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12.1 Introduction

A cotter is aflat wedge shaped piece of rectangular
cross-section and itswidth istapered (either on one side or
both sides) from one end to another for an easy adjustment.
The taper varies from 1in 48 to 1 in 24 and it may be
increased upto 1in 8, if alocking deviceisprovided. The
locking device may beataper pin or aset screw used onthe
lower end of the cotter. The cotter is usually made of mild
steel or wrought iron. A cotter joint isatemporary fastening
and is used to connect rigidly two co-axia rods or bars
which are subjected to axial tensile or compressive forces.
It is usually used in connecting a piston rod to the cross-
head of areciprocating steam engine, a piston rod and its
extension asatail or pump rod, strap end of connecting rod
etc.
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12.2 Types of Cotter Joints
Following are the three commonly used cotter joints to connect two rods by acotter :
1. Socket and spigot cotter joint, 2. Sleeveand cotter joint,and 3. Gib and cotter joint.
The design of these types of joints are discussed, in detail, in the following pages.

12.3 Socket and Spigot Cotter Joint

In asocket and spigot cotter joint, one end of therods (say A) is provided with a socket type of
end asshown in Fig. 12.1 and the other end of the other rod (say B) isinserted into asocket. Theend
of therod which goesinto asocket isalso called spigot. A rectangular hole is madein 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 |oads. The compressive load
is taken up by the collar on the spigot.

Clearance Cotter

(2 to 3 mm) Socket collar

Socket _

P dl 2\l b c d P
\ Y j4 /

— Spigot

<>

Fig. 12.1. Socket and spigot cotter joint.

12.4 Design of Socket and Spigot Cotter Joint
The socket and spigot cotter joint isshownin Fig. 12.1.
Let P = Load carried by the rods,
d = Diameter of therods,
d, = Outside diameter of socket,
d, = Diameter of spigot or inside diameter of socket,
d, = Outsidediameter of spigot collar,
t, = Thickness of spigot collar,
d, = Diameter of socket collar,
¢ = Thickness of socket collar,
b = Mean width of cotter,
t = Thickness of cotter,
| = Length of cotter,
= Distance from the end of the slot to the end of rod,
= Permissibletensile stressfor the rods material,
= Permissible shear stressfor the cotter material, and

6, = Permissible crushing stressfor the cotter material.
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The dimensions for a socket anc
spigot cotter joint may be obtained by
considering the various modes of failure
as discussed below :

1. Failureof therodsin tension

Therodsmay fail intension duetc
the tensile load P. We know that

Arearesisting tearing

:EXd2
4

.. Tearing strength of the rods,
=T xd?xo,
4

Equating thisto load (P), we have

p :%xdzxct

Fork lift is used fo move goods from one place to the
Fromthisequation, diameter of the ~ ©'her wifhin the factory.
rods( d) may be determined.

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

Since the weakest section of the spigot isthat section which _>|’i\|<_
hasasdlot init for the cotter, asshown in Fig. 12.2, therefore

|
Arearesisting tearing of the spigot across the slot i

=T (d,)? —d, xt _ 3 -4,
4 |
and tearing strength of the spigot across the slot |
- B (d,)? - d, x t} 5, —
Equating thisto load (P), we have Fig. 12.2

p :[g (d,)? —d, xt} o,

From this equation, the diameter of spigot or inside diameter of socket (d,) may be determined.
Note: In actual practice, the thickness of cotter is usually taken asd,/ 4.
3. Failureof therod or cotter in crushing
We know that the area that resists crushing of arod or cotter
=d, xt
- Crushing strength=d, xtx 6,
Equating thisto load (P), we have
P =d,xtxo,
From this equation, the induced crushing stress may be checked.
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4. Failure of the socket in tension across the slot

We know that the resisting area of the socket across the
dot, asshowninFig. 12.3

i
=7 (@) (@) ] - (0, - )t
.. Tearing strength of the socket across the slot
m
= E 1@ - @) - @ - 4 1o
Equating thisto load (P), we have

P ={Z 1) - (@)1 - (A - &) 1] o

From this equation, outside diameter of socket (d,) may be determined.
5. Failure of cotter in shear

Considering the failure of cotter in shear as shown in Fig. 12.4. Since the cotter isin double
shear, therefore shearing area of the cotter

=2bxt
and shearing strength of the cotter
=2bxtxrt

Equating thisto load (P), we have
P =2bxtxt / j_
From this equation, width of cotter (b) isdetermined. v
6. Failure of the socket collar in crushing E +
Considering the failure of socket collar in crushing as shown in
Fig. 125, ° ° =0
We know that area that resists crushing of socket collar —
=(d,—d,t Fig. 12.4
and crushing strength =(d, —d,) t x &,
Equating thisto load (P), we have
P =(d,—-d)txo,
From this equation, the diameter of socket collar (d,) may
be obtained.

7. Failure of socket end in shearing

Sincethe socket end isin double shear, therefore areathat
resists shearing of socket collar

=2(d,—-d)c
and shearing strength of socket collar
=2(d,—d,)cx1
Equating thisto load (P), we have
P =2(d,-d)cx1t
From this equation, the thickness of socket collar (c) may be obtained.
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8. Failureof rod end in shear

Since the rod end isin double shear, therefore the area resisting shear of the rod end

=2axd,
and shear strength of the rod end
=2axd,x1
Equating thisto load (P), we have
P =2axd,x1

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
Considering the failure of the spigot collar in crushing as

showninFig. 12.6. We know that areathat resists crushing of the
collar

[(ds)? - (d,)? ]

_I
T4
and crushing strength of the collar

[(d5)? = (d)?] o,

K
4
e have

Equating thisto load (P), w
T
= 2 L@y - @) ]o,

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

10. Failure of the spigot collar in shearing
Considering the failure of the spigot collar in shearing as
shown in Fig. 12.7. We know that area that resists shearing of the
collar
=nd,xt;
and shearing strength of the collar,
=nd,xt; x1
Equating thisto load (P) we have
P=mnd,xt x1
From thisequation, thethickness of spigot
collar (t,) may be obtained.

11. Failure of cotter in bending

In all the above relations, it is assumed
that the load is uniformly distributed over the
various cross-sections of thejoint. But in actual
practice, this does not happen and the cotter is
subjected to bending. In order to find out the
bending stress induced, it is assumed that the
load on the cotter in the rod end is uniformly
distributed whilein the socket end it variesfrom
zero at the outer diameter (d,) and maximum at
the inner diameter (d,), as shown in Fig. 12.8.

ol ol

Fig. 12.8

Fig. 12.7
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The maximum bending moment occurs at the centre of the cotter and is given by

M :E(lxu_{_%j_ixﬁ
max 2\3 2 2 2 4
- E(M+%_$J=E(M+ﬁ)
2 6 2 4 2 6 4
We know that section modulus of the cotter,
Z=txp?/6
-. Bending stress induced in the cotter,
P(d‘,,—d2 +dzj
o - M _ 2 6 4)_P(ds+05dy)
oz txb2/6 2t x b?

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

12.Thelength of cotter () istakenas4 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.Thedraw of cotter isgenerally takenas2to 3 mm.
Notes: 1. When all the parts of the joint are made of steel, the following proportionsin terms of diameter of the
rod (d) are generally adopted :

d,=175d, d,=121d, d,=15d, d,=24d, a=c=0.75d, b=13d, I =4d, t=031d,
t,=045d, e=12d.

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

2. If therod and cotter are made of steel or wrought iron, thent = 0.8 6, and 6, = 2 5, may be taken.

Example 12.1. 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; 5,=50MPa=50N / mm?; t=35MPa=35N/ mm? ;
0, =90 MPa=90 N/mm?

Accessories for hand operated sockets.
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The cotter joint isshown in Fig. 12.1. Thejoint is designed as discussed below :
1. Diameter of therods

Let d = Diameter of therods.

Considering the failure of the rod in tension. We know that load (P),

0% 18 = %xdzxq :gxd2x50:39.3d2

o d? =30x10%/39.3=763 or d=27.6say28mm Ans.
2. Diameter of spigot and thickness of cotter
Let d, = Diameter of spigot or inside diameter of socket, and
t = Thickness of cotter. It may betakenasd,/ 4.
Considering the failure of spigot in tension across the weakest section. We know that load (P),

b4 T d
30%10° = {Z (dz)? - d x t} o = [Z (dz)? - d; x 72} 50 = 26.8(d,)?
(d,)?2 = 30x10%/26.8=1119.4 or d,=33.4say34mm
and thickness of cotter, t = d—j = 37? =85mm
Let us now check the induced crushing stress. We know that load (P),
30x10° = d,xtxc,=34x85xG,=2890,
o, = 30 x 103/ 289=103.8 N/mm?

