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Introduction

A key is a piece of mild steel inserted between the shaft and hub or boss of the pulley to
connect these together in order to prevent relative motion between them. It is always inserted
parallel to the axis of the shaft. Keys are used as temporary fastenings and are subjected to
considerable crushing and shearing stresses. A keyway is a slot or recess in a shaft and hub of

the pulley to accommodate a key.

Types of Keys
The following types of keys are important from the subject point of view :

1. Sunk keys, 2. Saddle keys, 3. Tangent keys, 4. Round keys, and 5. Splines.

Sunk Keys
The sunk keys are provided half in the keyway of the shaft and half in the keyway of the hub

or boss of the pulley. The sunk keys are of the following types :

1. Rectangular sunk key. A rectangular sunk key is shown in Fig. The usual proportions of
this key are :

Width of key, w =d /4 ; and thickness of key,t=2w/3=d/6

where d = Diameter of the shaft or diameter of the hole in the hub.

The key has taper 1 in 100 on the top side only.

/— Taper 1 : 100

Fig. Sunk Key
2. Square sunk key. The only difference between a rectangular sunk key and a square sunk
key is that its width and thickness are equal, i.e.w=t=d/4
3. Parallel sunk key. The parallel sunk keys may be of rectangular or square section uniform
in width and thickness throughout. It may be noted that a parallel key is a taper less and is
used where the pulley, gear or other mating piece is required to slide along the shaft.
4. Gib-head key. It is a rectangular sunk key with a head at one end known as gib head.
It is usually provided to facilitate the removal of key. A gib head key is shown in Fig.

(a) and its use in shown in Fig. (b).
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Fig. Gib head key and its use.

The usual proportions of the gib head key are:

Width, w = d/ 4 ; and thickness at largeend, t=2w /3 =d /6

5. Feather key. A key attached to one member of a pair and which permits relative axial
movement is known as feather key. It is a special type of parallel key which transmits a
turning moment and also permits axial movement. It is fastened either to the shaft or hub, the

key being a sliding fit in the key way of the moving piece.
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Fig. Feather Keys
6. Woodruff key. The woodruff key is an easily adjustable key. It is a piece from a
cylindrical disc having segmental cross-section in front view as shown in Fig. A woodruff
key is capable of tilting in a recess milled out in the shaft by a cutter having the same
curvature as the disc from which the key is made. This key is largely used in machine tool

and automobile construction.
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Fig. Woodruff Key
The main advantages of a woodruff key are as follows:
1. It accommodates itself to any taper in the hub or boss of the mating piece.
2. It is useful on tapering shaft ends. Its extra depth in the shaft prevents any tendency to turn
over in its keyway.
The disadvantages are:
1. The depth of the keyway weakens the shaft.
2. It can not be used as a feather.
Saddle keys
The saddle keys are of the following two types:
1. Flat saddle key, and 2. Hollow saddle key.
A flat saddle key is a taper key which fits in a keyway in the hub and is flat on the shaft as
shown in Fig. It is likely to slip round the shaft under load. Therefore it is used for

comparatively light loads.

Hollow saddle key

Flat saddle key ’

t=w/3i=d/12 o

Fig. Flat saddle key and Tangent keys
A hollow saddle key is a taper key which fits in a keyway in the hub and the bottom of the
key is shaped to fit the curved surface of the shaft. Since hollow saddle keys hold on by
friction, therefore these are suitable for light loads. It is usually used as a temporary fastening

in fixing and setting eccentrics, cams etc.
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Tangent Keys
The tangent keys are fitted in pair at right angles as shown in Fig. Each key is to withstand

torsion in one direction only. These are used in large heavy duty shafts.

Round Keys

The round keys, as shown in Fig. (a) are circular in section and fit into holes drilled partly in
the shaft and partly in the hub. They have the advantage that their keyways may be drilled
and reamed after the mating parts have been assembled. Round keys are usually considered to

be most appropriate for low power drives.
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Splines
Sometimes, keys are made integral with the shaft which fits _ F’,. in
; v/ /ﬁ?’f
the keyways broached in the hub. Such shafts are known as V MZE///
splined shafts as shown in Fig. These shafts usually have %? ;Z/ d //} four,
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. D=125dand h=025D
Stresses in Keys:

Forces acting on a Sunk Key

When a key is used in transmitting torque from a shaft to a rotor or hub, the following two
types of forces act on the key:

1. Forces (F1) due to fit of the key in its keyway, as in a tight fitting straight key or in a
tapered key driven in place. These forces produce compressive stresses in the key which are
difficult to determine in magnitude.

