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ABSTRACT

The increasing demands for low emissions and log &onsumption in modern combustion engines require
improved methods for combustion process. In ordeattain those conditions; a four stroke cam is iffextl into a six
stroke cam by using various calculatiofbe camshafts and its associated parts contrabaing and closing of the two
valves. The associated parts are push rods, reckes, valve springs and tappets. This shaft alseiges the drive to the
ignition system. The camshaft is driven by the ksdaft through timing gears. Cams are made asradtggrts of the
camshaft and are designed in such a way to opevalkies at the correct timing and to keep them dpetthe necessary
duration. In this project, a six stroke camshafiésigned for a two wheeler engine by using théaketalculations. Cam
profile is designed by using the calculations. A @2bdel of the Camshatft is created using modelirityvene AutoCAD.
For manufacturing cam shaft following manufacturmgthod are used by Machining, Casting and Fordtngm above
processes we selected casting processes becaugsetl for bulk production. For the manufactur€amshaft Core and
Cauvity is to be extracted from the model using nfacturing module in AutoCAD. Total Mould base istie designed for
the camshaft which is ready to go for productioNGCProgram is to be generated for both core andycasing roughing
and finishing processes. This is also done in n@otufing module in AutoCAD. AutoCAD is the stand@md2D product

design, featuring industry-leading productivity l®that promote best practices in design.
KEYWORDS: CAD/CAM/CAE, Auto CAD

INTRODUCTION

» The ageing population is one of the most critidabgl issues. A survey from the United Nations shdkat the

number of population over 60 years will increasfr810 million to 2 billion between 2012 and 20%(2].

» Stroke is one of the leading causes of the permatisability throughout the world, and nearly thigpearters of

all strokes occur in people over 65 years [2, 3].

» A camshaft is a shaft to which a cam is fastenedtiich a cam forms an integral part. In internainbaoistion

engines through pistons, the camshatft is usedtpoppet valves. [4].

* In order to help people who have difficulty in wiglf, many researchers have been carried out. lbé&as proven

that repetitive and intensive gait training is tielpo regain the walking ability [5].

 However, the conventional rehabilitation exercises labor intensive and expensive for most patights/],

which limits their pervasive application.
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* The high-pressure fuel system greatly influences ifijection, fuel spray, combustion, and diesajiea output
power and emissions under both steady-state ansigrg conditions [8,9].

* The electronically controlled high-pressure fuedteyns, such as the CRDI (common rail directionciija) fuel
system, the EUI (electronic unit injector) fuel ®ym, the EUP (electronic unit pump) fuel systeng BPN
(pump-pipe-nozzle) system and the inline fuel aystare widely applied in heavy-duty engines, dués@ood
features such as the very high injection presgqunexise control of fuel quantity and great systdfitiency. In
modern diesel engines, CRDI, is highly flexibleelectronically control strategies in terms of higlkl injection
pressures, exact injection timing and multi injecs; the fuel pressure in this fuel system hate littirect
relationship with the engine speed since the fegkberved in the rail and always kept at a higklleThese
advantages of CRDI benefit it to provide the endiigh enough injection pressure even at low engpeed and
high engine load and speeds, which is good to theetaried demands at different engine conditionssuitable

for vehicles and power units [8,10,11].

CAM NOMENCLATURES

Cam profile is the actual working surface contoluthe cam. It is the surface in contact with théddedge, roller
surface, or flat-faced follower.

Base circle is the smallest circle drawn to the gaofile from the radial cam center. Clearly, th@rcsize is
dependent on the recognized size of the base circle

Trace point is the point on the follower locatedhat knife-edge, roller center, or spherical-facedter.

Pitch curve, or pitch profile, is the path of thace point. In cam layout, this curve is repeatatliermined first
and the cam profile is frequently determined fast the cam profile is then conventional by tangémtthe roller or flat-

faced follower surfaces. For the basic knife-eddiedver, the pitch curve and cam profile are thesa
Prime circle is the smallest circle drawn to thielpicurve from the cam center. It is parallel te bfase circle.

Pressure angle is the angle (at any point) betwsemormal to the pitch curve and the directionhaf follower
motion. This direction of the follower motion. Thasgle is significant in cam design because iteggnts the steepness of
the cam profile, which if too large can affect #meoothness of the action.

