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SYNOPSIS

1

The objéctive is the automation of transmission
in ‘automobviles. It WOrks with microprocessor as the key
device M‘lhich contnols‘ the system. This sysiem opérates
the .mechanicalv which automatically shifts gears when
the speed of the vehicle crosses the limits of the gear

that is currently in engagement.

- Tﬁe speed ivs‘ sensed by an optocoupler and the
calculated speed fed into the microprocessor through
‘an'-electronic counter. 1f the calculated speed lies out
| of speed limits of the gear in engagement then instructions
v are sent from the mlcroprocessor to initiate a gear change
cycle‘. The speed limits of each gear are stored ‘in the
micropr‘oceser. Pneumatié devic:es }zave been ‘incorporated
. to mampulate the clutch and accelerator mechdnisms,

»approprwtedly “during gear changing, which are opemted

" by the instructions of’ mlcroprocessor.

Two “stepper motors are used to operate @ system
of géars_ which involves the gear shifting mechanism. As
per -;he instructions from the ‘microprocessor the stepper
.mbtor ‘ro‘tates.' The rotation of steppér motors are converted
i'nto‘ correépbndin‘g linear and angular motions involved

in gear shifting by the gear shifting mechanism. The overall
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CHAPTER 1

INTRODUCTION

This project deals with the automation of gear changing

in automobiles using a microprocessor based control system.

The principle involves the sensing of the gear box
output shaft speed and the engine speed (in. a particular
(_;ase) at regular pre determined intervals. This value of
speed is compared with the speed limit of the currently
engaged gear which is pré determined and stored in the

microprocessor memory. There are'two possibilities.

) If the wvalue is greater a change to a higher
" gear is effected.
. ii) If the value is smaller, a change to a lower

gear is effected.

A change of gear is effected only and only if the
speed attained is equal to the upper speed limit of the gear

that is in engagement (in case of shifting to a higher gear)

_'and if the speed attained e'd.uals the lower speed limit of

the gear that is in engagement (in case of shifting to a lower

- gear).

The sequence of operations which takes place when

a gear change cycle is to be effectéd is :



) Speed measurement

i)  Reduction of acceleration
iii) - Disengaging the clutch
iv)  Actual shifting of gears
v) - Engagement of clutch

Vi) Restoration of acceleration

This can be achieved using a microprocessor - based
_ control system with modifications on gear box, clutch and

accelerator.

1.1 Speed Sensing o . -

This is the initial process of the gear shifting mecha- -
nism opio'couplers are used to sense the speed. [An additional
wave shaping circuitry as interfaces to the microprocessor
has to be incorporated ]. At pre determined intervals. the‘
microprocessor checks whether the measured‘ speed‘ lies
within the bounds contained by these limits. The sensed
speed is fed to the microprocessor through gates where its
perform the function of calculating the speed in rpm and

,then comparison takes place.

1.2  Reduction of Acceleration

A torsion spring mechanism is used for the automatic
reduction 'of engine speed prior to gear change and its res-
toration after the gear change. This mechanism involves

a torsion spring linkage between two shafts one of which



is linked to the drivers accelerator pedal and the other to
the thro‘ttle valvé. The latter is operated by the action of
the piston of the pneumatic cylinder which in turn, is operated
by a solenoid’valve. The solenoid valve is closed or opened
Whenevef' required by instructions from the microprocessor.
By using a proper circuitry and a Programmable Peripheral
vlnterfac"e,(PPl) the solenoid walve is interfaced to the micro-
processor. The importaht point that should be noted here
'is nthat its operation and control has no ejfect on the position
~of the acceleratdr pedal held by the driver prior to its auto-

matic function.

1.3 Clutch Disengagement .. . -

For the automatic disengagement of the clutch a
similar pneumatic arrangement to that of the acceleration
reduction system. The operation of clutch is controlled by
the working of ~a piston, within a cylinder through which
pressurised “air is sent. Opening and closing of the solenoid
"wvalve as per the microprocessor" inst-‘ructions, allows the
pressurised air through thé cylinder which leads to the desired
motion of the piston. This motion of the piston will disengage
the ciutch. The solenoid valve is identical to the one used

in previous case.



1.4.  Gear Shifting

T\‘vo stepper motors are required for the actual auto-
matic gear change. Before going into th# mechanism used
here, we. shall recall the system in the manudl‘ geaf shifting
arrangement. During a manual gear changte the driver mani-
puldtes ‘the gear shift lever so that its motion produces
'

:t»he required change of gear. Certain gear changes require
~m'otion‘- of the gear shift lever along two perpendicular planes.
Motion along one plane causes the transverse selector lever
Which 'select.s;' the longitudinal gear selector rod corresponding
to the choéen gear. The other motion moves the selector

fork, connected to the longitudinal “gear sélector rods, which

in turn moves the dog, engaging the gear.

The cont‘rol systém is to be placed in addition to
the eﬁtisting manual systerﬁ., For automatic gear changing-
an additional gear selector box has been designed. Two stepper
motors of different capacity are used to operate the gear
"selector box. Rotation of _the stepper motors causes meshing
| 'of the gears in the gear selector box, in the required combind—

tional sequence. This leads to a gear change.

The function of one stepper motor is to operate the
arrangement that selects one of the longitudinal selector

rods. Rotation of the stepper motor is converted into a trans-



verse motion. The second stepper motor performs the operation
of engaging the gear that is to be selected and engaged.
This ’motién results in angular motion of tile gear shift lever,
engaging the required gear. Each of the stepper motors
is actuated by a train of pulses. These pulses are sent to
_the microprocessor when vth‘ev:, required gear shift subroutine

is invoked.

1.5 Engagement of Clutch

 After the selected gear has been engaged the clutch
has to be engaged smoothly. This is done in a similar way

- 'as done for disengagement of the clutch.

1.6  Restoration of accelefation

After the selected gear has been engaged the throttle
valve is opened thus restoring the acceleration. This is analo-

gous to the one described for reduction of acceleration.

!
Display and Information Systems

A better interaction between the driver and the control
system is furnished hereby. By this the driver is being enabled
to make optimum use of the system, and communicate with-
it. There are switches.at the dashboard whi,ch he can - 6perate

to set maximum speed limits, and to give instructions to
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start or stdb digital displa.ys are also provided showing the
speed and the gear in engagement. By manipulations specific
aural signals during every gear change éan be generated
and audio alarms can be made when the preset speed limit

is exceeded.

