approximate isothermal compression even without
intercooling, due to the relatively ratio of surface area to
volume and the resulting improvement in heat
dissipation from the compressor body itself.
An adiabatic processis one where there is no heat
transfer between the fluid and the surroundings: the
system is insulated against heat transfer. If the process
is furthermore internally reversible (smooth, slow and
frictionless, to the ideal limit) then it will additionally
be isentropic. An adiabatic storage system does away
with the intercooling during the compression process,

© 2013 Global Journals Inc. (US)

and simply allows the gas to heat up during
compression, and likewise to cool down during
expansion. This is attractive, since the energy losses
associated with the heat transfer are avoided, but the
downside is that the storage vessel must be insulated
against heat loss.

e) Multistage Compression

Power requirement can be controlled through
multistage compression of air [16-17]. The compression
generates heat, the compressed gas is to be cooled
between stages making the compression less adiabatic
and more isothermal. The inter-stage coolers typically
result in some partial condensation that is removed
in vapor-liquid separators. By cooling the compressed
air between each stage, the compression curve moves
to near isothermal. The work done by the compressor is
less if it is multi-staged. A multi-stage compressor is one
in which there are several cylinders of different
diameters. The intake of air in the first stage gets
compressed and then it is passed over a cooler to
achieve a temperature very close to ambient air. This
cooled air is passed to the intermediate stage where it is
again getting compressed and heated. This air is again
passed over a cooler to achieve a temperature as close
to ambient as possible. Then this compressed air is
passed to the final or the third stage of the air
compressor where it is compressed to the required
pressure and delivered to the air receiver after cooling
sufficiently in an after-cooler. Figure 3 indicates the



power required is highest for single stage compression
and lowers with multistage compression. Table 1 gives
the Lorentz fit equation (Fig. 3) constants for a ready

hand calculation of power requirement with multistage
air compression.
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Fig. 3 . Multi-stage power requirement for air compression

Table 7 - Power input Lorentz fit equation constants

Constants Value of constants
Single-stage Two-stage Three-stage
A 0.13677 0.12183 0.12042
B, 0.00862 0.00582 0.00501
B, -5.5601x10® -4.2453x10°® -3.7148x10°
B, 1.95142 x107 1.54986 x107 1.33957x107
B, -2.57x107° -2.0780 x107° -1.7669x1071°

7)) Properties of compressed air

Compressed air energy storage is a way to
store energy generated at one time for use at another
time. Air driven motors use the energy of a compressed
gas to do useful work. The power output is simply the
inlet enthalpy minus the discharge enthalpy times your
mass flow rate. The variation of some of its thermo
dynamical and physical properties like enthalpy, internal
energy and density with compression pressure is shown
in figure 4. The inlet enthalpy is a known state which we
can calculate knowing the inlet pressure and
temperature [15, 16-17]. Internal energy gives the
energy contained in the compressed air and the idea
about how much work can thus be extracted from it.
Similarly, density of the compressed air can indicate the
volume level to which the air can be compressed
corresponding to a desired value of pressure.

© 2013 Global Journals Inc. (US)

13

Global Journal of Researches in Engineering ( B) Volume XIII Issue I Version I E Year



Global Journal of Researches in Engineering ( B) Volume XIII Issue I Version I E Year 2013

Enthalpy (kcal/kg)

Internal energy (kcal/kg)——

ks
=)
D
n
[7p]
L
o
£ 150
Q
(&) 4
“
S 100+ _ .
fo i Density (kg/m>)
[<5}
E 50
S
a5
-50 . , . , . , . , . , . ,
50 100 150 200 250 300

Compressed air pressure (atm)

Fig. 4 :Variation of enthalpy, internal energy and density of compressed air

g) Energy Released

Compressed air is more expensive than many
other utilities when evaluated on a per unit energy
delivered basis. Therefore, energy released by the
compressed air is very important and thus are the factor
like volume of compressed air, compressed air pressure
and expansion flow rate under isothermal or adiabatic
conditions of expansion on which it depends [14, 16-
17]. Figure 5 shows the typical control characteristics of
energy release by the compressed air on its isothermal
or adiabatic expansion as a function of compressed air
pressure, volume of compressed air and flow rate.

Applying best energy release management and control
practices, the desired energy can be achieved. Figure
5a,b, ¢ indicate that energy released for isothermal
expansion is always higher than adiabatic expansion
when volume of compressed air and flow rate are
controlled at a particular pressure of compression.
However, when compression pressure is fixed with
respect to flow rate and volume of air, then adiabatic
expansion gives more energy release as compared to
adiabatic expansion.
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T
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150 200 250
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Fig. 5a . Energy released as a function of compression pressure at constant volume of compressed air
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Fig. 5¢ : Energy released as a function of volume of compressed air at a particular compression pressure and flow
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h) Adiabatic Expansion

Compressed-air vehicles operate to
a thermodynamic process as air cools down when
expanding and heats up when being compressed
[14-17]. It is said that the compressed air vehicle project
is facing difficulties in terms of vehicle range and cooling
as excessively low engine temperature caused by the
adiabatic expansion of the compressed air is a major

problem. Typical air engines use one or more expander
pistons or rotary expander. Figure 6 clearly shows a
sharp decrease in temperature of the air at the outlet
under adiabatic expansion conditions. The cooling of air
is very large in case of higher compression pressure. It
is necessary to heat the air or the engine during
expansion. As it is not possible in practice to use a
theoretically ideal process, losses occur and
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improvements may involve reducing these, e.g., by
using large heat exchangers in order to use heat from
the ambient air and at the same time provide air cooling
in the passenger compartment. At the other end, the

