Chapter -3 Couplings
Mechanical Couplings

Couplings are used to connect and to transmit péwar the driving shaft to
the driven shaft.

A Coupling is used to connect two shafts permagetitls disconnected only
for repairs or to make a change in the instantiatRermanent couplings are
referred to simply as couplings, while those whitdty be rapidly engaged to
transmit power, or disengaged when desire, arectalutches.

Too long shafts are difficult to produce and tramsgo long transmission
shafts are made by joining one or more lengths thighhelp of couplings.
Couplings are also used to connect driving unib{te, electric motor or an
engine) and driven unit (pump, compressors et@plings are available for
joining shafts at angles or with misalignment, &aste ability to provide
damping.

SELECTION
The choice of a coupling is based on the followgéngsiderations:

0] Loading. Torque to be transmitted and type of load,static,
variable or shock.

(i) Misalignment. The maximum parallel and/or angul@&saignment
or relative position of the shafts to be joinedg&esment of
compensation of axial displacement.

(iii) Length. To get the length of shaft.

(iv) Repair. To provide for disconnection for repairsaterations.

(V) Requirement of damping ability.
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CLASSIFICATION

A wide variety of couplings are commercially avhllg ranging from a
simple rigid coupling to elaborate flexible cougifusing gears, elastomer
and fluids for transmission of torque from one shafnother shaft or from a
shaft to a device.

Couplings may be classified in two broad classgid and flexible couplings.

Rigid Couplings: Rigid couplings are used to connect two shaftsiwhi
are collinear. They do not permit any relative tiotaand axial motion
between them. The most widely used rigid couplisugs

0] Sleeveor Box or Muff coupling.
(i) Split Muff coupling.
(iii) Cast iron flange coupling.

(iv) Marine or Solid flange coupling.

Flexible coupling:  Flexible couplings are used to connect two shaftehv
are non-collinear i.e., shafts having slight patadr angular misalignment. A
flexible coupling permits relative rotation and iaion in the alignment of
shafts within certain limits. The most widely udddxible couplings are:

0] Pin or bush type flexible coupling
(i) Oldham’s coupling

(iii) Universal coupling
(iv) Band type flexible coupling.
(V) Fabric flexible coupling.

A protective cover is provided on each flange,nsuge that the clothes of a
worker do not get entangled with running bolts antk.
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1.

Design a flanged coupling, to transmit a power2k8/ at 960 rpm.
The overall torque is 20% greater than the meajutrThe allowable
shear stress for the shaft, key and bolt is 40 MRa.allowable shear
stress in the Cl flange is 15 MPa. Bearing pressutiee bush is 0.8
MPa. (Dec. 2011) Marks 12

. Design a ClI flange coupling for a steel shaft traitting 15 kW at 200

rpom. The allowable sheer stresses in shaft, bdltkey materials is 40
MPa and the allowable sheer stress in flange §IRA. The maximum
torque is 25% greater than the mean tor§iiene/July 2011) Marks 12

. Design a protected type cast iron flange couplorgafsteel shaft

transmitting 30 kW at 200 rpm. The allowable ststggss in the shaft
and key material is 40 MPa. The maximum torquesingtied to be 20%
greater than full load torque. The allowable stst@gss in the bolt is 60
MPa and allowable shear stress in the flange ig/R8.

(Dec. 08/Jan.09) Marks 12

. Design a flange coupling to transmit 14 kW at 69 r Select C40 steel

for the shaft and C35 steel for bolts, with a facbsafety = 2. Use
allowable shear stress in cast iron flanges as B&.MIso draw the
sketch of the coupling. (Dec. 2010) Marks 10

. A mild steel has to transmit 75 kW at 200 rpm. &Hewable stress:in

the shaft material is limited to 40 MPa and thelarmg twist is not to
exceed 1in a length of 20 diameters. Calculate the suitalmeter of
the shaft and also design a cast iron flange cogtr this shaft.
Assume the allowable stress in the material obttits to be 30 MPa
and the bolts are fitted in reamed holes. Assumealiiowable shear
stress in the cast iron flange equal to 15 MPaufet; = 80 X

103 N - (Dec. 09/Jan.10) Marks 15
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Cast Iron Flange Coupling (Protected and Un — Proteted ClI flange coupling)

It consists of two similar cast iron flanges. Eéleinge is mounted on the
shaft end and keyed to shaft. Sunk keys of rectangu square cross —
section are commonly used for the purpose. Thwy#la are connected by
means of bolts and nuts as shown in Figs (13.2)d13.3) P- 233. one of the
flanges has a projected portion and the other @drag a corresponding
recess. To ensure correct alignment, one of thi¢ ishextended so that its end
partially enter the flange of the other shaft. thedps to bring the shafts to be
in line and maintain alignment.

In un-protected CI flange coupling as shown irsKit3.2). The bolt heads
and nuts are open and hence liable to cause itguhe operator.

In protected Cl flange coupling the bolt heads aut$ are covered by the
projecting flanges as shown in Figs (13.3)

Design procedure for (protected / unprotected) caston rigid flange coupling

The component to be designed in this coupling ixr&lafts (ii). Bolts (iii).
Key (iv). Hub and (v) Flange. Note : Refer Fig (13.2)(P- 233)

i). Shaft design
Torque transmitted by the coupling

5 955 X 10°(P)
n

Power, P isin kW

N —mm E(3.3a)P 42

And is equated to the equation for torque trangaitty the shaft diameter
given by
Based on strength,

16T
T_ran3

E(3.1)P 42
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And based on rigidity (stiffness)
_ 584 T L

G D*
Where D = Shaft diameter.