Hardware and Software

The hardware in. the control system is centered around
a 1NTEL 8085 microprocessor. The microprocessor has interj
faces for the stepper motors, opto-electronic coupler sole-
noid valves —operating the pné&m’atic circuitry along with

. standard interface controllers.

The _éoftwar‘e is assembled in modules, the division
being functional in nature. The software is aimed at optimal

usage of the system.



2. SPEED MEASUREMENT THE IMPORTANT FACTOR

Speed measurement is the important feature since
the switching of gears is according to the variations in speed.

Measurement of speed is based on the following parameters.

‘Speed

In automobiles switching of gears is effectedb when
the speed is changed above or; below the -speed limit of the
gear —on'which the vehicle is currently running. Fundamentally
\vzqriati}ons in driving condilions arising from traffic density
var'iationé ‘and the drivers wish to either accelerate orbitrately
or to stop, necessitate change in gears. So the speed with
which tﬁe vehicle is running completely determines the gear
which shduld “be engaged, to satisfy conditions vof driving

or drivers wish.

~Torque ‘is. the another parameter which necessitates
or effects a gear change in load causes change in torque
which in “turn. causes change in speed. Torque is indirectly‘

proportional to speed. Hence an increase in the tordue will

_ reduce. the speed and a decrease in the torque will increase

the speed. Change in torque is caused by change in load which

is primarily because of variations in road conditions and the

| variabble load on the vehicle. Having decided that measurement



of speed best suits our purpose it is necessary to decide where
the act,ual' measurement is Lo be done. Measurement of speed
at the propeller” shaft is sufficient to decide whether gear
change is necessary. Hence it is pbssibte to mount the speed
- sensing mecha'nism on the propeller shaft .itself. During the
starting of vehic‘le from rest it is not possible to get the
speed frpm the propeller shaft. In this case it is necessary
to measure the engine speed and ‘actuate the gear shifting
mechanism 'to-engage the first gear as soon as .a predeter-
mined engine speed is attained. Hence both the engine speed

and the propeller shaft speed are measured.
Circuitry

The ,con’venti‘onal' opto-electronic coupler consists of a
diode phototrdnsistor arrangement. The phototransistor conduct§
whenever light from the diode is incident on it. A disc with
~ four rectaﬁgulaf slots. cut on its sufface is mounted on the
. propeller shaft. When the shaft rotates a portion of the disé
is continuously interposed between the diode and the photo-
.transistor. The light to the transistor is éhut‘ on and off,‘
be;:a-use’ of . the presence of slots on the disc, at a rate which
de_p'ends on the speed of rotation of the disc which rotates

at the 'propeller shaft speed. A sequence 6f pulses whose

width depends on the propeller shaft speed is obtained since



the phototransistor is alternatively driven on and off.

The; train of pulsés are highly dislorted at the output
of .opto electronic 'coqbler. Thé ‘pulses should be properly
‘-shaped and refined before fed to the microproceésor in order
to “aveid errors in -counting arising due lo equivocation in
, ‘;S'e‘nsing the level of the pulses. To-accomplishyv this, two .in-
verte-f -ga"tes} are used for ‘wave_ shaping. These pulses are

fed to the counter which gives the speed in binary form.

'To Measure period (or Frequency)

| .Mevasuring the frequency requires counting of transducer
pulée‘sf‘for a fixed sa,ndpling time whereas ~mea§uring the period
requires mé‘asuring- the elapsed time for a fixed number of
‘ vtran,sd:uce'r bﬁlses. Usually it ‘is‘ faster and easier to ‘measure
the .period mt?}er than the frequency. The sampling time
‘, shbudl, be of as‘ short duration as possible as several other
fdecisiémjand operations have to bé carried out in a short
"'inter-val‘ of time. Hence smallerthe,  sampling time lesser
.t,he rel—iability bf the count if frequency measurement is under-
taken .,b.écqu,se gven a smai‘l error, in the number of pulses
,’cou,nted wiihin the predetermined sampling time will corres?

~_pond to a large error in rpm/rps.
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Speed Measurement

Speed measurements are based onthe measurement
.of the average duratlon of one pulse that is generated when
the slotted disc distorts the light to the phototransistor.
The time 'is noted when a slot comes in between the diode
~transistor ari‘angement when there is a brief period of conduc—
tion. The' opto electronic coupler line is fed to ong line of
a port in the PPl 8255 and it is continuously sensed for

‘ its states.

Mecsurement of speed starts  when the sensor line
' goes from low to high and back to low state. " At this pomt
a count is commenced The - count “is mcremented everytime
a predetermined time interval (chosen to be 0.5 ms) has elapsed
while the sensor line is low when the sensor line goes hlgh
again the count will be stopped. It is essential to note that
. .the co.untslgive »the’ duration of the off period- thatv is the

period for which the phototransistor is cut off. -

From the cut off time and the distance between the

adjacent slots the speed of revolution in rpm can be calculated.
Calculation
The disc has four slots. each of width 2 cm cut on

its ci'rcumference. The slots are in rectangular shapes.
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Diqmeter of the disc : 17 ems

Circumference | : 3.14 x 17 = 53.4cm .
Maximurﬁ rpm : 2060

Maximum rps o 33.33

Minimum rpm . : 180

Minimum rps : 3

At 2000 rpm rime for 33.3 rev is 1 second.

Therefore time for 1 revolution = . 331 3 = .0.03 seconds
‘To t‘rqvvel.‘ 53.4 cm along the ‘Circurﬁference time taken = 0.03 sec

Circumference width of 4 slots

. Distance between slots (arc) =
' ' Number of slots

= (534x8 /4

== 11.35 ¢m

To travel 11.35 em time taken (11.35 x 0.03 / 53.4
| = 0.00638 sec

'i.e., OFF time at 2000 rpm Co= 6.376 milliseconds

‘At the minimum of 3 rpm OFF time = (11.35 x 0.337)/ 53.4

70.14 milliseconds .

i

H

70 milliseconds

L4

For delay intervals - of ‘().5 milliseconds count in case of an’

arbitrarily chosen reference speed of 1000 rpm ’(16.67 rps) = 26.
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For other count the corresponding speed

(26 x 16.67) / per count

. 433 per count

Thus for any other count obtained the speed in rpm / rps can

be directiy "calibrated.

"~ The following elucidates the speed evaluation technique :

1.

6.

