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Abstract—A Bell Crank Lever is a bar that rotates
about a fixed point, commonly used in railway
signaling, Hartnell-type governors, and air pump drives
in condensers. It functions to lift loads with minimal
effort while altering motion through angles, typically
90° or 180°. The primary stresses in the lever are
bending stress at the fulcrum and shear stress on the
fulcrum pin, with maximum stress concentration at the
fulcrum. This study focuses on the stress analysis of the
Bell Crank Lever within an angle range of 90° to 180°,
employing the Finite Element Method (FEM) using
ANSYS Workbench 14.5 and photoelasticity as an
experimental validation technique. The experimental
analysis utilizes photoelastic sheets of Araldite with
hardener HY-951 and curing agent CY-230. A
comparison of analytical and experimental results
demonstrates close agreement, confirming the accuracy
of the stress analysis.

Index Terms—Bell Crank Lever, Stress Analysis, Finite
Element Method, ANSY'S, Photoelasticity.

I. INTRODUCTION:

Stress analysis is a fundamental aspect of engineering
that involves evaluating the internal stresses and
deformations within materials and structures subjected
to various forces or loads. It is crucial in ensuring
structural integrity, safety, and optimal performance
across multiple engineering domains, including civil,
mechanical, and aerospace engineering. The analysis
plays a key role in the design, optimization, and
maintenance of structures ranging from bridges,
tunnels, and dams to aircraft, rockets, mechanical
components, and even small-scale items like plastic
cutlery and staples. Stress analysis is essential not
only during the design phase but also for maintenance
and failure investigation.

The current study focuses on the stress analysis of a
Bell Crank Lever, a mechanical component used in
applications like railway signaling, Hartnell-type
governors, and air pump drives. The Bell Crank Lever
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functions by converting applied forces into motion at
different angles, typically 90° or 180°. Since it
experiences bending stress at the fulcrum and shear
stress at the fulcrum pin, analyzing the stress
distribution is essential to ensure its strength and
durability under operational conditions. By comparing
the theoretical results, analytical results from ANSYS
simulations with the experimental results from
photoelastic analysis, the study verifies the accuracy
of the

stress distribution predictions. The close agreement
between the two methods confirms the reliability of
the analysis, making it a valuable approach for
designing and optimizing Bell Crank Levers in
practical applications.

Il. EXPERIMENTAL STRESS ANALYSIS:

The Bell Crank Lever is designed to lift a load with
minimal applied effort. For its analysis, the most
critical area is identified, and based on this, a two-
dimensional model of the lever is developed. Various
shapes of the Bell Crank Lever are illustrated in the
figures below. To evaluate its performance, three
different loads—2100N, 150N, and 200N—are applied
at one end, and the resulting stresses are determined.
It is the force which is to be applied to the machine to
lift the load or to overcome the resistance. It is
denoted by P and has the unit of force.

Length of lever arm in mm (FB) = 50 mm;

Load applied on the lever (W) = 100 N;

Length of effort arm in mm (FA) = 55 mm;
a) Effort(P) when load(W) is 100N, angle between

lever arm and effort arm is 90°
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Figure .1 Bell Crank Lever with 90°
Calculation of the effort (P) required to raise the load
(W) 100 N.

Taking moments about the fulcrum (F)
W x50=P x55
100 X 50 =P X 55
~P=90.90N
Resultant force at the fulcrum at F,
RFZ = (WZ +P2)
Re?= (100%+90.90%)
Re=135.14 N;
Resultant force at the fulcrum (Rg) =135.14N;

b) Effort(P) when load(W) is 150N, angle between
lever arm and effort arm is 90°
Taking moments about the fulcrum (F)
W x50 =P x 55
150 X 50 =P X 55
~P=136.36N
Resultant force at the fulcrum at F,
RFZ = (WZ +P2)
Re?= (150%+136.362)
Re=202.72 N;
Resultant force at the fulcrum (Rr) =202.72N;

c) Effort(P) when load(W) is 200N, angle between
lever arm and effort arm is 90°
Taking moments about the fulcrum (F)

W x50 =P x 55
200 X 50 =P X 55
~P=181.81N;
Resultant force at the fulcrum at F,
RFZ - (WZ +P2)
Re?= (200%+181.81?)
Rr=270.30 N;
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Resultant force at the fulcrum (Rr) =270.30N;
Similarly for 120°, 135° and 160°.