E(3.2)P 42

The value of ‘D’ is round off to the next standaide Ref Table T(3.5a) P-48

ii). Key design

Based on the shaft diameter ‘D’ the value of wititrand thickness ‘h’ of
taper key are selected from Table T(4.2) P- 61

Calculatethe effective length of keyL = Hub length
L= 1.2D + 20 mm E(13.6)P 210

After selecting b, h and L for the key. Give a dhéar the induced shear
stress and induced crushing stress in the key,

Check for key

ForInduced crushing stress in key

T = %ablhdL E(45b)P 53
4T
Ok (inay = Tdl MPa
ForInduced shear stress in key
T = %ledL E(4.6)P 54
2T
Thinay = bdl MPa
if Thingy < Teatiow) * Design is Safe.
Okinay < Ok(attow) ’ Design is Safe.
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If the induced shear stresg,,. and crushing stresg ., in the key are less
than this allowable (permissible) shear stres@a”ow)and allowable
(permissible) crushing Stressy 10, the design of key is safe. Otherwise
increase the key dimensions and check once again.

iii). Hub design
The hub diameter D; =1.8D + 20 mm E(13.2)P 209
The hub length L=-12D + 20 mm E(13.6)P 210

iv). Bolt design
Number of bolts i = 4—10D +2 to %D +2 E(13.1)P 209

Even no of bolts as preferred where ‘D’ is diametieshaft.

Determinethe minor diameter of the boll’ by the empirical formula
_0.423D
Vi

Select the size of bolt based on the core arealo{Ac)

d

+7.5mm E(13.5)P 210

Standardize the bolt size using table T(9.8) P- 113

Note: unless otherwise specified the shaft, keytaoits are made of same
material and hence have same value of stress

TShaft = TKey = TBolt
i.e., TShaft = TKey = Tpoit
Bolt circle diameter

D, = D; + 3.2d mm E(13.3)P 210
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Check for bolt
Check forinduced shear stress in bolt
T, . mwid?D
T = % E(13.9)P 210
B T x8
Th(inay = mid?D,
if Thingy < Tbatiow)’ Design is Safe.

If the induced shear stress, ., in the bolt are less than this allowable
(permissible) shear SIUCE R the design of key is safe. Otherwise
increase the bolt dimensions and check once again.

v).Flange design

Outer diameter of flange

D; =D, + 6d mm E(13.4)P 209

The flange thickness

t =0.35D + 9 mm E(13.7)P 210

Check for flange
T D%t
7 = Lind . ! E(13.11)P 210
2 XT
Tf inay = T D12 t
if T < Fiatiow) ’ Design is Safe.

If the induced shear Stresg ..., in the flange are less than this allowable

(permissible) shear SIUEE the design of key is safe. Otherwise
increase the flange dimensions and check once.again
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Symbols (Un Protected & protected)
Formulae Equations Table
Design of Shaft
Torque 9.55 x 10%(P)
T transmitted in N- n (3.3a) P-42
mm P in kW
16T
= D? (3.1)P-48
D Shaft Diameter (3.5a)P-48
_8TL s opag
G D*
Design of Key
Width of taper
b key
h Height of taper (4.2) P-61
key
Length of taper
L key~ Length of |L=1.2D + 20 mm| (13.6) P-210(4.2) P-61
Hub
Check for key
Induced crushing 1
o-k(induced stress in key T = Zo-k(ind)hdlf (45b) P-53
Induced shear 1
"kinduced| siress in key T= 7 Tk(inaybDL (4.6) P-54
Design of Hub
: D, i
D; hub diameter — 1.8D + 20 mm (13.2) P-209
L hub length L=1.2D + 20 mm (13.6) P-210
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Design of Bolt
No of i = iD + 2
bolts / |1 40 (13.1) P-209
ins to —D+2
p 0] 80 +
d
0.423D -
D Diameter of bolt = (13.5) P-210 (9.8) P
Vi 113
+7.5mm
Bolt circle D,
Dz | diameter =D, +3.2d mm (13.3) P-209
Check for bolt
T
Induced shear R
Thiinauced| stress in bolt _ Thingy T L d°Dz | (13.9) P-210
8
Design of flange
Outer diameter D;
D3 1 of flange =D, + 6d mm (13.4) P-209
. t
t Flange thickness — 0.35D + 9 mm (13.7) P-210
Check for flange
T
T Induced shear . T D2t (13.11) P-
f(induced) stress in Flange | — fana) ™ “1 = 1210
2
Thickness of
" protective Assume
1 circumferential | t; = 0.25D mm
flange
Key way factor Assume
1 yway 7= 0.75 mm
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1. Design a protected type cast iron flange couplorgafsteel shaft
transmitting 30 kW at 200 rpm. The allowable ststggss in the shaft
and key material is 40 MPa. The maximum torquesingtied to be 20%
greater than full load torque. The allowable stst@@ss in the bolt is 60
MPa and allowable shear stress in the flange isIRA.