2. Forces (F) due to the torque transmitted by the shaft. These forces produce shearing and
compressive (or crushing) stresses in the key.

The forces acting on a key for a clockwise torque being transmitted from a shaft to a hub are

shown in Fig.
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In designing a key, forces due to fit of the key are neglected and it is assumed that the

distribution of forces along the length of key is uniform.

—— ey
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Strength of a Sunk Key
A key connecting the shaft and hub is shown in Fig.

Let T = Torque transmitted by the shaft,

F = Tangential force acting at the circumference of the shaft,

d = Diameter of shaft,

| = Length of key,

w = Width of key.

t = Thickness of key, and

1 and oC = Shear and crushing stresses for the material of key.
A little consideration will show that due to the power transmitted by the shaft, the key may
fail due to shearing or crushing. Considering shearing of the key, the tangential shearing force
acting at the circumference of the shaft,
F = Area resisting shearing x Shear stress = | x w x t
Therefore, Torque transmitted by the shaft,

T=FXE:J">-<1r>-<1:>-<i (D
2 2

Considering crushing of the key, the tangential crushing force acting at the circumference of
the shaft,

F = Area resisting crushing x Crushing stress
—fxixc
= 5 .

Therefore, Torque transmitted by the shaft,

T=F><§:Ex%><ﬁr><§ -.(ii)

The key is equally strong in shearing and crushing, if
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Or

The permissible crushing stress for the usual key material is at least twice the permissible
shearing stress. Therefore from the above equation, we have w = t. In other words, a square
key is equally strong in shearing and crushing.

In order to find the length of the key to transmit full power of the shaft, the shearing
strength of the key is equal to the torsional shear strength of the shaft. We know that the
shearing strength of key,

d
T=IxwxTx—
2
And torsional shear strength of the shaft,
T = E KT X ﬂla
16
From the above
: d |
IXWXTX— = —xT1 Xd
2 16

; dl d -
j= I 8f Ty s71dx 2
8 wx1 2 T T

When the key material is same as that of the shaft, then T=1;. So, | = 1.571 d.
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Cottered Joints:

A cotter is a flat wedge shaped piece of rectangular cross-section and its width is tapered
(either on one side or both sides) from one end to another for an easy adjustment. The taper
varies from 1 in 48 to 1 in 24 and it may be increased up to 1 in 8, if a locking device is
provided. The locking device may be a taper pin or a set screw used on the lower end of the
cotter. The cotter is usually made of mild steel or wrought iron. A cotter joint is a temporary
fastening and is used to connect rigidly two co-axial rods or bars which are subjected to axial
tensile or compressive forces. It is usually used in connecting a piston rod to the crosshead of
a reciprocating steam engine, a piston rod and its extension as a tail or pump rod, strap end of
connecting rod etc.

Types of Cotter Joints

Following are the three commonly used cotter joints to connect two rods by a cotter:
1. Socket and spigot cotter joint, 2. Sleeve and cotter joint, and 3. Gib and cotter joint.

Socket and Spigot Cotter Joint

In a socket and spigot cotter joint, one end of the rods (say A) is provided with a socket type
of end as shown in Fig., and the other end of the other rod (say B) is inserted into a socket.
The end of the rod which goes into a socket is also called spigot. A rectangular hole is made
in the socket and spigot. A cotter is then driven tightly through a hole in order to make the
temporary connection between the two rods. The load is usually acting axially, but it changes
its direction and hence the cotter joint must be designed to carry both the tensile and

compressive loads. The compressive load is taken up by the collar on the spigot.

