Design of Internal Combustion Engine
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Internal combustion engine parts.




The Cylinder and Cylinder liner:-

» The cylinders are usually made of cast iron or cast steel.
» The cylinder liner are in the following two types.
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(a) Dry liner. (b) Wet liner.
Dry and wet liner.

» Design of the cylinder:
v" Bore and Length of the cylinder.
From the power idecated from the cylinder

Themechanical efficiency = 7, = %

TheIndecated power = IP:imepx%x szlxﬂxﬁjwatt

where :

imep isindecated mean effective pressure in N/mm?
D  isCylinderbore in mm
| is Length of stroke in mm
N  isSpeed of theenginein rpm
n is Numper of engine cylinder
Note:
The Length of stroke is generally taken =1.25D to2D
Sothat :
The Length of Cylinder = L =1.15I




v" Thickness
The thickness of cylinder is usually obtain from the thin cylindrical formula

Praxx D

20,

t= +C

where :
P is Maximum pressureinside thecylinder in N/mm?
its be (9t010) imep
is Cy linder bore in mm

is Permissible circumfere ntial stress for the cy linder material in N/mm?.
its value may be taken from 35 MPato100 M Padepending on thesize and miteria

C is Allowance for reboring
The allowance for reboring ( C ) depending on the cylinder bore for
internal combustion engine is given from the table.

Allowance for reboring for I. C. engine cylinders.

D (mm) 75 100 150 200 250 300 350 400 450
C (mm) 1.5 2.4 4.0 6.3 8.0 9.5 11.0 12.5 12.5

v" Cylinder head thickness
The cylinder head may be approximately taken as a flat circular plate
whose thickness (t,) may be determine from the following relation:

C.xP
tp, = Dx Z7 max
O¢
where:
Pmax 1S Maximum pressure inside thecylinder in N/mm?

D  isCylinderborein mm

o. isPermissible circumfere ntial stress for the cylinder material in N/mm?.
its value may be taken from 30 MPa to50 MPa.
C  isConstant whose valuebe=0.1



v" Cylinder flange and stude

v" The cylinders are cast integral with the upper half of the crank case
or they are attached to the crank case by means of flange with
studs or bolts and nuts.

v The cylinder flange is integral with the cylinder and should be
made thicker than the cylinder wall.

v" The flange thickness should be taken as 1.2 t to 1.4 t, where t is the
cylinder wall thickness.

v The diameter of studs or bolts may be obtained by equating the gas
load due to the maximum pressure in the cylinder to the resisting
force offered by all the studs or bolts, mathematically.

Take the number of studs be (ny)
ng =0.01D+4 and =0.02D+4

Resistance Force =ng ><%ds2 X Oy :%x D2 x Prax

where:
Pmax 1S Maximum pressure inside the cylinder in N/mm?
D  isCylinderborein mm

oy isTensilestress for the cylinder material in N/mm?.
its value may be taken from 35 MPa to70 MPa.
dg  isCore or Minor diameter of studin mm

Thestude diameter (d) be
ds =0.84xd
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and to transmit the energy to the crankshaft through the connecting rod.

cast aluminium, forged aluminium, cast steel and forged steel.
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» The most commonly used materials for pistons of IC engine are cast iron,
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> Design of the Piston:
v Piston head or Crown

The piston head or crown is designed keeping in view the following two main considerations, i.e.

1. It should have adequate strength to withstand the straining action due to pressure of explosion
inside the engine cylinder, and

2. It should dissipate the heat of combustion to the cylinder walls as quickly as possible.

On the basis of first consideration of straining action, the thickness of the piston head is determined
by treating it as a flat circular plate of uniform thickness, fixed at the outer edges and subjected to a
uniformly distributed load due to the gas pressure over the entire cross-section.

The thickness of piston head (ty) according to Grashoff's Formula is given

3% Pmax % D2
160't

where: oy is tensilestress be 35MPa to40 MPa for Gray cast Iron and
50 MPa t090 MPa for AluminumAlloyor NickelCast Iron

Thickness(ty) =

Also the thickness of piston head should be quickly transferred heat from
combustion of fuel to the cylinder walls. So that piston head as flat circular

plate, have thickness by

H
12.56x kx (T — Ty )
where: H is Heat flow rateby Watt
H= BP.xCV.xmxC  \att
where: BP. isBrakePower for cylinder
CV. iscalorificvalueof fuelit be 47000 kJ/ kg for petrolfueland 45000 kJ/kg for dieselfuel
m ismassof fuelitsunitkg/kW.s

C isconstantbe 0.05
k is thermakonductiviyitbe 46.6 W/mCfor Cast ironand147.75 W/mCfor Aluminium

Thickness(ty) =

Tc is temperatee at centerof pistonin °C

Tg  istemperateeat theedgeof pistonin °C

From the two equation take the large thickness value.
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v’ Piston Rib
v' The piston rib may be four.