(Dec. 08/Jan.09) Marks 12

Data: P =30 kW , n=200 rpmt, = 1, = 40 MPa,
T'= Tyax = 1.2 Tmean

T = 40 MPa

Normally for ductile material g, = o, and-. og; =2 X 7

Allowable crushing stress in the key; =2 X 13, =2 x40 = 80 MPa
Assume keyway factoy = 0.75

i). Shaft design
a) Max. torque transmittedy the coupling
_9.55x 108(P)

T, = —mm
Mean n

E(3.3a)P 42

9.55 x 105(30 x 10%)

TMean - 200
Trtoan = 14325 x 106 N — mm

T = Tyax = 1.2 Tyean = 1.2 X 1.4325 x 10°
Torque T =1.719 X 10N — mm
b) Shaft diameter * D’

The equation for torque transmitted by the shaftrditer given by

Based on strength, r=—2r E(3.1)P 42

" 7wy D3

16T
TS=TL'T]D3

10
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16 x 1.719 x 10°
m x0.75 x D3

D =66.33mm

Select standard diameter of shaft ‘D’ from T(3.Ba}8

D=71mm

ii). Key design
a) Key dimensions (b, h and L)

Select taper key and taper 1:100 from Table T(R-B) for shaft diameter ‘D’

=71mm
Width of key b =20 mm Thickness of kely = 12 mm
Length of key = length of hub
L= 1.2D + 20 mm E(13.6)P 210
L=12 x71 + 20
L =105.2 mm
Preferredength of key. = 110 mm

(Length of key should not be less than the hubtl@ng

b) Check for key

ForInduced crushing stress in key

T = %JblhdL E(4.5b)P 53
4T
Gk(ind) = m MPa

11
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_ 4 xX1.719x 109
k) = 20 x 12 x 110

Oiegngy = 73-37 MPa < 80 MPa (0y ., )
ForInduced shear stress in key
T = %ledL E(4.6)P 54

2T

Tk(ind) = m MPa

2 x1719x 10°
Tkana) = 12 % 71 x 110

Tkngy = 22.010 < 40 MPa (T, )
22.101 MPa( Tkina) ) < 40 MPa( Tk attow) ) Design is Safe.
73.37 MPa( 0y, ) < 80 MPa( 04y, ),  Designis Safe.

as the induced shear SUress, and crushing stresg ..., in the key are less

than this allowable (permissible) shear stres@a”ow)and allowable
(permissible) crushing Stressi 10, the design of key is safe.

iii). Hub design
a) The hub diameterD,; = 1.8D + 20 mm
D;=18x71+20
D, = 147.8mm

E(13.2)P 209

b) The hub length L = 1.2D + 20 mm
L=12x71+20
L =105.2 mm

E(13.6)P 210

12
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iv). Design of bolt
a) Number of bolt

1 3
i=—D+2to =—=D+2 E(13.1)P 209

T 40 80

1 3
l—mx71+2 to %X71+2

i =3.7752 to 4.6625
Take the number of bolts, i = 6 [even number ofdate preferred]

b) Bolt diameter

0.423D
d= +7.5mm E(13.5)P 210
Vi
= 0.423><71_|_75
NG .
d =19.76 mm

From table T(9.8) P 114 for core diameter d = 20, ittiva select
diameter of bolt is 20 mm.

Standard bolt size is M20 x 2.5 & its core afga= 245 mm?
¢) Bolt circle diameter
D, = D; + 3.2d mm E(13.3)P 209

D, = 147.8 + 3.2 X 20

D, =211.8 mm
d) Check for bolt
Shear stress induced in bolt
i d?D
Y’ E(13.9)P 210

8

13
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wid?D,
8

8T
bana = 77 d2D,

T = Tb(ind)

_ 8x1.719 x 10°
Thina) T 7 x 6 x 202 x 211.8

_gel N
Thing =861 1N/

Th(inay = 8.61 N/mm2 < 60 N/mm2 (Tb(allow))

8.61 N/mm2 ( Thina) ) < 6OMPa( Thatiow) ) Design is Safe.

as the induced shear stregs, ., in the bolt are less than this allowable
(permissible) shear StreSSk10uy therefore the design of bolt is safe.

vi). Flange design
a. Outer diameter of flange

D; = D; + 6d mm E(13.4)P 209
Dy = 147.8+ 6 x 20
D; =367.8mm
b. Flange thickness
t=035D+9mm  E(13.7)P 210
t=035x71+9

t = 33.85mm

14
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c. Check for flange 2. Design a flange coupling to transmit 14 kW at 60 r Select C40 steel
D.2 for the shaft and C35 steel for bolts, with a factbsafety = 2. Use
_trht E(13.11)P 210 allowable shear stress in cast iron flanges as B&.MlIso draw the
2 sketch of the coupling. (Dec. 2010) Marks 10
2
T = f (inay ;[ bt Data: P = 14 kW , n= 600 rpmz¢g;.0w) = 15 MPa , refer Table T(1.8) P -

