,—-',——"-——l—-_\
PISTON ROD AND

——— CONNECTING ROD
L eee—————

141. INTRODUCTION :

In I.C. engines, or steam engines, the force produced by the fuel gas or steam
pushes the piston in the cylinder which causes the reciprocating movement of the
piston and this reciprocating movement can be transmitted to the crank shaft of 1.C.
engines or wheel of steam engines through some intermediate elements such as piston
rod and connecting rod as shown in figure 14.1. With respect to the places of
applications and requirements these elements can be operated to convert the
reciprocating motion of the piston into rotary motion of the crankshaft as in I.C.
engines and steam engines or to convert the rotary motion into reciprocating motion
2 in the case of reciprocating compressors, pumps, power hammers and shaping
machines ete.

Passages for steam Piston rod Connecting rod
Crank shaft
Cylinder
N
\% S _
—-._.,.\.\ N -
Piston N N
Fig. 14.1
L‘_-—\-—M. A ——————
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14.2. MATERIALS REQUIRED : ey
rod i?:::alionﬁldl’fnng.the constructional features of the above elements
oy Uy having circular cross-section whereas the connecting rod ig o

Ss sect:mn and these two rods are made longer in order t, 0 'I-shaped
work—_reqmrement. Since these rods are subjected to axial loading, the Sﬁtlsfy the
sufficient strength to withstand the axial force applied on them w,itho:ts ould .have
They are usually made of carbon steels or alloy steels of molybdenum an;n Y failurg
with high tensile and compressive strengths. hromiy,

» the Distgn

14.3. STRUT OR COLUMN (An Analysis) :

Any machine part subjected to an axial compressive force is called a stry
strut may be horizontal, inclined or vertical and the vertical strut is knowﬂ. !
column. When a column or strut is subjected to a compressive load, it will fai]:i
the ultimate compressive load called as crushing load. Sometimes for long colump
it may bend or buckle at a lower load than crushing load and this buckling wili
affect the proper function of the column. This load for buckling is known as
“buckling load or crippling load” which may be considered as design load for
column or strut. Also the magnitude of buckling load for long column is relatively

lower than that for short column.

The machine members that can be analysed based on column action are piston
rods, valve push rods, connecting rod and screw jack.

14.4. FORMULAS USED FOR THE DESIGN OF PISTON ROD AND
CONNECTING ROD :

roduced during power stroke pushes the piston

In 1.C. engine the gas force p
d to the connecting

away from the cylinder head and this pushing force is transmitte .

rod and due to this force, large amount of compressive stress is induced n the
connecting rod. Similarly in the steam engine also, the steam force pushes f:he. P;st"n’
piston rod and connecting rod in order to move the train. Comparing to this 1;1 “m
compressive stress, the magnitudes of tensile stress induced during Otffer stro :; on
less. Hence the piston rods and connecting rods are designed mf.llﬂly ba;urin g
compressive load than tensile load because the tendency of failure is more

compression than tensile loading.

Since these rods are usually longer, they mayml;eiid(t;‘i; failure muS

compression which may also be called as functional fail e e as b

vented. The load which cause for rod-bending is . :
prf3 ling load as mentioned earlier. This drawback. of rod-benzmin‘;;c
fll:xl')ll:lg tensile loading. That is why the design of piston rod and ¢ : Jlled

pased on the compressive load especially buckling
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nployed » the following ¢,
i) Euler’s Formula.

(ii) Rankine’s Formula.

(jii) Johnson’s Formula.

The above three formulas are derived

. base
for their different end conditions, which are d on

the characterigtcg of columng
1. Both the ends hinged.

9. Both the ends fixed.

3. One end is fixed and other end hingeq.

4. One end is fixed and other end free.

The schematic diagrams for the above conditions are shown in figure 14.2

o ; :

\\\r\\\
-

o3

F'g 14 2 Sumpﬁons fOf proper
al ] as
X the characteristics of columns depend on certain

eti
hna, ey are

Ilut:any the column should be Perfe"tl

3Pplied should be truely axial . it longth
;g uniform throughot

2,
The Cross-gsection of the column 18

and the IOBd
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14.4
VACHINE Dy,

3. They should have long length compared to their cross-section
4. The functional failure occurs due to buckling alone.

Now based on the above assumptions, the Euler’s formula, Rankine’
and Johnson’s formula are discussed as follows : ’ € formy),

14.4.1. Euler’s Formula :

Mr. Euler derived an expression for the crippling load (or buckling load)

long column under various end conditions as. for

C 2 2 2
F - anI=Cn Ié‘.Ak _Cn’EA o (141)
l l 1 Y
+)
where, C = End fixity coefficient which is different for different end

conditions as shown in figure 14.2

= 1 for both ends hinged

I

4 for both ends fixed
-~ 2 for one end fixed and other end hinged

0.25 for one end fixed and other end free.

E = Modulus of elasticity of the column material
I = Area moment of inertia
A = Area of cross-section of column
k = Least radius of gyration of the crqss-section
! = Length of column
l Slenderness ratio (i.e., the ratio of length of column to the least
[E} =  radius of gyration)

Euler'’s formula can be expressed in another form also, which is given by,

n? EI (14'2)

L2

Fer=

|
s
|

-
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14.6

nkine’s Formula :

mula can be applied for both 101.1g columl?s and short columpg A

pling load, or buckling load is mathematically deﬁnezor:ing
g

14.4.2. Ra
This fo :
to this formula, the crip
1 1
I |
T e 8 -l

where, Foe= Crippling load defined by Rankine’s formula
y & Cr )
F,= Ultimate crushing (i.e. compressive) load for the column,

=S, A (where S;= Crushihg stress (or) yield stress in compressjgy and
A = Area of cross-section of column).