Clearance Cotter
3 —
(¢ to 3 mm) h——;ﬁfij_ Socket collar

Socket

P*@i‘f%’/’

A

Fig. Socket and spigot cotter joint

Design of Socket and Spigot Cotter Joint

The socket and spigot cotter joint is shown in Fig.
Let P =Load carried by the rods,
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d = Diameter of the rods,

d; = Outside diameter of socket,

d, = Diameter of spigot or inside diameter of socket,

ds = Outside diameter of spigot collar,

t;= Thickness of spigot collar,

ds = Diameter of socket collar,

¢ = Thickness of socket collar,

b = Mean width of cotter,

t = Thickness of cotter,

| = Length of cotter,

a = Distance from the end of the slot to the end of rod,

ot = Permissible tensile stress for the rods material,

© = Permissible shear stress for the cotter material, and

oc = Permissible crushing stress for the cotter material.
The dimensions for a socket and spigot cotter joint may be obtained by considering the
various modes of failure as discussed below:

1. Failure of the rods in tension
|
P = n xd® x O;

From this equation, diameter of the rods (d) may be determined.

2. Failure of spigot in tension across the weakest section (or slot)

¥
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From this equation, the diameter of spigot or inside diameter of socket (d;) may be
determined. In actual practice, the thickness of cotter is usually taken as d, / 4.
3. Failure of the rod or cotter in crushing

P =d,xtxo,
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From this equation, the induced crushing stress may be checked.

4. Failure of the socket in tension across the slot

T }
P ={Z1@) - @)1~ @ - d) t}o,
From this equation, outside diameter of socket (d;) may be determined.

5. Failure of cotter in shear

- fy — - +
Y }1—:‘;—*1.;
P —2h=pr=T

From this equation, width of cotter (b) is determined.

6. Failure of the socket collar in crushing
|

—~f =

P =(d,—d)txo,
From this equation, the diameter of socket collar (ds) may be obtained
7. Failure of socket end in shearing
P =2(dy—dycx1

From this equation, the thickness of socket collar (c) may be obtained




Machine Design-Fourth-Mech.Eng.  Prof.Dr.Mohammed Q. Abdullah. Dr.Thaier J.Ntayeesh.

8. Failure of rod end in shear

P=2axdyxt
From this equation, the distance from the end of the slot to the end of the rod (a) may be
obtained.

9. Failure of spigot collar in crushing

P %[(a@f —(dy? ] o,

From this equation, the diameter of the spigot collar (d3) may be obtained.

10. Failure of the spigot collar in shearing

.r.i'3

.
|

—
DI

_,I ’ |<_
F=md,xt;*1
From this equation, the thickness of spigot collar (t;) may be obtained.

11. Failure of cotter in bending
The maximum bending moment occurs at the centre of the cotter and is given by
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dy=d
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We know that section modulus of the cotter,
Z=txb*/6
Bending stress induced in the cotter,
PI" d, dl )
G, = My _ 2\ 4 ) _Pldy + U.§ d,)
z t X Er /6 2t % b?

This bending stress induced in the cotter should be less than the allowable bending stress of
the cotter.

12. The length of cotter (l) in taken as 4 d.

13. The taper in cotter should not exceed 1 in 24. In case the greater taper is required, then a
locking device must be provided.

14. The draw of cotter is generally taken as 2 to 3 mm.

Notes: 1. when all the parts of the joint are made of steel, the following proportions in terms
of diameter of the rod (d) are generally adopted:
d=175d,d,=121d,d3=15d,ds=24d,a=c=0.75d,b=13d,1=4d,t=0.31d
t,=045d,e=1.2d.

Taper of cotter = 1 in 25, and draw of cotter = 2 to 3 mm.

2. If the rod and cotter are made of steel or wrought iron, then T = 0.8 o and 6. =2 6 may be
taken.

References:
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Problem:

Design and draw a cotter joint to support a load varying from 30 kN in compression to 30 kN
in tension. The material used is carbon steel for which the following allowable stresses may
be used. The load is applied statically. Tensile stress = compressive stress = 50 MPa ; shear
stress = 35 MPa and crushing stress = 90 MPa.