418 for material C40 & C35 steel , FoS=n=2
2T

T ina) = 7 D%t

Assume keyway factor = 0.75
2% 1.719 x 10° yway or

Tfana) = 7 x 147.8% x 33.8 For material C40 Steeb,, = 324 N/mm2 T(1.8)P 419

_ N
Tnay = 861N/

Normally for ductile material o, = o,, and-. s =2 X 14

7, =148 N/ o, 324 N
fnay /mm OSattow) = Keattowy = 3, ~ 5 162 /mmZ
— N N
Uinay = 2487 [z < 40N/ e (Tf(azzow)) _ _ TSaiowy _ 162 o0
TS(allow) - TK(allow) - n - 2 - /mmz
148 N Tf,. <40 N T Design is Safe.
/mmz( f(‘"d)) /mmz( f(“”"‘”)) g ! For material C35 Steeb,, = 304 N/mmz T(1.8)P 419
as the induced shear stregs , in the flange are less than this allowable o 324
(permissible) shear SUeSSt 1o therefore the design of flange( thickness) Ob attow) — % = = 152 N/mmz
is safe. G 152
_ Ubatiow) _ N
Tb(allow) - n - 2 =76 /mm2
i). Shaft design
a) Max. torque transmitted by the coupling
9.55 x 10°(P)
T="""—"—2 N-mnm E(3.3a)P 42

n

15 16
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Couplings
- 9.55 x 10°(14 x 10%) L =50 mm
600 Preferredength of key. = 56 mm
T T =223 X 10°N —
orque % mm (Length of key should not be less than the hubtl®eng
b) Shaft diameter * D b) Check for key
The equation for torque transmitted by the shaftrditer given by ForInduced crushing stress in key
Based on strength, )
T = -0y, hdL E(4.5b)P 53
16T *
T=—— E(3.1)P 42 AT
mn D g = —— MPa
“na) ~ pq
16T _ 4 x2.23x%x10°
T, = Pkina) = 77 x 25 x 56
nn D3
Ok(inay = 91.02 MPa
_ 16 x2.23 % 105
075 X D3 Ogney = 9102 MPa < 162 MPa (g,
D = 2411 mm ForInduced shear stress in key
Select standard diameter of shaft ‘D’ from T(3.Bay8 1
T = -71bdL E(4.6)P 54
D =25mm
2T
Tk(ind) = m MPa
iii). Key design 2 %223 % 105
a) Key dimensions (b, h and L) Tkand) = 78 x 25 % 56
Select taper key and taper 1:100 from Table T8} for shaft diameter ‘D’ Thn = 39.82 MPa
=25mm (i
Width of key b = 8 mm Thickness of kely = 7 mm Th(nag) = 39-82 MPa < 81 MPa (Tk(allow))
Length of key = length of hub 39.82 MPa( Thinay ) < 81 MPa( Tk atiow) ) Design is Safe.

L= 12D + 20 mm E(13.6)P 210

91.02 MPa ( Ok inay ) < 162 MPa( Ok rtow) ), Design is Safe.
L=12 x25+ 20

17
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as the induced shear stregs, ., and crushing stresg ., in the key are less

than this allowable (permissible) shear stres@a”ow)and allowable
(permissible) crushing SIUCES T the design of key is safe.

iv). Hub design
a) The hub diameter

D; =1.8D 4+ 20mm E(13.2)P 209
D; =1.8x25+20
D; = 65mm
c) The hub length L =1.2D + 20 mm E(13.6)P 210

L=12x25+20

L =50 mm
v).Design of bolt
a) Number of bolt
o1 3
l_ED-I_Z to %D+2 E(13.1)P 209

1 3
l—mXZS‘FZ to %XZS-FZ

i=26 to 29375
Take the number of bolts, i = 4 [ even number dfsare preferred]

b) Bolt diameter

0.423D
d= +7.5mm E(13.5)P 210
Vi
0423 %25
V4

d=12.78 mm

19

Chapter -3 Couplings

From table T(9.8) P 114 for core diameter d = 14, itiva select
diameter of bolt is 14 mm.

Standard bolt size is M14 x 2 & its core area= 115 mm?
c) Bolt circle diameter
D, = D; + 3.2d mm E(13.3)P 209

D, = 65+ 3.2 x 14

D, =109.8 mm
d) Check for bolt
Shear stress induced in bolt
tmid?D,
T =T E(13.9)P 210
- Thimay T L d*D,
B 8
8T
foind = 77 42D,
_ 8 x 2.23 x 10°
Thiny T T x4 x 142 x 1098
_ N
Tb(ind) = 6.59 /mm2

Th(inay = 6.59 N/mm2 <76 N/mm2 (Tb(allow))

6.59 N/mm2 ( Thima ) < 76 MPa( Thatiow) ) Design is Safe.

as the induced shear stregs, ., in the bolt are less than this allowable
(permissible) shear SIUCES T therefore the design of bolt is safe.

20
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vii). Flange design 3. A mild steel has to transmit 75 kW at 200 rpm. BHewable stress in
a) Outer diameter of flang®; = D; + 6d mm E(13.4)P 209 the shaft material is limited to 40 MPa and thelam twist is not to
exceed 1in a length of 20 diameters. Calculate the suitatiimeter of
the shaft and also design a cast iron flange cogtr this shaft.
D3 = 149 mm Assume the allowable stress in the material obthits to be 30 MPa
and the bolts are fitted in reamed holes. Assumalliowable shear

D; = 65+ 6 X 14

b) Flange thickness t=035D+9 E(13.7)P 210 . .
) ge thi mm ( ) stress in the cast iron flange equal to 15 MPaufet; = 80 X
t =0.35%25+9 103N/ (Dec. 09/Jan.10) Marks 15
mm-=.
t=17.75mm

Data: P = 75 kW, n= 200 rpm Tscatiow) = 40 MPa 1y, - =30 MPa,
¢) Check for flange

_rnnit I T atowy = 15 MPa, 0 =1°,G = 80 x 10° MPa,l = 20d
2 ' Solution :
- T imay D%t Assume keyway factof = 0.75
2 Allowable crushing stress in the key and shaft
T (inay = #th TS attow) = 2 X Tstatiow) = 2 x40 =80 MPa
2 X 223 x 105 Take Tson) = Tkauowy = 40 MPa

Yuna) = 7 x 6582 x 17.75

Take Osatiowy = Okatiow) = 80 MPa

Tounay = 861N/ 5

Tf ey = 1.893 Ny i). Shaft design

mm a) Max. torque transmitted by the coupling
— N N 6
T ingy = 1893N/ 2 < 18N/ (T o) ;955 xn1o e F(330)P 42
1893 N/ 2 ( e ) < 15 MPa( 7, ) Designis Safe. 5 955 X 10°(75 x 10%)
600
as the induced shear stregs, , In the flange are less than this allowable Torque T = 3.58125 x 106N — mm

(permissible) shear Stresss o therefore the design of flange( thickness)
is safe.