Figure 4. Bell Crank Lever with 160°

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1607



Table 1 Calculation of Effort (P) and Resultant Force
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(Re)
Angle Load in | Effortin Resultant
N N Force (Rg)
inN

100 90.90 135.14

90° 150 136.36 202.72

200 181.81 270.30

100 104.9 177.46

120° 150 157.45 266.30

200 209.94 355.05

100 128.55 211.43

135° 150 192.84 317.16

200 257.12 422.90

100 265.8 361.40

160° 150 398.7 542.08

200 531.6 722.80

a) The Mechanical Advantage of Bell Crank Lever at
900 angtes a5 shown in figure 4.1
The load at 100 N,
the Mechanical Advantage = 100/90.90

M.A = 1.10;
The load at 150 N,
the Mechanical Advantage = 150/136.36

M.A = 1.10;
The load at 200 N,
the Mechanical Advantage = 200/181.81
M.A = 1.10;
Similarly for 120° 135° and 160° Mechanical
advantage was measured.
From the above calculations it is observed that, as the
angle between the lever arms increases, the
Mechanical Advantage decreases. The calculated
values are as shown in the following table 2.
Table 2 Mechanical Advantage at different angles

From the table 1 it is observed that, as the load
increases at different angles of Bell Crank Lever, the
Effort and also Resultant Force increases. The
minimum effort can be applied for a load is observed
at an angle of Bell Crank Lever is 90°. Basing on
these values, graph was plotted which is shown in
fig.5 between an applied load and the effort.

LOAD Vs EFFORT

600
500
300
200 E 100N
100

EFFORT

Mechanical
Angle | Load(N) | Effort(N) Advantage
(M.A)
100 90.90 1.10
90° 150 136.36 1.10
200 181.81 1.10
100 104.9 0.953
120° 150 157.45 0.952
200 209.94 0.952
100 128.55 0.78
1359 150 192.84 0.78
200 257.12 0.78
100 265.8 0.37
160° 150 398.7 0.37
200 531.6 0.37

I1.ii Stresses at Lever Section:

Figure5. Effect of angle between two arms on effort

I1.i. Mechanical Advantage:

Mechanical Advantage is defined as the ratio of the
load lifted to effort applied. Effort is nothing but the
force which is to be applied to the machine to lift the
load or to overcome the resistance. It is denoted by P
and has the units of force.

Mechanical Advantage (M.A) = Load / Effort
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Now let us consider Bell Crank Lever at an angle 90°
as shown in Figure 1 to determine the stresses
induced.
Let d=outer boss diameter = 25mm
L = length of lever = 50mm
h= height of the lever arm = 25mm

t = thickness of lever = 5mm
a) W =load = 100N
The maximum bending stress occurs in the lever
section:
Bending moment (M) =W x L1 =W (L - d/2)

M = 3750 N-mm
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Section modulus (Z) = bh?/6
Z =520.83 mm?
Bending stress (o b) = M/Z
6 b= 7.20 N/mm?
Direct shear stress on the lever (7):
=W/ (t x h)
1= 0.8 N/mm?
Maximum principal stress in the lever section:
6 max= (0 6/2) + (1/2) x (6 b) 2 + 4(1))"?
G max = 7.28 N/mm?
Maximum shear stress in the lever section:
Tmax= (1/2) x (5 0) 2 + 4( D))"
T max = 3.68 N/mm?

Similarly, for 150N and 200N were calculated. From
the above calculations the induced stress values are
tabulated as below and it is observed that stresses are
increased with the applied load.