200

heat produced during compression can be stored in
water systems, physical or chemical systems and
reused later.
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Fig. 6 - Compressed air temperature after adiabatic expansion

) Pollutant Emissions

Like other non-combustion energy storage
technologies, an air vehicle displaces the emission
source from the vehicle's tail pipe to the central electrical
generating plant. Where low emissions sources are
available, net production of pollutants can be reduced.
Emission control measures at a central generating plant
may be more effective and less costly than treating the
emissions of widely dispersed vehicles. Since the
compressed air is filtered to protect the compressor
machinery, the air discharged has less suspended dust
in it, though there may be carry-over of lubricants used
in the engine. The air-powered car would normally emit
air, as it's what it would solely use. But it would totally
depend on the purity of air that is put into the air tank as
well as the temperature maintained inside the storage
tanks during the process of compression. The rise in
temperature of the compressed air as a function of
compressed pressure [14-17] is shown in figure 7. As
can be seen from the figure 7, temperature rises
significantly if the air is compressed single stage without
providing any facility in the tank to absorb the heat
produced. This increase in temperature can lead to the
dissociation of air nitrogen part and its chemical reaction
with oxygen to produce unwanted gaseous compounds
like NO, N,O and NO in significant concentrations. This
type of emission can increase if impure air is filled in the
tank.
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with compression air temperature rise as a function of
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V. CONCLUSION

It's important to remember that while vehicles
running on only compressed air might seem like a
distant dream, but they still have public interest due to
their environmental friendly nature. Efforts should be to
make them light, safe, cost effective and economical for
deriving. The storage of compressed air (initially as well
as during journey) with all benefits like no heating, high
energy density and provisions to make use of cooling
produced during adiabatic expansion during the energy
release have to be taken care off in a much more
controlled manner. Electric-powered cars and bikes
already available on the market put a strong competition
to compressed air car not only in terms of cost but also



their environment friendly role. The technology still looks
distant but that has not deterred inventors from working
onit.
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Epicyclic Power Split Transmissions for Hylbrid
Electric Vehicles: Fuel Consumption, Vehicle
Performance and Driving Aggressiveness

Ahmed Elmarakbi ¢ Qinglian Ren? & Rob Trimble ?

Abstract - This paper focuses on the improvement of fuel
consumption, vehicle performance, and driving
aggressiveness for Hybrid Electric Vehicles (HEV) using
epicyclic power split transmission (PST). In this paper, three
and four branch transmission system models are analyzed
and implemented into two HEVs. The modeling of the hybrid
electric vehicle performance is carried using the QSS Toolkit.
The models for the two vehicles are built based on the same
baseline vehicle with the same vehicle parameters but with
different transmissions. The vehicles are simulated over typical
driving cycles; New European Driving Cycle (NEDC) and USA
Federal Test Procedure FTP 75. The HEV results are also
compared against a conventional IC engine plus manual
gearbox vehicle. Computer programs for the analysis of
epicyclic transmission based on a matrix method are
developed and used. The simulations show that the 4 branch
epicyclic offers substantial improvements of reduction in
energy consumption, though the benefits are sensitive to the
driving cycle used.

Keywords hybrid  electric  vehicle, transmission,
modeling, numerical simulations, efficiency, energy
consumption, performance, aggressiveness.

[.  INTRODUCTION

ontinuously Variable Transmissions (CVTs) have
been around for many years and the cost-benefit
issues relating to CVTs are well understood. The

potential advantages are improved performance,
economy and emissions or more importantly an
improved  compromise  between  them.  Their

disadvantages have been cost, complexity, noise and
driving refinement. Only over the past five years or so
has the development of CVTs reached a stage at which
they are beginning to be genuinely competitive with the
alternatives, e.g. conventional, torque converter
automatics and automated manual gearboxes, such as
the twin clutch VW DSG system.

An important type of CVT is the E-CVT
(Electronically-Controlled Continuously Variable
Transmission), a good example of which is Toyota
Hybrid System (THS). It combines the characteristics of
an electric drive and a continuously variable

Authore o p - Department of Computing, Engineering and Technology,
Faculty of Applied Sciences, University of Sunderiand, Sunderland
SR60DD, UK. E-mail : ahmed.elmarakbi@sunderiand.ac.uk

Transmission, using motor generator units in addition to
toothed gears (Toyota Prius Transmission, 2006; Miller
and Miller, 2005). In a THS system (see figure 1), one of
the motor generators (MG2) is mounted on the
driveshaft, and thus couples torque into or out of the
driveshaft. The second motor generator (MG1) is
connected with the sun gear and used to change the
sun gear speed. Because MG2 is connected with the
driveshaft, it cannot change speed and torque freely.
Hence there are three power input/output branches in
the system: the engine, MG1, the output, MG2.
Because the speed of the output shaft is decided by the
speed of the vehicle, there is some limitation on the
control strategy to achieve optimum performance.