21 22
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b) Shaft diameter * D’ iv). Key design

The equation for torque transmitted by the shaftrditer given by a) Key dimensions (b, hand L)

Based on strength, Select taper key and taper 1:100 from Table T(R-B) for shaft diameter ‘D

=90 mm
16T . .
T = —E E(3.1)P 42 Width of key b = 25 mm Thickness of kely = 14 mm
Length of key = length of hub
16 T L= 1.2D + 20 mm E(13.6)P 210
s =Ty D3 L= 1.2 x90 + 20
40 = 16 x 3.58125 x 10° L =128 mm
- 3
T x075 %D Preferredength of key. = 140 mm
D =84.72 mm
(Length of key should not be less than the hubtl®ng
Based on rigidity,
c) Check for key
584 T L _ _
=——" E(3.2)P 42 ForInduced crushing stress in key
GnD
, 584 TL T = 0phdl E(4.5b)P 53
 Gné AT
Ok, ~ = —— MPa
,_ 584 x3.58125x10° x 20D Kind) = hd L,
~ 80x10% x0.75 x 1 4 x 3.58125 x 10°
D = /69715 x 105 kna) = T14 x 90 x 140
D = 88.67 mm Ok(inay = 81.202 MPa
Adopt (permissible) Diameter of the shaft is thgéamong the two Ok(inay = 81.202 MPa > 80 MPa (Gk(allow))

values
ForInduced shear stress in key
. Selectstandard diameter of shafd’ from T(3.5a) P- 48

T = 27,bdL E(4.6)P 54
D =90 mm 2
2T
ko = pgr MO
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2 x3.58125 % 109
Tkana) = 725 % 90 x 140

ki) = 22.738 MPa

Thinay = 22.738 MPa < 40 MPa (Tk(allow)) Design is fail.

key failure in crusing stress, so increase in dimension of key
Select next bigger value.
Refer Table T(4.2) P-61
Width of key b = 28 mm Thickness of kely = 16 mm
Preferred length of kely = 140 mm

ForInduced crushing stress in key
T = %JblhdL E(4.5 b)P 53

4T

Gk(ind) = m MPa

| 4 x3.58125 x 106
Tkinay = 716 x 90 x 140

Ok nay = 81.202 MPa

Oiegngy = 71.057 MPa > 80 MPa (0 )
22.738 MPa ( Tk(ina) ) < 40 MPa( Thattow) ) Design is Safe.

71.057 MPa( Oy, ) < 80 MPa( 0y, ), DesignisSafe.

as the induced shear stregs,.,, and crushing SUress ;... in the key are less

than this allowable (permissible) shear stres,§allow)and allowable
(permissible) crushing SUressy 11, the design of key is safe.

25
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v).Hub design
a) The hub diameterD; = 1.8D + 20 mm E(13.2)P 209
D; =1.8x90 + 20
D, =182mm

b) The hub length L = 1.2D + 20 mm E(13.6)P 210
L=12x%x90+ 20
L =110 mm

vi). Design of bolt
a) Number of bolt

1 3
i=5D+2 10 55D +2 E(13.1)P 209

1 3
| = — X — X
l 20 90 +2 to 30 90 + 2

i =4.250 to 5.375

Take the number of bolts, i = 6 [ even number dfdare preferred]

b) Bolt diameter

0.423D
d= +7.5mm E(13.5)P 210
Vi
~ 0423 x90
- Va
d =23.042mm

From table T(9.8) P 114 for core diameter d = 24, ittiva select
diameter of bolt is 24 mm.

Standard bolt size is M24 x 3 & its core akea= 385 mm?

26
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¢) Bolt circle diameter
D, = D; +3.2d mm E(13.3)P 209
D, =182+3.2%x 24

D, = 258.8 mm
d) Check for bolt
Shear stress induced in bolt
Tmwid?D
=T2 E(13.9)P 210

T, . . mwid?D

T = b(ina) 2

8

8T
oana) = 7y d2D,

_ 8x3.58125x 10°
Tbina) T 7 x 6 x 242 X 258.8

_ N
Thng = 10196 N/,

Thgngy = 10196 N/ 5 < 30N/, (Tb<au,,w))
10.196 N/mm2 ( Thima) ) < 30 MPa( b atiow) ) Design is Safe.

as the induced shear stregs, ., in the bolt are less than this allowable
(permissible) shear SIUCES T therefore the design of bolt is safe.