Pitch point is that point on the pitch curve havihg largest pressure angle. Pitch circle is wefiréd as the
circle drawn through the pitch point with its card¢ the cam center.

CAM SPECIFICATIONS
Cam diameter = 24 mm
Cam width = 0.7mm
Cam height = 30 mm
Total lift of cam = 6 mm

Base circle radius = 12 mm
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Inlet Cam outstroke angle = 25.5°
Inlet Cam dwell angle = 30°
Inlet Cam return stroke angle = 25.5°
Exhaust Cam outstroke angle = 24°
Exhaust Cam dwell angle = 30°
Exhaust Cam return stroke angle = 24°
Inlet valve open = 12° Before TDC
Inlet valve close = 42° After BDC
Exhaust valve open = 42° Before BDC
Exhaust valve close = 12° After TDC
CAM CALCULATIONS
For a Four stroke:
Cam revolution ratio=1:2
» Angle of inlet cam valve operating period = valyeeoed time in crank anglexcam revolution ratio
=234°%x1/2
=234x1:2
=117°
« Angle of inlet cam dwell period = total angle-int&tm angle
=360-117
=243°
* Angle of exhaust cam valve operating period =vajpened time in crank anglexcam revolution ratio
=234x1:2
=117°
» Angle of exhaust cam dwell period = total anglead$t cam angle
=360-117
=243°
For a Sx stroke:
Cam revolution ratio=1:3

* angle of inlet cam valve operating period= valvergd time in crank anglexcam revolution ratio
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=243%1:3
=81°
* Angle of inlet cam dwell period = total angle-inttm angle
=360-81
=279°
* Angle of exhaust cam valve operating period=valpereed time in crank anglexcam revolution ratio
=234x1:3
=78°
» angle of exhaust cam dwell period
Dwell time=126x%1:32
=42°
» Exhaust valve opened time in crank angle=valve egd¢ime in crank anglexcam revolution ratio
=234x1:3
=78°
CAM DESIGN IN AUTO CAD
Inlet Cam

Inlet cam is used in order to open and close tlet iralve. Inlet cam design consists of a singlsenwith base
radius of 12mm with a stroke/lift of 6mm. The tirgigear which is connected to this inlet cam opsr#te rocker arm.
Now the rocker arm operates the valve openingsvahe closings. This inlet cam works after the ctetipn of air outlet

stroke

Figure 1

Exhaust Cam

Exhaust cam is used inorder to open and closextieust valve. Exhaust cam design consists of tveesiwvith a
base radius of 12mm followed with a stroke/lifteh®. The timing gear which is connected to this esh@am operates
the rocker arm. Now the rocker arm operates theevapenings and valve closings. As it contains hwses, the valve

openings and closings occur twice.
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This exhaust cam works after the completiopowerstroke and again after the completion of air istevke

Figure 2
Inlet Cam Displacement Diagram

The inlet cam opens the inlet valve at an angl25.5 degree from the initigooint at a stroke/lift o6mm, which
is referred to as an outstrokehe cam maintains this strc of 6mm up to an extent @degree which is known as be
dwell peiod. After the dwell period thcam closes the valve at an angle26f5degree follond with a stroke of 6mm
which is referred to as a return strok@ally this cam maintains th&troke of 6mm up to aextent of 279degree, which is

referred to as a dwell period.

Figure 3

Outlet Cam Displacement Diagram

As it is a six stroke outlet cam witwo noses, the outlet and return strokes @glurs twice. Coming to the out|
cam displacementhé exhaust cam opens the inlet valve at an angBldégree from the initial point a stroke/lift of
6mm, which isreferred to as an outstrc. The cammaintains this stroke of 6mm upto an extent of dee which it
known as to be dwell period. After the dwell pe, the cam closes the valhad an angle of zdegree followed with a
stroke of 6mm which is referred ts a return stroke after the return stroke. Aftés teturn stroke the cam maintains the
stroke of 6mm upto an extent ofdeyree, which is referred to as a dwell perAgain the cam gets opened at a lift
6mm in which air suction and air outlet ke occurs. After the dwell peripthe exhaust cam again opens the inlet v
at an angle of 24degree at a stroke/lift of 6mmictvlis referred to as an outstroke. The cam maisttiis stroke of 6mr
upto an extent of 30degree which is known as to be dpeiiod. After the dwell period, the cam closes the valvarz
angle of 24degree followed with a stroke of 6mmakihis referred to as a return stroke. Finally ttasn maintains th

stroke of 6mm upto an extent of BRYyree, which is referred to as a dwell pe
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Figure 4
* Rise - is when the follower is poignant away frdra tam centre.
» Dwell - is the period when the follower is motioste
* Return - is when the follower moves back near #ra centre.

