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Abstract - A coupling can be defined as a mechanical device
that permanently joins two rotating shafts to each other. The
most common application of coupling is joining of shafts of
two separately built or purchased units so that a new machine
can be formed. Bibby couplings consist of 2 radially slotted
hubs that mesh with a serpentine strip of spring steel (grid)
which provides a good torsional flexibility and resilience;
therefore, this coupling is still one of the most sought-after
flexible couplings for heavy shock applications. The present
study of the paper is to design the coupling based on the rated
power and also to check the given coupling for failure with the
help of Computer Aided Analysis Software. Mathematical
calculations and Computer Aided Analysis are performed on
the individual components of the coupling assembly, which not
only helps us to identify the most stressed component in the
overall assembly but also to ensure whether the coupling is
safe for the industrial use.
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1. INTRODUCTION

Bibby coupling is a sought of flexible couplings which are
generally used for heavy shock applications. The Coupling
consists of two flanges or hubs specifically mounted on the
drive and the driven shafts respectively. These hubs contain
axial grooves cut on their circumference. The two couplings
are joined or held together by means of a specially designed
grid spring. The total assembly is enclosed in a casing or
shell filled with grease for low speed applications or, in high
speed application with high viscosity oil. [7]

Fig -1: Bibby coupling

The specially designed spring is wound up through the
grooves forming a series of resilient bridges throughout the
periphery of the coupling. The grooves are tapered up at the
edges (see photo) in order to provide extra flexible spans to
the spring at normal loads and tends to supportthe spring at
the sides whenever overloading occurs. The stiffness of the
spring depends on its unsupported length of each of its
flexible span. The unsupported length tends to vary with the
loads producing a varying stiffness for the coupling based on
the loading. This action tends to produce a detuning action
altering the torsional vibration frequency of the system that
prevents the build-up of resonance. [8]

2. WORKING MECHANISM

The specially designed spring is wound up through the
grooves forming a series of resilient bridges throughout the
periphery of the coupling. The grooves are tapered up at the
edges (see photo) in order to provide extra flexible spans
to the spring at normal loads and tends to supportthe spring
at the sides whenever overloading occurs. The stiffness of
the spring depends on its unsupported length of each of its
flexible span. The unsupported length tends to vary with the
loads producing a varying stiffness for the coupling based on
the loading. This action tends to produce a detuning action
altering the torsional vibration frequency of the system that
prevents the build-up of resonance [8]

Spring condition under
normal load

Spring condition under
slight overioad

Spring condition under
Severe shock load

Working of the Bibby coupling

Fig -2: Working Mechanism
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3. DESIGN METHODOLOGY

Given: Power = 10 HP = 7.46KW

Service factor = 1.5

Design power (Pg) = 7.46 x1.5
Pq=11.19 KW
N =48.33 rpm

Pgat100 rpm=11.19 x 100
48.33

P¢=23.15

Therefore, selecting LGF-295 grid coupling (Referring LGF
catalogue) [6]

From catalogue we got the standard dimensions of our
coupling [6]

d=104mm

D =155mm

D2 =295mm

L=102mm

A. Design of shaft [4]

Twisting moment (M;) = P4 x 60
21N

=11.19 x103 x60
21 x 48.33

M;=2210.97 x 103 N-mm

Shaft material C45
oyt = 380 N/mm? [5]

[t]1=0.5 x [oy]
FOS
We take factor of safety as (FOS) =3

[t] =0.5x 380
3

[t] =63.33 N/mm?

since we have diameter given of shaft in catalogue, we check
shaft for shear failure.

T=16x Mg
md3

t=16x2210.97 x 103
T x 1043

T=10.01 N/mm? < [T]

Hence the shaft is safe in design.