2
Fg= Crippling load from Euler’s formula = anEI

By substituting F,=S,. A and Fg= ni]zi}I in the Rankine’s formula (14.3), we gt

- FFgp __F. __ S..A  S.A
“ Fg+F, Fe S;.A. L? S,.AL?
1+F 1+—— 1+T__2
E ?El rn’EAk |
B S..A ~ 8.A  F e (44
= ORI 2
S. (LY L\’ L
1+[n2E][E} 1+a{-1;} l1+a "
_g‘?—andthjs

In the above formula, ‘@’ is considered as Rankine’s constant =n2E

value may be different for differenf: materials. The values of crushing stress an
Rankine’s constant are given in table 14.1. '
Table 14.1

(Values of S & a)

S.No. Material . 8, in N/mm®
. Wrought iron 250
2. |Mild steel 330
Cast iron 550
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570N ROP AND CONNECTING Rop
443 Johnson’s Formula : 14.7

2
Fcr = A Sy 1 —_— —__§.l'___ -.Ii
4Cn’E| k
where,
Sy = Yield point stress =210 N/mm?

C = End coefficient =1 ("." both ends hinged)

Usually the Johnson’s formula is employed for the design of connecting rod
14.5. DESIGN OF PISTON ROD : .

The piston rod connected with the piston of an engine as shown in figure 14.3
transmits gas pressure developed by the fuel or steam to the crankshaft through
connecting rod. Since one end of the piston rod is connected with piston by its tapered
end with a nut and the other end is joined with the connecting rod through a
cross-head by a cotter, its ends are having no revolving movement and so the piston

rod may be considered as a column with fixed ends.

Tapered end Cross-head  Connecting rod
Cylinder Piston rod -
Cotton pin
\
% 7/ }
. \ — . — - e —— - rr-
\ 2 -
\ 7

Fig. 14.3

' ds i
. . and backwards -
to Since the piston rod moves forwa;;inate direct tensile ust

gas fOrce it will be subjeCtEd to a. such a way that it .m compression-

. 3 n

in hefme the piston rod is deSIB'ned. mhould not buckle gux iing eno
USion anq compression and als0 it :kles eve
*d i congiderably longer, it Will P

sustain

e

—
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on buckling 1oaqd 1, e 1 ston
formulg Particularly whep, the slend 'y Zusmg o o Rankiurs’d
enderness ratig % '8 8reater thap 40 When the rats
k <40 then the sjze of rod is determineq 1 N

compressive strength to the applied load.
When designing the Piston rod, the following steps m

. 1. First, the material of which the piston rod ig to be
design stresses in tension and compression are determined. Ujg
adopted for making piston rod. .

ay be obseryeq.

2. The force (F1) produced by the fuel or steam, acting on the Piston roq ;
determined using the equation, .,

where D = Diameter of piston

- P= Pressure of steam or gas

3. This steam force is equated to the tensile or compressive stre

ngths of piston
rod (Fy), when the slenderness ratio, é<40 as F;=F,

where Fy = %dz (Sy) (or) %dz (So)
-d = Diameter of piston rod
(Sp = Allowable tensile stress of piston rod.
(S) = Allowable compressive stress of piston rod.
4, If —l->40 the applied force (Fy) is compared with buckling strength (F.) of
‘ x =40,

i r’s
piston rod using Euler’s formula or Rankine’s formula and especially the Eulers
l
formula can be employed when E>80'
2 S.. A
" 2EI (or) Fpp=—"— ¥
L l1+a (-]'{' J

t
Usually, the buckling strength.shou_ld.beh ﬁ:‘iiaé
.-Existence Also, for the piston rod, since it 1s

ie. F,.=

er than the applied .force :]?:
fixed ends in both sides,

ined.
\% i i rod is determin€
bove equations properly, the diameter of piston
5. Using the abo
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CONNECTING ROD
isTON AOP AR 14.9

DESIGN OF PUSH RODS :
4.6

bV RO spherical seated
auﬂe_ngs’ they may be treated as pin end columns whoge characteristics is simj]ar
bei:ilnged end columns.
to . .

When the push rod is subjected to a loag P, the design crippling load can be
obtained as

F.=Pxfs where fg is the factor of safety.
cr

Then by using Euler’s formula or Rankine’s fo

pe evaluated. For the push rod made as hollo
f:ajs ually taken as 0.8 times the outer diameter.
1

14.7. DESIGN OF CONNECTING ROD :

rmula, the diameter of push rod
W tube, the inner diameter of rod

The connecting rod is employed as the intermediate element between the piston
and crankshaft in I.C. engine or between the piston rod and crankshaft in the case
of steam engine. It consists of an eye at the small end (so called due to its small
size) for connecting the piston through piston pin, a long shank usually of I-section,
and a big end, which is connected to the crankshaft pin, of split type and has a
separate cap as shown in figure 14.4. The cap is secured to the body of the rod by
means of two or four bolts. In large sized connecting rods, holes are provided for
lubricating purposes.

The motion of the connecting rod is a combination of the rotation of the
rank-end (i.e., big end) and the reciprocating motion of the piston end or small end.
Therefore, the rod should be as light as possible to keep down the inertia forces. It
must have sufficient strength to withstand the thrust of the piston.

The connecting rods for petrol engines are made of steel containing carbon 0.4
tr? 045% ang manganese 1.4 to 1.8%. Material for diesel engine rods must have
pe?:er Strength and hence steels containing chromium, nickel, molybdenum with 9.4
prgc:: t carbon are used. The connecting rods are usually made of drop-forging

S The Properties of connecting rod materials are given in table 14.2.

Table 14.2: Connecting Rod Materials

Ncoﬂmosition Su Sy Se
*rol engin

1 es
; Carbon Bteg]

(Cs - 320
o 087 - 0.45%, Mn = 0.5 - 0.8% + Si) 570 - 700 | 310-400 | 23032

= 0-300
042~ 0.50%, Mn = 0.5 — 0.8% + Si) 600 - 750 | 340-430 | 25
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14.10
MACHINE pgy,

Composition
S
2. Manganese steels . Sy \SE\
700-920 |420-550 (310 450~

(C=0.41-0.49%, Mn = 1.4 - 1.8% + Si) .
Diesel engines

1. Chromium steel 750 — 105
; - 0 |650-950 _
(C = 0.36 — 0.44%, Mn = 0.5 - 0.8%, : 320 - 480
Cr=0.8—-1.1%+ Si)

9. Alloy steel 1150 — 1700 | 850 — 1600 |550 - 700

(C=0.37- 0.44%, Mn = 0.5 — 0.8%,
Cr=0.6-0.9%, Ni= 1.25 - 1.65%,"
Mo = 0.15 — 0.25% + Si)

When the fuel force is transmitted from the piston rod to crank-shaft through
o subjected to alternate tensile and

connecting rod, the connecting rod is als ;
Here also the tendency of functional failure or breaking failure
ssion than during tension. Hence the

of the connecting rod is more during compre 3
compressive load, especially the buckling load may be taken as the design load for

the connecting rod, similar to piston-rod design.

compressive forces.

r':" .
T Qil hole
dz t—>| € di

g rod of an I.C.

l<— 14.4(a): connectin
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TON ROD AND CONNECTING Rop
pIS ' 14.11
Generally, a connecting rod, Subjected ¢, an axial com

. two directions, i.e. in the plane of motion with X-axig
1‘; ne perpendicular to the plane of motion with y-
thz puckling failure in thes? two directions, the ¢
poth sections i.e. about x-a:qs and y-axig.