viii).  Flange design
a. Outer diameter of flange

D; = D, + 6d mm E(13.4)P 209
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D; =182+ 6 x 24
D; =326 mm
b. Flange thickness
t=035D+9mm  E(13.7)P 210
t=035%x90+9

t =405mm
c. Check for flange
T D%t
T =Tl E(13.11)P 210
- Tfinay D%t
B 2
2T

T ina) = T D2t
1

_ 2x358125 x 10°
Yanoy T 7 x 1822 x 405

_ N
gy = 169N/,

Tf(ind) = 1699 N/mm2 < 15 N/mmz (Tf(allow))

1.699 N/mmz( Tf(ind)) < 15 MPa( Tf(allow)) Design is Safe.

as the induced shear stregs in the flange are less than this allowable

(permissible) shear SUeSSf 110w therefore the design of flange( thickness)

is safe.
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Chapter -3 Couplings
FLEXIBLE COUPLING (BUSH-PIN TYPE)

The perfect alignment is rare to achieve in twdtshahe axial, angular and
parallel are (he most common misalignments thatt exiher independently or
in combination. The misalignments are shown in Fidieln such cases the
flexible couplings are used and also absorb imipacts due to fluctuations in
Torque and speed. The flexibly in a coupling caw de achievedl due to the
presence of some member itself and it named asparcated flexibility. Pin

or bush type coupling is the common example ofilflexcoupling.

e T e

g
I~ @ |
\~ - o | PARALLEL MISALIGNMENT,S
AXIAL DISPLACEMENT, Figure 13

ANGULAR MISALIGNMENT

Bush type flexible coupling

This coupling is a modification of a rigid-type fiige coupling in the sense
that the design of the shaft and the hub of flaragessimilar to that of rigid
flange coupling (see Fig. 13.4c). In this, rubbeshes are provided to act as
flexible elements, and to allow for a minor angutasalignment between the
two shafts.

A brass sleeve of 2-3 mm thickness
fubber Bush is used to reduce wear-and tear of
/ Brass Bush Toread the rubber bush with pin. The
4 — 1 rubber (6 to 10 mm thickness) with
< \\\\\‘ | i |ar brass sleeve (3.to 5 mm thickness)
T v is used over the pin and provides
Neck the desired flexibility in the
Coupling

The flanges of the Coupling are not identical asashin the figure. No
socket and spigot are provided on the two flanBagher, there is a clearance
of about 5 mm between the two faces of flanges.ddsggns of the two
flanges are different because one flange contailesHor pins and bushes,
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and the other flange contains holes for the thrégaetion of the pin and the
nut.

The diameter of the pin is also increased to emedehe bearing area (bearing
capacity) between bush and the flange hole. Itishalso be notice that the
thickness of the flange containing bush is moreaimpensate the larger
diameter of the hole made for bush. The pitch eidthmeter of the pin is also
to be on larger side to reduce the bearing presmimeeen bush and flange.
the increased flexibility at the bush induce thegioility of bending of the

pin; hence. the pin for bush type flexible couglghould also be designed for
bending consideration. The driving flange carrfeslarger portion of the pin
with rubber bush and brass sleeve. A protectivecm/provided on this
flange to ensure safety. The flanges are made.oft@& shaft, key, bolts/Pins
are made of steel.

Design procedure for (bush pin) cast iron flexibldlange coupling

The components to be designed in this couplindinr8hafts (ii). Bolts (iii).
Key (iv). Hub (v) Flange and (vi) Bush.

Note : Refer Fig (13.4 c)P-233 A
i). Shaft design
Torque transmitted by the coupling

5 955 X 10°(P)
n

N —mm E(3.3a)P 42

Power, P isin kW

and is equated to the equation for torque transchlty the shaft diameter
given by

Based on strength,

_ 167 E(3.1)P 42
T_nnD3 .

30



Chapter -3 Couplings

And based on rigidity (stiffness)
_ 584 T L

G D*
Where D = Shaft diameter.

E(3.2)P 42

The value of ‘D’ is round off to the next standaide Ref Table T(3.5a) P-48

ii). Key design

Based on the shaft diameter ‘D’ the value of wititrand thickness ‘h’ of
taper key are selected from Table T(4.2) P- 61

Calculatethe effective length of keyL = Hub length
L= 1.2D + 20 mm E(13.6)P 210

After selecting b, h and L for the key. Give a dhéar the induced shear
stress and induced crushing stress in the key,

Check for key

ForInduced crushing stress in key

T = %ablhdL E(45b)P 53
AT
Oktindy = R L MPa
ForInduced shear stress in key
T = %ledL E(4.6)P 54
2T
Thina) = bdl MPa
if Thingy < T(atiow) * Design is Safe.

Okinay < Okiattow) ’ Design is Safe.
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If the induced shear stresg,,, ., and crushing stresg ., in the key are less
than this allowable (permissible) shear stres@a”ow)and allowable
(permissible) crushing SIUCES T the design of key is safe. Otherwise
increase the key dimensions and check once again.

iii). Hub design

The hub diameter
D, =1.8D +20 mm E(13.2)P 209

The hub length L= 12D + 20mm E(13.6)P 210

iv). Pin/ Bolt design

Number of bolts

1 3
i=,D+2 to oD+2 E(13.1)P 209

Even no of pins/ bolts as preferred where ‘D’ isrdéter of shaft.