Branch 1- engine input shaft; Branch 2 — output shaft,
also connected with MG2; Branch 3 - shaft connected
with MG1

Fig. 7. Three branch system

In a four branch transmission system, which is
presented in this paper, neither of the motor generator
units is mounted on the driveshaft or on the engine input
shaft, which gives more freedom and benefits to the
system (see figure 2).
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Branch 1- engine input shaft; Branch 2 — output shaft;
Branch 3 - connected with MG1; Branch 4 — connected
with MG2

Fig. 2. Four branch system

One motor/generator is connected to the sun
gear, and the other motor/generator is connected with a
ring gear. So there are four branches of power
input/output: the engine, the output shaft, and two motor
generator units, MG1 and MG2.

This type of four branch transmission system
has been described recently by Moeller (2006) who
proposed that it offers advantages in many automotive
applications. However, its usage in a hybrid electric
vehicle driveline will be studied here.

A matrix method is used here to analyse the
planetary transmission system, as introduced by Tian
and Lu (1997). The key point of this method is to
generate matrices to represent all the planetary train
elements and other auxiliary components of the
transmission.

[I.  MATHEMATICAL MODELING

The modeling of the hybrid electric vehicle
performance is carried out using the QSS Toolkit
(Guzzella and Amstutz, 2005). This is a quasistatic
simulation package based on a collection of Simulink
blocks and the appropriate parameter files that can be
run in any Matlab/Simulink environment. The traditional
ICE vehicle model itself is straightforward and is shown
in figure 3.

Fig. 3 : Overview of the conventional ICE vehicle model

© 2013 Global Journals Inc. (US)

There are 5 sub-systems: the driving cycle
subsystem, vehicle subsystem, the gearbox subsystem,
the combustion engine subsystem, and the fuel tank
subsystem. The data for the engine and gearbox are
taken from generic data in the QSS package. The
function of the engine subsystem is to compute the fuel
consumption from a consumption map, according to the
torque and the rotational speed demand. The gearbox
has 5 gears ranging from 3.84 to 0.63. The differential
gear ratio is 3.95. The other vehicle data are shown in
table 1. It is not intended to represent any specific
vehicle — but rather to act as a generic vehicle platform
to focus attention on the differences obtainable from the
three vehicle models.

Table 7 :Vehicle Parameters (Miller, 2004)

Vehicle curb weight 1257 kg
Drag coefficient, C, 0.29

Frontal Area 2.23 m?

Tyre radius 0.292 m
Final drive 3.95:1

The models for the two hybrid electrical vehicles
are built based on the same baseline vehicle, with the
same vehicle parameters, but different transmissions, as
shown in figure 4. The input to the model is one of the
standard driving cycles — the NEDC and USA FTP-75
cycles are used extensively in this work — and the
solution procedure is based on stepping through the
driving cycle at typically one second steps, calculating
the equilibrium condition and then collecting all the data
for plotting at the end of the cycle. Thus, the focus of
attention is on the overall efficiency of the engine and
motor generator units and the major issue of whether it
is possible to improve overall energy usage by operating
the whole system at or near to the best efficiency points.

Fig. 4 : Overview of the hybrid vehicle model



CoNTROL OF HYBRID VEHICLE
DRIVELINES

[11.

The overall control of a hybrid drive train
incorporating a power splitting transmission has proved
to be an enormous challenge (Ren, and D. Crolla, 2007).
This has already been shown to be the case for the first
generation, single mode systems (Inoue et al., 2000),
but looking at the complexity of the emerging dual mode
systems (Cho et al., 2006), it is set to become even
more challenging.

The overall control strategy can be summarized
in broad terms as:

e Maximizing fuel economy

¢ Minimizing emissions

¢ Maintaining battery state of charge (SOC)
e Providing good performance and drivability

Central to these control objectives is the careful
management of the power flows through the electrical
and mechanical parts. Optimizing overall efficiency
depends on a difficult compromise between operating
the engine and transmission simultaneously around their
most efficient conditions. The strategy for controlling the
engine has received an enormous amount of attention,
since this is an important issue irrespective of what
transmission is used. Much emphasis has, not
surprisingly, been placed on minimizing the brake
specific fuel consumption (BSFC).

An overview of the high level, supervisory
controller is shown in figure 5. Usually, the system
components, e.g. engine, motor, generator etc. will also
have their own local feedback loops and these are not
considered here. Whatever the details of the actual
controller, the approach used here is to combine it with
a MATLAB model (e.g. figure 6) of the vehicle to
compare the performance of alternative control
strategies.

Fig. 5 : Controller Model
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Fig. 6 :Vehicle Model

The control problem is often referred to as an
optimal control problem, although this is often used in a
general sense as opposed to a strict mathematical
definition. The problem may be characterized in many
ways depending on the performance objective, the
hybrid vehicle model considered, the constraints
imposed and the available control actions. However, as
a general dynamics and control problem it is clearly not
straightforward, and is likely to involve combinations of
linear and non-linear elements, discrete and continuous
systems, algebraic and dynamical systems

V.

For HEVs, the difference between the initial and
final battery SOC can significantly affect the
measurement of fuel economy. To eliminate this effect,
the concept of ‘overall fuel consumption (OFC) was
introduced. The total additional energy stored or drawn
from the battery (kWh) is calculated and then converted
into how much fuel (liter) would be used for the engine
to produce this amount of energy.