Pressive Joaq may buckle

. as neutra] axis or in the
axis ag Neutral axig

petermination of Shank Thickness ;

Let A = Cross-sectional area of the connecting rod.
! = Actual length of the connecting rod,
'L = Equivalent length of the connecting rod. *
S, = Compressive yield stress (ie., crushing stress)
Fe = Crippling load (or) buckling load,
la&Ly = Area moment of inertia of the section about X-axis and Y axis
- respectively, and
kee&ky, = Least radius of gyration of the section about X-axis and Y-axis
respectively,

In general, the connecting rod is considered in such a way that its both ends
are hinged for b:ickling about X-axis due to the relative rotation of the connecting
rod with the Piston pin and crank shaft and at the same time the both ends are
asumed gg fixed ends for buckling about Y-axis because of no relative movement,.

ith thege assumptions, the crippling load about X-axis (Fery) and the crippling load

about Y. axjg (Fery) can be computed according to Rankine’s formula, as follows.

le, F Se. A Se. A ( "."L=I for both ends hinged)
*Eay, crx:.‘ L 2= l 2 .
1 - 1 —
+a{kn] +a[kxxJ
F _ S.. A Sc-A '_'L:iforbothendSﬁxedJ
Cry= = 2

9 2
L ! ]

l+a | = l+a
[k”J [Zk},y'

i i t both the
Aeg IE: Order to obtain the connecting rod equally stronlg' 1(111 :Esﬁf:g fol:::iushould b
eq“a’l. ® Tesisting Strengths in both sections to the applie

F

i.e_ .,_E_lzc_.__ Fcr
A TTA

e n—
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Se S, N

ie., 5= ,
L !
1+a[kxx] 1+a(2kyy]

Cancelling the common terms, we get

kxxz = 4 kyyz

(A)
Ly =A k;rfx and Iyy =A kgy, the equation (A) may be written as,

Lo =4 Lyy

From the above relation, we can understand that, if I,, =4 Iy, buckling wil| n
occur about any axis. If I, >41,,, buckling may occur about Y-axis. If Ixx<41,,

practice I,y is kept slightly less than 4I,, so I
t
R\ L 5t

that the connecting rod should not buckle
about Y-axis at any occasion eventhough it
may be allowed to buckle very slightly about

I
X-axis. The usual ratio of f;x; may be 3 to 3.5 w
and the proportions of various parts of mostly \\\ \
used I-section are given in figure 14.5. For t \\\\\\\\\ \\\
this section, Do _ 3.2 which can be proved as ]‘_ 4t———)|

Iyy |
e Y : : - Fig. 14.5: Cross-section of
I,,= Moment of inertia about X-axis connecting rod
1 3 3, _419 4
=T2—[4t(5t) -3t (3t)°] 12 t
I,, = Moment of inertia about Y-axis.
131 4
=[11§ (3t)t3+2x1—12-t(4t)3]=-—1§—t

]
L _ 419 o4, 12 o

ik I, 12 131 x t*

- 2
Area ‘of the section -—~(4t><5t)—(3tx3t)=11t

ogth of °

The thickness, t, may be determined by equating the buckling

ecting rod with the steam or gas force applied on it.
conn

el
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iSTON poD AND CONNECTING ROD s
P
gorce Analysis @

gince the force acting on the connecting rod is not truly axial as in piston rod,
: cting rod is subjected to inertia bending force apart from-the direct

ne . -
o conor gas foree. For analysing the forces, let us consider the connecting rod as
steaim

Connecting rod

Connecting rod of an I.C engine
Fig. 14.6

Let D = Diameter of the piston
A, = Area of the piston
p = Pressure of gas (or) steam-

I = Length of connecting rod.

r = Radius of crankshaft l
n = Ratio of -length of connecting rod to the radius of crank =(;]
% = Angle of inclination of the connecting rod with th: :ine of stroke.
O = Angle of inclination of crank from inner dead centre.

1 =pXA
F, =  Force acting on the piston =P X&p

&

A
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F. = Force acting on the connecting rod.

F, = Inertia force due to weight of the reciprocating parts.

The force acting on the piston due to pressure of gas or steam,

T 2
Fp=p><'Ap=p><ZD

and the inertia force of the reciprocating parts

W 0 where Wr = Wei
Fi= —g—R @’ r [cos 0+ cosnz ] ( R = Weight of

reciprocating partg
o = Angular velocity of crank)

The net load acting on the connecting rod
F,=F,-F,

The actual axial load acting on the connecting rod will be more than the net
load (F,~-F;) due to the angularity of the rod.

Now, the force acting on the connecting rod at any instant is given by

T Y

™ cos ¢

. Normally, the inertia force due to the weight of reciprocating parts is very small
(i.e., about 5% of gas force), it can be neglected when designing the connecting rod.

F
Hence F, = g:?