Determinethe minor diameter of the pins/ bolts foy the empirical formula
0.423D

Y

Select the size of bolt based on the core areaef polts (A)

d

+7.5mm E(13.5)P 210

Standardize the pins/ bolts size using table T(@-8)13

Note: unless otherwise specified the shaft, key and piokss are made of
same material and hence have same value of stress

TShaft = TKey = TBolt

L.€., Tshaft = Tkey = TBolt
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Calculatethe major diameter of the ply empirical relation

dp = 2 X Preliminary bolt diameter of the threade portion

dp =2 xd

Assume the thickness of the brass bis& t, the rubber bush
Thickness of the brass bush t, = 1to3mm
Thickness of the rubber bush t, =5to 10 mm
Inner diameter of the rubber bushdp; = dp + 2t

Outer diameter of the rubber bushd’' = dp; + 2 t,

Bolt circle diameter

D, = D, + 3.2d mm E(13.3)P 210

Check for bolt

Check forinduced shear stress in bolt

Thng T 1 A%2D,
T = % E(13.9)P 210
T x8
Th(inay = 7 id?D,
if Thingy < Tbatiow)’ Design is Safe.

If the induced shear stress, ., in the bolt are less than this allowable
(permissible) shear SIUCE - H the design of key is safe. Otherwise
increase the bolt dimensions and check once again.
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v).Flange design

Outer diameter of flange D; = D; + 6d mm E(13.4)P 209

The flange thickness t =0.35D +9mm E(13.7)P 210

Check for flange

w D%t
2

. 1f (ind)

T E(13.11)P 210

2 XT
U inay = T D12 t

if T < fiatiow) ’ Design is Safe.

If the induced shear stresg, ., in the flange are less than this allowable
(permissible) shear SUess 1o the design of key is safe. Otherwise
increase the flange dimensions and check once.agai

Symbols (Flexible Protected)
Formulae Equations Table
(). Design of Shaft
Torque 9.55 x 10%(P)
T transmitted in N- n (3.3a) P-42
mm P in kW
Key way factor Assume
1 yway 7= 0.75 mm
16T
T= s (3.1)P-48
D Shaft Diameter (3.5a)P-48
_ _5524;; L @2)pas
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Design of Key
b Width of taper
key (4.2) P-61
h Height of taper '
key
Length of taper
L key~ Length of |L=1.2D + 20 mm| (13.6) P-210(4.2) P-61
Hub
Check for key
Induced crushing 1
Tkiinduced stress in key T = 7 Okgayhar | (4:50) P-53
Induced shear 1
"kinauced| stress in key T= 5 Tk(inaybDL (4.6) P-54
Design of Hub
. D,
D, hub diameter — 1.8D + 20 mm (13.2) P-209
L hub length L=1.2D + 20 mm (13.6) P-210
Design of Bolt
1
No of i=—D+2
bolts / |i 40 (13.1) P-209
ins to —D+2
p (0] 30 +
d
Minor Diameter 0.423D (9.8) P-
d = 13.5) P-210
of bolt NG (13.9) 113
+ 7.5mm
major Diameter _
dp of bolt Assume dp =2xd
Thickness of
tb brass bUSh Take tb =3mm
Thickness of
& | rubber bush Take ty = 6 mm
Inside diameter of _
Di | yubber bush dpi = dp + 21y
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, | Inside diameter of P
d rubber bush d'=dpi +t
Bolt circle D,
D2 | diameter =D, +3.2d mm (13.3) P-209
. D
F Force on each pin T=iF (f)
F Force on each pin F=p,ld
Check for bolt
F
7, |shear stress in pin T
4%
C Gap bety€y Take C=5mm
flange
l
Bending stress in F (7 + C)
% . | pin D="m 3
32%
OpMax = 01
_%
Maximum normal 2 (1.112)P-02
OMax | stress in pin Op\? '
+ (7) + 1,7
TMax
Maximum shear Op\2
tMax | stress in pin = (7) + 7,7 (1.12)P-02
Design of flange
D Outer diameter | Dj (13.4) P-209
3 |of flange = D; + 6d mm
. t (13.7) P-210
t Flange thickness| _ 0.35D + 9 mm
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Check for flange
T
T Induced shear . 7 D.2 ¢ (13.11) P-
f(induced) stress in Flange | — ftna) ™ “1 = 1210
2
Thickness of
" protective Assume
1 circumferential |t; =0.25D mm
flange

4. Design a flanged coupling, to transmit a power2k®/ at 960 rpm. The
overall torque is 20% greater than the mean torgjhe.allowable shear
stress for the shaft, key and bolt is 40 MPa. Tlesvable shear stress in
the Cl flange is 15 MPa. Bearing pressure in trghbis 0.8 MPa.

(Dec. 2011) Marks 12

Data: P =32 kW, n=960rpm z;, = 14 = 7, = 40 MPa, 17 =
15 MPa, P, = 0.8 MPa ,T = Tyax = 1.2 Tvean

Normally for ductile material g, = o, and-. og; =2 X 7
Allowable crushing stress in the ke, =2 X 7, =2 x40 = 80 MPa
Assume keyway factoy = 0.75

i). Shaft design
a) Max. torque transmitted by the coupling

_9.55x 10°(P)

Mean — n N —mm E(3.3a)P 42
9.55 x 10%(32)
TMean = 960

Tviean = 3.1833 X 10° N —mm
T = Tyax = 1.2 Thean = 1.2 X 3.1833 x 10°

Torque T =3.816 x 10°N — mm
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b) Shaft diameter * D’
The equation for torque transmitted by the shaftrditer given by

Based on strength,

16T
T_rcr)D3

E(3.1)P 42

16T
~ mnD3

Ts

_ 16 x3.816 x 10°
~ m x0.75 x D3

D =36.5mm

Select standard diameter of shaft ‘D’ from T(3.Ba}8

D =40mm

ii). Key design
a) Key dimensions (b, h and L)

Select taper key and taper 1:100 from Table T(R-B) for shaft diameter ‘D’
=40 mm.

