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Coupling

Rigid coupling. It is used to connect two shafts which are perfectly aligned. Following
types of rigid coupling are important from the subject point of view :

(a) Sleeve or muff coupling.
(b) Clamp or split-muff or compression coupling.

Sleeve or Muff-coupling

It is the simplest type of rigid coupling, made of cast iron. It consists of a hollow cylinder
whose inner diameter is the same as that of the shaft. It is fitted over the ends of the two
shafts by means of a gib head key, as shown in Figure.

The usual proportions of a cast iron sleeve coupling are as follows :
Outer diameter of the sleeve, D = 2d + 13 mm
and length of the sleeve, L=35d
Where d is the diameter of the shaft.
In designing a sleeve or muff-coupling, the following procedure may be adopted.
1. Design for sleeve
The sleeve is designed by considering it as a hollow shaft.
T = Torque to be transmitted by the coupling, and
1. = Permissible shear stress for the material of the sleeve which is cast rion.
The safe value of shear stress for cast iron may be taken as 14 MPa.

We know that torque transmitted by a hollow section,

(4 4

| D" —d ] n 3 4 .
XT. | —— |=—x1. XD (1-k (- k=dD
‘"l D J 16 ° ( ) ( )

Al-Mustagbal University College 1 http://www.mustagbal-college.edu.ig/


mailto:LuayHashemAbbud@mustaqbal-college.edu.iq

Class: 3™
Subject: Mechanical Engineering Design
Lecturer: Luay Hashem Abbud
E-mail: LuayHashemAbbud@mustagbal-college.edu.iq

MulT
Key
! 7 f:if:f:zf;;@::zf:*:'f:ff’f‘*ﬂ*:?’%ﬁéﬂ/’ﬁ

2. Design for key

The key for the coupling may be designed in the similar way as discussed in lecture 9. The
width and thickness of the coupling key is obtained from the proportions.

The length of the coupling key is at least equal to the length of the sleeve (i.e. 3.5 d). The
coupling key is usually made into two parts so that the length of the key in each shaft,

I_E 35d
2

After fixing the length of key in each shaft, the induced shearing and crushing stresses
may be checked. We know that torque transmitted,

T=I1lXxwx1x i .. ([Considering sheanng of the key)

— ] x I X 0, X i ... (Considering crushing of the key)
2 7
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Probleml

Design and make a neat dimensioned sketch of a muff coupling which is used to connect
two steel shafts transmitting 40 kW at 350 r.p.m. The material for the shafts and key is
plain carbon steel for which allowable shear and crushing stresses may be taken as 40 MPa
and 80 MPa respectively. The material for the muff is cast iron for which the allowable
shear stress may be assumed as 15 MPa.

Solution

P =40 kW =40 x 103 W; N = 350 r.p.m.; ts = 40 MPa = 40 N/mm2; 6, = 80 MPa = 80
N/mm?; 7, = 15 MPa = 15 N/mm?

1. Design for shaft

Let d = Diameter of the shaft.

We know that the torque transmitted by the shaft, key and muff,

PxX60 40x10° x 60
2R N 2 T %350
= 1100 x 10° N-mm

T =1100N-m

We also know that the torque transmitted (T),

n 3_ K 3
3 o — X1, Xd =—x40xd = 3
1100 % 10° =7 %X T G 786d
d® =1100 x 10°/7.86 = 140 x 10° or d = 52 say 55 mm

2. Design for sleeve

We know that outer diameter of the muff,
D=2d+13mm=2x55+ 13 =123 say 125 mm
and length of the muff,
L=35d=35x55=192.5say 195 mm

Let us now check the induced shear stress in the muff. Let t. be the induced shear stress in
the muff which is made of cast iron. Since the muff is considered to be a hollow shaft,
therefore the torque transmitted (T),
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, [1_)4 —d*J n [(125)4 - (55)4}
1100 x 10° = —X T, | ——— |=—X T,
16 D 16 125

=370 x 10° 1,
T,= 1100 x 10%/370 x 10° = 2.97 N/mm’

Since the induced shear stress in the muff (cast iron) is less than the permissible shear
stress of 15 N/mm?, therefore the design of muff is safe.

3. Design for key

From Table 1, we find that for a shaft of 55 mm diameter,
Width of key, w = 18 mm

Since the crushing stress for the key material is twice the shearing stress, therefore a
square key may be used.