Number of counts

Repeat steps 3 to 5 for number of counts

Wait for high to low transition of sensor level

transition

" Store the COUNT

Find average

Calibrate it to rps / kmph

‘Increment counter till subsequent low to high

 The 'pulse width is measured  through software delay

, l'oo_ps“ of half millisecond duration each starting from the

“commencement of the sampling time, Four Lconsecutive mea-

surements are taken are .their average is used for further

. processing.
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2.2 The Aécelerator

Accelerator helps to increase the speed or decrease

the speed by varying the quantity of air fuel mixturé supplied

to the engine. -Manipulat'ion of the accelerator operates
thé throttle value which varies the quantity of the air fuel
mixture. - Hence if the driver wants to accelerale he simply

presses the accelerator pedal which increases the air-fuel

mixture and results in increased speed. The converse holds

good ~ for decceleration.. The reduction of acceleration is
the first ‘step to be carried out before a gear change. It
is to prevent .the engine from running away and to avoid

jerks that might. otherwise occur due to changing gears

‘without reducing the acceleration.

Here'we need an arrangement for reducing the accelera-
tion automatically before the gear change. A conclusion
is arrived to change a gear when' the speed measurement

is out of 'bounds of the spe‘edwlimits-of the gear that is

“engaged. The said earlier 'the first step is reducing the
; accéleratioﬂ automatically without affecting the accelera-
‘v'_‘»tor pedal of the driver. The driver should not feel any in-

- convenience of this.

The Torsion-spring mechanism is used for this purpose.

By this mechanism the throttle valve which aids in accelera-

. tion or deceleration is linked to the accelerator pedal by
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means of two shafts. This forms a sort of fl_exible coupling

The first shaft is connected to the accelerator pedal through

"proper linkages and the second shaft is connected to the

throttle valve by means of a screw.

The second shaft is accelerated by means of the single

”actmg pneumatlc cyllnder fitted with a solenoid valve which
."lS a two way two. position direction control value. the pre-
l_oadi of the torsion sprlng (0.5 kgf) holds the two shafts
‘so‘ .tkidtfthey m_mle- together. Here the preload is very small
| '[and whenvoverride control of the throttle is ekerted there

' - is negligible. force reaction at the pedal with no movement

requtred of or forced upon the drzver The vdzp cylinder

can pOblthn the throttle val»e shaft

"Over- the operating pressure range the force 'a\zuAilable

2 ,;jls much larger than the requlred to move  the lever This

s due to the area of the ptston. Most of this unutzllzed

force is 'a"bsorbed by the internal return springs of the cylinder.

Hence an air, pressure (throttle) valve positioning relatlonshlp-

s establlshed and it is relatlvely insensitive to pedal position

< and throttle valve shaft force.

The solenoid walve is operated by a 24 V dc signal

. 1"dur'lng a ge'or ‘changing.b At the solenoid valve opens presu-

!



g

' ¥ ' "‘-‘[z"—E:‘:.‘p : : 14 .. :
. h » . L
e : m- L T — ’
. k ‘ - ==be) ' !

ELEVATION

09% .

™ | W

. \ .‘\ \ \ \ \\.‘
k\._ \ - . L.._.,,m‘ - - ,..._.!‘-

AEPDL

PzC.CEL.ER Fﬂ DR UN IT

| L e | | | 5CALE l:\'\DRE NO $2.2.0




17

rised air flows from a compressor to the cylinder at a pres-

sure of 6 kgf / Cm2.‘ This moves the piston to the other

side, the torsion spring mechanism operates and the accele-

. ration is got reduced. The return of the piston is by means

of spring action and it restores the acceleration to its original

position after the gear change. The process of controlling

" the accelerator is done by recalling a special subroutine

in the memory. This subroutine ‘has commands to operate

" the solenoid valve.

~ Selection of Diameter of the Piston

Load rating .o‘f the spring = 7.5 kgf
Preload on the spring - 05 kgf

~ Net ldad on the‘pislon A w 7 kyf

‘ Airy pressure from the compressor = 6 kgf/cm2

Load on piston

Area of the piston = d
: Pressure of air

= 7/6 = 1.167 cm®
Dia of the piston = (1.167 x 4/3.14)0‘5

= 12.2 mm
Amilbblé standard size = 12.5 mm
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2.3 The Clutch

Clutch is a device which provides a means of connecting

~ the drive from the engine to the gear box.

W

Reqmrements of Clutca .

D

ii)

The main functions of a clutch are :

i) To disconnect the engine power from the gear

box as required under following circumstances :

a) To start the engine warm it up and run it at

highv, speed to develop enough power to move the vehicle

from rest.

"b) ' Disconnect power to gear box for easy shifting

of gédr, so that the noise and damage to the gears
is avoided.

c¢)  Disconnecting drive from engine to. stop the

véhicle .after application o f brakes.

Allow the engine to take up load gradually without

shock or jérk.

/

Torque transmission. The clutch should be able to

transmit the maximum torque of the engine.

Gradual engagement : The clutch should positively

take the drive gradually without the occurrence of sudden

-jerks.
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iti)  Heat dissipation : During clutch application largé
‘amounts: of heat are generated. The proper design of the

clutch should ensure adequate dissipation of the heat.
iv). Dynamic balancing : This is necessary particular in
‘high speed clutches.

KR 'Vibratio'n clamping : To elimindte the noise produced
in the transmission suitable mechanism should be incorporated
within the clutch.’

vi)  Size : The size of the clutch must be smallest possible

. so that it should ‘oc‘cupy minimum amount of space.

: vii)- - Clutch f'reé pedal play : To reduce effective clamping
K load"_on the carbon thrust bearin_g‘ and wear thereof sufficient

clutch free pedal play must be provided in the clutch.

~ vii)) Ease: of -operation : For higher power transmissions
~the -eperation of dis_engag;ing: the clutch must not be tiresome

. to the driver.

Principle-of a friction clutch

The principle of a friction clutch may be 'explained

" by means of figure.

- Let sh:aft A and disc C be revolving at the same speed
. say N rpm. Shaft B and the disc D keyed to it are stationary
inivtic,;z?‘l»ly‘ witen the clutch is not engaged (figure a). Now

1



‘from a compressor.at a constant pressure of 6 kgf/cm”.
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B

apply some axial force N to the disc D so that it comes

in connectf.with the disc C. As soon as the contact is made

" the forcevof' friction between C and D will come into play

and consequent‘ly. the disc D will also be rewolving. The

speed. of D depends up'on friction force present, which. in

tw'n is' proportional to the force W applied. If wWis increased

. gradually the speed of D will be increased . correspondingly

titl thelstagé comes when the speed of D becomes equal

- to the speed of C. Then the clutch is said to be fully engaged

(fig. b).
 Torque transmitted = Cbeffi_cient of friction x axial

loadgapgxliéd x effective mean
radius of friction surface

ie, T = WR

Usually a clutch pedal will be provided for the driver

' ?._‘to‘eﬁr;mgdge or disengage." Here the system is fully’a.utomis:éd
- and no need for driver to concentrate on this. The disengaging '
~and engaging of. clutch lS done by means of pneumatic cir-

cuits and devices.

