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ABSTRACT:

The cam shaft and its associatedparts control the opening and closing of the two valves. The
associated parts are push rods, rocker arms, valve springs and tappets. It consists of a cylindrical r
running over the length of the cylinder bank with a number of oblong lobes protruding from it, one for
each valve. The cam lobes force the valves open by pressing on the valve, or on some intermedia
mechanisnas theyotate. This shafilso provideshe drive to theégnition system.

The camshatt is driven by the crankshaft through timing gears cams are made as integral par
of the camshafiandare designedn sucha way to openandclosethe valvesat the correcttiming and
to keep them open for the necessary duration. A common example is the camshaft of an automobil
which takes the rotary motion of the engine and translates it in to the reciprocating motion necessary |
operateheintakeandexhaust valves of theylinders.

In this work, a camshatft is designed for multi cylinder engine anthdBel of the camshatft is
created using modeling software pro/Engineer. The modeled in creo is imported in to ANSYS. After
completing the element properties, meshing and constraints the loads are applied on camshaft for thr
different materials namely aluminium alloy, forged steel and cast iron to determine the displacement
equivalent stress of the cam shaft. After taking the results of static analysis, the model analysis an
harmonic analysis aconeoneby one.

INTRODUCTION

A cam is a rotating or sliding piece in a oscillating) motion. A common example is the
mechanical linkage used especially in camshaftof an automobile, which takes the

wheel(e.g. an eccentric wheel) or shaft (e.9. @ gperatethe intake and exhaustvalves of the
cylinder with an irregular shape) that strikes a cylinders.

leverat one or more points on its circular path.  The opposite operation, translation of
The cam can be a simple tooth, as is used 10 rgciprocating motion to circular motion, is done

deliver pulses of power tosteam hammefor by a crank. An example is the crankshaft of a
example,or an eccentricdisc or other shape car, which takes the reciprocating motion of the
that produces a smooth reciprocating (back and pistons and translates it into the rotary motion
forth) motion in thefollower, which is a lever necessarjo operate thevheels.
makingcontact with thecam. Cams can also be viewed as information
storing andtransmitting devices. Examples are
OVERVIEW the camdrums that direct the notes of a music
The cam can be seen as a device that translates gy or the movementsof a screw machine's
from circular toreciprocatingor sometimes varioustools andchucks.Theinformation
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stored and transmitted by the cam is the answer
to the question, "What actions should happen,
and when?" (Even an automotive camshaft
essentially answers that question, although the
music box cam is a still-better example in
illustratingthis concept.)

Certain cams can be characterizedby their
displacement diagrams, which reflect the
changing position a roller follower would make
as the cam rotates about an axis. These
diagrams relate angular position to the radial
displacement experienced at that position.
Several key terms are relevant in such a
construction of plate cams: base circle, prime
circle (with radius equal to the sum of the
follower radius and the base circle radius),
pitch curve which is the radial curve traced out
by applying the radial displacementsaway
from the prime circle across all angles, and the
lobe separation angle (LSAhe angle between
two adjacentintake and exhaustcam lobes).
Displacement diagrams are traditionally
presentedas graphswith non-negativevalues.

A camshaft is a shaft to which a cam is
fastened or of which a cam forms an integral
part.

LITERATURE SURVEY

CAMSHAFT CONFIGURATION

Single OverheadCam
This arrangementlenotesanenginewith one

cam per head So if it is an inline 4ylinder or
inline 6-cylinderengine, itwill haveonecam;

wWWwWw.ijiemr.org

if it is a V-6 or V-8, it will have two cams (one
for each head).

The cam actuates rocker arms that press down
on the valves, opening the®prings return the
valves to their closed position. These springs
have to be very strong because at high engine
speeds, the valves are pushed down very
quickly, and it is the springs that keep the
valves in contact with the rocker arms. If the
springs were not strong enough, the valves
might come away from the rocker arms and
snap back. This is an undesirable situation that
would result in extra wear on the cams and
rocker arms.