Engine fuel consumption (EFC, litre/100km):
actual fuel burned by the engine divided by the driving
distance Overall fuel consumption (OFC, liter/100km):
the fuel consumption after taking the battery energy
changed (BEC) into consideration

FUEL CONSUMPTION

100 x BEC x
o,

OFC =EFC+ (1)
in which p is the fuel density (g/ml), 774, is the engine

efficiency (g/kWh) and D is the driving distance (m).
The values for p and nare 0.76 g/ml and 240 g/kWh,

respectively.
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In the simulation, BEC is positive if energy is
drawn from the battery and negative if the energy is
stored into the battery. So at the end of each driving
cycle, if final SOC is smaller than the initial SOC, namely
the energy is drawn from the battery, overall fuel
consumption is greater than the engine fuel
consumption, and vice versa.

It is very important to take account of the battery
SOC in the calculations, because if it is different at the
end of the driving cycle from its value at the start then
some net energy has effectively been lost or gained in
the vehicle calculations. In several examples of results in
the literature, it is not clear whether this effect has been
accounted for. Also, some researches actually use the
control system to ensure that the battery start and finish
conditions are exactly the same. However, this can
cause difficulties because the control system is not
necessarily representative of what it would be doing
during normal practical driving.

The first set of results was used to compare the
two PST arrangements with a baseline, conventional
vehicle equipped with a five speed gearbox (3.84, 2.11,
1.36, 0.86 and 0.63 with the same final dive ratio). The
control strategies for the two PST arrangements were
based on a rule-based approach to compromise
between overall energy efficiency and maintaining the
battery state of charge (SOC) under control. The vehicle
models were run over NEDC and USA FTP-75 driving
cycles, and the overall fuel consumption results are
shown in table 2.

As expected, both hybrid vehicles show
economy advantages over the conventional, manual
gearbox vehicle. However, the improvements are not as
great as published in some other studies, but this is
understandable because the systems used here — and
in particular their controllers — have not yet been
optimized. The main aim of this work was rather to
compare the 3 and 4 branch drivelines under exactly
comparable conditions; this comparison is shown in
table 3 and it shows that the 4 branch system offers
around significant improvements over all the driving
cycles. The improvements vary substantially with the
different cycles, varying from 7.4% for the NEDC to 20%
over the USA FTP-75 cycle.

Table 2 : Fuel consumption for the hybrid vehicle fitted
with the 3 and 4 branch systems compared with a
conventional, manual gearbox vehicle over different
driving cycles

Driving Fuel consumption over driving cycle, 1/100km
cycle | Traditional | Single epicyclic Dual epicyclic
ICE system (3 branch system (4
system) branch system)
Engine | Overall | Engine | Overall
FC FC FC FC
Europe 3.8 4.0 2.7 3.9 2.5

© 2013 Global Journals Inc. (US)

NEDC

USA 36 3.8 3.0 3.7 24
FTP-75

Table 3 : Percentage improvement of the 4 branch over
the 3 branch driveline over different driving cycles

Percentage improvement of 4
Driving cycle branch over the 3 branch
driveline (%)
Europe NEDC 7.4
USA FTP-75 20.0

The associated engine utilization maps are
shown in figures 7 - 12 for the baseline gearbox, the
single epicyclic gearbox and the twin epicyclic gearbox
vehicles, respectively. Each point on the map of engine
torque vs. speed is the solution at a single point during
the NEDC cycle; the cycle defines input fromt = Os to t
= 1220s. However, the NEDC cycle contains a
percentage of constant speed running conditions, so
that several points will sit on top of each other.

First, these results highlight in figures 7 and 10
the shortcoming associated with conventional IC engine
cars — namely that they inevitably spend considerable
time at part load conditions well away from the areas of
maximum efficiency. In contrast, it can be seen in
figures 8 and 11 for the single epicyclic gearbox, that it
manages the IC engine rather well through the
combination of effectively its continuously variable gear
ratio plus its ability to manage the electrical power flows
in and out of the battery. This results in the usage points
being constrained around the area of maximum specific
fuel consumption of the engine. Finally, in figures 9 and
12 it can be see that the dual epicyclic gearbox actually
manages some further improvement and also reduces
the use of the higher engine speeds.

Fig. 7. Engine operation points, NEDC cycle, traditional
ICE vehicle



Fig. 8 - Engine operation points, NEDC cycle, single
epicyclic syste

Fig. 9 . Engine operation points, NEDC cycle, dual
epicyclic system

Fig. 10 . Engine operating points, FTP 75, traditional ICE
vehicle

Fig. 77 . Engine operation points, FTP75 cycle, single
epicyclic system
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Fig. 12 Engine operation points, FTP75 cycle, dual
epicyclic system

Further insight into the detailed behavior of the
single and dual epicyclic gearboxes can be seen in the
time history plots in figures. 13 and 14 for the NEDC
cycle and figures. 15 and 16 for the USA FTP-75 cycle.
The power utilization of the IC engine and two motor
generator units, MG1 and MG2 are plotted along with
the vehicle speed profile specified in each of these
driving cycles.
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Fig. 13 . Power flows in the HEV with the single epicyclic

gearbox over NEDC driving cycle

Fig. 14 . Power flows in the HEV with the dual epicyclic
gearbox over NEDC driving cycle

Flg. 15 - Power flows in the HEV with the single epicyclic
gearbox over FTP-75driving cycle

© 2013 Global Journals Inc. (US)

Fig. 16 Power flows in the HEV with the dual epicyclic
gearbox over the FTP-75driving cycle

The results in figures 13 to 16 also highlight the
substantial differences between the European and USA
standard driving cycles; the European version contains
a much greater number of stationary and constant
speed running events, whereas the USA version is
almost continually changing speed in its version of an
urban cycle. This reflects a fundamental difficulty within
the vehicle industry when it has to try and make fair
comparisons of competing driveline technologies
regarding their energy consumption — what actually
constitutes a representative driving pattern over which to
make comparisons? The answer is likely to vary across
the three major global automotive markets — Europe,
USA and the Far East.