B. Checking hub for shear failure (at the junction of
spring/slot) [3]

Shear area = 14x4.15 mm
Material = Structural Steel
oy = 250 MPa
FOS=4
[t] =0.5 x oy

FOS

[t] =0.5 x 250
4

[t] = 31.25 N/mm? (Permissible shear stress)

Now, Torque = 2210.97 N-m

Radial distance of slot from shaft axes(R) = 88 mm =
0.088 m

Total Shear force = M;
R

=2210.97
0.088

F=253409N

Shear Force on hub section between two consecutive
slots (Fp) = F
Nslots

Where Nsiots = No. of slots
Fp-25340.9

38
Fp-666.86 N

Shear stress(t) = Fp
Area

T= 667
14x4.15

T=11.48 N/mm?< [1]

Hence the hub is safe in design
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C. Checking Grid Spring for failure [1]
Shear area (A) = 11x6.91 mm
Material = SAE 9255
oy: =486 MPa [5]

FOS=3
Radial distance of grid from shaft axis (R) =88 mm

[t] =0.5 x [oy]
FOS

[t] =0.5x 486
4

[t] =81 N/mm? (Permissible shear stress)
Now, Shear resistance of one coil = 2A[1]
Shear resistance of N coils = 2A[T]Nil
Resisting Torque [M¢] = 2A[T]NwiR
Where, Neoil = No. of coils in spring

[M{] = 2x11x6.91x81x19x88
[M{] = 20588.37x103 N-mm

But, applied torque = 2210.97x103 N-mm < [M{]

Hence the grid spring is safe

D. Checking Key for failure [3]
For shaft diameter (d) = 104 mm,
Flat key dimension = 28x16x10 mm [5]
Length of key = 102 mm [5]
The key is subjected to shear and compression stress
Material = C45

oyt =400 MPa
FOS = 2

[t] =0.5 x oy
FOS

[t] =0.5x400
2

[t] =100 N/mm? (Permissible shear stress)

[oc] =15 x oy
FOS

[oc] =1.5 x 400
2
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[oc] =300 N/mm? (Permissible compressive test)

Now, T = 2xM;
dxhxL

T=2x2210.97x103
104x16x102

T=26.05 N/mm? < [1]
Hence Key is safe in shear
Oc= ML

dxhxL

0.=4%x2210.97x103
104x16x102

6.=52.11 N/mm? < [o]

Hence key is safe is compression.

E. Checking bolt for failure [3]

Material C45
Bolt diameter (d1)% = 8xM¢ where Dy =2.25xd
1'[D1NT
D;=2.25x104
d12=8x2210.97x103 D1 =234mm

mx234x4x100
d; =7.75mm or 8mm
Therefore, taking M8 bolts

Compressive stress (o) = 2xM;
Nd,tD,;

0. = 2x2210.97x10°
4x8x52%234

o. = 11.36 N/mm’< [o/]
Hence bolt is safe in design

Hence overall the Bibby coupling is safe in
design and can be implemented
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4. CAD ANALYSIS 4.3 Permissible strength of Coupling components
ANSYS WORKBENCH 18.1 software was used for performing
Computer Aided Analysis Strength

(MPa)
4.1 Assembled CAD Model N | p
art .
Material
Fig -3: Assembled Bibby Couplin 0. | Name.
18 -2 y piing Tensile Tensile
Yield Ultimate
Strength Strength
1. | shae | &* Carbon | oo Mpa | 710 MPa
Steel
2. | Key C-45 - Carbon | 506 ppy | 710 MPa
Steel
3. | Hub Structural | 550 Mpa | 460 MPa
Steel
4, | Grid SAE 9255 486 MPa | 774 MPa
Spring Spring Steel
5. | Housing | Stainless 207 MPa | 586 MPa
Steel
6. | Bolt (45 Carbon | 306 Mpa | 710 MPa
Steel
7. | Nut (45 Carbon | 306 Mpa | 710 MPa
Steel

4.2 Exploded View of the Model
Fig -4: Exploded View of Bibby Coupling

4.4 Solution of various loads applied to Coupling

1. Von Mises Stress-
The Maximum value of stress is 1.76x107 Pascal or
17.671 MPa.

Time: 1
5/26/2020 11,28 PM

1.7671e¥ Max
1.5708e7
1.374e¥
1.1787e7
2.8175e6
7.854e6
5.8905¢6
3.927e6i
1.9635e6
0.17192 Min

0.000 0100 (m) /I\
) = ><

0.050

Fig -5: Von mises Stress (grid coupling)
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2. Maximum Shear Stress-

The Maximum value of stress is 9.1243x10¢ Pascal or
9.1243 MPa.

