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Abstract - In this work 'S' type load cell is considered for
shape optimization by using finite element method. The
shape optimization is carried out to minimize the weight of
'S' type load cell without exceeding allowable strain. The
intention of the work is to create the geometry of ‘S’ type
load cell to find out the optimum solution. FEM software
ANSYS is used for shape optimization of ‘S’ type load cell. If
the stress & strain values are within the permissible range,
then certain dimensions are modified to reduce the amount of
material needed. The procedure is repeated until design
changes satisfying all the criteria. Experimental verification
is carried out by photo-elasticity technique with the help of
suitable instrumentation. Experimental results are compared
with FEM results.

Keywords - Shape Optimization, Finite element method, S
type load cell.

I. INTRODUCTION

A load cell is a transducer that is used to convert a force
into electrical signal. This is indirect conversion which
occurs in two stages. Through a mechanical arrangement,
the force being sensed deforms a strain gauge. The strain
gauge converts the deformation (strain) to electrical
signals. Most industrial measurements of force are made
with strain gauge load cell. The majority of todays designs
use strain gauges as the sensing element, either foil or
semiconductor. Foil gauges offer the largest choice of
different types and in consequence tend to be the most
used in load cell designs. Strain gauge patterns offer
measurement of tension, compression and shear forces. A
vast number of load cell types have developed over the
years; the previous designs simply used a strain gauge to
measure the direct stress which is introduced into a metal
element when it is subjected to a tensile or compressive
force. A bending beam type design uses strain gauges to
monitor the stress in the sensing element when subjected
to a bending force. S-beam load cell gets their name from
their S shape. S-beam load cell provides their output under
tension or compression. Applications include tank level,
hoppers and truck scales. They provide superior side load
rejection [1].

Different methods were used for shape optimization,
like FEM, BEM, neural network, GA coupled with BEM.
The disadvantage of BEM is it considers only outer
boundary of the domain. So in case if the problem is of a
volume, only outer surface were considered. In neural
network, trained networks were used for shape
optimization of newer problem but validation is carried
out using FEA results. FEM is the most popular numerical
method. It is going to handle variety of tasks in linear,

nonlinear, buckling, thermal, dynamic & fatigue analysis.
Therefore FEM is superior to other methods [9] [10].

II. OBJECTIVE

The intention of shape optimization was to minimize the
weight of 'S' type load cell without exceeding allowable
strain. For this load cell we have designed a model in such
a way that the maximum average strain in the ‘S’ type load
cell should not exceed 1250 µ strain.

We have considered 'S' type load cell for shape
optimization by using finite element method. A typical
construction for ‘S’ type load cell is shown in Figure.

Fig.1. Existing S type load cell

The purpose of this work was to create the geometry
utilizing parameters for all the variables, deciding which
variables to use as design, state and objective variables to
obtain an accurately converged solution. However, the
12.5 mm thickness is not changed due to M6 x 1.00
tapping mean it for adaptor.  Also  16.5 hole size is not
changed where strain gauges will be mounted which will
require such amount of space for mounting.

The 'S' type load cell is made up of steel EN 24 with
load carrying capacity is 2500 N (250 % of rated capacity
– 1000 N). The load-sensing member is shortened enough
to prevent column buckling under the rated load and is
proportional to develop about 1500  strain at full-scale
load. (Typical design value for all forms of foil gauge
transducers, materials used includes SAE 4340 Steel, 17-4
PH stainless steel and 2024 T4 aluminum alloy with the
last being quite popular for home made transducers) [2].
we used 1250 µ strains as maximum strain value by
considering 1.2 as a factor of safety. Material properties
for the ‘S’ type load cell are as follows.
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Table I: Material Properties
Material EN24
Modulus of Elasticity 2.1 x 105 MPa
Poisson's Ratio 0.3
Density 7840 Kg/m3

Tensile Strength 800 N/mm2

Yield Strength 600 mm2

III. FEA ANALYSIS OF ‘S’ TYPE LOAD CELL

The commercial finite element package ANSYS version
11.0 was used for the FE modeling, meshing and analysis
of ‘S’ type load cell. The geometric model of load cell was
created based on the drawing. Element type Solid 92 was
selected, because it has a quadratic displacement behavior.
Therefore it is well suited to model irregular mesh. Then
element material properties were assigned. After assigning
the material properties the model was meshed by using
mesh tool.

The next step was to define boundary conditions. All
degrees of freedom are constrained at the bottom face of
the model. The next step was the definition of the loads.
On the upper face of model 4 N/mm2 pressure was
applied.

