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Abstract

Moving car on rough road suddenly gets out of itg/vior some reason and moves to the edge of
the road at the same speed. Since the most impoidator in car overturning is vertical
acceleration in the wheels and car speed and roaditons determine the vertical instantaneous
acceleration, brake system according to changheo§pring length is designed in such a way that
by monitoring the instantaneous acceleration atwheels, by interrupting the speeding up and
applying the anti-lock braking, this can preventscaverturning. By placing the sensor on rings of
the spring, we can send the changing moment okphieig to the ABS control unit. The sensor
which was a kind of Electromagnetic sensors progjdihese conditions to control the car with
precise circuit design at the Simulink section RSIM software and three-step interface circuit
between the sensor and ABS brakes at Proteus seftwa Simulink software the data that is
logged as input has car maneuver variables sudorgstudinal speed of the car, which after
processing the instantaneous information obtainegthg maneuvering, variables such as pressure
in the wheel brake cylinders, are sent to CARSIMv&are as the output of the system to continue
the maneuvering. At Simulink model is designedhireé parts that include: designing of simulated
car in the software with the existing parametem)timl boxes circuit and also switch boxes for
system operators which have their task. Firstctiregoes straight in normal maneuvers, and then it
would be tested in the rugged pathways. In thisdittom, the success and failure of the
maneuvering are checking by the equipping and qoipping the car. After these tests, the right
real way would be selected and the road will be encompleted by placing screws and soll
shoulder and margins.
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1. Introduction

For the car that has very high statistics in roaddents each year, the braking system is oneeof th
vital components of the device. In recent yearmyrattempts has been done to control the device
in certain situations by applying control systemd also studies in this section have been used, So
that an Insurance Institute in the United StatesAoferica has developed researches as "new
evidence about the fatal crashes of the cars befoteafter adding anti-lock system" that shows the
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high sensitivity of this subject. The car that ist @f control in the simplest and most common
conditions such as straying turning from the maadr perhaps causes the most casualties and
irrecoverable damages. So the braking system dsxs¢hese cases to the lowest levels.

Innovative braking system has some intersectioh WIS system, but the main difference is when
TCS brake shows its performance on a flat roadifalmdjoes outside of the main road, it may not
be helpful to control the car. TCS system at tligalrmovement of the car, acceleration and turning
(particularly on slippery surfaces) helps the driy&,2]. The innovative system is an ABS
complementary system such as other control systentbis essay, theABS brakeswill be usedto brake

in the planningand designing ofircuits with the help ofimulation software CARSIM.

Basically, human being is looking for designing sndevices to increase the control operation
factor. Smart cars are not excluded from thesesiéea many researchers have tried in this way.
We can mention a group of engineers from Toyotaokaiory (Hiroshi Ano, Toshi Hiko Suzuki ,
Keiji Aoki, Arata Takahashi and Gavanaj Sugi Motd)ich have provided useful researches in the
field of "neural network control for automatic beakontrol system” [3] in 1993. Also lots of efforts
have been done in the field of automatic brakirggeays in industrial and academic centers [4].
When the car is turning to prevent overturningdetecting potential possibility of overturning car,
preventive brake process will be activated autacaliyi. This example is an activity that Hans and
his colleagues published in their published boq&][5

The factors that can cause getting out of the mmambe derived driving at high speed in sharp
turns (used maneuvers in this article), slipperyhefpath or drowsiness of the driver and so on. In
such cases, if the car speed is high, we can iragirat will happen next. When the car reaches the
ups and downs on the roadside and passing therddiggaa vertical acceleration of the car wheel
to its acceleration, the initial speed significgnticreases and by the way, if it encounters mpse u
and downs, the possibility of car overturning vaé increased. This brake system will activate the
ABS system by applying control process on the gaktcceleration.

2. Designing Simulation Model

The used software in this article is Carism thasti®ng car simulation software. Many major
automakers have chosen it as a tool for desigmdgesting their projects and compared the results
of the software with actual results. We can namésiishi, Toyota, Volvo, Ford, Honda, GM
and... that use the software to predict the dynami@bior of the car. The Carsim software is used
between the control strategy and design phasdweafdvelopment cycle and product design.
Simulink software that can be used to simulate dyoasystems is a subset of the MATLAB
software that has several libraries in variouddBedf electrical and mechanical courses. One of the
valuable features of Carsim software is its connactvith Simulink software which in this article
we try to use this feature.