“As in case of acceleration mechanism, air is supplied
2

B A solenoid ’o_peratéd two way two position -direction control
‘_ valve is used in the circuit to engage and disengage the

clut ch.
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A force of about 75 kgf is required at the end of
the lever, projecting out of the clutch carrying, to disengage
the clutch. This determines the diameter of the cylinder

io be used.

i - -

Load required to disengage the clutch = 75kgf

i

Air pressure frbm the compressor 6 kg f/cm2

Total load

Pressure of air

~ Area of piston =

514’
= ;10 mm
~ Dia of piston available
in standard size = 50 mm

, For engaging of the clutch a flow control valve with
an integrated check valve s incorporated. The engaging

of the clutch shduld be smooth and gradual.

A 24 V dc operates the solenoid valve and when it
gets opened it connects the pision directly to the compressor
through a flow control valve with an integrated check valve.

The flow of pressurised air at 6 kgf/cm2 passess from the
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compressor. to the cylinder through the check wvalve and
the flow control valve does not come into- play during this
process. When the pressurised air enters the cylinder it
‘pushes the piston to the other end and this movement dis-
- engages the clutch. The disengagement process is activated
by Calling a épecial subroutine in the memory of the micro-

processor.

As the solenoid wvalve closes the piston is pushed back
by the spring force. The piston is moves to the other end
of the cylinder thereby engaging the clutch smoothly. During
this pmcéés the pressurised air passes through the flow
wvalve and, the check valve prevents the flow of air through
it in the opposite direction. For engagement of the clutch
another subroutine is called from the memory of the micro-

processer.



2.4 ‘' The Stepper Motor

The stepper motor is incremental digital control devi(:e.‘
It translatés" an input pulse sequence into a proportional
angular movement, rotating one angular incremeht for each
’irgput pulse. Thé shaft position lS determined by the number
of pulses- and its velocity is determined .by the pulse fre-
quency. The shaft speed in steps per second is ’e_qual to

the 'mcorriing frequency in pulses per second.

" The main advaritage of a stepper motor is that it
is able to operate is open loop commands which are the
_ysimplest forms of incremental servo systems. The cOmmonly
uséd stepper motor isl‘phase pulse type. In this type the
motor comprises an m-phase stator winding, which is a
~group of coils fittéd into -stator ‘structure and n pole rotor
.Which has no @inding and hence no carbon brushes and slip
rings. The_ number of steps per revolutions is determined
by the number of phases and poles and thus has ‘Lb be an
even in tezer. Examples are 4, v8, 26, 48, 72, 96, 100 and

‘120.“'ste.ps per revolutions.

The' stator windings are excited by successive switching
of dc voltage supplied into the various phase windings in

a sequential order.

The stepper motors may be constructed for unidi rectional



1 — N b
A L d‘,—"”\"f&ﬂj ) o v.m,_.______JﬁO/M).———f-
PR | =
C zc‘ - —
t b ""'"> _ . -AL_
(@)
A
To
™ pull out tomgue.
..,\\)\_.__...\5 P J t(, u to“‘r‘zcz, Vel

S - \ \_k e alew Tzange

5{:0711‘:&;84? b ——

FLrange : P vlse ratle. %te,P%/Sec’,

AGFOC
CTEPPER rv!o’r_QH 1

DREG NO: 2. 4. -




27

or bi-directional fotation."Reversing a unidirectional stepper

motor requires simply a change in the order of phase excitation.

The characteristic of a stepper motor are frequently |
presented as torque versus. Stépping rate of pulses applied
to- the drive unit. As the stepping‘ rate is increased the
motor can provide less torque because the rotor has less
‘time to drive the load from one position to next as the
stdtor kwinding circuit pattern is éhifted. The starting range
" is that ‘in which the load }position follows the pulses without
loosing sieps.. The slew range is that in which the load velo-
' cit& follows the pulse rate without loosing steps, but cannot
start, stop or reverse on command. The maximum torque
point .is t»he..maximum holding . torque of the excited motor

toa steady load.

The ;relevance. of the stepper motor is switching off
..gear.é is understood by considering the fact that krotary
mdtion of the stepper r_noter' can be converted to the linear
motion re‘quired along  the bridge of the "H" pattern as
well as ihte the angular motion required for‘swtiching between

-gears on the same selector rod.
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2.5 The Gear System
Transmission :

The word transmission means the whole of the mecha-
nism that transmits the power from the engine crankshaft
to the rear wheels. However, the Llransmission is also being
used very commonly for ‘a mechanism which provides us
with suitable variation of the engine torgue whenever re-
quired. This may be a gear box, a torque converter or may
- .be a gear bbx,; a torque converter or an automatic trans-
'm‘i‘ssion. Specifically we are concemed with the gears for
different speeds and a selector gear box.

Functions of ‘Transmission

The main functions which are performed by the trans-
mission are :

12} The tor que or the tractive effort produced

by the engine varies with speed only within narrow

limits. But the practical considerations for the running
of automobile under different conditions demands

a Ihrge’ variation of torque available at the wheels.

The 'main purpose of the transmission is to provide

. a means to vary the leverage or torque ratio between

the engine dnd the road wheels are required.

i) - The transmission also provides a neutral position

so that the engine and the road wheels are disconnected
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even wi'-th the clutch in the engaged position.

iii) A means to back the car by reversing the direction
of rotation of the drive is also provided by the trans-

mission.

Resistances on Moving Vehicle

)

The resistance are :

i) Resistance due to wind

ii) Resistance due to gradient

i)  Rolling resistance

) Resl‘htame‘due to wind

The moving vehicle has to face wind resistance-the

faster the vehicle runs, more resistance it has to face.

To. reduce this ai‘r',res,istanc_e the front portion of the vehicle

is»given slope so that air can be easily torn apart. To sum

i)

-of these air resistance. depends upon.

a) “Ve_hicle speed

b D‘irect:-ion of the wind with respect to vehicle
movement |

c) Velocity of the wind

Resistance due to gradient.