. Since the p.iston is under reciprocating action, the connecting rod will be
subjected to maximum force when the crank angle 6=90° and for other positions,
the force values are reduced and for 6 =0° and 6 = 180°, the forces are zeros. Also

the inclir_lation of the connecting rod, ¢ = ¢ (max) when 6 = 90°. Hence the maximu®
force acting on the connecting rod, is given by -

F ¥ F F

© (2~ 008 Qmax) P2 Y =

=T 2
NGB
n

In general, n should be at least 3 i
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pi5TON ROD AND CONNECTING ROD

l F 14.15
fOI' n-——=3’F = p -
Hence - c = 106 F,
1-| =
3)
F
for n=4, F¢ E =1.03F
2 p
1-[ 1

Since the maximum deviation of force from the steam force (Fp) is only 6%, the
force acting on the connecting rod may be taken equal to the steam force (F) by
neglecting that small deviation of force for design purpose.

ie F.=F

Also the maximum bending moment due to inertia bending force is given by

the relation.
(14.5)

9 l
M = XKW 1rX
max — M 9:’3

where m = Mass of connecting rod
® = Angular speed in rad /s
I = Length of connecting rod

r Radius of the crank

- Mmax
The maximum bending stress =77

Where 7= Section Modulus.

Dj . .
imensions of Connecting. rod Ends nd and bolts -

i nd, big €
ar, Now the other parts of connecting rod such as its small e
¢ designed as follows. . 4 with brass
i . without any split an ’ with the |
The small end is made as solid e)’;‘ o oplit and the top cap is joi o0, "By this |

Usheg insid big en figure
X e the eye and the D€ shown in fig¥ shaft. In :
o Maining parts of connecting rod bY means of bolts 23 o the crank |

e | be dismantled without removing

the hp the connecting rod can hes of split type are employed-
Scanned by CamScanner
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The par : -

. amete AL (=} .

pressures. rs of small end and big end are determined b d Sy |
ased on X

Let the bearm{

l = i
1, d; =Length and diameter of piston pin (i.e.

» Small end) respect;
pectiv
l3, dg = Length and diameter of crank pin (i i ely‘
| .€., big end) respectively.
Pb1, Phg = Design bearing pressures for the small end and b; d
1€ end respectiyg}
y.

Bearing load applied on the piston pin (i.e., small end) is pj
i given by‘

Fi=pp1-ldy
and the bearing load applied on the crank pin (i.e., big end) is given b
: n by,
Fo=pp2-lpdg

Usually, the design bearing pr '
ken oo g pressures for the small end and big end may be

pp1 = 12.5 to 15.4 N/mm? and ppy = 10.8 to 12.6 N/mm?

Similarly, the ratio of length to diameter for small end and big end may be
assumed as,

—~=15t02 and < -10%t1.25
dy do
Usually, low design stress value is selected for big end than that for small end.

The highest load to be carried by these bearings containing piston pin and crank
pin is the maximum compressive load produced by the gas pressure neglecting the

inertia force due to its small value.
on the inertia foree because the

i the bolts are designed based . )
At the same time, force of the reciprocatiné parts

maximum load applied on the bolts is the inertia

which is given by

2 cos 20
Inertia force, Fj=m®@ T [cos 0+,

Length of connecting rod

l
n=_7% Crank radius

is at dead
e will be obtained when the crank shaft 18

The maximum inertia forc
centre position,

je. at 6= 0

4._-‘
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pIS
1
2 =
. Fip=m® r[1+nJ
B}; equating this maximum inertia force to the tensile strength of bolts at their

diameters the size of bolts may be determined.
coré

. For two bolts,
1.6
T
Fim=2xzd§xst

The nominal diameter may be selected from the manufacturer’s table. (Usually
420 g4 d where d is the nominal diameter)
.=0.

The cap is usually treated as a beam freely supported at the bolt centres and
Joaded in a manner intermediate between uniformly distributed load and centrally
concentrated loaded.

Maximum bending moment at the centre of cap is given by,

WU’

M=6

where W = Maximum load equal to inertia force of reciprocating parts =F;

F. I
Hence M = —=—
6
!’ =Distance between bolt centres

=Diameter of crank pin + (2 x wall thickness of bush)
+ diameter of bolt + some extra marginal thickness

Width of cap may be calculated as,
b=Length of erank pin — 2 x flange thickness of bush

mmUsuall.V, the wall thickness and flange thickness of bush may be taken as about

Bending stress induced in the cap,

M
Sbc=_z_

Whey, - . i '
¢ Z=Section modulus of the cap
<1
o= Thickness of cap.

B : ; .
of capy ®Mparing this induced bending stress with the design stress, the t
May be evaluated.

hickness
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14.8. DESIGN PROCEDURE FOR CONNECTING ROD :
For the design of connecting rod, the following steps may be observed.

1. From the statement of problem, note the pressure of steam or gas, length of
connecting rod, crank radius etc. Then, select suitable material usually mild
steel for the connecting rod and find its design stres-sias. Assume the essenti]
non-given data suitably based on the working conditions.

2. Select I-section connecting rod if possible and determine its moment of inertjs
about X-axis and Y-axis.

3. Equate the steam force with buckling strength of conm?cting rod using
Rankine’s formula and determine the dimensions of connecting rod.

4. Calculate the maximum bending stress and then compare it with design stress
of the connecting rod for checking.

14.9. SOLVED PROBLEMS :
Problem 14.1 :

Design a piston - rod for an engine whose bore diameter is 200 mm.
The length of piston rod is 750 mm and the stroke length is 400 mm. The

pressure of steam is found to be 1 N/mm? Assume factor of safety as 5
Solution : Bore diameter of the engine (ie Diameter of the piston)
D =200 mm.

Length of piston rod, ! =750 mm.
Stroke length, =400 mm

= Crank radius, r= Strokezlength =200 mm

Pressure of steam p =1 N/mm?
Factor of safety, fs=5

Steam force acting on the piston, F; = 14t- D2 x )
T 2
Zx200 X1=31416 N

=

Now the design buckling load Foe=F;xf
8

=31416 x 5 = 157080 N
Let d = Diameter of piston rod.

Area moment of inertia of piston rod J— A k2
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ON ROD AND CONNECTING ROD

pIST 14,19
nere A= Area of cross-section of Piston roq
W ;
i k= Its least radius of gyration,

an

Let the piston rod may be circular in Cross sectiopn

1

Now K=\

Since, k is the function of d, we can not find the slenderness ratio -l% without
knowing the value of d, in order to knoyw whether the rod may be a s ort column

type or long column type. Hence it is better to use

: Rankine’s formula which will suit
for both types of columns. According to Rankine’s formula the buckling load is given
by, |

S.. A

2
L
1+a[k}
Let the piston rod is made of mild steel and hence its crushing stress,

_ 2 -1
S:=830 N/mm? and a =7500°

Since the both ends of the piston rod are assumed as fixed ends, the equivalent
length of rod, L = % = 7—2(-)- =375 mm.