The static analysis of load cell was carried out. The
finite element model was solved under given conditions.
After obtaining the solution, the results of analysis were
reviewed using post processing to determine maximum
induced strain and stress and its location [6].

Different cases considered for the analysis of load cell
are as follows.

A. Existing load cell

Strain distribution

Fig.2. Strain distribution

Stress distribution

Fig.3. Stress distribution

From the analysis of existing ‘S’ type load cell, it was
found that the exact location of induced maximum strain
& stress was in the upper slot. The results are tabulated
below.

Table II: Results of existing ‘S’ type load cell
‘S’ Type Load

cell
Maximum strain

(µ strain)
Maximum stress

(N/mm2)

Existing 1174 245.404

As the values of strain & stress were within the
permissible range, we repeated the procedure for next
case.

B. Case 1

Fig.4. S type load cell for case 1

Above figure shows ‘S’ type load cell with dimensions
considered for case 1.
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Strain distribution

Fig.5. Strain distribution

Stress distribution

Fig.6. Stress distribution

From the analysis of ‘S’ type load cell for case 1, it was
found that the exact location of induced maximum strain
& stress was in the upper slot. The results are tabulated
below.

Table III: Results of ‘S’ type load cell for case 1
‘S’ Type Load

cell
Maximum strain

(µ strain)
Maximum stress

(N/mm2)

Case 1 1191 249.475
As the values of strain & stress were within the

permissible range, we repeated the procedure for next
case.
C. Case 2

Fig.7. S type load cell for case 2

Above figure shows ‘S’ type load cell with dimensions
considered for case 2.

Strain distribution

Fig.8. Strain distribution

Stress distribution

Fig.9. Stress distribution

From the analysis of ‘S’ type load cell for case 2, it was
found that the exact location of induced maximum strain
& stress was in the upper slot. The results are tabulated
below.

Table IV: Results of ‘S’ type load cell for case 2
‘S’ Type
Load cell

Maximum strain
(µ strain)

Maximum stress
(N/mm2)

Case 2 1211 249.648

As the values of strain & stress were within the
permissible range, we repeated the procedure for next
case.
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D. Case 3

Fig.10. S type load cell for case 3

Above figure shows ‘S’ Type Load Cell with
dimensions considered for Case 3.

Strain distribution

Fig. 11: Strain distribution

Stress distribution

Fig 12: Stress distribution

From the analysis of ‘S’ type load cell for case 3, it was
found that the exact location of induced maximum strain
& stress was in the upper slot. The results are tabulated
below.

Table V: Results of ‘S’ type load cell for case 3
‘S’ Type Load

cell
Maximum strain

(µ strain)
Maximum stress

(N/mm2)

Case 3 1380 288.682

As the value of strain goes beyond the allowable value,
it was found that ‘S’ type load cell considered in case 2
had the optimum solution under given conditions.

The results for the analysis of ‘S’ type load cell were
tabulated as follows.

Table VI: Total Results of ‘S’ type load cell
‘S’ Type Load

cell
Maximum strain

(µ strain)
Maximum stress

(N/mm2)
Existing 1174 245.404
Case 1 1191 249.475
Case 2 1211 249.648
Case 3 1380 288.682

From the above results it was concluded that ‘S’ type
load cell considered in case 2 has the optimum solution
under given conditions. We were going to consider ‘S’
type load cell in case 2 for further experimental work.

IV. PHOTO ELASTIC STRESS ANALYSIS

Photo elastic stress analysis is a technique that provides
a complete stress distribution over an entire
object/structural member of interest. Photo elasticity is one
of the major experimental techniques for analyzing stress
or strain distributions in loaded members [5].

In this work, photo elastic model of Optimized ‘S’ type
load cell was prepared. Epoxy resin was used as photo
elastic material. The model was prepared by using casting
technique. The following figure shows the mould for
casting ‘S’ type load cell [11].

Fig.13. Mould for casting
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The photo elastic model prepared was shown in figure.

Fig.14. Photo elastic model

A. Material Fringe Value
The material fringe value (f) is defined as number of

fringes produced per unit load. The material fringe value is
the property of the model material for a given wavelength
(λ) and thickness of the model (h). Here the circular disk,
which is subjected to dimensional compressive load, is
employed as a calibration model [7].

Procedure to Find Material Fringe Value:
Consider the circular disc of diameter D and thickness h

subjected to vertical diametral compression load P.
By using following equation, the material fringe value

(f) was found out.

f = Stress fringe value (N/mm)
P = Load applied (N)
D = Diameter of disc (50 mm)
N = Fringe Order.