Fig -8: Maximum shear strain (grid coupling)

B: Analysis of Bibby Coupling
Maximum Shear Stress
Type: Maximuin Shear Stress
Unit: Pa

Time: 1
5/26/202011:29 PR

1.0186e7 Max
0,0545¢6
7.0227e6
6.790%%:6
5.6597e6
4.5273e6
3.3935e6
2.2636e6
1.1318e6
0.094178 Min

0.050

B: Analysis of Bibby Coupling
Maximum Shear Elastic Strain
Type: Maximum Shear Elastic Strain
Unit: myrm

Tirne: 1
5/26/2020 11:20 PhA

0.00013242 Max
0.00011771
0.000703
8.8282e-5
7.3568e-5
5,8835e-3
44141e-5
2.9427e-5
1.4714e-5
1.166e-12 Min

0.000 0.100 {rm) /L
I 2 #

0.050

0.000 0100 (m) /L
[ = ¥

Fig -6: Maximum shear stress (grid coupling)

3. Total Deformation
The Total Deformation is 9.6514x10¢ meters or
9.6514x10-3millimeters.

B: Analysis of Bibby Coupling
Total Deformation
Type: Total Deformation
Unit: rm

Tirme: 1
3/26/202011:27 PM

9.6514e-6 Max
85797e-6
T.5067e-6
6.4343e-6
5.3671%-6
4,2895e-6
3.2171e-8
2.1448e-6
1.0724e-6

0 Min

«,” S
&”"‘tn.
- A

0.000 0.100(rm) /L
[ S o *

0.050

Fig -7: Total deformation (grid coupling)

4. Maximum Shear Strain-
The Maximum value of Shear Strain is 13.242x10-5
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5. Factor of Safety-

The Minimum FOS is 14.147 and the assembly is very
safe.

Fig -9: Factor of safety

B: Analysis of Bibby Coupling

Safety Factor

Type: Safety Factor

Time: 1

0/26/202011:32 PM
15 Max

14.147 Min
10

5

1

Q

Q.000 Q100 {m) ‘)\
L S e #

0.050

4.5 Maximum Values of analytical solution

Von Mises Stress -
Maximum Von-Mises Stress is developed on the Driven
Hub of value 17.671 MPa which is less than the

permissible stress value and the component is marked
SAFE.

Maximum Shear Stress -

Maximum Shear Stress is developed on the Driven Hub
of value 10.186 MPa which is less than the permissible
stress value and the component is marked
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3. Total Deformation -
Maximum Total Deformation takes place on the outer
edges of the Driver Cover of value 9.6514x10-6 meters,
but is too less and is perfectly under elastic limits of the
component and the design comes out to be safe.

As seen so far from the analysis on ANSYS WORKBENCH
18.1 we came to a conclusion that the Coupling assembly
is far SAFER for the applied forces and loads that it
needs to face in the Industry and will perform perfectly
well for its application.

4.6 Statistical Representation of the solution

A. Stress (MPa)

200 177.5
180
160 . Driven
140 Driven Key
120 Hub .
100 Driven
80
60
40
20
0
Von Mises Maximum Maximum
Stress Principal Shear Stress
Stress

B Permissible Value in MPa ® Obtained value in MPa

Fig -10: Maximum Stresses in coupling

B. Strain (x10-5)

All values of strains

C. Deformation

Driver Driver Dl‘ivel‘
12 Cover Cover Cover
10 9.6514 9.6265 9.639
8
6
Grid
4 Spring
2
0.1625
0
Total Directional Directional Directional
Deformation Deformation Deformation Deformation
(X) (Y) (2)
H Deformed Value
Fig -12: Maximum deformation in coupling}
5. CONCLUSIONS

From the above data we conclude that the bibby coupling
designed on the basis of mathematical calculations is safe for
the use in industry. The values of the stresses, strains and
deformation are well under permissible limits and also, we
are getting a good factor of safety.

We checked the components for failure on the basis of von
mises stress, principal shear stress, Maximum shear stress,
Maximum shear strain and Total Deformation. By checking
each and every component of bibby coupling we also
concluded that the key (which attaches the two shaft and
maintain the alignment) experiences the maximum induced
stress. But the key too is well within the permissible limits
and hence we conclude that the bibby coupling is completely
safe and can be used for industrial purpose.
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