On single and double overheadcam engines,
the cams are driven by the crankshatft, via either
a belt or chain called th@ming belt or timing
chain. These belts and chains need to be
replaced or adjusted at regular intervals. If a
timing belt breaks, the cam will stop spinning
andthe piston could hit thepen valves.
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A doubleoverheadcam enginehastwo cams
per head Soinline engineshavetwo cams,
and V engineshave four. Usually, double
overheadcamsareusedon engines wittifour or
more valves per cylinder -- a single camshatt
simply cannotfit enoughcam lobesto actuate
all of thosevalves.

The main reason to use double overhead
cams is to allow for more intake and exhaust
valves. More valves meansthat intake and
exhaustgasescan flow more freely because
there are more openings for them to flow
through. This increasesthe power of the
engine.

The final configuration we'll go into in this
articleis thepushrod engine.

Pushrod Engines

Like SOHCandDOHC enginesthevalvesin a
pushrod engine are located in the head, above
the cylinder. The key difference is thhe
camshatft on a pushrod engine is inside the
engineblock, ratherthanin thehead.

The cam actuates long rods that go up through
the block and into the head to move the
rockers. These long rods add mass to the
system, which increases the load on the valve
springs. This can limit the speedof pushrod
engines; the overhead camshaft, which
eliminates the pushrod from the system, is one
of the engine technologiesthat made higher
engine speedspossible. The camshaftin a
pushrodengineis often driven by gearsor a

wWWwWw.ijiemr.org
short chain. Geardrives are generallyless
proneto breakagé¢han belt
drives,which are often found in overheadcam
engines.

DESIGN CALCULATIONS
PRESSURECALCULATIONS

Borex i 01 €@QN= 57 x 58.6
Displacement149.5CC
Maximum power = 13.8bhp @8500rpm
Maximumtorque= 13.4ANm@ 6000rpm
Compressiomatio =9.35/1 )
Densityof petrol 68 Qs = 737.22;)—36() @00
=0.00073722 kg/ch
=0.0000007372Rg/mm?

T =60F =288.855K =15.5&
Mass =densityx 0 € d 6 & Q

m = 0.00000073722 149500
m = 0.11kg
Molecularcutfor petrol144.2285/mole

PV =mRT
p= a Y'Y 0.11x8.3143x288.555 263.9

&~ T0.11422x0.0001495 _ 0.00001707
P = 15454538.533 j/fr= n/n?
P =15.454 N/mrh

DESIGN OF CAMSHAFT

The camis forged as one piece with the
camshaft

Thediameterof camshaft

D! = 0.16xcylinder bore+12.7D = 0.16 X

57+12.7=21.82mm

The basecircle diameteris about4mm greater
thancamshaftiameter

Basecircle diameter= 21.82+3= 24.82mm=
25mm

Width of camshaft

w! = 0.09xcylinder bore+6

W' =0.09<57+6=11.13mm

OA = minimum radius of camshaft+ (1/2x

diameterof roller)

=12.5+(1/2x41) =33mm
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MATERIALS
1 Forgedsteel
1 Castiron
1 Aluminum alloy

INTRODUCTION TO CAD

Computeraided design (CAD) is the use of
computersystems(or workstations)to aid in
the creation, modification, analysis, or
optimization of a design. CAD software is used
to increasethe productivity of the designer,
improve the quality of design, improve
communications through documentation, and to
create a databasefor manufacturing. CAD
output is often in the form of electronic files for
print, machining, or other manufacturing
operations.The term CADD (for Computer
Aided Design andrafting) isalso used.

Its use in designing electronic systems is
known as electronic design automation, or
EDA. In mechanicaldesign it is known as
mechanical design automation (MDA) or
computeraided drafting (CAD), which
includes the processof creating a technical
drawing with the use of computer software.
CAD may be used to design curves and figures
in two-dimensional (2D) space; or curves,
surfaces, and solids in thrd@nensional (3D)
space.