The acceptance of a so-called standard cycle
also raises another potential problem — that in the quest
for the best headline figures, the driveline and
particularly its controller is actually optimized around the
specific cycle. This can lead to engineering
developments based more around the standard than
around a drivable, efficient vehicle across a wider range
of operating conditions.

V.  VEHICLE PERFORMANCE

a) Top Speed

For conventional IC engine vehicle, the top
speed that can be reached on level road with a given
transmission ratio can be found by intersecting the
curve of the available power at the wheels with that of
the required power on level road (Genta and Morello,
208). The available power for gears |, Il, lll, IV and V are
calculated as: for the given gear ratio, assume the
engine always works on the “engine speed-maximum
engine torque” curve.



Pa = 77tRa =1t Weng xT, @)

eng_max
Pn:(Frr +Fad)xv (3)

Where P, is the available power, P, is the

n

required power, T

Neng max 18 the engine’s maximum

torque, F,, is the rolling resistance force, Fis the

aerodynamic drag, and 7, is the efficiency of the whole
powertrain. The vehicle speed under each gear is

Ve Pew

5 xr 4)
gear X differential

wherer is the radius of the tire,i is the

tl gw
transmission ratio of each gear, and | xgemia 1S the

transmission ratio of the differential. The power required
and the available power for each gear ratio are shown in
figure 17. For the IC engine vehicle the top speed is 54.5
m/s (196.2km/h). For full hybrid vehicles, if the engine is
not downsized, the vehicle is almost retaining to have
better overall performance compared with a
conventional vehicle (Chan, 2007). As far as the top
speed is concerned, because the power split device is
actually a CVT, it can change the transmission ratio to
achieve the highest top speed, as shown in figure 18.
The top speed for the HEV with an E_CVT is 58.6 m/s
(210.9 km/h).

150 T T T

Power required

Power available for | gear
Power available for Il gear
Power available for Il gear
—— Power available for IV gear
100} Power available for V gear

[/

50 9

Power (kW)

0 1 1 1 1 1
0 10 20 30 40 50 60 70

Vehicle speed (m/s)

Fig. 17 . Top speed for the conventional vehicle
(55.92m/s)

In practice, for a full HEV it is normal design
practice to downsize the IC engine. The challenge for
the controller design is then to maximize the time spent
by the engine toward its optimum efficiency region by
controlling the power flows to and from the battery.

However, this should not compromise overall
performance and drivability compared to the equivalent
IC engine vehicle. So the controller exploits the
continuously variable transmission ratio to address this
compromise.

150 T T T T T T

Transmission 1.06

100 1

Power (kW)

50 1

0 1 1 1 1 1
0 10 20 30 40 50 60 70

Vehicle speed (m/s)
Fig. 18 : Top speed for a HEV with an E-CVT
b) Acceleration

The maximum acceleration a vehicle is capable
of at various speeds is [9]:

(d_vj _ntPe_Pn _77tPe_(Frr +Fad)v
dt o MV m(V +1)

where T, is the equivalent mass of the vehicle,

Pe is the engine power, and Pn is the required power.

The plot of maximum acceleration versus vehicle speed
of the tradition IC engine vehicle with a five speed gear
box is shown in figure 19. The minimum time need to
accelerate from speed V, to V,can be calculated by
integrating Eqg. (5), but usually numerical integration is
performed. A graphical interpretation of the integration is
shown in figure 20, which plots (1/acceleration) vs.

vehicle speed. The area under the curve 1/a is the
minimum time required for the acceleration.
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Fig. 20 :1/a versus vehicle speed

The minimum time of acceleration for a HEV
with a PST (power split transmission) is shown in figure
21. The dark area is the time to speed for a HEV with an
E-CVT. The time-speed curve, as shown in figure 22 can
be obtained by integrating the dark area in figures. 20
and 21. From figure 22, it shows that the time to
accelerate from 0 to 100 km/h (27.78 m/s) for a vehicle
with a geared transmission and a HEV with a PST is 12.3
s and 14.4 s, respectively.

© 2013 Global Journals Inc. (US)

Fig. 21 :1/a versus vehicle speed
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VI.  DRIVING AGGRESSIVENESS

A study at the Argonne laboratory demonstrated
that HEVs have higher fuel consumption sensitivity to
aggressive driving (Sharer, 2007). They define more
aggressive driving to mean more use of periods of
higher accelerations that indicated in the typical driving
cycles. In this study, the sensitivity of the two HEV
models to driving aggressiveness was calculated and
the results are shown below.