Width of key b = 12 mm Thickness of kely = 8 mm
Length of key = length of hub
L= 12D + 20 mm E(13.6)P 210
L= 12 x40 + 20
L =68 mm
Preferredength of key. = 70 mm

(Length of key should not be less than the hubtl®eng
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b) Check for key
ForInduced crushing stress in key
T = %JblhdL E(4.5b)P 53
4T
Ok inay = ndl MPa

_ 4 x3816x10°
Pkina) = T8 x 40 x 70

Oignay = 68214 MPa < 80 MPa 0y ,.,)
ForInduced shear stress in key
T = %ledL E(4.6)P 54

2T

Tk(ind) = m MPa

2 x3.816 x 10°
Tkana) = 712 % 40 x 70

Tkgny = 22.738 MPa < 40 MPa (T, )
22.738 MPa( Ty, ) < 40 MPa( Ty, )  Designis Safe.

68.214 MPa( oy, ) < 80 MPa( oy, ). - DesignisSafe.

as the induced shear stregs, ., and crushing stresg . in the key are less
than this allowable (permissible) shear streaéa”ow)and allowable
(permissible) crushing SIUCES T the design of key is safe.

39

Chapter -3 Couplings

iii). Hub design
a) The hub diameter

D; = 1.8D + 20 mm E(13.2)P 209
D; = 1.8 x40 + 20
Dy =92mm
b) The hub length L =1.2D 4+ 20 mm E(13.6)P 210
L=12x%x40+20
L =68 mm

iv). Design of bolt
a) Number of bolt

1 3
i=5D+2 10 55D +2 E(13.1)P 209

1 3
| = — X — X
l 20 40 +2 to 30 40+ 2

i=3 to 3.5

It is preferable to provide minimum 6 pins for exible coupling to withstand
the bending stress is 6.

Takethe number of bolfs = 6 [ even number of bolts are preferred]

b) Bolt diameter

0.423D
= +7.5mm E(13.5)P 210
Vi
0423 x40
B V6
d = 14.408 mm

From table T(9.8) P 114 for core diameter d = 16, ittiva select
diameter of bolt is 16 mm.

Standard bolt size is M16 x 2 & its core area= 157 mm?

40



Chapter -3 Couplings
¢) Major Diameter of bolt
Calculate the major diameter of the pin by empinie&ation

dp = 2 X preliminary bolt diameter of the threade portion

Assume d, =2xd
d, =2x16
d, =32mm
Assume the thickness of the brass bygh t,.the rubber bush
Thickness of the brass bush t, =3mm
Thickness of the rubber bush t, = 6mm
Inner diameter of the rubber bushdp; =dp + 2 ¢,
dp; =32+ 2 x3
dp; =38 mm
Outer diameter of the rubber bushd’' = dp; + 2 t,
d =38+ 2 x5
d' =50mm
d) Bolt circle diameter
D, = D; + 3.2d mm E(13.3)P 209
D, =92+32x%16
D, = 143.2mm

Force on each pin

D,
T=iF (2
' (2)
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2T
~iD,
2 x3.816 105
T 6 x143.2
F =889.2 N

Also F = P, ld'
889.2 =0.8x1x48
[ =2223mm
Say Length, l=24mm

Let the clearance between the faces of the flang€’as 5 mm
Total length of rubber bugh = [+ ¢

l, =24+5

I, =29mm
e) Check for Pin

Shear stress induced in Pin

F

-
7 %

889.2
=1 >
Z X 32

T, = 1.106 MPa

Bending stress induced in Pin
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889.2 (22—4 n 5)
T T 32
32

op = 4.7 MPa

~ Maximum normal stress induced in the pin

Op Op\2
o= =2+ () + w°

4.7 4.7\* ,
Oppgx = 01 = T‘l‘ <T> + 1.106

Omax = 4.947 MPa < 80 MPa

~ Maximum shear stress induced in the pin

gy 2
TMmax = (7) + TPZ

4.7\* ,
TMax = (T) + 1.106

Tyax = 2.6 MPa < 40 MPa

4.947 MPa( opax) < 80 MPa( o(qiiow) ), Design is Safe.

as the maximum shear stresg,,,, and crushing stress,,,, in the
key are less than this allowable (permissible) sb&ass 740w and
allowable (permissible) crushing stresg,;,) , the design of key is
safe.
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v).Flange design
a. Outer diameter of flangB; = D; + 6d mm E(13.4)P 209

D; =92+ 6x 16
D; =188 mm
b. Flange thickness t =0.35D +9mm E(13.7)P 210
t=035%x40+9

t=23mm
c. Check for flange
T D%t
T =Tl E(13.11)P 210
T = Tfinay T Dlz t
B 2
2T

T ina) = 7 D%t

_ 2x3.816 x 10°
Yan T T % 922 % 23

Ty = 125N/
U inay = 1'25N/mm2 <15 N/mmZ (Tf(allow))

1.25 N/mmz( Tf(ind)) < 15 N/mmz( Tf(allow)) Design is Safe.

as the induced shear stregs , in the flange are less than this allowable
(permissible) shear StreSSt 110w therefore the design of flange( thickness)

is safe.
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