With the help of this software, data connection amdulated action have been shown well, so that
the car speed and the speed of each wheel plusmbriatce are provided as the input of Simulink
from CARSIM analyzer. Control and operation bloewdsich are designed in Simulink, calculate
suitable braking force for car for a complete sampl show how independent speed of the wheels
which based on slippery amount of each wheel at spaface increase and the optimized anti-lock
brake force generated by Simulink, re-apply as rguti Carsim. So according to the vertical
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acceleration or speed of the edneel:, the ripples that could overtuencar is use as standard to
cut the throttle and braking.

Today many countriebave safet electronic stability control system dheir nev cars. In US,
almost all cars soldfter Septembe2011 equipped with ESC and arefidl compliance with the
requirements of FMVSS 126ublished it 2007. These requirements areagpy of the ECE R13H
which runs in Europe anghany Asian countri¢. In both requirements, tes procedure is defined
by using a driving maneuver #s Sine with Dwell. Thusautomakers depending on country
aim to export need to simulatame of these two test proceduredf coursefor accepting a car, a
combination of simulation antks will be done. Shorthafter the release 126FMVSS in 2007,
the Department oMechanical Simulatic provided explanations and examp of its Carsim
analyses, and then automakesdidatedrelated simulation maneuver sfability contra with this
software. In order to performhis analysis, the user should have Bdamiliarity with software and
VehicleSim analysand shouldhave studied advanced documenpedcedure with VehicleSim
instructions. Exampleprovided in thi section contain simplified type afesired testing in oth
words, steadwtate circular turnir to achieve the car understeer gradient.

Simulink model for this articlés taken from the ABS modelhe changes th need to be created
are incorporatinghe instantaneous vertit acceleration of each wheel 8imulink inputs that are
CARSIM supply systemdn fact, the¢ vertical accelerations represent tis and dowr and make
the signal to activate the ABstem(Figure 1).

Figurel. Simulinkmodel of anti-lock brakes after applyingcessary chanc

Model Simulink (1) in Figure Jlis designed with 10 variable maneuvselude: longitudinal speed
of the wheels four variables), longitudinal caspeed, control brakenpul and vertical wheel
acceleration four variables) which are takeas input data and aft@rocessin the information
obtained in maneuver, setotthe CARSIM softwal 6 variables includérake cylinder pressure in
the wheel, accelerate abdakin¢ constant to continuthe maneuver. In fact, T Simulink model
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has artificial intelligence rolio control the cr to prevent th@verturning on the road. The desig
system can preveifrs overturnin by monitoring thanstantaneous accelerat at the wheels, by
interrupting the speeding wmd applying th anti-lock braking.

In the control box (2)n Figurel necessary decisions would be takenvibee brake cylinders,
accelerator and brakegcording t the wheels slippery and their verticaiceleratio, and in the
operator box (3hecessary instructio will send to Carsim as Simulirdutpu.

A complete control brake systerircuit has three inputs and three outpigiyre2).

In this example, ifthe vertice acceleration at each dhe wheels be more than the gra
acceleration (g = 9.8lipterrupting acceleratcommand and applyingrake ped: force has been
issued and anti-loclbrake forc' to each of wheels will be sendepending onthe vertical
acceleration of each whedh other words this model completes arlbek brakin¢ system for car
stability control inunpaved surface

Figure2. Control boxircuit

The Simulink operatobox circui with four inputs and three outpusggnal: is such as Figure 3.
Output (1) sends cylindearessureto the Carsim for anfeck braking as matri:4 and two other
outputs are for accelerator abhke: to keep the car maneuver simulation.
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Figure3. Operator box circuit

Undulating sinusoidal type ibotl increscent and decrescent amplitwge studie. Switching car
status from road to the croszadis more similar to increscent statéigure4a) and the possibility
of car overturning irups and dowr is similar to decrescent (Figure 4by).the figure, the place of
ups and downs and the heightcehter line of the road are declared. Sodinec' road with defined
roughness and frictionave undulatin sinusoidal in modeled Carsirand al car, road and
maneuver procedure conditioagcep mentioned systerare completely identic. Car speeds are
considered 8kilometers per hou the car is equipped with a brakentrol syster start up by
receiving thevertical instantaneous accelera signals caused by unpaveshd, and pass unpav
pathand after passing unpaved surf: continues with the same speedB6fkilometers per hours;
While other cars have beewmerturne by extending the unpaved amplitudeghe middle of patl
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Figure4.designing of incresce and decrescent undulating sinusoidal (stati@mtra line height)
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The mentioned test simulation is done in Carsintwank by using the link ability of MATLAB
Simulink software.