Solution. Given : P=30kN=30x 10°N; ¢, =50 MPa=50 N/ mm’; t=35MPa=35N/mm’ ;
o, =90 MPa =90 N/mm’

1. Diameter of the rods
Let d = Diameter of the rods.
Considering the failure of the rod in tension. We know that load (P),

30 % 103 :Exdzxm :Exd2x50:39.3d2

- d?=30%x10°/393=763 or d=27.6say28mm Ans.
2. Diameter of spigot and thickness of cotfer
Let d, = Diameter of spigot or inside diameter of socket, and
t = Thickness of cotter. It may be taken as d,/ 4.
Considering the failure of spigot in tension across the weakest section. We know that load (P),

n 7 T 2 d-
30x10% = [z (dy)” —dy x z} o; = [Z (d,) —d> xT-] 50 =26.8 (d,)?
(dy)* =30x10°/26.8=1119.4 or d,=33.4say34mm

and thickness of cotter, 1 = dT:' = ? =8.5mm

Let us now check the induced crushing stress. We know that load (P),
30x10° =d,xtx0_=34x8.5%x0_ =2890,
o, = 30x10°/289=103.8 N/mm’

Since this value of 6 is more than the given value of 6, =90 N/mm’, therefore the dimensions d,
=34 mmand 7= 8.5 mm are not safe. Now let us find the values of d, and 7 by substituting the value of
G, =90 N/mm? in the above expression, i.e.

d 5
30x10° = d, xTngo =22.5(d,?

(d)? =30x10°/225=1333 or d,=365say40mm Ans.

and t =d,/4=40/4=10mm Ans.
3. Qurside diameter of socker
Let d,; = Outside diameter of socket.

Considering the failure of the socket in tension across the slot. We know that load (P),

30%10° — E {@)? - (@)} - @ - dy) r} 5

- [% {(d,)* - (40)*} - (4, - 40) 10} 50
30 x 10°/50 = 0.7854 (d;)* —1256.6—104d, + 400
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or (d;)’-12.7d,-18546 =0

127027 +4x18546 127871

2 2
= 499 say 50 mm Ans. ..(Taking +ve sign)

dy

4. Widrh of corter
Let b = Width of cotter.
Considering the failure of the cotter i shear. Since the cotter 1s m double shear, therefore load (F},

30x10° = 2bxtx1=2bx10%x35=T00D
b = 30x10°/700 = 43 mm Ans.
5. Diameter of socker collar
Let d, = Diameter of socket collar.
Considering the failure of the socket collar and cotter in crushing. We know that load (P),
30%10° = (dy—d,) tx o, = (d,—40)10 x 90 =(d,—40) 900
o dy—40 = 30x 10°/900 = 333 or dy=333+40 = 733 say 75mm Ans.
6. Thickness of socket coflar
Let ¢ = Thickness of socket collar.

Considening the failure of the socket end in shearing. Since the socket end 1s m double shear,
therefore load (P),

30x10% = 2(d,—~d,) e xTt=2(75-40) ¢ x 35=2450¢
¢ = 30%10°/2450=12mm Ans.
7. Distance from the end of the slot to the end of the rod
Let a = Distance from the end of slot to the end of the rod.
Considening the failure of the rod end m shear. Since the rod end 15 in double shear, therefore

load (P),
30%10° = 2axd,*x1t=2ax40%35=2800a
- a = 30x10°/2800=10.7 say 11 mm Ans.
8. Diameter of spigotf collar
Let d; = Diameter of spigot collar.
Considening the failure of spigot collar m crushing. We know that load (P),

302108 = 2@y’ - @) ] o, = 7 [(d5)" - 40*] 90
, Y aend — M_
or (@R - (0P = =~ =424

(53)2 424+ (402 =2024 or d; = 45mm Ans.
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9. Thickness of spigot coliar
Let t; = Thickness of spigot collar.
Considering the failure of spigot collar in shearing. We know that load (P),
30%10° =md, xt; x T=nx40 xt, x35=44001,
t, =30 x 10°/4400=6.8 say 8 mm Ans.