= Thickness of key, t=w=18 mm
We know that length of key in each shaft,
I=L/2=195/2=97.5mm

Let us now check the induced shear and crushing stresses in the key. First of all, let us
consider shearing of the key. We know that torque transmitted (T),

d 55
1100 x 103 = I XWX T X —=975xX18X T, ><— =48 72 % 1"331'5

2
T =1100 x 10°/48.2 x 10> =22. BNnun-
Now considering cm@hmg of the key. We know that torque transmutted (7),

f d 18 55
11.:)0><m3:fx5><0”x _9?5x?>¢gﬁx? —241x%x 103G

0, = 1100 x 10°/24.1 x 10° = 45.6 N/mm*

Since the induced shear and crushing stresses are less than the permissible stresses,
therefore the design of key is safe.
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Clamp or Compression Coupling

The usual proportions of the muff for the clamp or compression coupling are :
Diameter of the muff or sleeve, D=2d+ 13 mm

Length of the muff or sleeve, L=35d

where d = Diameter of the shaft.

f Muff

FETTTT
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In the clamp or compression coupling, the power is transmitted from one shaft to the other
by means of key and the friction between the muff and shaft. In designing this type of
coupling, the following procedure may be adopted.

1. Design of muff and key
The muff and key are designed in the similar way as discussed in muff coupling.
2. Design of clamping bolts
Let T = Torque transmitted by the shaft,
d = Diameter of shaft,
d, = Root or effective diameter of bolt,
n = Number of bolts,
ot = Permissible tensile stress for bolt material,
u = Coefficient of friction between the muff and shaft, and
L = Length of muff.

We know that the force exerted by each bolt
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" 7
= —(d,)o
4 ( b) f
= Force exerted by the bolts on each side of the shaft
I 7 n
= = (dy) 0, X —
4 ( .’J) g; x 9

Let p be the pressure on the shaft and the muff surface due to the force, then for uniform
pressure distribution over the surface,

! 7 1
Force 2 (dp)” 0; X 3

P = Projected area w4
2

*. Frictional force between each shaft and muff,

1
F=uxpressurexarea=u><p><g><md><};

8 L]
E(db)lﬁ,x; .
—ux =X —Td % L

led 2

2

~

" 2 i j| 2
= Ux—({d)V o x—xnm=ux—I(d.)V 0. xn
u 4(1;] el i B(b) ¢

and the torque that can be transmitted by the coupling,
T = inzuxn—z(db)lﬁ xnxizixu (rfb)j G, Xnxd
2 8 ! 2 16

From this relation, the root diameter of the bolt (d,) may be evaluated.

Note: The value of u may be taken as 0.3.
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Problem 2

Design a clamp coupling to transmit 30 kW at 100 r.p.m. The allowable shear stress for
the shaft and key is 40 MPa and the number of bolts connecting the two halves are six.
The permissible tensile stress for the bolts is 70 MPa. The coefficient of friction between
the muff and the shaft surface may be taken as 0.3.

Solution

P=30kW =30x%x103W ; N=100r.p.m.;t=40 MPa=40 N/mm2 ;n=06; ot = 70 MPa
=70 N/mm2 ; n=10.3

1. Design for shaft

Let d = Diameter of shaft.

We know that the torque transmitted by the shaft,

' 3
Px60 3010 =60 .
T = = = 2865 N-m = 2865 % 10° N-mm
2N 2 100

We also know that the torque transmitted by the shaft (7)),

n 3 _ T 3
2865 x 10° = T e 7.86d
d® = 2865 x 10° / 7.86 =365 x 10* or d=71.4 say 75 mm Ans.

2. Design for muff

We know that diameter of muff,
D=2d+13mm=2x 75+ 13 =163 say 165 mm
and total length of the muff,
L=35d=35x%x75=262.5mm
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3. Design for key

The width and thickness of the key for a shaft diameter of 75 mm (from Table 1) are as
follows :

Width of key, w =22 mm
Thickness of key, t=14mm
and length of key = Total length of muff = 262.5 mm

4. Design for bolts

Let db = Root or core diameter of bolt.

We know that the torque transmitted (T),

y K.

T m ,
2865 x 10° = — n(dy)? o, xnxd = g X 03 (dy)* 70 X 6 % 75 = 5830(d, )2
(dy)? =2865x 10°/5830=492 or dy,=222mm

From Table 1, we find that the standard core diameter of the bolt for coarse series is

23.32 mm and the nominal diameter of the bolt is 27 mm (M 27).
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