F, =

Substitﬁting the above values in the Rankine’s formula we get,

T d2 '
{57080 830 x4 _260d>  2604*
= - T .2
L. 1 (875xaY 14390 4?4300
*7500| 4 d
(or) 260 g4 _ 157080 d% — 47124 x 103 =0
i'en d4 .

6044~ 181946 = ¢

2
5 a2 = 804 + V6042 + (4 x 181246)
2

=824 mm?

. Sds= 28.7 mm
ake d= 30 mm

ia
eter of piston rod = 30 mm. (Answer)
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Problem 14,33 | »
dmum lond on n hollow push rod nl.u po <ll0 onging jy 1)
oy ““-“l is 300 mm and the vatio of outor dinmotoy o hmr
e "i: w‘:‘n vh-m:lunl sonted bonrvings nre used for the pug, rol, '
di““‘;‘“‘:‘ ist:l‘“!g;tl:t-\itv of 9, dosign the push rod, Assumo the moduly
the factor \

0
9
elasticity of push rod matorial is 210 kKN/mm®,

Solution :
Given :

Load acting on the push rod, P= 1600 N

Length of push rod, /=300 mm,
: dg

Ratio of dinmetors, —('i: = 1,26

Factor of safety, f,=3,

Modulus of elasticity E =210 kN/mm? =210 x 10° N/mm?

Now,

The crippling load for the push rod, Foe =P xf, =1500x 3 =4500 N

According to Euler's formula, the crippling load is given by

2
"Rl
Fcr ) —EJT
where

=Area moment of inertin of push rod

. 4
1

=—(dd gt \o T 4 d;
a9 ') __64d°L1" 3

4 5
=gl o[ 1
64 "0 1.25 =0.08 g3

L = Equivalent length of pug}, rod

=1=300 mm

]
S o | (. L=l for pin end$
n ese values in Euler'g fo
mula, we gat
n2x210x103x00‘3d4 ’
4500 = a——
3002
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14.21
4500 x 3002

174
dn = -
(or) do [ 72 % 210 x 103 « 0.03 ] =8.98 mm = 9 mm

do 9
di=ﬁ‘_ﬁ§=7'2 mm
Inner diameter of push rod =79 mm,
Outer diameter of push rod =9 mm,
Length of push rod =300 mm (Answer)
Problem 14.3 :

The connecting rod of a Petrol engine is to be designed for the following

data.
Piston diameter - 80 mm.
Stroke - 120 mm,
Weight of reciprocating parts -15 N
Length of connecting rod - 240 mm.
Speed (Maximum) - 2800 rpm.

Explosion pressure corresponding to 10° of crank angle is 3 MPa.
Factor of safety - 6 -

If the connecting rod is to be made of 40 Crl steel, find the dimensions of
the Isection connecting rod. (Madras University)

Solutions : (Refer figure 14.4(a))
Givep .
Piston Diameter, D = 80 mm
Stroke, 2r = 120 mm
* Crank radius, r =60 mm
Length of connecting rod, [ =240 mm.
Pl"33&11111-:: of the gas, p=3 MPa=3 X 10% N/m? = 3 N/mm?

Factor of safety, f;=6

4
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Maximum speed N = 2800 rpm.
Force acting on the piston due to gas pressure.

Ky o= x 802 x 3 =15080 N
Fl,=;{D X Pp 4:»(8

pcting on the piston, Fq= %1

Design load
=15080 %X 6= 90480 N

(i) Design of connecting rod shank :

rod shank

Let t =Web thickness of connecting
Crl steel, its crushing stress may be

Since the connecting rod is made of 40
he given I-section connecting rod is

assumed as, S.=330 N/mm?. Also, consider t
having proportions as shown in figure 14.5 for various parts in order to allow buckling

about X-axis and not to allow buckling about Y-axis.
Now area of cross section
A=2(4txt)+1(tx3t) =11t

Moment of inertia about x-axis,

4
@ty (5)° - le- 3t (3t =222t _ 35 ¢4 mm?

I 1
12

xx='ﬁ

Least radi i i -
ius of gyration about X-axis ky, = ‘\}T":— ="\ { ii :2 =178t

We hav :

having very Et;:e:fgy tkmwn that the inertia force due to receiprocating Mo ¥

etz Epaich ng Toiom onlye Tal e e cam assmme B S sod et
gas force only. That is, the design buckling load is taken 25

F.. =90480 N ,

Now, according t I~
obtained as g to Rankine’s formula, the buckling load (or) crippling load
Fc r= Sc ‘A
2
l+a ._]:‘__
Ky

For buckling about X-

. axis, t
‘hinged ends and hence the » the both ends of connecting rod are assumé

e
quivalent length of rod, I, =/ = 240 mm.
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‘ 14.2
00450 = — 33011 t* , 1 3
nee, 2 AR i
Henc¢ 141 ( 240 J* 7500 Lor mild steel i.e, for 40 Cr1 steel ]
7500 1.78 ¢

_3630t> _ 3630 t4
1+242 21949
t2
(or) 3630 t* — 90480 t% - 218962 = ¢

(or) t1—25t>-60=0

L B V252 + 4 (60) (1)

) =27.2

s~ t=5.22 mm.
Let the thickness of web, t =6 mm.