10. The length of cotter (/) istakenas4d.
: | =4d=4%x28=112mm Ans.

11. The dimension e1s takenas 1.2 4.
e = 1.2x28=33.6say 34 mm Ans.

References:
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Sleeve and Cotter Joint

Sometimes, a sleeve and cotter joint as shown in Fig., is used to connect two round rods or
bars. In this type of joint, a sleeve or muff is used over the two rods and then two cotters (one
on each rod end) are inserted in the holes provided for them in the sleeve and rods. The taper
of cotter is usually 1 in 24. It may be noted that the taper sides of the two cotters should face
each other as shown in Fig. The clearance is so adjusted that when the cotters are driven in,

the two rods come closer to each other thus making the joint tight.

I# Oy -
= L=8d -
Clearance
Cotter — 3 mm 7 "
]
ﬂ-’ e bz v R
g N s NN NN 9
pd :I'L._d{.,_ — PN SN =dd—— L g P
+_£/ W//Hﬁ’f//ﬁ; 2 v vz |
Sleewve | S ‘
ﬁ—)—( -
- 45d =

The various proportions for the sleeve and cotter joint in terms of the diameter of rod (d ) are
as follows :
Outside diameter of sleeve,
di=25d
Diameter of enlarged end of rod,
d, = Inside diameter of sleeve = 1.25 d
Length of sleeve, L=8d
Thickness of cotter, t=d2/40r0.31d
Width of cotter, b=1.25d
Length of cotter, I=4d
Distance of the rod end (a) from the beginning to the cotter hole (inside the sleeve end) =

Distance of the rod end (c) from its end to the cotter hole = 1.25d

Design of Sleeve and Cotter Joint

The sleeve and cotter joint is shown in Fig.
Let P =Load carried by the rods,

d = Diameter of the rods,

d; = Outside diameter of sleeve,

d, = Diameter of the enlarged end of rod,




Machine Design-Fourth-Mech.Eng. Prof.Dr.Mohammed Q. Abdullah. Dr.Thaier J.Ntayeesh.

t = Thickness of cotter,
| = Length of cotter,
b = Width of cotter,
a = Distance of the rod end from the beginning to the cotter hole (inside the sleeve
end),
¢ = Distance of the rod end from its end to the cotter hole,
ot, T and o = Permissible tensile, shear and crushing stresses respectively for the
material of the rods and cotter.
The dimensions for a sleeve and cotter joint may be obtained by considering the various
modes of failure as discussed below:
1. Failure of the rods in tension
The rods may fail in tension due to the tensile load P. We know that

T
P= —>:d2><c5!
4

From this equation, diameter of the rods (d) may be obtained.

2. Failure of the rod in tension across the weakest section (i.e. slot)
P= {%(ﬂfﬂl —dEXIJU:
From this equation, the diameter of enlarged end of the rod (d;) may be obtained. The
thickness of cotter is usually taken as d, / 4.
3. Failure of the rod or cotter in crushing
P=d,xtxg,
From this equation, the induced crushing stress may be checked.

4. Failure of sleeve in tension across the slot

P E [(d,) —(dy)*]—(dy — d)) t| o,

From this equation, the outside diameter of sleeve (d;) may be obtained.
5. Failure of cotter in shear
P=2bxtxt
From this equation, width of cotter (b) may be determined.
6. Failure of rod end in shear
P=2axd*1

From this equation, distance (a) may be determined.
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7. Failure of sleeve end in shear
P=2(d~-d,)cx1

From this equation, distance (c) may be determined.

References:
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Problem:
Design a sleeve and cotter joint to resist a tensile load of 60 kN. All parts of the joint are
made of the same material with the following allowable stresses: o; = 60 MPa ; t =70 MPa ;

and o¢ = 125 MPa.

Solution. Given : P=60kN =60 x 10° N ; g,= 60 MPa = 60 N/mm’; 1 =70 MPa =70 N/mm°
0,=125MPa=125 N/mm’
1. Diameter of the rods

Let d = Diameter of the rods.