Table 3 Stresses at the Lever Section

Angle Load in Theoretical stresses at lever
(N) section (Mpa)
O max T max
100 7.28 3.68
90° 150 10.93 5.53
200 1457 7.37

[1.iii. Stresses at Fulcrum pin:
a) The stresses at the Fulcrum pin of Bell Crank
Lever of angle 90° as shown in figure 1, when
the load is 100N and resultant force is 135.14 N
Length of the pin=35mm;
Diameter of the pin=10.18mm;
The pin is in double shear and t is the shear stress
developed in the pin, then
R=(I1/4) x d®x 21

Therefore
©=2R/T1d2=2x135.14/ (IT x 10.18%)
7= 0.83 N/mm?
Bending moment occurs at the centre of the pin:
cp=M/Z
Where M = (R/2) x (I/4 + t/3)
Where t=5mm

Therefore M =703.85 N-mm
Z=(1/32)x d?
Z =103.57 mm?
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6 b= 6.79 N/mm?
Maximum principal stress developed in pin:
6 max = (6 b/2) + (1/2) x (6 p? + 47%) 2
G max = 6.89 N/mm?
Maximum shear stress developed in pin:
T max= (1/2) X (0 v* + 4 12)V2
T max = 3.49 N/mm?,
Similarly, for 150N and 200N were calculated.
b) The stresses at the Fulcrum pin of Bell Crank
Lever of angle 120° as shown in figure 2, when
the load is 100N and resultant force is 177.46 N
Length of the pin=35mm;
Diameter of the pin=10.18mm;
The pin is in double shear and t is the shear stress
developed in the pin, then
Re = (II/4) x d?>x 21
Therefore
t=2Re /T d>=2x177.46 / (I x 10.18?)
1= 1.09 N/mm?
Bending moment occurs at the centre of the pin:
cpb=M/2Z
Where M = (R/2) x (1/4 + t/3)
Where t=5mm
Therefore M = 924.21 N-mm
Z=132)x d?
Z=103.57 mm?®
6 b= 8.92 N/mm?
Maximum principal stress developed in pin:
6 max = (6 b/2) + (1/2) x (6 p? + 47%)2
6 max = 9.05 N/mm?
Maximum shear stress developed in pin:
T max= (1/2) X (0 v* + 47%)V2
T max = 4.59 N/mm?,
Similarly, for 150N and 200N were calculated.
c) The stresses at the Fulcrum pin of Bell Crank
Lever of angle 135° as shown in figure 3, when
the load is 100N and resultant force is 211.43 N
Length of the pin=35mm;
Diameter of the pin=10.18mm;
The pin is in double shear and t is the shear stress
developed in the pin, then
Re = (IT/4) x d?x 21
Therefore
T=2Re/I1d?>=2x211.43 / (I1 x 10.18%)
1=1.29 N/mm?
Bending moment occurs at the centre of the pin:
cp=M/Z
Were
M = (R/2) x (I/4 + t/3)

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1609



© February 2025 | IJIRT | Volume 11 Issue 9 | ISSN: 2349-6002

Where t=5mm
Therefore
M =1101.13 N-mm
Z=1132)x d®
Z=103.57 mm?
6 b= 10.63 N/mm?
Maximum principal stress developed in pin:
0 max = (6 /2) + (1/2) x (o p? + 419)?
6 max = 10.78 N/mm?
Maximum shear stress developed in pin:
T max= (1/2) X (0 2 + 4 1%)12
T max = 5.47 N/mm?,

Similarly, for 150N and 200N were measured.

d) The stresses at the Fulcrum pin of Bell Crank
Lever of angle 160° as shown in figure 4, when
the load is 100N and resultant force is 361.4N

Length of the pin=35mm;

Diameter of the pin=10.18mm;

The pin is in double shear and t is the shear stress

developed in the pin, then

Re = (I1/4) x d?x 2t
Therefore =2 Re /I d?
=2x361.4/ (IT x 10.18?)
T =2.22 N/mm?
Bending moment occurs at the centre of the pin:
Cp= M/Z