The FTP 75 driving cycle is used as a baseline
driving input for the comparisons. Then, a simple
multiplier factor of 0.8. 0.9, 1.1 and 1.2 was imposed to
get cycles that represent different  driving
aggressiveness. The bigger the factor, the more
aggressive the driving cycle becomes since the speeds
and hence accelerations are simply increased. Factor



0.8 means the cycle is less aggressive than the baseline
cycle and factor 1.2 means the cycle is more aggressive
than the baseline cycle, as shown in figure 23. The
simulation results are summarized in table. 4.
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Fig. 23 : Driving cycles with different driving
aggressiveness

Table 4 : Fuel consumptions with different driving
aggressiveness

Traditional ICE Single Dual epicyclic
epicyclic system
_ system
Scaling ["Oyera | Norm | Overa | Norm | Overa | Norm-
factor |y F - Il FC - IFC | alized
alized alized FC
FC FC
0.8 3.39 0.93 3.07 0.84 2.64 0.73
0.9 3.50 0.96 3.03 0.83 2.37 0.65
1.0 3.64 1.0 3.02 0.83 2.36 0.65
1.1 3.79 1.04 3.57 0.98 2.64 0.72
1.2 3.97 1.09 4.42 1.21 3.22 0.88

Note: all the normalized fuel consumptions are
normalized to 3.64, which is the overall fuel consumption
of the traditional ICE with scaling factor 1.

The overall benefits of the dual epicyclic over
the single epicyclic and the traditional ICE are shown to
occur consistently over all limited range of driving
aggressiveness tested here. Then, the same results are
plotted in figure 24 showing the trend of the fuel
consumption figures normalized to the traditional ICE at
a scaling factor of 1. These curves provide information
on how sensitive each system is to driving
aggressiveness as indicated by the slope of the lines.
The ICE case is shown to be rather insensitive; the twin
epicyclic is somewhat less sensitive than the single
epicyclic as the driving aggressiveness increases above
1. This again relates to the greater flexibility of managing
the power flows between the mechanical and electrical
paths.
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Fig. 24 . Sensitivity to driving aggressiveness — fuel
consumption normalized to the baseline ICE condition

VII.  CONCLUSIONS

The following conclusions are made:

« The four branch dual epicyclic gearbox arrangement
offers a significant performance benefit over the
three branch, single epicyclic arrangement; fuel
economy improvements of 7 and 20% were shown
over the two main European and USA driving
cycles.

o The performance benefits arise from the greater
flexibility of control over the torques, speeds and
power flows through the two motor generator units
available with the dual epicyclic scheme.

« ForaHEV with a PST, which provides the benefits of
a CVT gearbo, if the engine is not downsized, the
HEV will have better drivability, namely higher top
speed and shorter acceleration time.

« In practice, the normal design approach for a HEV is
to downsize the engine, and improve overall fuel
consumption, whilst exploiting the transmission and
controller properties to obtain similar performance
to the equivalent ICE vehicle.

« The four branch system is slightly less sensitive to
increased driving aggressiveness than the 3 branch
system, because it can control the power flows
better according to different driving conditions.

« In practice, further benefits are probably available;
first, the dual arrangement has two nodal positions
at which zero electrical power circulates and these
can be designed to occur at convenient speeds,
e.g. in the UK, 30 mile/h in urban driving and 70
mile/h motorway cruising. Second, with the dual
arrangement it is possible to downsize the motor
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generator units to retain the same driveability but
with reduced weight and cost.

Although the results presented here have been
based on relatively simple vehicle models, it is likely
that the promising results for the twin epicyclic
transmission could be further improved using more
sophisticated optimisation strategies for the control
system.
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Sheet Metal Forming Simulations for Heavy
Commercial Vehicle Parts by LS-DYNA

Abdulla Mohammad Gous Shaikh * & TippaBhimasankara Rao °

Abstract - The design of new forming tools gets more proble-
matic as the geometries get more complicated and the
materials less formable. The idea with this project is to
evaluate if an implementation of simulation software in the
designing process, to simulate the forming process before
actually building the tools, could help to avoid expensive
mistakes. To evaluate this, the commercial FEM simulation
software LS-DYNA was used in a complicated project, where
the design of the forming tools for forming a girder was
considered. The main objective was to avoid cracking and
severe wrinkling which may result in the forming process. With
help of simulations a stable forming process which did not
yield cracks or severe wrinkling, was eventually found. The
girder was almost impossible to form without cracking, but the
breakthrough came when we tried to simulate a performing
step which solved the problem. Without simulation software
this would never have been tested since it would be too risky
and expensive 1o try an idea which could turn out to be of no
use. The simulations also showed that the spring back - shape
deformation occurring after pressing - was large and hard to
predict without simulations. Therefore, the tools were also
finally spring back compensated.

We concluded that simulations are very effective
to quickly test new ideas which may be necessary when
designing the tools for forming complicated parts. Simulation
also provided detailed quantitative information about the

expected cracks, wrinkles, and weaknesses of the resulting
pieces. Even though there is cost associated with simulations,
it is obvious from this project that simulation software is a it is
actually very less as compared to actual tool building and
making mistakes.

Keywords forming, forming hmit diagram (FLD),
LS-DYNA, spring back, stamping, stress, strain.

[. INTRODUCTION

a) The forming process

Sheet metal forming, or stamping, is a process
where a material, referred to as the blank, is formed by
stretching it between a punch and a die, see figure (1).
First, the punch and the binder or blank-holder is in an
uplifted position. The binder then moves down and
clamps the blank in such a way that the blank is allowed
to be drawn inwards, but still creates tension to stretch
the blank between the die and the punch. In
somecases, draw-beads are also used to further
increase the resistance of inwards drawing. After this,
the punch moves down and the sheet is drawn through
the opening of the die ring.