Height of connecting rod = 5t=30 mm.
Width of connecting rod =4t=24 mm
Length of connecting rod =240 mm (given)

Now the maximum bending moment acting on the rod,

Mpayx = m o r x —Tl
Vhere m = Mass of the connecting rod in kg

= Volume x density = Area X length x density

7800
=11t%xIxp=11x62x240x — g =0.75k8

10
7800 3
3
(Assuming p = 7800 kg/m" = 10° kg/mm ]

©= Angular speed of the crank

<21N _ 27x2800 _ 593 rad/s
60 ~ 60 -

T= Radius of the crank =60mm
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3
= - 3 _ =3 x 10" mm
Lx _*%lg.-t-ix%‘":l‘!t ’14!63
— = 3
son modulus Zx= 51 12

2 .8
: : . stress 330 N/mm”, our design
i . is less than compressive crushing _
S]nCEthl—s

safe.
(ii) Design of connecting rod ends :

i i be connected with the piston pm
doftheconnechngrodlsta. . : =
th bg::ln:n]'lthelihe crank pin and hence the dimensions of connecting rod ends
e

decided by the piston pin and crank pin.
Let 11, d]_ = Length and diameter Of piston pin-
l,dy = Length and diameter of crank pin.
Do P = Design bearing pressure for piston pin and crank pin

FuF, = Bearing load applied on piston pin and crank pin =Gas load (7
Now
F, = Py1 X1y xd) and Fy = pyo x Iy x dg
Assuming py; = 14 N/mm® and I, = 1.5 d,
we get,

Fy=pp1 x 1,54, xd1=Fp

1/2
(or) d; = ~F Y7 [ 15080 V2 )
PX15 | | T4x15 | =268mm=30mm (8

= h=15d1=15x30= 45 mp
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pIST

gimilarly, by assuming pyy =11 N/mm? and lg=dy

we get, Fzspb2Xd2Xd2:F

P . _( 15080 Y2
(or) d2=| 5 % 1.0 11x10 | —37mm=40mm (say)

l2 = d2 =40 mm
Now, the inner diameter of small end, D;;=d; =30 mm
Outer diameter of small end Dyg = Djg + (2 % bush thickness) + (2 x marginal

thickness)
=30+ (2x5)+ (2% 5)=50mm.

Similarly for big end,
Inner diameter, D;, = dy =40 mm.

Outer diameter, i.e., Length of big end Dgp, = Djp + 2 X bush thickness
+ (2 x bolt diameter)
+ (2 x marginal thickness)

Since bolt diameter is not known, D,p, can not found out at present.

(iii) Design of bolts :

Bolts are subjected to inertia force by the reciprocating parts.

cosZBJ

Inertia force, F;=m 0’ (cos 0+

Maximum inertia force is obtained when 6=0 which is given by,

1
Fip=mo r[1+ ]

2nN=[g_71§2§99.J=293.2rad/s
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gubstituting we gets

60 (1,1
P, =153%2932°X 3 (“4] 9865 N

d. = Core diameter of bolt

e stress for bolt material

Let
Si= Allowable tensil

1’ = Number of bolts

Yield stress in tension _ §_\1 z 600 — 100 N/mm?

Now St="pactor of safety f, 6

("." Sy = 600 N/mm? Assung

n=2

Now equating Fj nay) to bolt strength, we get

Fim=2xgdgxst

1/2
on) d = £XFim | _( 4x9865
28, | | 2nx100 | = 792mm

. Nominal diameter of __d
bolt, d; =
olt, dy, = 0.84 =9.4 mm.=10 mm (Standard)

Hence M10 bolt may be selected
Now ¢ er di |
W the outer diameter of big end bearij
aring,

Dop =Dy + (2 x
bush t
hlclmess) +(2 % bolt thickness) + (2 X marginal thwkness

=40 +
(2)(5)+(2><1{)).|.(2>< 10) = 90
(iv) Design of Cap : o

=5
&
0N
o
g
[ ]
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i W = Maximum load applieq on the cap

]

Inertia force (F; .y = 9865 N
I’ = Distance between bolt centres

Diameter of crankpin + (2 x bush thi
(2 x marginal thickness)

1}

ckness) + diameter of bolt +

40+ (2x3)+ 10+ (2% 7.5) =75 mm.

"

Width of cap

w
]

= Length of crankpin - (2 x Flange thickness of bush)
= 40-(2x5)=30 mm.

Wl
28 = pg2

(W 172 | 9865 x 75 172 (Assume Sy, =100 N/mm?)
(o) t=| p5.- | =| 30x 100

=15.7 mm = 16 mm (say)

Specifications :

1. Thickness of shank web =6 mm.

2. Height of shank =30 mm.

3. Width of shank =24 mm.

4. Inner diameter of small end =30 mm.

5. Outer diameter of small end =50mm.

6. Inner diameter of big end =40 mm.
| 7. Outer diameter of big end =90 mm.
l 8. Length of connecting rod = 240 mm.

9. Diameter of bolt =10 mm

10. Number of bolts 2

11. Width of ca p =30 mm

=16 mm.

12 Thickness of cap

R
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15.1 INTRODUCTION :

Crankshaft is anoth ' ]

o ok ) er .essentlal component of the engine which receives steam

or fuel force from connecting rod and converts the reciprocatin oti f th
ting rod into a rotary moti i N B e .
connec o v .0 ion. It is the most complicated and strained engine
uk jected to cyclic lo:ads due to gas pressure, inertia forces and their
tion, there fnay exist bending moment caused by the weight of the
engine. The crankshaft consists of three main parts namely
which revolves in the main bearing, (ii) Crank-pin with
g rod is linked and (iii) Crank-web (also known

n with the journal. Smaller engines use one piece
d to the crank. In large

d then assembled.

part which is s
couples. In addi
flywheel coupled to the
(i) Shaft part or Journal
which the big end of the connectin

as cheek) which unites the crank pi
forged crankshafts with cast-iron counter-weights bolte

engines, the shaft, crank and pin may be made separately an
When the force is transmitted from the connecting rod to the crank-sﬁeift, all
parts of crank-shaft will not be subjected to same kind and same magnitudes of

stresses. They may vary from position to position with respect to line of stroke. The
stresses which arise in a crankshaft are from bending and twisting moments.

152 TYPES OF CRANK-SHAFT :
e classified into two types

r side crank-shaft.
e crankshaft.

namely

Crankshaft may b
(a) Over hung crankshaft o
(b) Supported crankshaft or centr

The centre crank-shaft is further divide
gle crank type-

nk type-

d as

(i) Single throw or sin

(ii) Multi throw or multi cra
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' steel (i.e.; mild steel) q

MACHINE
15.2 E Dty

¢t 3

E—
. B

Single cylinder crank shaft

Over hun?crankshaft

— 9

[

Two cylinder crank shaft

Four cylinder crank shaft

Fig. 15.1: Types of crank shafts

Overhung crank shaft has only one crank web whereas the ceritre crankshaft
has many webs in such a way that single throw crankshaft consists of two webs and

multi-throw crankshaft contains two webs for each crank pin. The various types of
crankshaft are shown in figure 15.1.