Its thickness (tr)

Thickness(tr) = tgi
v' Piston Rings.
v' The piston rings used to impart the necessary radial pressure to
maintain the seal between the piston and the cylinder bore
v The piston rings usually made of grey cast iron or alloy cast iron
because of its good wearing properties.
v The piston rings are of the following types:
o Compression rings or Pressure rings
o Oil control rings or oil scraper

\ Thickness
W v.r"‘
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Gap
Diameter

h) Step cut.
(a) Diagonal cut. (h) Step cu

The radial thickness of the ring be




3x Py,

Ot

RadialThickness(t;) = D

where :P,, ispressure of gason cylinder vallit be 0.025t00.042 N/mm?

ot Istensilestressitbe 85 t0110 MPa for Cast Iron

The axial thickness of the ring be

Axial Thickness(t,)= 0.7t to 4t

D
10 x ]

where : the minimumthicknessb (t;) =

The distance from top of piston to first ring groove:
bl = tH to 12t|_|

Width of other rings:
b2 = O.75t2 to t2

The gap between two ends of ring:
Gl = 35t1 to 4t1

The gap when ring in cylinder:

G, =0.002D to 0.004D

v" Piston Barrel
v" It is a cylindrical portion of the piston.

Thickness(t3) =0.03D+b+4.5 mm
wall thickness(ty) =0.25 t3 to 0.3513
where : radial dipthof rings=b =t +0.4 mm




v Piston Skirt

v The portion of the piston below the ring section is known as piston
skirt.

v" The side thrust ( R ) on the cylinder liner is usually taken as 1/10 of
the maximum gas load on the piston.

R
Length (1) = %

where :
R= O.leaX% D?

P, = Bearing pressuretakeitbe 0.45N /mm?

Totallengthof piston ( L)=Lengthof skirt + Lengthof ringsection+ Top land
S L=1+(4t, +3by) +Iy

v" Piston Pin
v" The piston pin is used to connect the piston and the connecting rod.
v The material used for the piston pin is usually case hardened steel

alloy containing nickel, chromium, molybdenum or vanadium having
tensile stress from 710 MPa to 910 MPa.




Piston

Circlip

N

Circlip

Full floating type piston pin.

outside diameter of pin

mm

length of pin in bush of small end of connecting
rod

mm

Bearing pressure at small end of connecting rod

its value
bronze IS
N/mm?

So that:-

Loadon thepiston pin =% D2Pmax = Ry1doh

Where: | =0.45D and d; =0.6d,




Connecting Rod:

» It is the intermediate member between the piston and crankshaft.

» Its primary function is to transmit the push and pull from the piston pin to
the crankpin and convert the reciprocating motion of the piston into the
rotary motion of the crank.

> It consists of a long shank, small end and a big end.

] =

H=1.1Hto 1.25H
l H,=0.75 Hto 0.9H

\_____ ____,/z _rl

B 4f——m B =4t >

Phosphor bronze
bush

Small end

Bigend 1
I"

Connecting rod.

» The material mostly used for connecting rods varies from mild carbon steels
with tensile stress 650 MPa to alloy steel with tensile stress 1050 MPa.




» Design of Connecting Rod
» Dimension of cross-section of connecting rod

v’ Thekness of flange and web of the section: F“mgf H

— 1 .

j2 X X3 s

ocx A
Web =——p l

L 7
1+ a( K J' .

R
where : B=4i (b)

(a)

FS FaCtor Of Sefty Isection of connecting rod.

BucklingLoad(Wc)=FcxFs =

7

Fc Force of connecting rod R = F|_

L Conneting rod length

A area of section = 11><t2

Kxx radius of gyration of sectionabout x — axis = 1/% =1.78xt

a = Const. =1/7500 for meeld steel
=1/9000 for wrought iron
=1/1600 for cast iron

also:

Depth near bigend (H;) =1.1H to 1.25H
Depth near smallend (H,)=0.75H to 0.9H

also:
width of thesection (B) = 4t
Depth or height of thesection (H) = 5t




» Dimension of the crankpin at the big end bearing and piston pin at small end
bearing.

v" The piston pin bearing is usually a phosphor bronze of about 3 mm thickness
and the allowable bearing pressure (Py.)be 10.5 N/mm? to 15 N/mm?,

F,_ = max.gas force =Projected area x Bearing pressure
- F =13x(d,)’

where :

d_ isdiameter of crank pin at big end bearing, mm

[

I islength of crank pin at big end bearing, =1.3xd_ mm

[

F. = max.gas force =Projected area x Bearing pressure
- F . =30x(d))’
where:

d_  isdiameter of pistonpin, mm

I, islength of pistonpin,=2xd, mm

> Size of bolts for securing the big end cap:

v' The bolts and the big end cap are subjected to tensile force which
corresponds to the inertia force of the reciprocating parts at the top dead
center on the exhaust stroke.

v Take the tensile strength of the bolts material be 60 N/mm?

v" The enertia force of reciprocating parts F,

, cos 20
=mR.m-.r|cosEl+ .
I
i

E

I T

Where: O is crank angle which equal to Zero at the top dead center.




K= mR.mz.r(l + ;]

my =Mass of the reciprocating parts in kg,
® = Angular speed of the engine n rad / s,
r =Radius of the crank in metres, and
I = Length of the connecting rod in metres.

v The bolts may be made of high carbon steel or nicle alloy steel. So that the
factor of safety for bolts are equal to 6.
v' Equation of inertia force on bolts:

n 2
-Fi:: I{dcbj G, X 1

d ., = Core diameter of the bolt in mm.

o, = Allowable tensile stress for the matenal of the bolts in MPa, and

n, =Number of bolts. Generally two bolts are used.

The normal or major diameter (d,) of the bolts is given:

d
d = ch
b 0.84

> Design of Crank Shaft
>