Where M = (R/2) x (1/4 + 1/3)

Where t=5mm

Therefore M =1882.17 N-mm

Z=T1/32) x d®
Z =103.57 mm3
6 p=18.17 N/mm?
Maximum principal stress developed in pin:
6 max = (0 b/2) + (1/2) x (6 > + 4 17)1?
G max = 18.43 N/mm?
Maximum shear stress developed in pin:
T max= (1/2) x (o p? + 4712
T max = 9.35 N/mm?,

Similarly, for 150N and 200N were measured.

From the above calculations the values are listed in

the table 4, and it is observed that, as the load and

angle between the arms increases, the maximum
principal and shear stresses also increases. The
results obtained theoretically at different conditions

are graphically shown in fig. 4.6.
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Table 4 Stresses at the Fulcrum Pin

Angle | Load | Resulta | Theoretical stress at

in nt fulcrum pin (Mpa)
N force(Re
) inN O max T max

100 135.14 | 6.89 3.49

90° 150 202.72 | 10.34 5.24

200 270.30 | 13.79 6.99

100 177.46 | 9.05 4.59

120° 150 266.30 | 13.58 6.89

200 355.05 | 18.11 9.18

100 211.43 | 10.78 5.47

135° 150 317.16 | 16.18 8.21

200 422.90 | 21.57 10.94

100 361.40 | 18.43 9.35

160° 150 542.08 | 27.66 14.03

200 722.80 | 36.87 18.70

Max.principal stress
Vs load

Max.principal stress
PNWD
[eoleo]leolele]
@,
(o),
| ]
=
o
o

Figure5. Effect of angle between two arms on
max.principal stress (Theoretical)

I11. EXPERIMENTAL STRESS ANALYSIS:

Experimental stress analysis was done by
photoelastic method. In photoelastic method, circular
polariscope is used. For determining the fringe order,
a circular disc of same material is used. Photoelastic
model of bell crank lever is prepared from 5mm thick
sheet casted from epoxy resin (mixture of Araldite
CY 230 and hardener HY 951). Also, circular shaped
disc (calibration disc) of 65mm diameter is prepared
from the same sheet. This disc is taken and subjected
to compressive load in the circular polariscope set up
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as shown in figure 6. Calibration was done on the
disc to find material fringe value (F).

Figure 4.7 Fringe pattern of Calibration disc in white

light source
Values of fringe order are noted at different loads as
shown in the table 5. Using the formula F;= 8P/aDN,
material fringe values are determined and average is
taken as 12.93 N/mm. where P = Load, N = Fringe
order and D = diameter of the disc=65 mm. The
material fringe value (Fs) is the number of fringes
produced per unit load. It is the property of the model
material for a given wave length and thickness of the
model.

ANALYZER

>

Figure 6 Fringe pattern of Calibration disc in
monochromatic light source
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Table 5 Determination of Material Fringe Value

. Fringe
Lo Iaoa Fringe Order (N) Value (F.)
SN | ad in Lo Hig (N Avg
o In (kg | wer | her N F '
(N) Nh) ’ ( FG
) (N1) | (Nn) 2 )
1 10 | 47. | 1.53 | 1.66 16 11.
0 13 |1 9 54 | 129
’ 15 | 82. | 235|246 |24 |13. |3
0 33 |3 1 07 |43 | N/m
20 | 91. | 324 | 3.24 13. |m
3 0 8l |2 2 2.6 83

I11.i Bell Crank Lever of 90°:

The bell crank lever of 90° is kept in circular
polariscope arrangement for determining the stresses.
At different loads the stresses are found which are
listed below.