S| ncethisvalueof 6 ismorethanthegivenvaueof 6, =90 N/mm?, thereforethe dimensi ionsd,
=34mmandt=8.5mm arenot safe. Now let usfind theval u&of d, andt by substituting the val ueof
6,=90 N/mm? in the above expression, i.e.

d
30x10° = d, x 72 x 90 =225(d,)
(d))? =30x10%/225=1333 or d,=36.5say40mm Ans.

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

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

0108 = E {2 - (@)} - (d - o) t} 5

- E {(dy)? - (40)%} - (d, - 40) 10} 50

30x 10950 = 0.7854(d,)2—1256.6—10d, +400
or (d)?-12.7d,~1854.6 = 0

d

_127+(127)2 + 4x 18546 127 +87.1
2 2
= 49.9say 50mmAns. ...(Taking +vesign)

4. Width of cotter
Let b = Width of cotter.
Considering thefailure of the cotter in shear. Sincethe cotter isin double shear, therefore load (P),
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30x10° = 2bxtxt=2bx10x35=700b
. b = 30x10%/700 = 43mmAns.
5. Diameter of socket collar
Let d, = Diameter of socket collar.
Considering the failure of the socket collar and cotter in crushing. We know that load (P),
30x10® = (d,-d,) tx 5,=(d,—40)10 x 90 = (d,—40) 900
. d,—40 = 30x10%/900 = 333 or d,=333+40 = 73.3say 75mm Ans.
6. Thickness of socket collar
Let ¢ = Thickness of socket collar.

Considering the failure of the socket end in shearing. Since the socket end is in double shear,
thereforeload (P),

30x10® = 2(d,—d,) cx1=2(75-40) cx 35=2450C
o ¢ = 30x10%/2450=12mmAns.
7. Distance from the end of the slot to the end of the rod
Let a = Distance from the end of dlot to the end of the rod.
Considering the failure of the rod end in shear. Since the rod end isin double shear, therefore
load (P),
30x10® = 2axd,x1=2ax40x35=2800a
. a = 30x 10%/2800=10.7 say 11 mmAns.
8. Diameter of spigot collar
Let d, = Diameter of spigot collar.
Considering the failure of spigot collar in crushing. We know that load (P),

0x10° = 7 [(dy)? - (d,)*] o = 7 [(dy)” - (40)° ] 90
30x 10 x 4
2_ 2 = =
or (d;)*—(40) Ox 424
(d)? = 424+ (40)>=2024 or d, = 45mm Ans.

A. T. Handle, B. Universal Joint

Contents

Top



9. Thickness of spigot collar
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Let t, = Thickness of spigot collar.

Considering the failure of spigot collar in shearing. We know that load (P),
30x10° = md,xt, xT=m x40 xt, x35=4400t,
t, = 30x10%/4400=6.8say 8mmAns.

10. Thelength of cotter (1) istakenas4d.

| =4d =4x28=112mmAns.

11. Thedimensioneistakenas1.2d.

e = 1.2x28=33.6say 34 mmAns.

12.5 Sleeve and Cotter Joint

Sometimes, asleeve and cotter joint asshownin Fig. 12.9, isused to connect two round rods or
bars. Inthistype of joint, asleeve or muff isused 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 1in24. 1t may be noted that the taper sides of the two cotters should face each other as shown
inFig. 12.9. The clearanceis so adjusted that when the cottersare driven in, the two rods come closer

to each other thus making the joint tight.

< 9d >
| L=28d >
Clearance
Cotter—\ 3 mm _—y
SRVAAN
% 17 ZI| 7
W
——{p=4d — —

i ema:
¥ Y

S

|

c

Slee\L—/ L

S

Y

e
>  si——

Fig. 12.9. Sleeve and cotter joint.
Thevarious proportionsfor the sleeve and cotter joint in terms of the diameter of rod (d) areas

follows:
Outside diameter of sleeve,
d, =25d
Diameter of enlarged end of rod,

d, = Insidediameter of sleeve=1.25d

Length of sleeve, L =8d
Thickness of cotter, t =dj/40r0.31d
Width of cotter, b =1.25d
Length of cotter, | =4d

—f

Distance of the rod end (a) from the beginning to the cotter hole (inside the sleeve end)
= Distance of therod end (c) from its end to the cotter hole

=1.25d
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12.6 Design of Sleeve and Cotter Joint
The sleeve and cotter joint isshown in Fig. 12.9.
Let P = Load carried by therods,
d = Diameter of therods,
d, = Outsidediameter of sleeve,
d, = Diameter of the enlarged end of rod,
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,

6., T ando_ = Permissible tensile, shear and crushing stresses respectively
for the material of therods and cotter.

Thedimensionsfor asleeve and cotter joint may be obtained by considering the various modes
of failure as discussed below :

1. Failureof therodsin tension
Therods may fail in tension due to the tensile load P. We know that
.. . T 2
Arearesisting tearing = ZX d
. Tearing strength of the rods

n
= =xd?x o,
4

Equating thisto load (P), we have
P="xd’xo,
4

From this equation, diameter of the rods (d) may be obtained.
2. Failure of therod in tension across the weakest section (i.e. slot)

Since the weakest section isthat section of therod which hasasdlot init for the cotter, therefore
arearesisting tearing of the rod across the slot

T 2
=—(d —-d, xt
7 (02" —d;
and tearing strength of the rod across the slot
- E (dy)? - d, xt} 5,
Equating thisto load (P), we have
p= E (dy)? — d, xt} S,

From this equation, the diameter of enlarged end of the rod (d.,) may be obtained.

Note: The thickness of cotter is usually taken asd,/ 4.
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3. Failureof therod or cotter in crushing
We know that the area that resists crushing of arod or cotter
=d,xt
Crushing strength = d, xtx o,
Equating thisto load (P), we have
P=d,xtxo,
From this equation, the induced crushing stress may be checked.
4. Failureof sleevein tension acrossthe slot

We know that the resisting area of sleeve across the slot
T

= L (@7 - (@] - (d - d) ¢

. Tearing strength of the sleeve across the slot
T
- |2l - @ - @ - 4t o
Equating thisto load (P), we have
b
P = | Tl - @~ @ -4t o

From this equation, the outside diameter of sleeve (d,) may be obtained.
5. Failureof cotter in shear
Since the cotter isin double shear, therefore shearing area of the cotter

=2bxt
and shear strength of the cotter
=2bxtx1t
Equating thisto load (P), we have
P=2bxtxrt

From this equation, width of cotter (b) may be determined.
6. Failureof rod endin shear
Since therod end isin double shear, therefore area resisting shear of the rod end
=2axd,

Offset handles.
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and shear strength of the rod end
=2axd,x1
Equating thisto load (P), we have
P=2axd,xt
From this equation, distance (a) may be determined.
7. Failure of sleeveend in shear
Since the sleeve end is in double shear, therefore the area resisting shear of the sleeve end
=2(d,-d)c
and shear strength of the sleeve end
=2(d,—d,)cx1
Equating thisto load (P), we have
P=2(d—-d,)cxt
From this equation, distance (c) may be determined.

Example 12.2. Design a sleeve and cotter joint to resist atensileload of 60 kN. All parts of the
joint are made of the same material with the following allowable stresses :

6,=60MPa; 1=70MPa; andc_ = 125 MPa.

Solution. Given: P=60kN =60 x 103N ; 6,= 60 MPa= 60 N/mm?; t = 70 MPa= 70 N/mm?;
6,=125MPa=125N/mm?
1. Diameter of therods

Let d = Diameter of therods.

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

60% 10° = %xdzxct =%><d2><60=47.13d2

d2 =60x10%/47.13=1273 or d=35.7say 36 mMmAnS.
2. Diameter of enlarged end of rod and thickness of cotter
Let d, = Diameter of enlarged end of rod, and
t = Thickness of cotter. It may betaken asd,/ 4.

Considering thefailure of therod in tension across the weakest section (i.e. slot). We know that
load (P),

T T d
60% 10° = {Z (dy)? = dy x t} o, = {Z (dy)? = dy x TZ} 60 =32.13(d,)?

(d,)? = 60x10%/32.13=1867 or d,=43.2say 44mmAns.
and thickness of cotter,

t = &—ﬂ—llmmAns
=3 i

Let us now check the induced crushing stressin the rod or cotter. We know that load (P),
60x10° = d,xtxc ,=44%x11xc =4840,
o, = 60>< 103/484 124 N/mm?

Smce the induced crushl ng stress is less than the given value of 125 N/mm?, therefore the
dimensionsd, and t are within safe limits.