The road with a hairpin is a section of test angelessumed that the driver drowsiness decreases
the speed of the car, also does not control sgevireel and directly goes into the shoulder of the
road. Maneuver path is selected by entering thedomaties of longitude and latitude that are
located on the central line of the path as a piaa mad in the road geometry. The entire route is
about 300 meters that the car's position at the difrentering soil shoulder is on the second screw
(Figure 5).
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Figure5. Selecting car maneuver path and road @ihdrsulder conditions

In fact the goal is that by getting into the sh@uldnd facing unpaved roads the car stop command
will be issued by using car stability control systand be stopped before overturning in ups and
downs area (Figure 6).
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Figure6. Selecting the usual road roughness franibhary of the software for designed path
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Figure7. Roughness of the road under the wheedscaf while crossing the road and vertical distafdbe wheels
center from the plane in a successful maneuvergFitreight of the wheel center till ground)

In a successful maneuver path roughness and igbtha the center of the wheels to the road
surface were examined and as is clear from Figuteefiveen 9 and 11 seconds roughness is
shown at the bottom of the chart and the verticstadce from the surface of the wheel center is
shown in the top of the chart (about 0.34 metdis)s maneuver is for a path that would get rough
after the ninth second and the car passes ittafteseconds.

We repeated analysis for different cars and diffenaitial velocity and unpaved conditions.
According to the detection of wheel vertical accatien in maneuver as the independent unpaved
variable, all effects of the car and the road aepetident variable and impact the value and
direction of the created instantaneous acceleration

Weight and the class of car, type of propulsiorg guality of tires are effective in the result of
analysis. The results of 6 different classes ofs caith different specifications, features and
maneuverability are investigated. Designed Simudidorithm is successfully operated for 4 cars
and prevents it from their overturning. Howeveudsts have shown that stability control algorithm
for each car is just for its own, and can be ealglsigned with more analysis for any car.

In this model, the effect of unpaved and veloc#tygeen in the applying vertical acceleration of car
wheels. In fact, as regards the algorithm is desigmased on the independent variable of vertical
acceleration, and it does not affect further beeadsnitial velocity of car and unpaved of thedoa
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The created Carsim and Simulink models can betaldanulate the result of maneuver of different
car classes with defined specifications, at diffiergypes of roads with different unpaved and
geometry. Designed control system sends signals wi® necessary to cut off the accelerating and
applying the brakes and control car stability urdiffircult circumstances.

Circuit in the ISIS of Proteus software has bemnukted with introduced components in the
library. The software is specially for simulatingonocontroller circuit sand, in addition to drawing
and simulation; it can make a PCB in ARES. As nmmd, this circuit provides the connection
between the sensor and ABS brake system (Figure 8).
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Figure8. The control ABS circuit in Proteus softevar

By observing the following graphs and image, itllwé a good help to understand this article.
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"Figure9. Changes of the vertical force on the tirem the road in a successful maneuver (forcejtime
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In Figure 9, thegerpendicular force on tires from the roa shown by asuccessft maneuver. As
the forces specified in seconfdem zero tcfive, the car is normally passé@m the first screw and
in the fifth second théorces acting o the wheel will be equaaomewhat bt in the second screw
because of car that is out odntro, it goes on unpaved path whichvisible in the from 9 to 11

seconds. The car that éguipped with control system successfulpasses these damp force
wheels after 12 seconds.
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Figure10. The amount alamper compression in a successful maneuver (tilmpringcompression)

The amount of damperompressio is also somewhat similar to thpgevious figure that can be
seen in Figure 10.
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Figurell. Thecentral vertice acceleration changes of mass of cax successf maneuver
(Time — vertical car acceleration)
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In Figure 11 the central vertical acceleration gfe@nof the mass of car show that between 9 and 11

seconds when the central vertical acceleration ggmthe mass of car which has been swung and
after that it will reach equilibrium state.
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Figurel2. The changes of vertical force on tireshenroad in an unsuccessful maneuver (time-force)