Figure7. Fringes developed in Bell crank lever of 90°
Table 6. Determination of Stresses using
photoelasticity of Bell crank Lever at 90°

Fringe Order, o =NFo/h
S.No. | Load(kg) N (MPa)
1 10.2 3.09 8.01
2 15.3 4.65 12.03
3 20.4 6.38 16.52

From the above table 6, it is observed that, as the load
increases, the principal stresses also increase.
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I1Lii. Bell Crank Lever at 120%

The bell crank lever at 120° is kept in circular
polariscope arrangement for determining the stresses.
At different loads the stresses are found which are
noted below.

Figure 8. Bell crank lever at 120° in Circular
polariscope

Figure 8 Bell crank lever at 135° in Circular

polariscope
Table 8 Determination of Stresses using
photoelasticity of Bell Crank Lever at 135°
. 6 =NFo/h
SNO | Load(kg) F”“geNorder' (MPa)
1 10.2 4.67 12.09
2 15.3 7.15 18.51
3 20.4 9.4 24.45

Table7.  Determination  of  Stresses  using
photoelasticity of Bell crank Lever at 120°
. 6 =NFo/h
F
S.NO | Load(kg) N"”ge Order, | \vpa)
1 10.2 4.47 11.58
2 15.3 6.85 17.72
3 20.4 8.96 23.19

From above table 8, it is observed that, as the load
increases, the principal stress also increases.

I1Liv Bell Crank Lever at 160°;

The bell crank lever at 160° is kept in the circular
polariscope arrangement for determining the stresses.
At different loads the stresses are found which are
noted in below table.

From the table 7, it is observed that, as the load
increases, the principal stress also increases.

I1Liii. Bell Crank Lever at 135%

The bell crank lever at 135° is placed in circular
polariscope arrangement for determining the stresses.
At different loads the stresses are found which are
noted in below table.
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Figure 9 Bell crank lever at 160° in Circular

polariscope
Table 9 Determination of  Stresses using
photoelasticity of Bell Crank Lever at 160°
. o =NFo/h

SNO | Load(kg) F””geNorder' (MPa)

1 10.2 4.64 12.01

2 15.3 6.92 17.9

3 20.4 9.28 24.02

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

From the above table 9, it is observed that, as the load
increases, the principal stress also increases. The
results obtained experimentally using photoelastic
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bench equipment by photoelastic stress analysis
under whole field technique at different conditions is
graphically shown in fig. 10. By comparing the
results between theoretical and experimental, from
the graphs shown in figures 5 and 10, it is observed
that results obtained are in close agreement with each
other.

Max.principal stress
Vs load
o 30
25
§ 20
15
)
22 = 100N
8 0
Q s o o m 150N
o S§
i= (\Q}eq %é\} %e"?’ %Jf =200 N
a Lol RS RN
x load
=

IV.i Bell Crank Lever at 90°:

1.4136e5
-8.9169e5 Min

0.050 (m) )\
C — z X

a) Maximum Principal Stress when Bell Crank Lever of 90° subjected to 100N, 150N and 200N Load:

Figure 10 Effect of angle between two arms on
max.principal stress (Experimental)

IV. Stress Analysis by Numerical Method (Finite
Element Analysis):

By using ANSYS WORKBENCH, the stress analysis
was done at four different angles of bell crank lever
between load arm and effort arm at three different
loads which are 100N, 150N, and 200N. In this the
maximum principal stress and maximum shear stress
are found by varying the load. In the bell crank lever,
the load is applied at the lever section in the
downward direction, the effort is applied at arm
section in the horizontal direction and it is fixed at
the fulcrum of the bell crank lever with fulcrum pin.