CAD is an important industrial art extensively
used in many applications, including
automotive, shipbuilding, and aerospace
industries,industrial and architecturaldesign,
prosthetics,and many more. CAD is also
widely used to produce computer animation for
special effects in movies, advertising and
technical manuals, often called DCC digital
content creation. The modern ubiquity and
power of computers means that even perfume
bottles and shampoodispensersare designed
using techniques unheard of by engineers of the
1960s. Because of its enormous economic
importance CAD has been majordriving

wWWwWw.ijiemr.org

force for research in computational geometry,
computer graphics (both hardware and
software) anddiscretedifferentialgeometry.

INTRODUCTION TO CREO

PTC CREO, formerly known as
Pro/ENGINEER, is 3D modeling software used
in mechanical engineering, design,
manufacturing,and in CAD drafting service
firms. It was one of the first 3D CAD modeling
applications that used a rdb@sed parametric
system. Using parameters,dimensions and
features to capture the behavior of the product,
it can optimize the development product as well
asthe design itself.

The name was changed in 2010 from
Pro/ENGINEER Wildfire to CREO. It was
announced by the company who developed it,
Parametric Technology Company (PTC),
during the launch of its suite of design products
that includes applications such as assembly
modeling, 2D orthographic views for technical
drawing,finite element analysiandmore.

PTC CREO says it can offer a more efficient
design experience than other modeling software
becauseof its unique featuresincluding the
integrationof parametricand direct modeling

in one platform. The complete suite of
applications spans the spectrum of product
development, giving designers options to use in
eachstepof the processThe softwarealsohas

a more user friendly interface that provides a
better experiencefor designers.It also has
collaborative capacitiesthat make it easy to
sharedesigns and makehanges.

PTC also offers comprehensive training on how
to use the software. This can save businesses by
eliminating the needto hire new employees.
Their training program is available online and
in-person, but materials are available to access
anytime.

A unique feature is that the software is
available in 10 languages.PTC knows they
havepeoplefrom all over thavorld usingtheir
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do so.

3D MODEL OFCAM SHAFT

2D MODEL
}@/ —
B

INTRODUCTION TO FEA
Finite elementanalysisis a methodof solving,

usually approximately, certain problems in
engineering and science. It is used mainly for
problems for which no exact solution,
expressiblein some mathematical form, is
available. As such, it is a numerical rather than
an analytical method. Methods of this type are

in finding out what is happening in part of a car
suspensiosystem duringornering.

One of the first applications of FEA was,
indeed, to find the stressesand strains in
engineering components under load. FEA,
when applied to any realistic model of an
engineering component, requires an enormous
amount of computation and the development of
the method has depended on the availability of
suitable digital computers for it to run on. The
method is now applied to problems involving a
wide range of phenomena, including vibrations,
heat conduction, fluid mechanics and
electrostatics,and a wide range of material
properties, such as linearelastic (Hookean)
behavior and behavior involving deviation from
Hooke's law (for example, plasticity or rubber
elasticity).

INTRODUCTION TO ANSYS
Structural Analysis
ANSYS Autodyn is computer simulation tool
for simulating the response of materials to short
duration severe loadings from impact, high
pressurer explosions.

ANSY S Mechanical

ANSYS Mechanical is a finite element analysis
tool for structural analysis, including linear,
nonlinear and dynamic studies. This computer
simulation productprovidesfinite elementsto
model behavior, and supports material models
and equation solvers for a wide range of
mechanical design problems. ANSYS
Mechanical also includes thermal analysis and
coupledphysics capabilities involving
acoustics, piezoelectric, thermsiructural and

needed because analytical methods cannot cope thermeoelectricanalysis.

with the real, complicatedproblemsthat are
met with in engineering. For example,
engineering strength of materials or the
mathematical theory of elasticity can be used to
calculate analyticallyhe stresseand straingn

FLUID FLOW

The ANSYS/FLOTRAN CFD (Computational
Fluid Dynamics) offers comprehensive
equipmenfor studying-dimensionabnd 3