3. Outside diameter of deeve
Let d, = Outsidediameter of sleeve.
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Considering the failure of sleeve in tension across the slot. We know that load (P)
m
60x10° = | £ () - (@)1 - (@ - &)t o

T

- | 212 - (4921 - @6, - 49 11] 00
60 103/60 = 0.7854 (d,)?—1520.7—11d, +484

or  (d)?-14d,-2593 =0

14+ J(14)? + 4x 2593 14+102.8
dy = 2 2
= 58.4say 60 mmAnRs. ...(Taking +vesign)

4. Width of cotter
Let b = Width of cotter.
Considering thefailure of cotter in shear. Sincethe cotter isin double shear, therefore load (P),
60x10° = 2bxtx1=2xbx11x70=1540b
. b = 60x 10%/1540 = 38.96 say 40 mm Ans.
5. Distance of the rod from the beginning to the cotter hole (inside the sleeve end)
Let a = Required distance.
Considering the failure of the rod end in shear. Since the rod end isin double shear, therefore
load (P),
60x 10°= 2axd,xt=2ax44x70=6160a
o a = 60x 10%/6160=9.74say 10mm Ans.
6. Distance of the rod end from its end to the cotter hole
Let ¢ = Required distance.

Considering the failure of the sleeve end in shear. Since the sleeve end is in double shear,
thereforeload (P),

60x10° = 2(d,—d,) cxT=2(60—44) cx 70=2240¢C
c = 60x 103/ 2240=26.78 say 28 mm Ans.

12.7 Gib and Cotter Joint

Gib Gib

)

|
|
|
— Cotter

Fig. 12.10. Gib and cotter joint for strap end of a connecting rod.
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A *giband cotter joint isusually used in strap end (or big end) of aconnecting rod asshownin
Fig. 12.10. In such cases, when the cotter alone (i.e. without gib) is driven, the friction between its
ends and the inside of the slots in the strap tends to cause the sides of the strap to spring open (or
spread) outwards as shown dotted in Fig. 12.11 (a). In order to prevent this, gibs as shown in
Fig. 12.11 (b) and (c), are used which hold together the ends of the strap. Moreover, gibs
provide alarger bearing surface for the cotter to slide on, due to the increased holding power. Thus,
the tendency of cotter to slacken back owing to friction is considerably decreased. The jib, also,
enables parallel holes to be used.

PN

-8

<~
(a) Cotter without gib. (b) Cotter with one gib. (c) Cotter with double gib.

Fig. 12.11. Gib and cotter Joints.

Notes: 1. When one gib isused, the cotter with one side tapered is provided and the gib isalways on the outside
asshown in Fig. 12.11 (b).

2. When two jibs are used, the cotter with both sides tapered is provided.
3. Sometimesto prevent loosening of cotter, asmall set screw isused through therod jamming against the
cotter.

RN

12.8 Design of a Gib and Cotter Joint for Strap End of a Connecting Rod

—>12|<—|
&

L ﬁazzz—z@———%—
B i
€— B —>

Cotter

P . ) - 3
—l_ L~l1—>|):_—b_;3+-_bl.|l<_l2_’|

e

Fig. 12.12. Gib and cotter joint for strap end of a connecting rod.

Consider a gib and cotter joint for strap end (or big end) of a connecting rod as shown in
Fig. 12.12. The connecting rod is subjected to tensile and compressive loads.

*  Agibisapiece of mild steel having the same thickness and taper as the cotter.
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Let P = Maximum thrust or pull in the connecting rod,

d = Diameter of the adjacent end of the round part of the rod,

B, = Width of the strap,

B = Total width of gib and cotter,
t = Thickness of cotter,

t, = Thickness of the strap at the thinnest part,

o, = Permissibletensile stress for the materia of the strap, and
T = Permissible shear stressfor the material of the cotter and gib.

Thewidthof strap ( B,) isgenerally taken equal to the diameter of the adjacent end of the round
part of therod ( d). The other dimensions may befixed asfollows:

Thickness of cotter,
Width of strap _ By

4 4
Thickness of gib Thickness of cotter (t)

Height (t,) and length of gib head (I,)
= Thickness of cotter (t)

In designing the gib and cotter joint for strap end of a connecting rod, the following modes of
failureare considered.

1. Failureof the strap in tension
Assuming that no hole is provided for lubrication, the area that resists the failure of the strap
due to tearing =2B, xt;
. Tearing strength of the strap
=2B,xt, %,
Equating thisto the load (P), we get
P =2B, xt xo,
From this equation, the thickness of the strap at the thinnest part (t;) may be obtained. When an
oil holeisprovided in the strap, then its weakening effect should be considered.

Thethickness of the strap at the cotter (t,) isincreased such that the area of cross-section of the
strap at the cotter hole is not less than the area of the strap at the thinnest part. In other words

2t,(B,—t) =2t xB,
From this expression, the value of t, may be obtained.

(b)
(a) Hand operated sqaure drive sockets (b) Machine operated sockets.
Note : This picture is given as additional information and is not a direct example of the current chapter.
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2. Failure of the gib and cotter in shearing
Since the gib and cotter are in double shear, therefore arearesisting failure

=2Bxt
and resisting strength =2Bxtx1t
Equating thisto the load (P), we get
P=2Bxtxrt

From this equation, the total width of gib and cotter (B) may be obtained. In thejoint, as shown
inFig. 12.12, onegib isused, the proportions of which are

Width of gib,b, =0.55 B ; and width of cotter, b=0.45B
The other dimensions may befixed asfollows:
Thickness of the strap at the crown,
t, = 1.15t,to1.5¢t,
I, =2t;andl, =251,
Example 12.3. The big end of a connecting rod, as shown in Fig. 12.12, is subjected to a
maximum load of 50 kN. The diameter of the circular part of the rod adjacent to the strap end is

75 mm. Design the joint, assuming permissible tensile stressfor the material of the strap as 25 MPa
and permissible shear stress for the material of cotter and gib as 20 MPa.

Solution. Given: P=50kN =50 x 103N ; d=75mm ; 6, = 25 MPa= 25 N/mm?; 1= 20 MPa
=20 N/mnv?

1. Width of the strap
Let B, = Width of the strap.

Thewidth of the strap is generally made equal to the diameter of the adjacent end of the round
part of therod (d).

B, =d=75mm Ans.

Other dimensionsarefixed asfollows:
Thickness of the cotter

B 75
t = 2 = s =18.75 say 20mm Ans.
Thickness of gib = Thicknessof cotter =20 mm Ans.

Height (t,) and length of gib head (I,)
= Thicknessof cotter =20mm Ans.
2. Thickness of the strap at the thinnest part
Let t, = Thickness of the strap at the thinnest part.
Considering the failure of the strap in tension. We know that load (P),
50x10° = 2B, xt, x5, =2x 75xt, x 25=3750t,
. t, = 50x10%/3750=13.3say 1I5mm Ans.
3. Thickness of the strap at the cotter
Let t, = Thickness of the strap at the cotter.

Thethickness of the strap at the cotter isincreased such that the area of the cross-section of the
strap at the cotter hole is not less than the area of the strap at the thinnest part. In other words,

2t,(B,—t) =2t xB,
21,(75-20) =2x15x75 or 110t,=2250
t, =2250/110=20.45 say 21mm Ans.
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4. Total width of gib and cotter
Let B = Total width of gib and cotter.
Considering the failure of gib and cotter in double shear. We know that load (P),
50x10° = 2Bxtx1t=2Bx20%x20=800B
. B = 50x10%/800=62.5 say 65 mm Ans.
Since one gib is used, therefore width of gib,
b, =0.55B=0.55%65=35.75 say 36 mm Ans.
and width of cotter, b =0.45B=0.45x65=29.25 say 30 mmAnSs.
The other dimensions are fixed asfollows:
t, = 1.25t, =1.25x15=18.75 say 20 mm Ans.
|, =2t,=2x15=30mm Ans.
and |, =25t =25x15=37.5say 40 mm Ans.

12.9 Design of Gib and Cotter Joint for Square Rods

Consider agib and cotter joint for squarerodsasshown in Fig. 12.13. Therods may be subjected
to atensile or compressive load. All components of the joint are assumed to be of the same material.