15.3 MATERIALS FOR CRANKSHAFT :

Mostly crankshafts fail due to progressive fracture occured either from repeated
bending or reversed torsional stresses, Hence the crankshaft should be tough and
have high fatigue strength in order to safeguard the crankshaft from repeated bending
an.d- torsional loads. Also, it should be rigid enough to keep the distortion to 8
minimum. - _

20
Usually cr ankshafts are made of heat treated carbon steels such as C20 g;_rcn
nd alloy steels of m 1 hromium.
. anganese, nickel and chro n
zpiﬁlic:;?;:sihifts are employed in industries and alloy steel crankshafts ME
N transportation vehicleg such as automobiles including air-craft €75

15.4 DESIGN
OF OVERHUNG CRANKSHAFT : (Refer figure 15.2)

(i.e.; j

ioni o s the crank pin with the journd® gced
fieSlgn.m g the crankshaft, it is required to discuss about tll;: ture of stressés ¢
In various parts of the crankshaft. out the nait
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GrANKSHAET

Lot

—_—
7]
=
—
I

—_—
w2
=
—
il

—
w2
o
T
Il

16,3

[forco transmittod from connocting rod Lo tho ernnladindt

Arven ol erorp-noction of erank pin,

Longth of erank-pin,

Dinmotor ol eranl pin

Longth of main journal (.0, shaft-part)

Dinmotor of main journal,

Width ol erank-waob,

Thicknoss of erank-waob,

Distance botwoeon axes of erank-pin and journal (.0, crank radius)
Distanco botween tho contros of erank-pin and journal.

Angle of inclination of tho erank from innor dend centre.

Angle of inclination of the conneeting rod with the line of stroke,
Angle botween erank and connecting rod,

Radinl component of forco.

Tangential component of force.

Allowable bending stross.

Allowable shear stress.

Allowable crushing (or) bearing stress.

- -

NN
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. in the crank'Pi“ :
15.4.1 Stresses sy from the connectiing rod to the cmukM

is transmitted X )
When the force 1 three types of stresses namely,

crank pin 1s subjected to
hear foree.

(i) Plain shear stress due to direct s

(ii) Bending stress

t the fixed end due to the bending moment
a :

(i) Crushing (or) bearing stress acting over the prajected area.

At any crank angle © the force F can be resnlw-d‘ into radial component by
F_ and tangential component of force Fy. Their magnitudes are

F,=Fcos (®+9) and F,=Fsin @+

components of force will not produce any oy

In case of crank-pin, these
o ) crank pin, the actual force F may by

on the pin and hence, for the design of
considered for all positions of the crank.

Now, the various stresses induced in the crank-pin are evaluated as follows
F _4 F
(n/4) a2 =nd? |

Bending moment at the fixed end, M:Fxé

Plain shear stress, Sq= 4 =

(Assuming the force is acting at the centre of pin). |

Hence bending stress. Sb=%=_3£xf_l= 16 Fl
nd Ida 2 xds
Bearing stress, S_.= Force F

It is found that the bearing . o ) _ .
proper lubrication. pressure is a limiting factor in design as !

15.4.2 Stresses induced in the crank-web :

o at ually two positions of crank may be o
connecting rod and the cr ankz:;r:bcf.angl:) angle and when the included angle
i 15 30°. When 6=0, the radial com
and , the radia
pocit:::fe;'b:l a:.)kmpt:;nent Ftr-‘ 0. Similarly when B=90°, F,=F and F; =0 For
rank, the force is resolveq into radial and ¢ ial
the corresponding induced stresses are evaluated proa;._r lytangenu
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S
16,64, Biresses Induced In the erank shaft main Journg) | o
Palbaids 4 4 4

" ¢ ‘ll { ‘f .
Snee the centre crankshaft is similar to Hmp‘ly BUDDOrLe Imm,,’ the
nt of the journals is zero, Henee the possible ineluced Bhreus iy d """tiuk
muoment st the :

¢ f ‘ ‘! l-‘] '
moment produced by the tangential foree, W i

161 16 f“t'."

wons sar wiress, By o == u
Le The torsional shear stress, 5, S

4

where Jy = ; #in (04 ¢)

Sometimes, flywheels may be connected at the end of Jjourna],
the bending moment produced by the weight of the flywheel on the
taken into account for the design congideration,

Al
For fuch

. 6
Journg) ma ;.

Y be
15.6.4. Design of main bearings :

The main bearings, into which the crankshaft journals are rotating,

| ' are designed
baged on the bearing pressure developed over the itk

If D= Diameter of bearing, |
L= Length of bearing.

Load W
ected area ~ I, D

then, bearing pre =
» bearing pressure, p, Proj
where, W=F for overhung crankshaft,

and W-—-—g— for centre crankshaft,

Since the multi-throy, crankshaft ig

;:‘:ljllzﬁltlzf, the design of multi-throw crankshaft is very similar to the design of
eCJuLal capacit cra:t?;k_sha&' ' this case, since all the cylinders of the engine possess
of the cfankzl’aafte {l:fiJrCO on ne linder is used for designing one poﬂi;n
v L ey rank in - nd for the
remaining portions, the Same desijgp valueg I:u-e, zliztea;ld Journal ete) a

15.8. DESIGN STRESS VALUES

I
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@ ln bending : 60 to 100 MPa
a In tonsion & compression : 80 to 120 MP

a
{iii‘ In shoear ' 40 to 60 MPa
aw 1o bearing ! 10 to 20 MPa

the design peaving pressure for the bearings are

@ In crank pin : 4 to 12 MPa

@) In main shaft : 1.5 to 12 MPa

15.9. STEPS INVOLVED IN THE DESIGN OF CRANKSHAFT :

:
given parameters.

material, steam or gas pressure and other

Determine the maximum load acting on the crank pin, m
bending moments.

15.11

From the given problem, identify the type of crankshaft to be designed,

aximum torque and

such as its length, and diameter etc.

s
.

based on the bearing pressure and
stresses with their allowable values.