Volume 04, Issue06, June2015

ISSN2456 7 5083

Page40



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

dimensional fluid go with the flow fields.
ANSYS is able to modeling a sizable variety of
analysis sorts such as: airfoils for pressure
analysis of plane wings (elevate and drag), drift
in supersonic nozzles, and complicated, three
dimensional waft styles in a pipe bend. In
addition, ANSYS/FLOTRAN may be used to
carryout obligations togethewith:

e Cal c ultha t gasolme pressure and
temperature distributions in an engine exhaust
manifold

e St ud the nhgrmal stratification and
breakupn pipingsystems

* Us idnfg blending researchto evaluate
ability for thermalsurprise

e Doing herbal convectdi
the thermal performanceof chips in digital
enclosures

* Co n d u warmnesg exchanger research
related to exceptional fluids separated by using
strongregions

INTRODUCTION TO CFD

Computational fluid dynamics, commonly
abbreviated as CFD, is a department of fluid
mechanics that makes use of numerical
strategies and algorithms to clear up and
analyze problems that involve fluid flows.
Computers are used to carry out the
calculationsrequiredto simulatethe interplay

of beverages and gases with surfaces described
by boundary conditions. With high-pace
supercomputers, higher solutions can be
performed. Ongoing researchyields software
that improves the accuracy and speed of
complex simulation scenariostogether with
transonic or turbulent flows. Initial
experimental validation of such software
program is executed using a wind tunnel with
the very last validation coming in complete
scaletesting, e.gFlight assessments.

STATIC ANALYSIS OF CAM SHAFT
MATERIALS - FORGED STEEL
Y 0 u n madldus 205000mpa
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Poi s gsation 6 s 0.3
Density 7850kg/mn?
Save creo Model as.iges format
-->AnsyWor k b e Setettanalysis
system- staticstructural — doubleclick

- - S e | geametry- rightclick - import
geometry— s elbraavset-o p @ra r t

- — Selectmeshonwork bench- right click
-edi t

Doubleclick ongeometry— selectMSBR -
editmat er i al

ok

-

-

Imported Model from CREO

| uat e

Selectmeshon left sideparttree —»  r iclick t
- generatenesh-
MeshedModel

0.00 500.00
250,00

1000.00 {mm)
750,00

Sel ect static structur a
select rotational veloctpend f i xed su
Sel ect di spl acement > S
click on apply - put X,Y,Z componenizero

-

Time: L 5
2i8/2018 9:01 PM

[ Pressure: 15545 MPs
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Selectforce — selectrequiredarea— click on
apply - enterrotational velocity
Selectsolutionright click - solve -
Solution right <click
total » Solution rightclick - i n s straim
- equivalentvon-mises) -

Solutionright click — insert - stress—
equivalentvon-mises) -

Rightclick ondeformation— evaluate all
result

TOTAL DEFORMATION

Total Deformation
Type: Total Deformation

500.00 1600.00 (mm)

0.00 500.00

1000.00 (mim)

250.00 75000

VON MISES STRAIN

'% mu
Equivalent Elastic Strain
'rynwam Snin

2!8/2018305?“

g 0.0011976 Max
0.001066
0.00093448
0.00080293
0.00067137
0.00053982
0.00040826
0.0002767
0.00014514

- M8 135885 Min

500.00 E— L]

MATERIALS - CAST IRON
TOTAL DEFORMATION

ﬁmmm uctural
Total Deformation

1008.00 (mm)

-
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VON-MISES STRESS

“'uw&ma
Equivalent Stres
'fypr' Equhlmt (von-Mises) Stress

T
mmmsosm

240.44 Max
281

187.15

16051

13387

107.23

80,592

53.951

231
0.66993 Min

0.00 500.00 1000.00 (mm)

squhlm e i
Type: Equivalent Efastic Strain
Unit: mm/mm

Time: 1

2/8/2018 9:09 PM

0.00 500.00
250.00 750.00

1000.00 (men)

MATERIALS - ALUMINUM ALLOY
TOTAL DEFORMATION

0.00 500.00 1000.00 (mrn)

VON-MISES STRESS
fW’Y"

Equilent
Type: Ewlv)hm(von Mises) Stress.
Uni: MPa

e: L
sfzrzms 9:12PM

227.69 Max.
20247
724
152.02
126.79
10157
76344
5L
25.895
0.67105 Min

0.00 500.00
25000 75000

160000 (mm)