Cotter
> B| (e
)\
i
N\
el ]
1 P - - X
' || l
r___ [
h D U _Ltl
> e, naliny
Fig. 12.13. Gib and cotter joint for square rods.
Let P = Load carried by therods,

x = Each side of therod,
B = Total width of gib and cotter,
B, = Width of the strap,
t = Thickness of cotter,
t, = Thickness of the strap, and
6,,Tand o, = Permissible tensile, shear and crushing stresses.
In designing agib and cotter joint, the following modes of failure are considered.
1. Failureof therod in tension
Therod may fail in tension due to the tensile load P. We know that
Arearesisting tearing = X x X = X2
.. Tearing strength of the rod

= x*x o,
Equating thisto theload (P), we have
P=x?x g,
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From this equation, the side of the square rod (x) may be determined. The other dimensionsare
fixed asunder :
Width of strap, B, = Sideof the squarerod = x

(A _B
2 width of strap = 2

Thickness of cotter, t

Thickness of gib Thickness of cotter (t)
Height (t,) and length of gib head (I,)
= Thickness of cotter (t)
2. Failure of the gib and cotter in shearing
Since the gib and cotter are in double shear, therefore,

Arearesisting failure =2Bxt
and resisting strength =2Bxtx1t
Equating thisto the load (P), we have

P=2Bxtxrt

From thisequation, thewidth of gib and cotter (B) may be obtained. Inthejoint, asshownin Fig.
12.13, one gib is used, the proportions of which are

Width of gib, b, =0.55B; and width of cotter, b=0.45B
In case two gibs are used, then
Width of each gib =0.3B; and width of cotter =0.4 B
3. Failure of the strap end in tension at the location of gib and cotter
Arearesisting failure =2[B, xt -t xt] =2[xxt, —t, x] (0B =X)
*. Resisting strength =2[xxt -t xt] o,
Equating thisto the load (P), we have
P=2[xxt -t xt]o,
From this equation, the thickness of strap (t,) may be determined.
4. Failure of the strap or gib in crushing
The strap or gib (at the strap hole) may fail due to crushing.

Arearesisting failure =2t xt
Resisting strength =2t xtxo,
Equating thisto the load (P), we have
P =2t xtxo,

From this equation, the induced crushing stress may be checked.
5. Failure of therod end in shearing
Since therod isin double shear, therefore
Arearesisting failure =21, %X
Resisting strength =2l xxx1
Equating thisto the load (P), we have
P =2l xxx1
From this equation, the dimension |, may be determined.
6. Failure of the strap end in shearing
Since the length of rod (1) isin double shearing, therefore
Arearesisting failure =2x21,xt,
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Resisting strength =2x2l,xt; x1

Equating thisto theload (P), we have

P=2x2l,xt x1

From this equation, the length of rod (I,,) may be determined. The length |, of the strap end is
proportioned as % rd of side of the rod. The clearance is usually kept 3 mm. The length of cotter is
generaly taken as 4 times the side of the rod.

Example 12.4. Design a gib and cottor joint asshownin Fig. 12.13, to carry a maximum load
of 35 kN. Assuming that the gib, cotter and rod are of same material and have the following
allowable stresses :

6,=20MPa; t=15MPa; and 6, =50 MPa
Solution. Given: P=35kN =35000 N ; 6,= 20 MPa= 20 N/mm?; 1 = 15 MPa= 15 N/mm?;
6, =50MPa=50 N/mm?
1. Side of the squarerod
Let x = Each side of the square rod.
Considering the failure of the rod in tension. We know that load (P),
35000 = x*x G, =x?x 20=20x?
x2 =35000/20=1750 or x = 41.8 say 42 mm Ans.
Other dimensionsarefixed asfollows:

Width of strap, B, = x=42mmAns.

. B 42
Thickness of cotter, t = 2 = 7 =10.5say 12mmAns.
Thickness of gib = Thicknessof cotter = 12mmAns.

Height (t,) and length of gib head (I,)
= Thicknessof cotter =12mmAns.
2. Width of gib and cotter

Let B = Width of gib and cotter.
Considering the failure of the gib and cotter in double shear. We know that load (P),

35000 = 2Bxtx1=2Bx12x15=360B

B = 35000/360=97.2say 100mmAns.

Since one gib is used, therefore

Width of gib, b, =0.55B=0.55x100=55mmAns.
and width of cotter, b =045B=0.45%100=45mmAns.
3. Thickness of strap

Let t, = Thickness of strap.

Considering thefailure of the strap end in tension at the location of the gib and cotter. We know
that load (P),
35000 =2(xxt, —t; xt)o,=2(42xt, —t, x 12) 20=1200t,
= 35000/ 1200 29. 1say30mmAns
Now the induced crushing str&ss may be checked by considering the failure of the strap or gib
in crushing. We know that load (P),
35000 =2t xtxo,=2x30x12x 06, =7200,
C, = 35000/720 48.6 N/mm?
S| nce theinduced crushing stressisless than the given crushing stress, therefore thejoint is safe.
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4. Length (I,) of therod
Considering thefailure of therod endin shearing. Sincetherod isin double shear, thereforeload

P),
® 35000 = 21, xxxt=2l, x42x15=12601,
|, = 35000/1260=27.7 say 28mmAnSs.
5. Length (I,) of therod
Considering the failure of the strap end in shearing. Since the length of therod (1,) isin double
shear, thereforeload (P),
35000 =2x2l,xt, xt=2x2],%x30x15=18001,
|, = 35000/1800=19.4say 20mmAns.

Length (I,) of the strap end
2 2
= —XX=—X42 =
3 3 28mmAns.
and length of cotter = 4x=4x42=168mmAns.

12.10 Design of Cotter Joint to Connect Piston Rod and Crosshead

The cotter joint to connect piston rod and crosshead is shown in Fig. 12.14. In such a type of
joint, the piston rod is tapered in order to resist the thrust instead of being provided with a collar for
the purpose. The taper may befrom1in24tolin12.

| g

d N i -
3 - dr- W1 {4

l /

— %

_/ 2
Tapered
piston rod / \— Crosshead

Socket

Cotter

Fig. 12.14. Cotter joint to connect piston rod and crosshead.
Let d = Diameter of parallel part of the piston rod,
d, = Diameter at tapered end of the piston,
d, = Diameter of piston rod at the cotter,
d, = Diameter of socket through the cotter hole,
b = Width of cotter at the centre,
t = Thickness of cotter,
o,,Tand o, = Permissible stresses in tension, shear and crushing
respectively.
We know that maximum load on the piston,

n 2
= —xD“x
P 2 p

where D = Diameter of the piston, and
p = Effective steam pressure on the piston.
L et us now consider the various failures of the joint as discussed below :
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1. Failure of piston rod in tension at cotter

The piston rod may fail intension at cotter due to the maximum load on the piston. We know that

arearesisting tearing at the cotter
= %(dz)2 —d, xt
.. Tearing strength of the piston rod at the cotter
T
= [Z (dy)? — d, x t} o,

Equating thisto maximum load (P), we have

T
P = [Z (d,)? —d, xt} o,

From this equation, the diameter of piston rod at the cotter (d,) may be determined.

Note: The thickness of cotter (t) is taken as 0.3 d,.
2. Failure of cotter in shear
Since the cotter isin double shear, therefore shearing area of the cotter

=2bxt
and shearing strength of the cotter
=2bxtxrt
Equating thisto maximum load (P), we have
P=2bxtxrt

From this equation, width of cotter (b) is obtained.
3. Failure of the socket in tension at cotter
We know that area that resists tearing of socket at cotter

= 7[00 - (@] - (s - d)

and tearing strength of socket at cotter

- E {(d)* - (d)} - (05 - o) t} o

Equating thisto maximum load (P), we have

p = E {(02)? = (@)} = (03 - dy) t} o

From this equation, diameter of socket (d,) is obtained.
4. Failure of socket in crushing
We know that areathat resists crushing of socket
=(dy—d)t
and crushing strength of socket
=(d;—d)txo,
Equating thisto maximum load (P), we have
P =(d;—-d)txoc,
From this equation, the induced crushing stress in the socket may be checked.

The length of the tapered portion of the piston rod (L) is taken as 2.2 d,. The diameter of the
parallel part of the piston rod (d) and diameter of the piston rod at the tapered end (d,) may be obtained

asfollows:

Contents

Top



Contents

452 = A Texthook of Machine Design

L L
d= d2+5xtaper;andd1: dz—zxtaper

Note: The taper on the piston rod is usually taken as 1 in 20.

Example 12.5. 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/mn?. The
allowable stresses for the material of cotter and piston rod are as follows :

o, = 50 MPa; 1 =40 MPa; and 6, = 84 MPa
Solution. Given: D=300mm ; p=1N/mm?; 6,=50 MPa=50N/mm?; t=40MPa=40N/mnv;
0, =84MPa=84N/mm?
We know that maximum load on the piston rod,
p= %x D2 x p =%(300)2 1=70 695N
The various dimensions for the cotter joint are obtained by considering the different modes of
failure as discussed below :
1. Diameter of piston rod at cotter
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),

70 695 = E (dy)? — dj X t} o, = B (dy)? - 0.3 (dz)z} 50 =24.27(d,)?