Figure 1

Note that the forming process is not a
compression process, but rather a stretching process,

Author o - PG Student, Department of Mechanical Engineering, Nimra
Institute of Science and Technology Vijayawaada, AP, India.
Author o HOD, Departrment of Mechanical Engineering, Nimra
Institute of Science and Technology, Vijayawada, AP, India.

i.e. the blank is stretched over the tools. Since the blank,
for the most part, only is in contact with the tooling on
one side, no through-thickness compression is present.
The flow stress in the sheet is generally much larger
than the contact pressure, and thus, it is assumed that
there is no through-thickness compression. This is
called plane stress deformation. Stamping or forming
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can be done in a single or double-acting press. A
double-acting press is a press in which the clamping
and punch actions are separate. Usually the forming
has to be done in several stages, different presses, if the
desired geometry is complex.

II.  MecHANICS OF SHEET METAL FORMING

Formability is the ability of a given metal work
piece to undergo plastic deformation without being
damaged. The plastic deformation capacity of metallic
materials, however, is limited to a certain extent, at
which point, the material could experience tearing or
fracture (breakage).

Sheet metal parts are produced in large
quantities using special tooling and high-volume
production techniques. Most processes are tensile in
nature and deformation in one stage is limited by the

onset of tensile instability, necking and tearing. Because
of the compressive stress in some part of thin sheet
membrane, wrinkling and buckling may also occur. This
makes very important to understand the mechanics of
the forming process, knowledge of failure analysis and
considerable experience in manufacturing.

The true stress-strain curve as shown in fig 2.
Derived from a tensile test can be applied to other
deformation processes that may occur in typical sheet-
forming operations. A common feature of many sheet-
forming processes is that compared with the stresses in
the plane of the sheet (the membrane stresses), the
stress perpendicular to the surface of the sheet is small.
If this normal stress is assumed zero, a major
simplification is possible. Such a process is called plane
stress deformation.

Stress-Strain Curve for Ductile Material

- Uttimate
. P
100 Yield Point - — Strength
B0 - Elastic 1
Limit .,
60 - / \
s / \
t / _
e / |
E IIl'II
s . i
a » ; Plastic +
/Elastic Region Rupture
/ﬁ Region !
0 : ; : : .
0 0.2 0.4 0.6 o8 1.0 12
Defection (b )
Strain ———
Figure 2

a) Forming-Limit Diagrams (FLD)

A forming limit diagram, also known as a
forming limit curve, is used in sheet metal forming for
predicting forming behaviour of sheet metal. The
diagram attempts to provide a graphical description of
material failure tests, such as a punched dome test.

In order to determine whether a given region
has failed, a mechanical test is performed. The
mechanical test is performed by placing a circular
markon the work piece prior to deformation and then
measuring the post-deformation ellipse that s
generated from the action on this circle. By repeating
the mechanical test to generate a range of stress states,
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the formability limit diagram can be generated as a line
at which failure is onset.

Sheet metal is marked with small circles,
stretched over a punch, and deformation is observed in
failure areas. FLD shows boundary between safe and
failure zones.
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(a) Strains in deformed circular grid patterns. (b) Forming-limit diagrams (FLD) for various sheet metals.
Although the major strain is always positive (stretching), the minor strain may be either positive or negative. In the
lower left of the diagram, R is the normal anisotropy of the sheet.

I1I.  FiNiTE ELEMENT METOD

FEM is Method for numerical solution of field
problems. In mathematics, finite element method (FEM)
is a numerical technique for finding approximate
solutions to boundary value problems. It uses variational
methods (the Calculus of variations) to minimize an error
function and produce a stable solution. FEM cuts a
structure into several elements (pieces of the structure).
Then reconnects elements at “nodes” as if nodes were
pins or drops of glue that hold elements together. This
process results in a set of simultaneous algebraic

equations. Method for numerical solution of field
problems.
a) LS-DYNA

LS-DYNA is an advanced general-purpose
multiphysics simulation software package developed by
the Livermore Software Technology Corporation
(LSTC). LS-DYNA is capable of simulating complex real
world problems. It is used by the automobile,
aerospace, construction, military, manufacturing, and
bioengineering industries. LS-DYNA is optimized for
shared and distributed memory UNIX, Linux, and
Windows based, platforms. The code's origins lie in
highly nonlinear, transient dynamic finite element
analysis using explicit time integration.

LS-DYNA's potential applications are numerous
and can be tailored to many fields. In a given simulation,
any of LS-DYNA's many features can be combined to
model a wide range of physical events. An example of a
simulation, which involves a unique combination of
features, is the NASA JPL Mars Pathfinder landing
simulation which simulated the space probe's use of
airbags to aid in its landing. LS-DYNA is one of the most

flexible finite element
available.

LS-DYNA consists of a single executable file
and is entirely command line driven. Therefore all that is
required to run LS-DYNA is a command shell, the
executable, an input file, and enough free disk space to
run the calculation. All input files are in simple ASCI
format and thus can be prepared using any text editor.
Input files can also be prepared with the aid of a
graphical pre-processor.

There are many third party software products
available for pre-processing LS-DYNA input files. LSTC
also develops its own pre-processor, LS-Pre-Post, which
is freely distributed and runs without a license.
Licensees of LS-DYNA automatically have access to all
of the program's capabilities, from simple linear static
mechanical analysis up to advanced thermal and flow
solving methods. Furthermore, they have full use of LS-
OPT, a standalone design optimization and probabilistic
analysis package with an interface to LS-DYNA.