4861266
| 331160
L 176266
2124465
433716 Min

0.080 (m) A
L — I X

0.025
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153
92
2.8311e5
-1.783e6 Min

¥

0.050 (m) )\‘
L S— b2 X

0.025

Figure 11 Bell crank lever with 90%at 100N, 150N and 200N load
IV.ii Bell Crank Lever at 120°:

a) Maximum Principal Stress when Bell Crank Lever of 120° subjected to 100N, 150N and 200N Load:

2.563e6
1.2304e6
-1.0211e5 Min
-1.5317e5 Min

0.000 0.050 (m) )\
[ S o X
o X

0.025 0.000 0.050 {m)
0.025

2.462eb
-2.0422e5 Min

0.000 0.050 (m) A
1 Z x

0.025

Figure 12 Bell crank lever with 120° at 100N, 150N and 200N load
IV.iii Bell Crank Lever at 135

a) Maximum Principal Stress when Bell Crank Lever of 135° subjected to 100N, 150N and 200N Load:
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0.000 0.050 () /I\ 0.000 0.050 () ‘/L‘
—— b2 X —— b2 X

0.025 0.025

2.1522e5 ,
-2.2054e6 Min

o.000 0.050 ) ‘*‘
1 Z >

0.025

Figure 13 Bell crank lever with 135° at 100N, 150N and 200N load
IV.iv. Bell Crank Lever at 160°:
a) Maximum Principal Stress when Bell Crank Lever of 160° subjected to 100N, 150N and 200N Load:

0.000 0.060 (m) /k 0.000 0.060 (m) J\
L E— b2 X 1 v X

0.030 0.030
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1.308507
1.033727
] 7 5598e6
| 484218
2094466
_6.5329e5 Min

0.000 0.060 (m) ‘/I\
1 e X

0.030

Figure 14 Bell crank lever with 160° at 100N, 150N and 200N load

Table 10 Analysing stresses induced in lever by using ANSYS WORKBENCH

ANSYS WORKBENCH
Angle Load Effort (MPa)
(N) (N) (N)
G max T max
100 90.90 8.40 4.09
90° 150 136.36 12.60 6.14
200 181.81 16.81 8.19
100 104.9 11.89 5.79
120° 150 157.45 17.84 8.69
200 209.94 23.79 11.6
100 128.55 12.49 6.2
1359 150 192.84 18.73 9.15
200 257.12 24.98 12.21
100 265.8 12.03 5.98
160° 150 398.7 18.05 8.97
200 531.6 24.07 11.97

From the above table 10, it is observed that, as the load increases, then effort increases and then the maximum
principal stress and shear stress also increases. The results are graphically shown in fig. 4.26.

Max.principal stress Vs load

load

30
)
(7]
Q20
=)
% 10 - ® 100N
2 m 150N
g 0
g_ Angle 90 Angle120 Angle 135 Angle 160 m200N
%
©
=

Figure 15 Effect of angle between two arms on max.principal stress (ANSYS)
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V MATLAB:

In MATLAB, the stresses at the lever section and the
fulcrum pin are found by different programs.
V.i The Stress at Lever Section: By using this
program for lever section the maximum principal
stress was found by varying the load.
clc
clear
b=5;
h=25;
1=50;
d=25;
fori=1
for W=200
iter =1;
M=W*(l-(d/2));
Z= (b*(h)"2)/6;
Principal stress=M/Z;
Shear stress=W/(b*h);
Maximum principal
stress/2)+(1/2)*(sqrt((principal
stress)™2 )+(4)*(shear stress)*2);
maximum  shear  stress(i)=(1/2)*(sgrt((principal
stress)2)+(4)*(shear stress)™2);
iter=iter+1;
end;
end;
As discussed in ILi, the remaining stresses also
calculated by using above standard programs by
varying load and resultant forces.
Table 11. stresses at different angles and at different
loads by using MATLAB program at lever section.

stress(i)=(principal

] MATLAB at Lever
Loa Mpa
Angle ) (Mpa)
O max T max
100 8.48 4.88
90° 150 13.68 8.28
200 19.52 12.32

From the above table 4.12, it is observed that, stress
values increase with the load.