*
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This is the component of the vehicle we_ight parallel
to the plahe of the road. In general a vehicle has to exert

more power climbing steep hills.

Therefore it depends upon

a) . Gradient

b) Tybe of road

ii)  Rolling Resistance

Pfrac‘tically more force is required- to move the sta-
<, tionary véhicle and once the vehicle starts rolling, less
power is required. This is known as rolling resistance and

this dei)‘enqs'upm the following factors.

@ - Ground ie plain - pucca road
b _Tyres i.e. cross section of tyres thin or balloon
tyres. |
o Weight ie what is the ‘weight of vehicle and the
“total load it is carrying.

d) . Power required to move the transmission.

: -Froni the above discussion it is obviously understan'dable
the varihtion of total resist@nce affecting the speed  of
the vehicle. Hence it -is necessary lo provide a gear box
so that torqué can be increased to cope up with the resis-

tances which a vehicle has to face.

o - L d
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The essence is that for low load conditions the torque
required will be low and hence a gear corresponding to
low torque and hence high speed can be engaged and vice

versa.

At the outset it should be noted that any gear has
a lowér and higher speed limit within which it can be engaged. -
A gear automation system is based on the principle that
ds the speed of the vehicle, changes above or below the
speed .limits of the gearsvthat is currently engaged, then

the next higher or lower gear is .to be engaged depending‘

~ upon the speed.

Existing system of auto gearing

The modern developing science world is already familiar

with the automated gear transmission systems.

in the  existing system the gear ensuring is effected

by either torque convertor or fluid coupling. The gear box

used is epicyclic ‘geaf box. Here we do have sun, planet
and annulus gears. The differen{t ;peeds are got by braking.
The input is fed at the sun and the output taken through
thé planet. This system has a Sensing system which brakes

the appropriate gear corresponding to the speed that has

- to be sensed. The braking is done by hydraulic peak.



34

Selector Gear System

The  gear system selected in general can be used for
cars. This system is synchroimesh arrangement. The positional

orientations of the gears are shown in figure.

The main purpose of the synchro mesh unit is to syn-

chronize the speed of the two gears before they are'engaged.

The gear box arrangement -is of H-type. There are

_two selector rods. Edch selector rod when chosen can be

used to engage only one of the two gears at a time. For
instance if the selector rod 2 is used, Ute first or the second
gear ca; be “engaged. The positions corresponding to the
fwo gears are assigned for the given selector rod. The sele-

ctor rods are provided with selector forks. These selector

forks _re"stv on the moving dogs which are moved to engage

 the required gear.

) Ileclmamsm of Shifting Gears

1 ‘
For shifting between two gears sharing the same selec-

tor rod; only an angular motion of the gear shift’ lever
is necessary. In this there are two such instances viz., between

first and second or vice versa and between third and fourth

~or vice versa.
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However for a gear to change from second to third
or third to second a comblnatlon of linear motion and an
angular motion of the gear shift .lever has to be assigned

with reference to the H pattern bridge.

 The combinations of motions of the gear shift lever

for all possible gear changes are shown in table. The dis-

‘tances is the angular play required for the linear motion

are also specified.
Gear Shifting Process
The rotation i.e. the angular motioh and the, linear

motion of the gear shifting ipecham’sm is achieved by a

gear selector specially designed for the AGFOC.

The plan and elemtion of' this is shown in the figure.
The linear and angular motions “of the’ gear( shift lever.
are obtamed by stepper motors. For angular motion a 10 kg-
cm stepper motor is used. For linear motion 3 kg-cm stepper

motor is used.

' The selector gear box is shown in figure. The active

mechanism of gear shifting is described below.

As per the considerations of speed, imposed on gear
1 . .
engaging, if a speed that is sensed at any instant calls

for a change in gear, then a series of operations has to
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be done depending on the gear which is now engaged.

Gears A and B in mesh one SDL?P géars, gear A capable
of moving the face width of gear B through a linear distance
of 6 mm. Gear A is mounted on shaft 1 and B on shaft 2,
shaft'2 being connected'to the 10 kg cﬁ stepper motor,
which is responsible for fi.te angular movement of selector
inside the gear box.

Gears C and D are of rack and pinion type, the pinion
being‘ gear D mounted on shaft"f 3, is in mesh with the rack

‘of shaft 1.

bThe shaft 3 is connected to the 3 kg cm stepper motor,
- the rdtary motien of which is responsible for the linear
motion of shaft 1. The outer end of shaft 1 is connected
to selector rod 1 of the geér box. The shafts ’1 and 2 are

supported by bush bearings mounted on mild steel frames.

When it is necessary for a gear to be changed the
acceleration is cut down (to a minimum) and the clutch

disengaged .as discussed earlier.

Now'picturing- the table and the H type arrangement,
if a chkmge of gear is neceSsary say from 1 to 2 then stepper
motor (10 kg cm) is operated with instructions from the

software so that the shaft -2 rotates resulting in angular
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motion required to cause a first gear to second gear change.

However, a change from second to third gear requires
with the stepper motors to be rotated (refer H pattern)
Instructions ' from the software first cause rotation of the
10 kg cm stepper motor which brings about an angular ~
mdtion of \the shaft to change the gear and bring it neutral
required along the bridgé wne of the H-pattern, to select
the other éelector rod. Now instructions come fof the opera-
_ tion of 3 kg cm stepper motor which operates the rack
and pinion brmgmg about a linear motion there by selecting -

~ the other selector rod.

Once the other selector rod has been chosen and angular
motion is necessary to engage the third gear. This is achieved
by instructions which operate. 10 kg cm stepper motor

! .
which causes the rotation of the shaft through the required

angle.

Similarly, fof the reverse direction is from a shift
‘of gear from higher level to lower level. The table shows
the stepper motors required the operate for a given gear

transition and direction of rotation of Stepper motor.
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CHAPTER 3

3.1 ‘Microproéessor kit-SDA 85

The 8085 System Design Aid (SDA) is a complete Single Board
Microcomputer system, based on the industry standard 8085A, incor-
porating' all the features required for it to function as a trainer

and as prototype sys‘*iem in user applications.

The s&stem cons_i.éts of a keyboard, an address display 6f
4 di.g'its, a data display of 2 digits,.reayd only and read/write memory,
48 programmable 1/0O lines, 3 programmable 16 bit counter/timers,
an 8 bit intérrupt instruction part and serial interfaces for TTY,
CRT and Teleprinter.