One of LS-DYNA's most widely used
applications is sheet metal forming. LS-DYNA accurately
predicts the stresses and deformations experienced by
the metal, and determine if the metal will fail. LS-DYNA
supports adaptive remeshing and will refine the mesh
during the analysis, as necessary, to increase accuracy
and save time.

analysis software packages

Metal forming applications include:
e Metal stamping

Hydro forming

Forging

Deep drawing

Multi-stage processes
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IV.  PROBLEM DEFINITION

The production of new stamping tools gets
more troublesome, as the geometries get more complex
and smaller tolerances on the dimensions are
requested. This increases the risk for unexpected
scenarios that could compromise the entire project.
Thus, to deal with this, we wants to try a more advanced
simulation tool, than the one-step solver they already
have, to investigate what it could mean for future
development of the company.

To investigate this, we want to use a simulation
program in a real project to see its benefits at work and
then evaluate if investment in a simulation tool and in
personal would be profitable.

In this project the design of stamping tools, for
stamping a girder, placed in a truck, will be considered,
see figure (4). Note that the geometry is very complex
and stamping in a single forming step is not possible
but several stages will be necessary to form the part.

Figure 4 . Girder with sheet thickness 6 mm in Domex 500 MC

The girder has a very complex form and will,
therefore, be formed in several stages.

V.  SETTING UP SIMULATION

The steps for setting up a forming simulation in

LS-DYNA are:

e Import the CAD-geometry into LS-DYNA and check
surfaces.

e Create the blank or import it from previous forming
step.

e Mesh the tool surfaces and the blank.

e Define material for the blank.

e Define the tool motions.

e Set up the controls for adaptive refinements, time-
step etc.

e Run the simulations, for the trimming and forming
steps, in LS-DYNA.

e Define constraints for spring back simulation in LS
Pre-Post.

e  Simulate the spring back.

e FEvaluate the results in LS-Pre-Post.

This can further be generalised into the
following three main steps: Pre-processing, Executing
the simulation, Post processing.

VI.  RESuLTS
This section presents the final results for the forming simulations after spring back compensation.

(@)
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Figure 5 . (@), (b): Thickness reduction in the first (preforming) step and the second forming step respectively. (c):
Thickness reduction after the third forming step. The only region with cracks is at the small radii on the top of the
flanges at the far end of the girder, but, as mentioned before, this was not considered since a design change will be
made here. (d): FLD after the third forming step

To remove the crack on the right flange, in
figure (5), an additional bump was drawn in the
per-forming step. Figure (5) shows the results for the final
forming simulations for all the forming steps. As can be
seen in (c) and (d), the forming now looks acceptable
and no cracks can be seen, except for the small radii on
the top of the flanges at the far end of the girder. But,
since a design change will be made here, this was left
for now. What one could try to do is to draw additional
bumps, in the pre-forming steps, here to avoid cracking.

After one has found a method where the
forming is acceptable, i.e. does not yield cracks, too
much wrinkling etc, one also has to look at the material
distribution such that the formed part really has the
shape requested and that the geometry is within the
given tolerances. To do this, the model, after the
simulations, was imported together with the CAD-model
of the girder.The models were placed on top of each
other to see where the formed part differed from CAD-
model.The blank geometry was then slightly modified if
required.

VII.  CONCLUSIONS

There are some main conclusions that can be
drawn from this project. Was the project successful?
The main objectives were met and even though the
hope was to be able to design the girder in two forming
steps only, we finally reached a feasible solution. The
main objective was to design the tools for forming the
girder and then evaluate if investment in simulation
software would be profitable. The answer to the question
if this would be profitable, as can be understood from
reading the discussion, depends greatly on how We
chooses to profligate. If we focus on forming tools and
especially advanced forming tools, an investment in

simulation software would most certainly be profitable in
terms of more orders, faster cheaper and safer pro-
duction.

However, if we only produce a few forming tools
per year, buying simulations externally, only when
necessary, would maybe be a better option. But from a
future perspective, one can expect the forming
operations to be even more complicated and the need
for simulation software will rise quickly as the demands
on the products get higher.

Another important aspect that was learned
during this project is that if one encounters problems
during the forming with, for example, large cracks one
usually has to make a drastic design change. Making
small design changes usually have very small effect on
the results One can try to alter the friction coefficient or
try to explain the forming problems on some other small
parameter, but the difference will be negligible. If there is
a severe forming problem, something drastic has to be
made.

Below are some of the main conclusions from
this study listed:

e LS-DYNA has shown to be good for setting up form-
ing simulations and also to simulate spring back.

e Designing complicated forming tools without
simulation software compels the design engineer to
work within in very narrow boundaries and only use
ideas that have previously been tested.

e A simulation software is a must if the any company
wants to be a leading company specialized on
forming tools.
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It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.

© Copyright by Global Journals Inc. (US) | Guidelines Handbook .

XII



Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

e  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:
. Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
e A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
e  Center on shortening results - bound background information to a verdict or two, if completely necessary
®  What you account in an conceptual must be regular with what you reported in the manuscript

®  Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e Simplify - details how procedures were completed not how they were exclusively performed on a particular day.
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  |eave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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