V.ii The Stress at the Fulcrum pin: By this program
the maximum principal stress was found by resultant
force (Rg).

clc
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clear
t=5;
1=35;
d=10.18;
fori=1
for R=135.14
iter=1;
M=(R/2)*(I/4 + t/3);
Z=(I1/32)*d"3;
Principal stress=M/Z;
Shear stress=(2*R)/(IT*d"2);
Maximum principal stress(i)=
stress/2)+(1/2)*(sqrt((principal
stress)"2)+(4)*(shear stress)™2);
Maximum  shear  stress(i)=(1/2)*(sqrt((principal
stress)"2)+(4)*(shear stress)™2);
iter=iter+1,;
end;
end;
As discussed in 1l.i, the remaining stresses also
calculated by using above standard programs by
varying load and resultant forces.
Table 12 stresses at different angles and at different
loads by using MATLAB programs at the fulcrum
pin section.

(principal

MATLAB at
Load Resultant Fulcl\r/lum pin
Angle N) force (Mpa)
(N)
O max T max
100 135.14 6.89 3.49
0
%0 150 202.72 10.34 5.24
200 270.30 13.78 6.99
100 177.46 9.05 4.59
120°
150 266.30 13.58 6.88
200 355.05 18.10 9.18
100 211.43 10.78 5.47
135°
150 317.16 16.17 8.20
200 422.90 21.57 10.94
100 361.40 18.43 9.35
160°
150 542.08 27.64 14.02
200 722.80 36.86 18.70
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From the above table 12, it is observed that, stress
values increase with the load.
V.iii. Comparison of Results:

Table 13 Comparison of results

The Bell Crank Lever was analyzed by the methods
which are Theoretical method, Experimental method
(Photoelasticity), Numerical method (Finite Element
Analysis), MATLAB.

Angle Load Effort Theoretical Photoelas- ANSYS MATLAB at
(N) (N) at Fulcrum pin -ticity WORKBENCH Fulcrum
(Mpa) (Mpa) at Lever section | pin(Mpa)
(Mpa)
G max T max G max T max G max T max Omax Tmax
100 90.90 6.89 3.49 8.01 4.03 | 8.40 4.09 6.89 3.49
90° 150 136.36 10.34 5.24 12.03 6.01 | 12.60 6.14 10.34 | 5.24
200 181.81 13.79 6.99 16.52 8.27 | 16.81 8.19 13.78 | 6.99
100 104.9 9.05 4,59 11.58 564 | 11.89 5.79 9.05 | 4.59
120° 150 157.45 13.58 6.89 17.72 8.67 | 17.84 8.69 13.58 | 6.88
200 209.94 | 18.11 9.18 23.19 12,57 | 23.79 11.6 18.10 | 9.18
100 128.55 10.78 5.47 12.09 6.04 | 12.49 6.2 10.78 | 5.47
135° 150 192.84 | 16.18 8.21 18.51 9.14 | 18.73 9.15 16.17 | 8.20
200 257.12 | 21.57 10.94 24.45 12.25 | 24.98 12.21 21.57 | 10.94
100 265.8 18.43 9.35 12.01 6.02 | 12.03 5.98 18.43 | 9.35
160° 150 398.7 27.66 14.03 17.9 8.73 | 18.05 8.97 27.64 | 14.02
200 531.6 36.87 18.70 24.02 12.15 | 24.07 11.97 36.86 | 18.70

From the above table 13 as the load increases, the
effort increases and maximum principal stress and
maximum shear stress also increases. The optimum
angle is 90°.

V1. CONCLUSION:

From the above results the Bell Crank Lever was
analyzed by the methods which are Theoretical,
Experimental (Photoelasticity), Numerical method
(Finite Element Analysis), MATLAB and the
following conclusions were obtained:

1. As the load increases at different angles of Bell
Crank Lever, the Effort and also Resultant Force
increases. The minimum effort that can be
applied for a load is observed at an angle of Bell
Crank Lever is 90°.

2. As the angle between the lever arms increases,
the Mechanical Advantage decreases.

3. At lever section and fulcrum pin, as the load and
angle between the arms increases, the maximum
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principal and shear stresses also increases. And
the optimum angle is observed at 90°.

By comparing the results obtained by theoretical,
experimental, analytical and from MATLAB,
reveals that they are in close agreement with
each other.
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