(d,)? = 70695/24.27=2913 or d,=53.97 say 55mmAns.
and t =0.3d,=0.3x55=16.5mmAns.
2. Width of cotter
Let b = Width of cotter.
Considering thefailure of cotter in shear. Sincethe cotter isin double shear, therefore load (P),
70695 = 2bxtxt=2bx16.5x40=1320b
. b = 70695/1320=53.5say 54 mmAns.
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 = {g [(ds)? = (d)? ] - (ds — ) t} S

- {% [(d3)? - (85)2] - (d; — 55) 16.5} 50

= 39.27(d,)?—118792—825d, + 45375
or  (dy)?-21d,-3670 =0
_ 21%(21)% + 4x 3670 _ 214123
s 2 2
Let us now check the induced crushing stress in the socket. We know that load (P),
70695 = (d;—d,) tx o, =(72-55) 16.5x6,=280.50,
o, = 70695/280.5 = 252 N/mm?

Since the induced crushing is greater than the permissible value of 84 N/mm?, therefore let us

=72mm ..(Taking+vesign)
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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 = 70695/1386 = 51
or d; = 55+51 =106 mmAns.
We know the tapered length of the piston rod,
L=22d,=22x55=121mm Ans.
Assuming the taper of the piston rod as 1 in 20, there-
fore the diameter of the parallel part of the piston rod,

d=d +£><i—55+£1><i—58 A
272720 2~ 20 X MMANS
and diameter of the piston rod at the tapered end,
d1=d2—£xi:55—£1xi=52m”nAns
2 20 2 20

12.11 Design of Cotter Foundation Bolt

The cotter foundation bolt ismostly used in conjunction
with foundation and holding down bolts to fasten heavy
machinery to foundations. It is generally used where an
ordinary bolt or stud cannot be conveniently used. Fig. 12.15
shows the two views of the application of such a cotter
foundation bolt. In this case, the bolt is dropped down from
above and the cotter is driven in from the side. Now this
assembly is tightened by screwing down the nut. It may be
noted that two base plates (one under the nut and the other
under the cotter) are used to provide more bearing area in
order to take up the tightening load on the bolt aswell asto
distribute the same uniformly over the large surface.

Bolt
Nut

Machine base
e

|
E %Fouﬂdmion
AR
Cott Steel plate
otter:

l
{ e
d

i,
— ) je—

Variable speed Knee-type milling
machine.

1
i

A

U
U
]

I
—

Fig. 12.15. Cotter foundation bolt.

Let d = Diameter of bolt,

d, = Diameter of the enlarged end of bolt,

t = Thickness of cotter, and
b = Width of cotter.

The various modes of failure of the cotter foundation bolt are discussed as bel ow:
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1. Failure of bolt in tension
The bolt may fail in tension due to the load (P). We know that arearesisting tearing
= E X d2
4
.. Tearing strength of the bolt
= Ixd?xo,
4
Equating thisto theload (P), we have
n 2
= —xd“xo
P 2 t

From this equation, the diameter of bolt ( d) may be determined.
2. Failure of the enlarged end of the bolt in tension at the cotter
We know that area resisting tearing

K
= Z(oll)2 —d; xt

.. Tearing strength of the enlarged end of the bolt

- %(dl)z—dlxt o,

Equating thisto the load (P), we have

n
P = Z(dl)z—d1><t Oy

From this equation, the diameter of the enlarged end of the bolt (d,) may be determined.
Note: The thickness of cotter isusually teken asd, / 4.
3. Failure of cotter in shear
Since the cotter isin double shear, therefore area resisting shearing
=2bxt
.. Shearing strength of cotter
=2bxtxrt
Equating thisto theload (P), we have
P=2bxtx1t
From this equation, the width of cotter (b) may be determined.
4. Failure of cotter in crushing
We know that area resisting crushing
=pbxt
.. Crushing strength of cotter
=bxtxo,
Equating thisto theload (P), we have
P =bxtxo,
From this equation, the induced crushing stressin the cotter may be checked.
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Example 12.6. Design and draw a cottered foundation bolt which is subjected to a maximum
pull of 50 kN. The allowable stresses are :

ct:80 MPa; T =50 MPa; and o, = 100 MPa

Solution. Given: P=50kN =50 x 10®N ; 6, = 80 MPa= 80 N/mm?; T = 50 MPa=50 N/mm? ;
o .= 100 MPa= 100 N/mm?

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

50x 10° = %xdzxct :gxd2x80:62.84d2

o d? =50x10%/62.84=795.7 or d=28.2say 30mmAnSs.
2. Diameter of enlarged end of the bolt and thickness of cotter
Let d, = Diameter of enlarged end of the bolt, and
t = Thickness of cotter. It may betakenasd, / 4.

Considering the failure of the enlarged end of the bolt in tension at the cotter. We know that
load (P),

d
50x 108 = E (dy)? — dy x t} o, = B (dy)? - dy Xf} 80 = 42,84 (d,)?
(d)? =50x10%/42.84=1167 or d,=34 say 36mmAns.
d 36

2 7 =9mm Ans.

and t=
3. Width of cotter
Let b = Width of cotter.
Considering the failure of cotter in shear. Since the cotter isin double shear, thereforeload (P),
50x10% = 2bxtxt=2bx9x50=900b
b =50x 10%/900 = 55.5mm say 60mm Ans.

Let us now check the crushing stress induced in the cotter. Considering the failure of cotter in
crushing. We know that load (P),

50x10° = bxtxc,=60x9xc,=5400,
. o, = 50x10%/540 = 92.5N/mm?
Sincetheinduced crushing stressis|essthan the permissible val ue of 100 N/mm?, thereforethe
design is safe.
12.12 Knuckle Joint

A knuckle joint is used to connect two rods which are under the action of tensile loads.
However, if the joint is guided, the rods may support a compressive load. A knuckle joint may be
readily disconnected for adjustments or repairs. Its use may be found in the link of acycle chain, tie
rod joint for roof truss, valve rod joint with eccentric rod, pump rod joint, tension link in bridge
structure and lever and rod connections of various types.
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Fig. 12.16. Kuncklejoint.

In knuckle joint (the two views of which
areshownin Fig. 12.16), one end of one of the
rods is made into an eye and the end of the
other rod is formed into a fork with an eyein
each of the fork leg. The knuckle pin passes
through both the eye hole and the fork holes
and may be secured by means of a collar and
taper pin or spilt pin. The knuckle pin may be
prevented from rotating in thefork by means of
asmall stop, pin, peg or snug. In order to get a
better quality of joint, the sides of the fork and
eye are machined, the holeisaccurately drilled
and pin turned. The material used for the joint
may be steel or wrought iron.

12.13 Dimensions of Various Parts
of the Knuckle Joint
The dimensions of various parts of the
knucklejoint arefixed by empirical relationsas
given below. It may be noted that all the parts
should be made of the same material i.e. mild
steel or wrought iron.

If disthediameter of rod, then diameter of

pin,
d=4d
Outer diameter of eye,
d, =2d

Submersibles like this can work at much greater
ocean depths and high pressures where divers
cannot reach.

Note : This picture is given as additional information and
is not a direct example of the current chapter.
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Diameter of knuckle pin head and collar,

d, =15d

Thickness of single eye or rod end,
t = 1.25d
Thicknessof fork, t, =0.75d

Thickness of pin head, t, =05d
Other dimensions of thejoint are shownin Fig. 12.16.

12.14 Methods of Failure of Knuckle Joint
Consider aknucklejoint asshowninFig. 12.16.
Let P = Tensileload acting on the rod,
d = Diameter of therod,
d, = Diameter of thepin,
d, = Outer diameter of eye,
t = Thickness of single eye,
t, = Thicknessof fork.
o,, tTand o, = Permissible stressesfor thejoint material intension, shear and
crushing respectively.
In determining the strength of the joint for the various methods of failure, it is assumed that
1. Thereis no stress concentration, and
2. Theloadisuniformly distributed over each part of thejoint.

Dueto these assumptions, the strengths are approximate, however they serveto indicate awell
proportioned joint. Following are the various methods of failure of thejoint :

1. Failure of the solid rod in tension
Since the rods are subjected to direct tensile load, therefore tensile strength of the rod,
= I xd?x Gy
4
Equating thisto the load (P) acting on the rod, we have
= T xd?x o2
4

From this equation, diameter of therod ( d) isobtained.
2. Failure of theknuckle pin in shear
Since the pin isin double shear, therefore cross-sectional area of the pin under shearing

n 2
2x—(d

4 (@)
and the shear strength of the pin

n 2
2x=(d)° 1
;@)
Equating thisto the load (P) acting on the rod, we have
n 2
=2x—(d T
P 2 (dy)

From this equation, diameter of the knuckle pin (d,) is obtained. This assumes that there is no
dlack and clearance between the pin and the fork and hence there is no bending of the pin. But, in
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actual practice, the knuckle pin is loose in forks in order to permit angular movement of one with
respect to the other, therefore the pin is subjected to bending in addition to shearing. By making the
diameter of knuckle pin equal to thediameter of therod (i.e., d, = d), amargin of strengthis provided
to allow for the bending of the pin.