e Stroke- is the greatest distance over which tHevi@r moves. Displacement (s) — is the locatiotheffollower

from a specific zero or rest point in relationitog or the rotary angle of the cam.
»  Velocity— is the rapidity with which the cam mowuég follower.
» Acceleration is the rate of change of is the réteadification of the follower’s velocity.

» A follower displacement diagram is a graph showdigplacement of the follower plotted as a purposgnae.

Since the cam usually rotates at perpetual angelacity, the t-axis can be measured asbtlagis.
e The follower displacement diagram regulates theaslud the cam.
VALVE TIMING DIAGRAM

Hypothetically it may be expected that the valvpsroand close and the spark (or injection of fheppens at
the engine dead centers. However, in real operatienvalves do not operate at dead center positioih operate certain
degree on either side of the dead centers. Theirapemises earlier and the exhaust continues umifat later crank

angles. The ignition is also timed to arise in adeaof the achievement of compression stroke.

The timing of these events, raised in terms of kcrangles from dead center sites, is characterized walve

timing diagram. The correct timings are of essémigortance for the effective and positive runnofghe 1.C. engine.

Figure 5

In the case of actual valve timing diagram valveropgs, valve closings and auto ignition occurs aertain

degree before or after the dead centers. In thie,dhe inlet valve opens at 12 degree before € @nd the suction
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stroke is followed. The inlet valve will be closati42 degree after BDC. After the completion of sluietion stroke, the
compression stroke will be followed. At this comgs®n stroke, the auto ignition occurs at an an§l20 degree before
the TDC. After the compression stroke, power strééows and then the exhaust valve gets openednaangle of
42degree before the BDC. After the opening of eghaalve, the exhaust stroke will be followed. Aftee completion of
this exhaust stroke, the exhaust stroke will beailoat an angle of 12degreeafter the TDC. As itavaix stroke cam the
exhaust cam has two noses in which the valve ogerand valve closings occurs twice at a same aAffler. the exhaust
stroke completion, air suction stroke occurs amdekhaust will be opened againat an angle of 42degefore the BDC.
After the opening of this exhaust valve, air ousigbke will be followed. Finally, the exhaust valgets closed at an angle
of 12degree after the TDC.

TDC — Top Dead Centre
BDC - Bottom Dead Centre
IVO — Inlet Valve Opens
IVC — Inlet Valve Close

IG — Ignition Starts

EVO — Exhaust Valve opens
EVC - Exhaust Valve Close

Front View

Figure 6

Top View

Figure 7
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MODIFIED 6 STROKE CAM

Front View

Figure 8
Top View

Figure 9
TIMING GEAR

The gear train with a two to one reduction throwgtich the crankshaft drives the camshaft and tlurdrols

valve timing in an internal-combustion engine.
Four Stroke Timing Gear

The timing gear of a four stroke engine consist82feeth with a cam revolution ratio of 1:2. Heseevery two
rotations of a crank, the timing gear rotates glsinotation.

Figure 10: Four Stroke Timing Gear
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Six Stroke Timing Gear

The timing gear of a six stroke engine consist4®feeth with a cam revolution ratio of 1:3. Heve dévery three

rotations of a crank the timing gear rotates alsingtation.

Figure 11
CONCLUSIONS

In this paper, the camshatt is designed by usiegrttical calculations for the 135cc gasoline eagin further
step, we have modeled a camshaft as per the desigulations. Shrinkage allowance is also addetthi;idesign. Also,
Core and cavity for camshaft have been execute@. tdtal mould base according to standards has m@pdhe
manufacturing process for the camshaft is genetagedeans of CNC programming. This modified siwlsércam enables

lower engine temperature and therefore increastinverall efficiency.
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