Fig.15. Fringe pattern of calibration disc

Table VII: Fringe Value
Load

Applied
(Kg)

Load
Applied

(N)

Fringe
Order

Fringe
Value

(N/mm)
25 245.25 1.22 10.24

B. Stresses Developed in model
Different Cases were considered to determine the stress

at those particular points.

Case 1
Table VIII: Position 1

Position 1 Applied
Load P (Kg)

Fringe
order N

16.5
6.6

2.4

Fig.16. Fringe pattern

Calculations for determining the fringe order
N1 = 2 + 0.39     N2 = 3 – 0.59

= 2.39 = 2.41

N = 2.4
Calculations for determining the stress in the model of

Case 1
P = 6.6 X 9.81 = 64.746 N
N = 2.4
fσ = 10.24
h = 12.5

1 = 1.96608 N/mm2

Case 2
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Table IX: Position 2
Position 2 Applied

Load P (Kg)
Fringe
order N

Upper Slot 5.1 3.66

Fig.17. Fringe pattern

Calculations for determining the fringe order
N1 = 3 + 0.65     N2 = 4 – 0.33

= 3.65 = 3.67

N = 3.66
Calculations for determining the stress in the model of

Case 2
P = 5.1 X 9.81 = 50.031 N
N = 3.66
fσ = 10.24
h = 12.5

1 = 2.998272 N/mm2

C. Scaling Model Results to Prototype
In the analysis of a photo elastic model fabricated from

a polymeric material, the question of applicability of the
result is often raised since prototype is usually fabricated
from metal. Obviously, the elastic constant of the photo
elastic model are greatly different from those of the
metallic prototype. However, the stress distribution
obtained for a plane-stress or plain-strain problem by a
photo elastic analysis is usually independent of the elastic
constant and the results for an elastic analysis are
applicable to a prototype constructed from any material.
Since photo elastic model may differ from the prototype in
respect to scale, thickness and applied load as well as
elastic constant, it is important to extend this treatment to
include the scaling relationship. The literature abounds
with scaling relationship employing dimensionless ratios
and the Buckingham π theory. For instance, for a model
with an applied load P, the dimensional less ratio for stress
is [8]

Where
σp = Stresses produced in prototype.
σm = Stresses produced in model.
Pp = Applied load on prototype.
Pm = Applied load on model.
hm= Thickness of model.
hp = Thickness of prototype.
As hm = hp the above equation will reduce to

Calculations for determining the stress in the prototype
of Case 1

σm = 1.96608 N/mm2

Pp = 2500 N
Pm = 64.746 N

σp = 75.9151 N/mm2

Calculations for determining the stress in the prototype
of Case 2

σm = 2.998272 N/mm2

Pp = 2500 N
Pm = 50.031 N

σp = 149.8207 N/mm2

V. RESULTS & COMPARISON

Stresses induced in frontal edge of optimized ‘S’ type
load cell for upper slot

Table X: Induced stresses
Node No. Stress (N/mm2)

21 81.092

24 199.51

706 122.81

710 153.62

730 231.07

Stresses induced in frontal edge of optimized ‘S’ type
load cell for hole 16.5
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Table XI: Induced stresses
Node No. Stress (N/mm2)

29 65.220
30 34.433
31 68.680
32 34.572
456 57.169
465 76.345
480 56.947
495 28.691

Now results of ANSYS (a) and photo elastic stress
analysis (p) were compared for the mentioned positions
as follows.

Table XII: Comparison
Position 1 Experimental

p (N/mm2)
ANSYS

a (N/mm2)

16.5
75.9151 76.345

Upper Slot

149.8207

153.62

By comparing the results it was observed that, the stress
values obtained with ANSYS (a) and photo elastic stress
analysis (p) are nearly close to each other.

0

50

100

150

200

Case 1 Case 2

Stress
(Exp.)

Stress
(ANSYS)

Fig.18. Comparison of results

VI. CONCLUSION

This work presents shape optimization of ‘S’ type load
cell using finite element method.  Using FEA software
ANSYS directly 3-D descritised model of 'S' type load cell
was built with solid 92 elements. Further the optimization
of model is done for reduction of weight for given criteria
that maximum strain induced should not exceed 1250 
strain. The overall volume of load cell was reduced from
27492 mm3 to 20705 mm3. This reduction was
24.68%.Also, using photo-elasticity techniques, results
were crosschecked which gave results very close to FEM
to that obtained by techniques.  With the aid of these tools
the designer can develop and modify the design
parameters from initial design stage to finalize basic
geometry of ‘S’ type load cell.
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