In case, the stress due to bending is taken into account, it is assumed that the load on the pinis
uniformly distributed along the middle portion (i.e. the eye end) and varies uniformly over theforksas
showninFig. 12.17. Thusin theforks, aload P/2 actsthrough adistance of t, / 3 from the inner edge
and the bending moment will be maximum at the centre of the pin. The value of maximum bending
moment is given by

_ P(t_1+£j_E t

23 2) 274 (—uﬁ f_
t | Y

- (3 2 4) |

| Pﬂ
P(t, t | <+5"
- |4 P I ¢
- 2(3+4) 37— | T—;‘
. b1 3 I e e
and section modulus, Z = ﬁ(dl) > | ?1
|
-, Maximum bending (tensile) stress, <« PA
Lt ! ;7/ fz |
(

P(t, t [
M_2 (3 i 4) =
7 - R Fig. 12.17. Distribution of load on the pin.

5 @
From this expression, the value of d, may be obtained.
3. Failure of thesingle eye or rod end in tension

G, =

The single eye or rod end may tear off due to the tensile load. We know that area resisting
tearing =(d,—d)t
-, Tearing strength of single eye or rod end
=(d,—d) txo,
Equating thisto the load (P) we have
P =(d,—-d)txo,
From this equation, theinduced tensile stress (c,) for the single eye or rod end may be checked.
In case the induced tensile stress is more than the allowable working stress, then increase the outer
diameter of theeye (d,).
4. Failure of the single eye or rod end in shearing
The single eye or rod end may fail in shearing due to tensile load. We know that arearesisting
shearing =(d,—d)t
- Shearing strength of single eye or rod end
= (d,-d)txz
Equating thisto the load (P), we have
P=(d,—d)txt
From this equation, the induced shear stress (1) for the single eye or rod end may be checked.
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5. Failureof thesingleeye or rod end in crushing

The single eye or pin may fail in crushing due to the tensile load. We know that area resisting
crushing =d, xt

.. Crushing strength of single eye or rod end

=d, xtxo,

Equating thisto the load (P), we have

P=d xtxo,

From thisequation, theinduced crushing stress (o ) for the single eye or pin may be checked. In
case the induced crushing stress in more than the allowable working stress, then increase the
thickness of the single eye (t).

6. Failure of theforked end in tension
The forked end or double eye may fail in tension due to the tensile load. We know that area
resisting tearing
=(d,—d) x2t,
.. Tearing strength of the forked end
=(d,—d)) x2t, xc,
Equating thisto the load (P), we have
P =(d,—d)x2t xo,

From this equation, the induced tensile stress for the forked end may be checked.
7. Failure of theforked end in shear

Theforked end may fail in shearing dueto the tensileload. We know that arearesisting shearing

=(d,—d) x2t;

.. Shearing strength of the forked end

=(d,—d)) x2t; x1
Equating thisto the load (P), we have
P=(d,—d)x2t xt
From this equation, the induced shear stress for the forked end may be checked. In case, the

induced shear stress is more than the allowable working stress, then thickness of the fork (t,) is
increased.

8. Failureof theforked end in crushing
Theforked end or pin may fail in crushing due to the tensile load. We know that area resisting
crushing =d, x2t,
.. Crushing strength of the forked end
=d; x2t, xo,
Equating thisto the load (P), we have
P=d,x2t xo,
From this equation, the induced crushing stress for the forked end may be checked.

Note: From the above failures of the joint, we see that the thickness of fork (t,) should be equal to half the
thicknessof singleeye (t/2). But, inactual practicet, >t/ 2in order to prevent deflection or spreading of theforks
which would introduce excessive bending of pin.

12.15 Design Procedure of Knuckle Joint

Theempirical dimensionsasdiscussed in Art. 12.13 have been formul ated after wide experience
on a particular service. These dimensions are of more practical value than the theoretical analysis.
Thus, adesigner should consider the empirical relationsin designing aknuckle joint. The following
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procedure may be adopted :
1. First of al, find the diameter of the rod by considering the failure of the rod in tension. We
know that tensile load acting on the rod,

P= %x d? x o,
where d = Diameter of therod, and
o, = Permissibletensile stressfor the material of the rod.

2. After determining the diameter of the rod, the diameter of pin (d,) may be determined by
considering the failure of the pin in shear. We know that load,

p= 2><%(d1)2 T

A little consideration will show that the value of d, asobtained by the aboverelationislessthan
the specified value (i.e. the diameter of rod). Sofix the diameter of the pin equal to the diameter of the
rod.

3. Other dimensions of thejoint arefixed by empirical relationsasdiscussed in Art. 12.13.

4. Theinduced stresses are obtained by substituting the empirical dimensionsin the relations
asdiscussed in Art. 12.14.

In case the induced stressis more than the allowabl e stress, then the corresponding dimension
may be increased.

Example 12.7. Design a knuckle joint to transmit 150 kN. The design stresses may be taken as
75 MPa in tension, 60 MPa in shear and 150 MPa in compression.

Solution. Given: P=150kN =150 x 10°N ; 6, = 75 MPa= 75 N/mm?; T = 60 MPa= 60 N/mm?;
6,=150 MPa= 150 N/mm?

The knuckle joint is shown in Fig. 12.16. The joint is designed by considering the various
methods of failure as discussed below :

1. Failure of the solid rod in tension
Let d = Diameter of therod.
We know that the load transmitted (P),

150 % 10° = gxdzxct :gxd2x75:59d2

o d? =150%x10%/59 = 2540 or d = 50.4say 52mm Ans.
Now thevariousdimensions arefixed asfollows:
Diameter of knuckle pin,

d, =d=52mm
Outer diameter of eye, d, =2d =2x52 = 104mm
Diameter of knuckle pin head and collar,

d; =15d=15x52=78mm
Thickness of single eye or rod end,

t =1.25d = 1.25x52 = 65mm
Thicknessof fork, t, =0.75d = 0.75%x52 = 39 say 40mm
Thickness of pin head, t, =0.5d =05x52 =26mm
2. Failure of theknuckle pin in shear

Since the knuckle pinisin double shear, thereforeload (P),

150% 10° = 2><g><(d1)21: 2><g><(52)21 _ 42481
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o T = 150x 103/ 4248 = 35.3N/mm? = 35.3MPa
3. Failure of thesingle eye or rod end in tension
The single eye or rod end may fail in tension due to the load. We know that load (P),
150x 10® = (d,—d,) t x 5,= (104 —52) 65 x 6, = 3380 G,
. o, = 150x 10°/3380=44.4N/mm? = 44.4MPa
4. Failure of thesingle eye or rod end in shearing
The single eye or rod end may fail in shearing due to the load. We know that load (P),
150x 10° = (d,—d,) tx 1= (104-52) 65x 1=3380T
. T = 150x 103/ 3380 = 44.4N/mm? = 44.4MPa
5. Failure of thesingleeye or rod end in crushing
The single eye or rod end may fail in crushing due to the load. We know that load (P),
150x10° = d,; xtx5,=52% 65 x 6,=3380 0,
. o, = 150x 10%/3380 =44.4N/mm?= 44.4 MPa
6. Failure of theforked end in tension
Theforked end may fail in tension due to the load. We know that load (P),
150x 10° = (d,—d,) 2t, x 5,= (104—52) 2 x 40 x 5, = 4160 G,
. o, = 150 x 103/ 4160 = 36 N/mm? = 36 MPa
7. Failure of theforked end in shear
Theforked end may fail in shearing due to the load. We know that load (P),
150x10° = (d,—d,) 2t,x 1=(104-52) 2x 40 x 1=41601T
. T = 150 % 103/ 4160= 36 N/mm? = 36 MPa
8. Failure of theforked end in crushing
Theforked end may fail in crushing due to the load. We know that load (P),
150x10° = d,; x2t, x6,=52%x 2x 40x 6,=4160 0,
o, = 150x 10%/4180=36 N/mm? = 36 MPa

From above, we see that the induced stresses are less than the given design stresses, therefore

thejoint is safe.

Example 12.8. Design a knucklejoint for atierod of a circular section to sustain a maximum
pull of 70 kN. The ultimate strength of the material of the rod against tearing is 420 MPa. The
ultimate tensile and shearing strength of the pin material are 510 MPa and 396 MPa respectively.

Determine the tie rod section and pin section. Take factor of safety = 6.