Figures 12 to 14, which had been applied in amucoessful maneuver use plot of the changes of
vertical force on tires on the road and the amafntlampers compression and also vertical
acceleration changes in the center of car mass.onhedifference is that the car doesn't have
control system and obtained different results. P& of Figure 12 looks like a successful
maneuver till 5 seconds, when passing through ¢kersl screw but after 6 and 7, driver was not
able to control the car and the vertical forcedsdming more and more.
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Figure13. The amount of dampers compression imanacessful maneuver (Time- spring compression)

About Figure 13, it can be also said that the gpcompression continues due to ups and downs to
prevent car overturning. In this plot such as tlo¢ pf Figure 10, the spring compression are usual
in 5 and 6 seconds, and as soon as the car gef the road it will compress, but the difference of
this plot is in the continued compression of theapoession until the car is overturning.
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Figurel4. The changes of vertical acceleratiomefdenter of car mass in an unsuccessful maneuver
(Time — car vertical acceleration)

Vertical acceleration changes in the center ofngass in an unsuccessful maneuver (Figure 14) is
in such a way that when the car gets out of thd roa6th second, it will be much more. In this
plot, the rising of car acceleration is clear fromtial acceleration and vertical acceleration.
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In Figure 15, reviewed plots are displaying withmediate images of maneuver of two cars, one
equipped with a control system (blue) and othehaut control system (red). As seen in this figure,
the cars ride at a specific speed until reachiegtladside after the equipped car with speed dontro
system decreases its speed a little but the otieecontinues its way with the same initial velocity
and enters unpaved path of the road. Finally tts¢ ¢ar slows down due to path conditions but car
without control system will have a different fate.

Vertical acceleration comparison at center of cassnn a maneuver can be seen in Figure 16 by
using control system and without using the congydtem. In this Figure, car without control
system (blue line) loses its balance since leatlegpaved road up to 10th second and overturns,
but the car that is equipped with a control sys{ezd line) continues unpaved path until restores
the balance.

Figurel5. The Comparison of simulation results wittar equipped by control system and without lsystem

68



Journal of Modern Processes in Manufacturing amdi@ation, Vol. 5, No. 4, Autumn 2016

booe
: |

.- | TR

Figurel6. The comparison of the vertical accelenathanges in the center of car mass in maneuikrand without
using of control system - red line is equipped witbontrol system and the blue line is without oorgystem

3. Conclusion

According to necessary researches to study themsespof the suspension system in the face of

unexpected unpaved road in driving, the maneuveagalysis had been done by using "Carsim"

software. The software will be used between corgtrdtegy and design phases, in a developed
cycle and product design.

The results of this section can be expressed @etbtages:

1. In the first step, the goal is car maneuver anglysih an initial velocity and getting out of the
road suddenly.

At this stage, we try to extract plots of suspemsigstem response to unpaved.

2. In the second stage, the main sections of Simutiokel are mentioned. In the complete control
brake system circuit if vertical acceleration iryavheel increases from gravity acceleration, the
interrupting accelerate and applying brake pedaiefcommand will be issued. Operator box
circuit of system with defined input and outputrgifs, brake pressure at the wheels will be
controlled and applied to wheels due to ups andndcamd make a brake.

3. In the third stage, by adding braking conditionghe created model, change of speed control
conditions to stop the car will be examined. Theet#ions of this step will be done for studying
the dynamic behavior of the car with different isitconditions and facing to various unpaved
and finally all obtained data will be collectedaadatabase to determine how the performance of
the system brakes circuits is appropriate whiclhlvalused in the Simulink section of Carsim.

After modeling different parameters in the s@fte; including car parameters such as height of
the car to the road surface, control box, operhtor and the path and also test and simulation
models, favorable results were obtained. In this plis clearly seen that in the car without cohtr
system cannot stand versus the ups and downs fienchdew seconds it will be overturned and if
the car be equipped with a control, system wilsbecessfully completed. By comparing the plots
of the spring compression and the vertical forcertexi on the wheel and also central vertical
acceleration of car mass in successful and unssftteasaneuvers, we can conclude that the car
which is out of control will be able to be conteal with a high percentage by equipping the control
system.

Because of inaccessibility to the engine contratl (FECU) car stopping command occurs from the

ABS with the help of another designed circuit. Treuit in Proteus software is designed in ISIS

circumstance.

69



Simulation and Analysis of the New Brake Systenpading to Changing of the Spring and Vertical...,.570

4. Abbreviations

-Anti-lock braking system (ABS)

- A car simulation software is designed and dewetolpy Mechanical Simulation Co (CARSIM)
-Traction Control System (TCS)
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