The 8085A CPU, operating with a 6.1,44 MHz crystal, consti-
tutes the heart of the system. The low order address lines (AD to
A7) dre demultiple‘xed using an 8212, 8 bit latch/buffer. A 7415138,
3 lihe to 8 line decoder, is used to generate the éhip selects for
the onboard ‘1C's and the addresses are as given in thé specifications.
The address lines A15, Al4, A13, Al2 & All are used for this purpose.
The 74L8139, dual 2 line to 4 line decoder is used to generate chip

vselects for RAM and to produce the MEMRD and MEMWR svignals.‘

A 2K x 8 EPROM (2716) contains the monitor software and
_ provision is there, onboard, for another 2716. 1K x 8 RAM is provided

. with provision for an optienall K x 8. Two 8255's (PPI's) are provided






that allow the CPU 48 prbgrammable I/O lines. The addresses are

givenin _specifi‘cations. 8255 is a powerful support 1. C. and a number
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of lnterfdces are available, . as options, that use its .capability. THe

INTR line, terminated at connector J2, provides Interrupt capability.

The keyboard/dis,play functions are handled by another powerful

peripheral L.C., the 8279 Keyboard/D‘isplay Controller. The scan

. lines issued by the 8279 are decoded by the 74L5156,‘ dual 2 line

to 4 line decdder and fed to the keybodrd and diSplay drivers.

‘Thrvee 16 bit. P.rogrammable Counter/Timers are made availa-
ble using a’ﬁ \8253v peripheral. 1._C. One of the counter/timers is used
vby 'the_ Single Step Logic and the‘ remaining two are accessible frorﬁ

connector J4.

An 8 bit interrupt instruction port is provided and it allows

k'the’ user ~ta:;,j,a»mv an RST 'instruct,ion onto the data bus in response .

to an INTR' “interrupt, when the CPU issues INTA. The inputs are

all pulled up and this automatically issues an RST 7 instruction

(op. cide FF) causing a branch to RAM location IFAEH. By suitably

altering jﬁmper connections, this can work as an 8 bit input port,
if required.
The control group contains the necessary logic' to generate

 the external Dadta BUFFER ON signal and the Buffer Enable signals.
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Logic for single stepping through a User Program is included alongwith

’a wait state Generator (that can be disabled by removing U27 (74LS74).

The block frequency is divided by 2 before being fed as an inputv

#

to the 8279. The address lines are buffered Ltsing two T74LS241

bus drivers and the:lines are terminated at connector J3.

The data ‘control lines are buffered, using a T74LS245 bus

transceiver and 74LS241 bus driver and the lines are terminated -

~-at connector J4.

!

The SID and SOD lines'of' the CPU are used to implement
the serial interface, to TTY, CRT ‘and a teleprinter. The 20 mA

current loop interface for TTY uses two PNP transistors and the

RS-232-C interface for CRT is implemented using 1488 and 1489 _'

"TTI/ElA level translators.

The teleprinter interface requires 60V and provides a 60

. mA current loop interface using high voltage transistors.
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Specifications

The specifications of the sysiem are given below.

u 8085A
MEMORY =~ ROM ~ 2716x1 [expansion 2716x1]
RAM - 2114x2 [expansion 2114x2]
1/0 ‘  PARALLEL - 48 lines, 8255x2
SERIAL Through SID/SOD lines. Interfaces
are provided for TTY, CRT and Tele- °
printer '
Interrupts TRAP, RST, 7.5, RST 6.5, RST

5.5, and INTR. An 8 bit interrupt
Instruction port is provided.

Timer ©. 8253xl

Interfaces = - All Bus and Parallel 1/0O- signals are
TTL compatible. Optional Bus drivéi's
for Bus expansion available. 1/0 conne-
ction and bus connection through
ﬁexible flat cables. |

Keyboard/Display Implemented using the 8279 keyboard/
' display controller, six seven - seg—

ment displays, four for the address

field and two for the data field.

14

" Addresses ROM " 0to 7FF H
- 800 to FFF H (optional)
RAM 1C00 to 1FFF H
1800 to IBFF H (optional)
8279 2000 H - Data |

2001 H - Control



45

8255(1) 30 H - PortA
(PP 31 H - PortB"
32H - PportC
' 33 H - Control 1
8255(2) 38 H - PortA
(PP 39 H - PortB
3AH - Port C
v 3B H - Control 2
8253 28 H -  Counter 0
" (TIMER) 29 H - Counter 1
. 2A H -  Counter 2
2B H - Control
8212 1§ H -  Input port
INTA -  Interrupt instruction port
(RST Instruction)
’ “Monitor o GO, SUBSTITUTE MEMORY, EXAMINE
“Commands REGISTER, SINGLE STOP, BLOCK MOVE,

INSERT, DELETE, DISPLAY/PUNCH A
PAPER TAPE, READ A PAPER TAPE,
_READ AN EPROM, PROGRAM AN EPROM

Power Supply Basic Requirement - 5V + 5%, 1.5A + 12 V + 10%,
‘ Kit 100 mA

Option Integral Supply specification - 5V = 5%,
001 & 003 2.5A + 12 V £ 10%, 250 mA
20V to 26V, 100 mA

Ordering Part - MS - SDA85-1

Information . Number :
'  Description 8085 System Design Aid.
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3.2 System chti@ning

" ’Ihe\"controlling_’ system for the va('ious translatory and rotary
motion during vgear shifting is taken over by the .processor. The
‘ prqce'ssor. co’nt‘rolS2 stepper motors for gear shifting and two solinoid
valves on line in pneumatic ‘bircuit for acceleration and clutch control.

The processor selected for this system is INTEL 8085.

For this system, to functio’n the processor requires a memory
(RAM) capacity of 2 K bytes and EPROM of 1 K byte capacity.
It also requu'es 2 programmable peripheral interface (PPl chips
' fqr- its-ebctemal communication to the stepper motors, solinoid wvalves

speed sensors and display.

”

Penpheml Interfacmg
The peripheral interface chip selected is 8255A. This chip
each

hds 3,‘p'0rl:S' named port A, port B and port C/ 8 bit. The 3 ports

have 3 basic ~modés of operation. The mode selected is basic /0O mode.

Port thim
PORT 01

A 0~ %47-these 8 bits are utilised to transfer the engine speed
to thé processor. The éngine speed is measured. by digital pulses

transudcéd by an optocoupler. These digital pulses are converted

into 8 bit’biriary data and then fed to the port A.
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BO - B7 these 8 bits are utilised to transfer the propeller
shaft speed to the processor. The propeller shaft speed is measured
by- digital pulses transduced by an optocoupler. These digital pulses

are converted into 8 bit binary data and then fed to the port B.