Considening the failure of the rods in tension. We know that load (P),

60 x 103

Exdlx:cs! :;:-m'2 X 60 =47.13d2

d? =60x10°/47.13=1273 or d=357say36mm Ans.
2. Diameter of enlarged end of rod and thickness of corter
Let d, = Diameter of enlarged end of rod, and
t = Thickness of cotter. It may be taken as d, /4.
Considering the failure of the rod in tension across the weakest section (i.e. slot). We know that

load (P),
I dﬂn
60x 10° = [ = (dy)? - dy x IJ o; = [E (dy)? — dy % T} 60 =32 13 (d,)’

. (d))* = 60%10°/32.13=1867 or d,=432say44mm Ans.
and thickness of cotter,

fo M A
—4—4— 1IN Ans.

Let us now check the induced crushing stress in the rod or cotter We know that load (P),
60x10° =d,xtxc,=44x11xG,=484a,
G, = 60x 10%434 124 N/mm?

Since the induced crushing stress is less than the given value of 125 N/mm?, therefore the
dimensions d, and ¢ are within safe limits.

3. Outside diameter of sleeve
Let d, = Outside diameter of sleeve.

Considering the failure of sleeve m tension across the slot. We know that load (FP)

60 x 103 = E [(dy)* - (dy)*] - (dy — dy) r] o,

_ E (@) - (44)] - (dy - 44) 11} 60
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60x 10°/60 = 0.7854(d,)’—1520.7—11d, + 484
or (d)’-14d,-2593 =0
14 £ J(14)> + 4x 2593  14+102.8
1= 2 - 2
584 say 60 mm Ans.

4. Width of cofter
Let b = Wadth of cotter
Considering the failure of cotter in shear. Since the cofter 1s in double shear, therefore load (P),
60%10° =2bxtxTt=2xbx11x70=1540b
- b = 60 x 10°/1540 = 38.96 say 40 mm Ans.
5. Distance of the rod from the beginning to the corter hole (inside rhe sieeve end)
Let a = Required distance.
Considering the failure of the rod end m shear. Since the rod end 1s m double shear, therefore
load (P),
60 10° = 2axd,x1=2a%x44x70=6160a
a = 60x10°/6160=9.74 say 10 mm Ans.
6. Distance of the rod end from its end to the cotfer hrole
Let ¢ = Required distance.
Considering the failure of the sleeve end in shear. Since the sleeve end 1s in double shear,
therefore load (P),
60 % 10° = 2 (d;—d,) c xT=2 (60— 44) c x T10=2240 ¢
¢ = 60x10°/2240=26.78 say 28 mm Ams.

References:
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Gib and Cotter Joint
This joint is generally used to connect two rods of square or rectangular section. To

make the joint; one end of the rod is formed into a U-fork, into which, the end of the other
rod fits-in. When a cotter is driven-in, the friction between the cotter and straps of the U-fork,
causes the straps open. This is prevented by the use of a gib.

A gib is also a wedge shaped piece of rectangular cross-section with two rectangular
projections, called lugs. One side of the gib is tapered and the other straight. The tapered side
of the gib bears against the tapered side of the cotter such that the outer edges of the cotter
and gib as a unit are parallel. This facilitates making of slots with parallel edges, unlike the
tapered edges in case of ordinary cotter joint. The gib also provides larger surface for the
cotter to slide on. For making the joint, the gib is placed in position first, and then the cotter is

driven-in.

RM&QP

_|_| ]
N NN “&;\‘1\3\]@?
| b=d

Fig. Gib and cotter Joint

Let F be the maximum tensile or compressive force in the connecting rod, and
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b = width of the strap, which may be taken as equal to the diameter of the rod. d
h = height of the rod end
t; = thickness of the strap at the thinnest part
t, = thickness of the strap at the curved portion
t3 =thickness of the strap across the slot
I, = length of the rod end, beyond the slot
1, = length of the strap, beyond the slot
B = width of the cotter and gib
t = thickness of the cotter
Let the rod, strap, cotter, and gib are made of the same material with o.' o and t :as the
permissible stresses. The following are the possible modes of failure, and the corresponding
design equations, which may be considered for the design of the joint:
1. Tension failure of the rod across the section of diameter, d
mtd

P =it

e

2. Tension failure of the rod across the slot(Fig.1)

Area under— ==
crushing Py i 74
iy 5% i
773 ﬁ &=
AT
// o]
| L \'.\ B
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tension Fig,l
F'= (bh - ht) g,