Solution. Given: P=70kN=70000N ; c,, forrod=420MPa; *c, for pin=510MPa;

1,=39%6MPa; FS =6
We know that the permissible tensile stress for the rod material,

o, for rod _ 420

= _—= = 2
G, FS 6 70MPa=70N/mm
and permissible shear stressfor the pin material,
T, 396

= _= = 2
Fs 6 66 MPa=66 N/mm

*  Superfluous data.
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We shall now consider the various methods of failure of the joint as discussed below:
1. Failureof therodin tension

Let d = Diameter of therod.

We know that the load (P),

70000 = Z><d2><cst _Zxd2x70=55d2

d? =70000/55=1273 or d = 35.7say 36 mm Ans.
The other dimensions of thejoint are fixed as given below :
Diameter of theknucklepin,

d, =d=36mm
Outer diameter of the eye,

d, =2d=2x36=72mm
Diameter of knuckle pin head and collar,

d, =15d = 15x36 = 54mm
Thickness of single eye or rod end,

t =1.25d =1.25%36 = 45mm
Thicknessof fork, t, = 0.75d = 0.75%x 36 = 27mm
Now we shall check for the induced streses as discussed below :
2. Failure of the knuckle pin in shear

Since the knuckle pinisin double shear, thereforeload (P),

70000 = 2x = 7 (@27 = 2x E (36)2 1 = 20361
T=70 000/2036 344N/mm2
3. Fa|lureof thesingleeyeor rod end in tension
The single eye or rod end may fail in tension due to the load. We know that load (P),
70000 = (d,—d))txoc,=(72-36) 450,= 16200,
o, = 70 000/1620 = 43.2N/mm?
4. Fallureof theforked end in tension
Theforked end may fail in tension due to the load. We know that load (P),
70 000 =(d,—d,) 2t, x 6,=(72—-36) x2x 27 x 6, = 1944 G,
c, =70 000/1944 = 36 N/mm?

From above we see that the induced stresses are less than given permissible stresses, therefore
thejoint is safe.

12.16 Adjustable Screwed Joint for
Round Rods (Turnbuckle)

Sometimes, two round tierods, asshownin Fig.
12.18, are connected by means of a coupling known
asaturnbuckle. In thistype of joint, one of the rods
has right hand threads and the other rod hasleft hand
threads. The rods are screwed to a coupler which has
a threaded hole. The coupler is of hexagonal or
rectangular shape in the centre and round at both the
endsin order to facilitate the rodsto tighten or loosen
with the help of a spanner when required. Sometimes Turnbuckle.
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instead of a spanner, around iron rod may be used. Theironrod isinserted in aholein the coupler as
showndottedinFig. 12.18.

Rod ECoupler nut : Coupler D,
+_ t FD Rod ‘q—‘ D ’F
M\M\AM\A\;D i &y D LIIJLZL/LZJLM; -

Dz"‘

Flg. 12.18. Turnbuckle.

A turnbuckle commonly used in engineering practice (mostly in aeroplanes) is shown in
Fig. 12.19. Thistype of turnbuckleis made hollow inthe middie to reduceitsweight. Inthiscase, the
two ends of the rods may also be seen. It is not necessary that the material of the rods and the
turnbuckle may be same or different. It depends upon the pull acting on thejoint.

12.17 Design of Turnbuckle

Consider aturnbuckle, subjected to an axial load P, asshownin Fig. 12.19. Dueto thisload, the
threaded rod will be subjected to tensile stress whose magnitude is given by

o-P__P
= AT
4 (0o)?
where d, = Corediameter of the threaded rod.
Coupler nut

o Coupler _»I%F_
e 7 |
U e U - @%

Z F—z—ﬁ@% Y U |

Rod (L.H. Threaded) Rod (R.H. Threaded)

l—— 5>
~
-0 — ~

Fig. 12.19. Turnbuckle.
In order to drive the rods, the torque required is given by

dP
T=Ptan(o+0)

where o = Helixangle,
tan ¢ = Coefficient of friction between the threaded rod and the coupler nut,
and

dp = Pitch diameter or mean diameter of the threaded rod.
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.. Shear stress produced by the torque,

d
d. Ptan(a+0) 2
x—2 = 2><—p:Ptan(oc+¢)>< >
2 l(d )4 2 m (dp)
2°°

T
J

8P tano + tan¢
n(d,)? \1-tana x tan¢

The usual values of tan o, tan ¢ and d_ are asfollows:
tano = 0.03,tan¢=0.2, and dp =1.08d,
Substituting these values in the above expression, we get
_ 8P 0.03+ 0.2 8P P o
" m(L08d,)? |1-0.03x0.2

S am(d,)? 2A 2

Azt @]

Since the threaded rod is subjected to tensile stress aswell as shear stress, therefore maximum

principal stress,
6 1 [ 2 2_O 1 [ 2 [ Gt)
S = 5 T 5 (6) +47 =— + = (0,) + (5y) w(TES

= 0.506,+0.707 6,= 1.2076,= 1.207 PIA

Giving amarginfor higher coefficient of friction, the maximum principal stressmay betaken as
1.3 timesthe normal stress. Therefore for designing athreaded section, we shall take the design load
as1.3timesthenormal load, i.e.

Design load, P, =13P
Thefollowing procedure may be adopted in designing aturn-buckle:
1. Diameter of therods

The diameter of the rods (d) may be obtained by considering the tearing of the threads of the
rods at their roots. We know that

Tearing resistance of the threads of the rod
T
= Z (dc)z Gy
Equating the design load (P) to the tearing resistance of the threads, we have
T 2
Pd = Z (dc) Gy
where d, = Core diameter of the threads of the rod, and

o, = Permissibletensile stressfor the material of the rod.

From the above expression, the core diameter of the threads may be obtained. The nominal
diameter of the threads (or diameter of the rod) may be found from Table 11.1, corresponding to the
core diameter, assuming coarse threads.

2. Length of the coupler nut

Thelength of the coupler nut (1) is obtained by considering the shearing of the threads at their
roots in the coupler nut. We know that

Shearing resistance of the threads of the coupler nut

= (nd,xl)7
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where T = Shear stress for the material of the coupler nut.
Equating the design load to the shearing resistance of the threads in the coupler nut, we have
Py =(rd,xl)t

From this expression, the value of | may be calculated. In actual practice, the length of coupler
nut (1) istakendto 1.25dfor steel nutsand 1.5 dto 2 dfor cast iron and softer material nut. Thelength
of the coupler nut may also be checked for crushing of threads. We know that

Crushing resistance of the threads in the coupler nut

% [(d)? - (d)?] nx 1 x o,

where 6, = Crushing stress induced in the coupler nut, and

n = Number of threads per mm length.
Equating the design load to the crushing resistance of the threads, we have

T
Py = 5 L@ = (@)*Jnxlxoy
From this expression, the induced 6, may be checked.

3. Outside diameter of the coupler nut

The outside diameter of the coupler nut (D) may be obtained by considering the tearing at the
coupler nut. We know that

Tearing resistance at the coupler nut
T N2 2

= —(D°-d (0

, (07—

where o, = Permissibletensile stress for the material of the coupler nut.

Equating the axia load to the tearing resistance at the coupler nut, we have
v
p=,(°-d)o
From this expression, the value of D may be calculated. In actual practice, the diameter of the
coupler nut (D) istakenfrom 1.25dto 1.5d.

4. Outside diameter of the coupler

The outside diameter of the coupler (D,) may be obtained by considering the tearing of the
coupler. We know that

Tearing resistance of the coupler

i

2 [(Dz)z - (D1)2:| Gt

where D, = Insidediameter of the coupler. Itisgenerally taken as (d + 6 mm), and

o, = Permissibletensile stressfor the material of the coupler.
Equating the axial load to the tearing resistance of the coupler, we have

P = g[(Dz)z - (D1)2:| Gy

From thisexpression, the value of D, may be calculated. In actual practice, the outside diameter
of the coupler (D,) istakenas 1.5 dto 1.7 d. If the section of the coupler isto be made hexagonal or
rectangular to fit the spanner, it may be circumscribed over the circle of outside diameter D.,.

5. The length of the coupler between the nuts (L) depends upon the amount of adjustment
required. It isusually taken as 6 d.

6. Thethickness of the coupler isusually taken ast = 0.75 d, and thickness of the coupler nut,
t,=0.5d.
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Example 12.9. Thepull inthetierod of aniron roof trussis 50 kN. Design a suitable adjustable
screwed joint. The permissible stresses are 75 MPa in tension, 37.5 MPa in shear and 90 MPa in
crushing.