C, - € these two bits are utilised to control (energise) two

‘~'solenoid valves which in turn control accelerator and the clutch

mechanism through preumalic circuil.

'Cz"- C5 these four bits control the ‘stepper motor 1 to accom-
plish the gear change from 1 - 2,2-1,3- 4, 4 - 3. This is achieved

by the following procedure.

~ 8.No. Gear Shaft Angular Direction No. of

pattern rotation | 7 pulse. outpyt
1 -2 60  Clockwise 30
s S 2-1 126% Anticloc’kwise. 60
3 - 3-4 - 60 ~ Anticlockwise 30
4 | 4-3 : 120 - Clockwise , 60
PORT 02

A 0 - A7 these 8 bits display the current speed of the vehicle

and the gear.: This is accomplished by decoding ‘the binary data

8 bits into 7 segment display. The maximum speed that can be
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displayed is 99 Km/hr.

C2 - -Cs these 4 bits control the stepper motor 2 which in

turn helps in shifting from second to third and vice versa.

S.No. Gear shift Angular Direction ~ No. of
. pattern motion pulse output
1. 2-3 20  Clockwise 10
2 3-2 20 Anticlockwise 10

POWER AMPLIFIERS
" Two bits CO 'C1 whose outputs are amplified from 5 volts
to 24 volts through a power amplifier and fed to the solenoid valves.
'The 8 bits (port 01, C2 - C5 and port 02, C2 - C5) oulput

the maximum of 5 volts. This is._stepped up to 24 volts by a set

6f 8 amplifiers.
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3.3 SOFTWARE

Initially port 01 A, B are selected to be input ports to

input the engine and probeller shaft speeds Poi't C is used as output

to.solenoids and ste_pper motor 1.

: P<;rt '02, A is selected to be an output port to display the
instant speed and gear. Port C is used as an> output port to‘ control
ihe stepper motor 2. |

The. two data engine and propeller shdft ‘spe"e’ds are takgn
in and ‘stored in particular location. The idling speed is set to be
N. This speed N is compared with the engine speed C If Cis grgater
ihan N the solenoid valves energise to disengage the accelerator
and clutch. . Stepper motor 1 changes the gear position from neutral

to first gear by receiving 30 consecutive pulses from the processor.

‘The solenoid valves denergise to engage the clutch and accelerator.

~If € is less than N the control is once again transferred

to compare C with N.

The maxirhum speed limit further the. first gear is N1. N1

is compared with C. If C is greater than NI the two solenoid valves

operate to disengdge the clutch and acceleration. The stepper motor

1 is‘ rotated through 12'00 anticlockwise by 60 pulses. The solenoid

wvalves denergise to engage to clutch and acce.l-erator.
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If € lS : less than N1 then C is compared with N. If C is
less .than N the cont-roll:system'operates in the reverse order to
'shift to neutr‘ali If C is greater than N the control goes to chéck
if C is greater than N1. |

N2' is the set maximum speed for second gear. Now C is

compared with N2.

| If C is greater than N2, the control goes to solenoid valves
to ‘disengage the ciutc_h' and accelergtor. The stepper motor 1 is
rotated through 60° élockwise by 30 pulses and ‘then.the stepper
motor Z‘is’ rotated through 20° c:iockwise by 10 pulses. The stepper
“motor 1 is furtﬁer rotated by another 60;’ clockwise by 30 pulses.

Then clutch dnd accelerator are engaged.

If Cis less tﬁah N2. Once again C is compared with NI.
v_1f C is lgss than N1, the contrql goes to solenoid valves to'disengagé
)the clutch‘vand‘acc_:elerdtor, the ..:two stepper motors - are oberated
m the. reversé order to shift to ‘se'cohd gear and then engage the

" clutch and acceleator.

N3 is the set maximum speed for third gear. Now C is com-
pared with N3.
‘If‘C is greater than N3, the control goes to solenoid valves

to diséngage the clutch and accelerator. The stepper motor is rotated
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_ through 120° anticlockwise by 60 pulses. The solenoid valves denergise

to engage the clutch and accelerator.

If C is less than N3, once again ¢ is compared with N2.
if C is less than N2 the control goes to solenoid valves to diseﬁgage
the blutch and accelerator, the stepper motor 1is operated in "the
reverse order to shift to third gear 'am‘d then engagé the clutch

and accelerator.
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4000

4000

4010

14020

4050

4060

4070

MVI C, 00

MVl B, 00

IN PORT A
MOV C, A
IN PORT B
MOV B, A
MVI A, N
CMPC

JC 4050
JMP 4010

JMP 8000
PUSH C
PUSH D
PUSH E
MVl E, 03

MVI D, OC
MOV A, D
ADD E

MOV E, A

OUTPORT E

DEC E

" JZ 8100 -

JP 4070
MOV A, D
RLC

MOV D, A
JMP 4060

MVI, A, N1
CMP B

JC 4100
MVI A, N
CMP B
JC 4070
JMP 8000
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1/P

C—Engine Speed
1/P

B-propeller

Shaft speed

N -idling speed -
Speed check

Shifting neutral
to 1st gear

Speed check N1 - 1st gear

maximum speed



4090

4100

L. 4120

PUSH C ' If propeller speed  idling
PUSH D ~speed shifting to neutral
PUSH E \

MV1 E 03

MVl D 24

MOV A D

ADD E

MOV E, A

MVI F, 1IE
OUTPORT E
DECF -
JZ 8100

JP 4020
MOV A, D
MOV D, A
JMP 4090

JMP 8000
PUSH C
PUSH D
PUSH F

"MVI E, 03

- 'MV1 b, OC

MOV A, D

ADD D, Shifting 2nd gear from 1st gear '