VON MISES STRAIN

Equmkmauﬁn ‘&nm
Type: Equivalent Elastic Strain

0.00327 Max
0.0029109
0.0025517
0.0021925
0.0018334
0.0014742
0.0011151
0.00075591
0.00039675
3.7596e-5 Min

0.00 500.00 1000.00 (mm)
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HARMONIC ANALYSIS OF CAMSHAFT MATERIALS - ALUMINUM ALLOY
MATERIALS - FORGED STEEL STRESSFREQUENCY RESPONSE

STRESSFREQUENCY RESPONSE

~ PHASE RESPONSE
PHASE RESPONSE
[ Ot - et

MODAL ANALYSIS OF CAM SHAFT
MATERIALS - CAST IRON

TOTAL DEFORMATION 1

STRESSFREQUENCY RESPONSE _
Yo

TypeTotdDfomon
F«qauy. 2578 Hz

mm
! 822016 925 PM

|- g 3.0247 Max
26886 -
23526
20165
L6804

13483
L0082
3 067216
= 033608
TS 2563 %e3 523 62563 753 a%e3 | =L
2

Frequency (Ho) / 000 500.00 1000.09 (o)
: 25090 15000

PHASE RESPONSE TOTAL DEFORMATION 2

Output —— Displacement ——— Prase

095455
06633
033165
0Min

500.00 1000.08 (mm)
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TOTAL DEFORMATION 3

6.8222 Max.
6.0641
53061
4581
37901

EL3E
22141
L516

TOTAL DEFORMATION 1

i

080 560.09
25009 75080

0.75802
0 Min
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0.00 500.00

25000 15000

1000.00 (mm)

MATERIALS - CAST IRON
TOTAL DEFORMATION 1

i m 0.00 500.00
— S— )
L7537 25000 15090

1000.69 (mm)

035075

e TOTAL DEFORMATION 3

000 500.00 1000.00 (mm)
250.00 150.00

2T PM

3 1021
. 89338
dormation 76575
15802z 63813

5.105
38288

25525
mu« L2163
24188 0Min
203 008 50008
T — )
L 25000 15000

1000.00 (mm)

TOTAL DEFORMATION 2

11.486 Max
;|

0.6510%
034555

o RESULTS TABLE

00 500.00 109000 (mm)
2508 75000
= e

STATIC ANALYSIS RESULTS

TOTAL DEFORMATION 3

3.1658
2318
L5829

073144
0Min

0.00 500.00
250.00 15000

1006.00 (mm)

MATERIALS - ALUMINUM ALLOY
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Material Deformation Stress (N/mm?) Strain
(mm)
Forged steel 1.268 235.25 0.0011976
Cast iron 2.3145 240.44 0.002219
Aluminum alloy 3.5479 227.69 0.00327

MODEL ANALYSIS RESULTS

Material | Deformation] | Frequency | Deformation 2 | Frequency | Deformation 3 | Frequency
(mm) (Hz) (mm) (Hz) (mm) (Hz)
Forged 3.0247 25578 29848 25627 6.8222 648.98
steel
Cast iron 3.1567 197.66 3.1099 198.02 7123 506.41
Aluminum 3.0966 25735 5.037 25791 11486 643.67
alloy
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By observing the static analysis the

GRAPHS stress values are less for aluminum alloy
comparewith forged steeénd cast iron.

By observing the modal analysis the

Deformation (mm) deformation and frequency values are more for
4 aluminumalloy.
2 lé' So it can be conclude the aluminum
| —e— Deformati alloy is better material for cashaft
0 . I O I "ot On (mm)
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v =g Stress
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CONCLUSION

The camshaft is driven by the
crankshaft through timing gears cams are made
as integral parts of the camshaft and are
designed in such a way to open and close the
valves at the correct timing and to keep them
open for the necessaryduration. A common
example is the camshaftof an automobile,
which takes the rotary motion of the engine and
translatesit in to the reciprocating motion
necessaryto operatethe intake and exhaust
valvesof the cylinders.
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