Solution. Given: P= 50kN = 50x 10®N ; 6,=75MPa=75N/mn? ; 1=37.5MPa=37.5N/mm?
We know that the design load for the threaded section,
Py = 1.3P=13x50x10°=65x 10°N
An adjustable screwed joint, as shown in Fig. 12.19, is suitable for the given purpose. The
various dimensions for the joint are determined as discussed below :

1. Diameter of thetierod
Let d = Diameter of thetierod, and
d, = Corediameter of threads on thetie rod.
Considering tearing of the threads on thetie rod at their roots.
We know that design load (P,),

65X 10° = ~ 7 (@) o =E (d;)? 75 = 59(d, )2

(dy)? —65><103/59 1100 or d.=33.2mm

From Table 11.1 for coarse series, we find that the standard core diameter is 34.093 mm and the
corresponding nominal diameter of the threads or diameter of tierod,

d =39mm Ans.
2. Length of the coupler nut
Let | = Length of the coupler nut.
Considering the shearing of threads at their roots in the coupler nut. We know that design load
Py,
65x10° = (m d_l) T =1 x 34093 x | x 37.5 =4107 |
| =65 x 10%/4017 = 16.2mm
Si ncethe length of the coupler nut istaken from dto 1.25 d, therefore we shall take
| = d=39mm Ans.
We shall now check the length of the coupler nut for crushing of threads.

From Table 11.1 for coarse series, we find that the pitch of the threads is 4 mm. Therefore the
number of threads per mm length,

n=1/4=0.25
We know that design load (P,),

65x 10°

g [(d)? - (dy)?] nx1x o,

z [(39)2 ~ (34.093)?] 0.25x 39 6, = 27500,
o, = 65107/ 2750 = 236N = 236 MPa

C
Since the induced crushing stress in the threads of the coupler nut is less than the permissible

stress, therefore the design is satisfactory.

3. Outside diameter of the coupler nut
Let D = Outside diameter of the coupler nut
Considering tearing of the coupler nut. We know that axial load (P),
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50 % 103

7 (0* —d%)a,

%[DZ ~ (39)?] 75=59[ D? - (39)?]

or D2—(39)? = 50x103/59 = 848
: D? = 848+(39)2=2369 or D =48.7say50mm Ans.

S| nce the minimum outside diameter of coupler nutistakenas 1.25d (i.e. 1.25 x 39 =48.75 mm),
therefore the above value of D is satisfactory.

4. Outside diameter of the coupler
Let D, = Outside diameter of the coupler, and
D, = Insdediameter of thecoupler =d+6mm=39+6=45mm
Considering tearing of the coupler. We know that axial load (P),

50x10°= % [(D,)” = (B)*] o, = 2 [(D,)° - (48)°] 75.= 59 (D,)” - (45)°]
(D,)? = 50x 10%/59 + (45)2=2873 or D, = 53.6mm
Sincethe minimum outside diameter of thecoupleristakenas1.5d(i.e. 1.5x 39 = 58.5 say 60 mm),
thereforewe shall take
D, =60mm Ans.
5. Length of the coupler between nuts,
L =6d=6%x39=234mm Ans.
6. Thickness of the coupler,
t, =0.75d = 0.75x 39 = 29.25 say 30mm Ans.
and thickness of the coupler nut,
t =05d=05x 39 =195 say 20 mm Ans.

EXERCISES

1. Design acotter joint to connect two mild steel rods for a pull of 30 kKN. The maximum permissible
stresses are 55 MPain tension ; 40 MPain shear and 70 MPain crushing. Draw a neat sketch of the
joint designed.

[Ans.d=22mm; d,=32mm;t=14mm;d =44mm;b=30mm;a=12mm; d,=65mm,;
c=12mm;d;=40mm ; t, =8mm]

2. Two rod ends of apump arejoined by means of a cotter and spigot and socket at the ends. Design the

joint for an axial load of 100 kN which alternately changesfrom tensileto compressive. Theallowable
stresses for the material used are 50 MPain tension, 40 MPain shear and 100 MPain crushing.

[Ans.d=51mm;d,=62mm;t=16mm;d =72mm;b=78mm;a=20mm;d,=83mm;
d,=125mm; c=16mm ; t, =13 mm]
3. Two mild steel rods 40 mm diameter are to be connected by a cotter joint. The thickness of the cotter

is 12 mm. Calculate the dimensions of the joint, if the maximum permissible stresses are: 46 MPain
tension ; 35 MPain shear and 70 MPain crushing.

[Ans.d,=30mm;d =48mm;b=70mm;a=27.5mm,;d,=100mm;c=12mm;

d;=442mm; t=35mm;t, = 13.5mm]

4. Thebig end of a connecting rod is subjected to aload of 40 kN. The diameter of the circular part
adjacent to the strap is 50 mm.
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Design the joint assuming the permissible tensile stress in the strap as 30 M Pa and permissible shear
stress in the cotter and gib as 20 MPa.

[Ans.B;=50mm;t=15mm; t, =15mm; t;=22mm ; B =70 mm]
Design a cotter joint to connect a piston rod to the crosshead. The maximum steam pressure on the

piston rod is 35 kN. Assuming that all the parts are made of the same material having the following
permissible stresses :

6, =50MPa; t =60 MPaand 6, = 90 MPa.
[Ans.d,=40mm; t=12mm;d;=75mm;L =88mm;d=44mm;d, =38 mm]
Design and draw a cotter foundation bolt to take aload of 90 kN. Assume the permissible stresses as
follows:
6, = 50 MPa, 1 = 60 MPaand 6, = 100 MPa.
[Ans.d=50mm; d, =60 mm;t=15mm; b=60mm]
Design a knuckle joint to connect two mild steel bars under atensile load of 25 kN. The allowable
stresses are 65 MPain tension, 50 MPain shear and 83 MPain crushing.

[Ans.d=d, =23mm;d,=46mm;d;=35mm; t=29mm;t, = 18 mm]
A knuckle joint is required to withstand a tensile load of 25 kN. Design the joint if the permissible
stresses are :
6,=56 MPa; 1 =40 MPaand 6, = 70 MPa.
[Ans.d=d, =28mm; d,=56mm;d,=42mm;t, =21 mm]
Thepull inthetierod of aroof trussis44 kN. Design asuitable adjustable screw joint. The permissible

tensile and shear stresses are 75 MPaand 37.5 MParespectively. Draw full sizetwo suitable views of
the joint. [Ans.d=36mm ;=11 mm;D=45mm, D,=58 mm]

QUESTIONS

What is a cotter joint? Explain with the help of aneat sketch, how a cotter joint is made ?

What are the applications of a cottered joint ?

Discuss the design procedure of spigot and socket cotter joint.

Why gibs are used in acotter joint? Explain with the help of aneat sketch the use of single and double
gib.

Describe the design procedure of agib and cotter joint.

Distinguish between cotter joint and knuckle joint.

Sketch two views of aknucklejoint and write the equati ons showing the strength of joint for the most
probable modes of failure.

Explain the purpose of aturn buckle. Describe its design procedure.

OBJECTIVE TYPE QUESTIONS

A cotter joint is used to transmit

(a) axiad tensileload only (b) axia compressiveload only

(c) combined axial and twisting loads (d) axia tensileor compressiveloads
The taper on cotter varies from

(@ 1lin15to1in10 (b) 1in24t01in20

(© 1lin32tolin24 (d 1in48tolin24
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Which of the following cotter joint is used to connect strap end of a connecting rod ?

(@) Socket and spigot cotter joint (b) Sleeveand cotter joint
(¢) Giband cotter joint (d) none of these

In designing asleeve and cotter joint, the outside diameter of the Sleeveistaken as
(& 15d (b) 25d

(¢ 3d (d) 4d

where d = Diameter of therod.
The length of cotter, in asleeve and cotter joint, istaken as

(& 15d (b) 25d

(¢ 3d (d) 4d

Inagib and cotter joint, the thickness of gibis........ thickness of cotter.

(@ morethan (b) lessthan () equalto

When one gib isused in agib and cotter joint, then the width of gib should be taken as
(& 045B (b) 0.55B

(c0 0.65B (d) 0.75B

where B = Total width of gib and cotter.
In a steam engine, the piston rod is usually connected to the crosshead by means of a

(@) knucklejoint (b) universa joint

(c) flangecoupling (d) cotter joint

In asteam engine, the valverod is connected to an eccentric by means of a

(@ knucklejoint (b) universa joint

(c) flangecoupling (d) cotter joint

Inaturn buckle, if one of the rods has left hand threads, then the other rod will have

(a) right hand threads (b) left hand threads

(c) pointed threads (d) multiple threads

ANSWERS

1. (d) 2. (d) 3. (0 4. (b 5. (d)
6. (c) 7. (b) 8. (d) 9. (a) 10. (1)
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