.e; shaft) based o

4 Design the main journal (
k the bearing pressure.

moment conditions and chec

Select the web parameters proportionately and check their induce

e

ced stress is more than the allowable value, then

In any case, if the indu
on suitably.

the corresponding dimensi

@

proportions are adopted for the cranksh

et |
¥

Usually, the following

Let d = Diameter of crank pif.

D = Diameter of main J'Oumal-

Then for overhung crankshaft.
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15.12

(a)

(b)
(c)
(d)
(e)
H
(8)
(h)

Diameter of main journal, D

Length of main journal, L
Length of journal inside the crank, L
Length of crank pin, /

Length of pin inside the crank,
Thickness of web, t
Width of web nearer to crank pin, a

Width of web nearer to journal, b

For centre crankshaft,

(a) Diameter of journal, D=d

(b) Thickness of web, t=0.7d
(c) Width of web, w=1.5d

The remaining parameters may be calculated based on design stress values,

15.10. SOLVED PROBLEMS :
Problem 15.1 :

Design an overhung crank shaft for the following data.

Maximum load on the crank pin for maximum torque position =50 KN

Crank radius =200 mm

Distance between crank pin centre and near by bearing centre =300 mm

Allowable stress in

bending ¢ 70 MPa
shear ¢ 50 MPa
bearing : 7 MPa

Solution : (Refer figure 15.4)

Given :

Maximum load. at maximum torque position F =50 KN = 50000 N

Crank radius r =200 mm

Il

MACHINE DEgyq,

1.26 to 1.06d
1.26D
1.0 to 1.26D

1.0 to 1.26d

1.0 to 1.25d

0.7 to 1.0d
1.5d

1.6D

(Madras University)
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D|w

D, , : . ‘
7 J<— L] .
| .

OVERHUNG CRANK .
Fig. 15.4

Distance between pin and bearing, x =300 mm.

Allowable bending stress, (Sp) =70 MPa =70 X 108 N/m? = 70 N/mm?

Allowable shear stress, (Ss)= 50 MPa = 50 x 106 N/m? =50 N/mm?

6 2 _ 2
Allowable bearing stress, (Se) =17 MPa =7 x 10° N/m® =7 N/mm

Design of crank pin :
Let /= Length of crank pin

d= Diameter of crank pin
Crank pin is designed based on bearing stress as

Beari Load _ 1
earing stress, S;= Projected area d
F
Assuming [ =1.2d, we get Sc=—]-_-.-§a“x“&
1/2
o g _F T _[ 50000 ] _ 77mm =80mm (s2Y)
i d 7
1.2x S, 1.2 X

“1512d=1.9 x 80 = 96mm = 100mm (say)
ses are checke

N -
W the induced shear and bending gtres
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l

L(Jﬂd - F = 4F
Induced shear stress, Sy=grot - area £ nd
4
_4x 50020 =9.95 N/mm? < (S,)
n X 80

Induced bending stress, Sy=—"3= W

_ 16 x 50000 x 100

S 50 N/mm? < (S
X

Since the induced stresses are less than their allowable values, oyr desigy is g
y

Design of main journal :
Let D= Diameter of main journal
L= Length of main journal
Assume D =1.5d =1.5x 80 = 120mm
and L=1.5D=1.8 x 120 = 180mm

Now the induced stress at maximum torque position is determined as follows

Bending moment by tangential force, M =F-x=F.x

=50000 x 300 = 15 x 10® N — mm.
Twisting moment by the tangential force,

T=F; - r=F-r=50000x 200=10x10° N - mm

(Note :- Since the crank angle 0 is not mentioned in the problem, we may assum
that the maximum torque is obtained ag B=90° i.e; when the a,ngle between e |
crank and connecting rod is 90°, In this position, the radial force F.=0, and |
tangential component F,=F),

Now the equivalent bending Mmoment, M, -_-,.% M +‘fM2 + T2 ) '

5 .
=g [ (15 x 10%) + '\j (15 x 10%)2 + (10 x 10%)?

=16.5x10° N - mm
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32 M,
n D3

Equivale“t bending stress, Sy =

_32x16.5 x 10°
m x 1203

=97.3 N/mm? > (Sp)

gince the induced stress is more than allowable value,

let us increase
D= 140 mm.

32 x 16.5 x 10°
T x 1403

Now Sp = =61.2 N/mm’ < (§})

16 T,
n D3

Equivalent shear stress, S, =

where To=VMZ+T? = '\/ (15 x 1082 + (10 x 102 =18x 10° N — mm.

16 x 18 x 105
7 x 140°

Now S, = =33.4 N/mm? < (S,)

. F
Bearing stress, S, = LD
Assuming L =1.5D = 1.5 x 140 =200 mm, we get

50000

_ 2
= 300 x 140 = 1.8 N/mm* < (S,

Se

Since all the induced stresses in the main journal are less than the allowable
values, design of main journal is correct.

Design of web :

Let w= Width of web
t= Thickness of web.

Now t=3oo-[-é—+%J=3oo-(50+ 100) = 150 mm

[ *." the distance betweén the pin c.entre
and journal centre is 300 mm (given)]

Width of web nearer to pin, a=1.5d=1.5x80=120 mm.

A A=
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Width of web nearer to journal, b=15D=15x140=210 m,_

For design analysis, the average width may be considereq, Wwhich
or design analysis,

woath 1204210 _.g5.,,
s ol

-—

The induced stresses are,

- F 50000 =9 N/mm?
Direct stress, 5= wi_ 165x150

Ft‘r GF
ne s = tial component S = ‘T
Bendmbamduemtangen b (I/Jt 2_—;‘...___5__

6 % 50000 x 200
=T - =
150 x 1652 15 N/mp?

I
Total stress, S=8,+§,=2+15=17 N/mm? < (S}) |
Now also, our design is safe.

Now, the other parém&ters are assumed as,

Length of crank pin inside the web, 7; =t =150 mm
Diameter of crank pin inside the web, d;=d =80 mm.
Length of main Journal inside the web, L; =t=150 mm
Diameter of main Journal inside the web, D; =D =140 mm,

Specifications :

1. Length of crank pin =100 mm.

2. Diameter of crank pin =g mm
3. Length of journal =200 mm
4. Diameter of journg] =140 mm
3. Width of web =165 mm
‘ 6. Thickness of webh =150 mm
7. Crank radiys =200 mm
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