MOV E, A
MVI F, 3C
OUTPORT E

DEC F

JZ 8100
JP 4130
MOV A, D
RRC -

MOV D, A

JMP 4120
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4130

4140

4150

4200

4250

MVl A, N2
CMP B

JC 4200

‘MVl1, A, N1

CMP B
JC 4140

JMP 8000

PUSH C
PUSH D
PUSH E
MVI E, 03

MVI.D, 24

MOV A, D
ADD E .
MOV E, A

MVI F, 1E

OUTPORT E

DEC F

JZ 8100

JP 4130
MOV A, D

'RLC

MOV D, A
JMP 4150

JMP 8000
PUSH C
PUSH D
PUSH E

MVI E, 03

MVI D, OC

MOV A, D
ADD D

‘MOVE, A

MVI F, 3C
OUTPORT E

-
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Speed check
N2 - 1l gear

If propeller shaft speed
N1 then shift to Ist gear

Shifting from 11 to 1l gear



4300

4350

4400

DEC F

4450

DEC F

JZ 4300
MOV A, D
RLC
MOV D, A
IMP 4250

MVI E, 03
MVl D, OC

MOV A, D

ADD D

MOV E, A

MVI F, OA

OUTPORT 2 E

DECF

“JZ 4400

MOV A, D

RLC Shifting from 2nd to 3rd gear
JMP 4350

MVLE, 03
'MVI D, OC
MOV A, D
ADD D
'MOVE, A
‘MVI F, 24
OUTPORT  1E
DEC F
JZ 8100
JP 4450
MOV A, D
RLC
. MOV D, A
JMP 4420

" MVI A, N3 M
CMP B Speed check

JC 4600
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4460

4470

4480 -

4490

4500

4510

MVI, A, N2
CMP B

JC 4450
JMP 8000
PUSH D
PUSH E
MVI E, 03
MVL D, 1E
MOV A, D
ADD E
MOV E, A
MVI, F, 1E

OUTPORT E
DEC F-

JZ 4480
MOV A, D
MOV D, A
JMP 4470

MVl E, 03
MVI D, OC |
MOV A, D
ADD D
MOV E, A
MVI F, OA
MVI F, OA
OUTPORT
DEC F

JZ 4500
MOV A, D
RRC

MOV D, A
JMP 4490

MVL, E, 03

MVI D, OC
MVA, D

02 E
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If propeller shaft
speed is N2

Shifting from llird to U

gear



ADD D

MOV E, A

MV F, 24
OUTPORT 01 E
DEC F

JZ 4600

MOV A, D

'RRC

MOV D, A

JMP 4510

4600.  MVI D, OC

- 4610 MOV A, D Shifting from 11l to 1V
MOV E, A ’ gear
MVIF, OA |
OUTPORT 0IE
DEC F

JZ 8100
JP 4620
MOV A, D
RLC
MOV D, A
JMP 4610

4620 MV, A, N4
' CMP B
JC 4800
MV1, A, N3
CMP B
JC 4900 , |
JMP 8000 _ 1f propeller shaft speed
PUSH C 7 "~ N3, shifting the gear
" PUSH D e | |
PUSH E
MVI E, 03
MVl D, 3C

Speed check

4640 MOV A, D

ADD E
MOV E, A




4. TIPS TO DRIVERS

In this section we give about the details of faculities
- available to the driver. The driver should make proper and
optimum use of controls at his disposal. A knowledge about

these controls will be very much helpful to the driver.

The system includes the visual display systems.
The display - system ‘consists of a panel of seven segment
display. The speed of the vehicle, the current gear in engage-

ment etc. A set of switches is also available to the driver.
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When the driver wants to start the vehicle he has to press’

the proper switch. When the switch is on the microprocessor
checks the state of all the controls and displays a code
symbol corresponding to the all correct state. Then the

driver can proceed normally.

Carrespondihg to the preconceived faults specified
codes can  be flashed. If one of the codes is flashed then
the driver shall switch off the automatic system and move
to ‘the’ manual system. This is usually not needed. But in
 case of emergency this has to be considered. When a gear
change take place an award signal is effected. Every specific
gear change taking place can be recognized by the generation

of ‘particular frequency The driver should have an overall

" knowledge . about the working of the system and handle

the system with much care.



S.No.

10
1.
12.
13.
14.
16.

17.

" 18.

19,

5. COST ESTIMATION

" Particulars
Stepping motors 10 kgecm x 1
3 kgcemx 1
Transistor board x 2 - -

Edge connectors x 5

Optoéoupler x 2

Accelerator auxiliary unit amplifiers
Power amplifiers

Microprocessor development system

" 1/0 extension board

Pneumatic tubes
P‘neumatic‘-l cylinders x 2
solenoid values x 2

Flow control valves x 2
Fittings and accessories
Extension gear box
Installation cost
Compressoé‘r 6 kg/cm2

Man power for design and fabriéal.ion

Overheads

Total

Rs.
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Price

750.00
450.00
500.00
250.00
110.00

300.00

5000.00
1300.00
50.00
700.00
600.00
100.00
500.00
450.00 |
250.00
3000.00
4000.00

500.00

18,810.00

U
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6.  ADVANTAGES AND APPLICATIONS

~ The AGFOC system has a wide range of applications

and it is more advantageous.

" The driver has no much strain over thé gear
changing ' process. At the speed increases oOr de(;reases
the gear changes automatically. Hence the driver needs
no cdre’ regarding the gear changing. The vehicle can
ruh smoothly. The driver feel relax. T@he fuel is saved
as 'ihe gear changes automatically at proper time. Possi-

bility of damage 6f gears is less in this system.

The basic ‘concept of AGFOC system can be

dpplied to any type of vehicle. Using the concept of AGFOC

‘the same can be extended to. heavy vehicles like buses,

lorries etc.
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7. MEANS ‘OF IMPROVEMENT

This project can be still improved by using various

techniques which are awailable in this modern world.

In this project we have used two stepper motors
for éhanging gears. This system of changing .gears can
be imp;'oved by using only -one stepper motor and instead

of the second stepper motor we can use energised coils

which "gets magnetised and attracts the iron rod which

' combined together enhances the gear change

Further this can still be improved by using the
pneumatic' circuits which can be designed properly using

flow control valves and compressors etc. for changing

~ gears.

- Ultimately the improvement of this project goes

on developing until this science ‘age exists which is expanding

daily.
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8. CONCLUSION

‘The automatic mechanism for the CARS is clearly
. designed, considering all the influencing factors like speed,

clutch engagement and disengagement, using solenoid

control valves and a microprocessor.

Automation in automobiles is one of the modern
' techni‘dués which is- still ;devé'loping. Lc;oking back from
the ﬂscie‘n‘tific age we cannot but note what appeared. to
be a dréﬁm in‘ the Ap‘ast‘ has corﬁe te a thrilling reality.
dfcourse, one of thvis. is "AUTOMATIC GEAR CHANGING
FOR »CAR'S';. Hop‘elawl‘;omation will still provide the easiest
means. of handling the automobiles 'éspecially CARS as

we have considered in this pi'o ject.