If the rod and strap are made of the same material, and for equality of strength, h=2t;

3. Tension failure of the strap, across the thinnest part (Fig.2)
b

b -

i

gy,

G ES
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ftension Fig_z

4. Tension failure of the strap across the slot (Fig.3)
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The thickness, t2 may be taken as (1.15 to 1.5) t], and
Thickness of the cotter, t = b/4.
5. Crushing between the rod and cotter (Fig.1)
F=htoc;andh=2t3
6. Crushing between the strap and gib(Fig.3)
F=2tt; 0
7. Shear failure of the rod end. It is under double shear (Fig.4).

Fig.4
F= 2|1h’[
8. Shear failure of the strap end. It is under double shear (Fig.5).

Fig.5
F=41lt3t
9. Shear failure of the cotter and gib. It is under double shear.
F=2Btt

The following proportions for the widths of the cotter and gib may be followed:
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Width of the cotter =0.45 B

Width of the gib =0.55 B

The above equations may be solved, keeping in mind about the various relations and
proportions suggested.

Problem:

Design a cotter joint to connect piston rod to the crosshead of a double acting steam engine.
The diameter of the cylinder is 300 mm and the steam pressure is 1 N/mm?2. The allowable
stresses for the material of cotter and piston rod are as follows: o; = 50 MPa ; t = 40 MPa ;
and o; = 84 MPa

Solution. Given : D=300mm ; p=1N/mm’; ¢,=50 MPa=50N/mm’ ; 1=40 MPa=40N/mm’;
o, =84 MPa=84N/mm’

We know that maximum load on the piston rod,
T . T
P=_xDxp :2(30033 1 =70 695N
The various dimensions for the cotter jomt are obtained by considering the different modes of
failure as discussed below :
1. Diameter of piston rod af coiter
Let d, = Diameter of piston rod at cotter, and

t = Thickness of cotter. It may be taken as 0.3 d,.
Considering the failure of piston rod in tension at cotter. We know that load (P),

i L] y| 8
70 695 = [Z (dy)* —dy x f] o; = [E (dy)? - 0.3 (dy )2} 50 =24.27 (d,)?

((fz)z =70695/2427=2913 or d,=53.97say55mm Ans.
and t=03d,=03%55=165mm Ans.
2. Widrth of corter
Let b = Width of cotter.
Considering the failure of cotter in shear. Since the cotter is in double shear, therefore load (P),
70695 =2bxitx1=2bx165x40=1320h
o b = 70695/1320=>53.5 say 54 mm Ans.
3. Diameter of socket
Let d, = Diameter of socket.
Considering the failure of socket in tension at cotter. We know that load (P),

70 695 = E [(d;)* - (@,)*] - W, —dg)r}ca

_ E [(d5)* = (55)%] - (ds - 55) 15_5} 50

=30.27 (d,2— 118 792825 d, +45 375
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0
M+,JON? +4%3670 214123
2 2
Letus now check the mduced crushing stress in the socket. We know that load (F),
70695 = (d;—d,)rx0,=(72—-55)16.5 = 06_=280.50,
g, = 70695/ 2805 = 252 N/mm?

Since (he induced erushing is erealer (han (he peruissible value of 84 N/umy’, (herefore lel us.

find the value of d; by substituting ¢_ = 84 N/mm?’ in the
above expression, i.e.
70 695 =(d;—55)16.5 x 84 = (d,—55) 1386
d;—55 = T70695/1386 = 51
or dy = 55+51=106 mm Ans.
We know the tapered length of the piston rod,
L=22d,=22x%55=121mm Ans.
Assuming the taper of the piston rod as 1 m 20, there-
fore the diameter of the parallel part of the piston rod,

or  (d.)*-21d,—3570

d; = =72mm . (Taking +wv= sign)

d=d +L>< ! —55+121><
=R TS5 T 5 m—i%mmﬁms.
and diameter of the piston rod at the tapered end,
L 1 121 1
dy=dy ——X—=55——X— = 52 mm Ans.
2 20 2 20
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