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Abstract 

Load cells are constructed using thin ring theories and are used in a variety of 

applications such as material testing machine calibration, force monitoring in 

various cutting instruments, agricultural applications, and loading in 

hardness testing machines, among others. Different ring-shaped load cells, 

such as square, hexagonal, octagonal, and circular load cells, were 

investigated using finite element analysis in this research. The study allows for 

the effect of shape over pressure, as well as deflection in the load cell. When 

strain is induced in different load cell components, the circular load cell is 

found to be the most responsive. In the octagonal ring, however, less defection 

is needed to achieve the same strain as in the circular ring. As a result, it is 

recommended that octagonal rather than circular shapes be used in the 

construction of load cells. 
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INTRODUCTION 

Various types of load cells, such as 

proving rings, elliptical dynamometers, 

strain gauge load cells, and tuning fork 

style load cells, are used to calculate force 

in various applications. 1st The precision 

and loading range of these load cells 

varies. Because of their ease of machining 

and simple design considerations, ring-

shaped load cells are commonly used. It 

consists of an elastic steel alloy ring with a 

deflection measuring device, such as a dial 

gauge/micrometer/vibrating reed, to 

measure the deflection [2]. The elastic ring 
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deforms as the force is applied, and the 

deflection is measured by the measuring 

device. (3rd). In the past, some researchers 

studied for the design and development of 

a ring-shaped load cell, and a number of 

analytical expressions were generated to 

measure stress, strain, and deflection using 

theory of elasticity and numerical 

methods. Attempts have recently been 

made to develop ring-shaped force 

transducers using finite element analysis. 

[4] The current work entails analysing 

strain and deflection in ring-shaped load 

cells using finite element analysis. 

[5,6,7,8] Formalized paraphrase. The 

idealized ring-shaped load cells have 

square, hexagonal, octagonal, and circular 

cross sections. The work leads to an 

understanding of the role of finite element 

analysis in the efficient design of ring-

shaped load cells. Finite element analysis 

was used to recommend suitable locations 

for strain gauge mounting. 

 

METHODOLOGY  

To achieve the optimized shape of ring 

shaped load cell structural analysis is 

carried out using finite element analysis 

based software method student version 

Ansys 19.0 as shown in Fig.1. Initially 3d 

models of ring shaped load cells (square, 

Hexagonal, Octagonal, and Circular) are 

prepared and then smart meshing is done. 

 

Fig.1. Methodology for the Shape optimization of ring shaped Load cells 
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Structural analysis is done for strain and 

deflection computation under same load. 

Sensitivity of each type of load cell is 

calculated using the values of load applied 

and strain induced in the spring elements. 

Deflection required for equivalent strain in 

each case is calculated using the values of 

deflection and strain induced under 100 N 

loads. 

 

Square ring shaped spring element  

A square ring shaped spring element is a 

modification of the ring shaped spring 

element and it is basically a ring from 

inside and a square from outer side. The 

dimensions of the load cell element 

include inner radii 17 mm, height of the 

load cell element 50 mm, thickness 8 mm 

and width 20mm.Three dimensional model 

is prepared using Ansys software. The 

material is assumed to be isotropic in 

nature and the analysis is of linear type.. 

The modulus of elasticity is 210 GPa and 

poission ratio 0.3 for EN 24 steel. [9,10] 3-

D 10-Node Tetrahedral Structural Solid 92 

elements from have been selected and 

smart meshing is done as shown in Fig.2. 

 

The force is applied on the top surface of 

load cell elements in compression mode 

and model is rest on its bottom surface [6] 

Fig.2 illustrates the strain distribution in 

the load cell elements under the specific 

external force 100 kg. 

 

 

          a. 3 D Solid model         b. Meshed model             c. Strain distribution 

Fig.2. Square shaped ring load cell spring element 
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Hexagonal ring shaped spring element 

Hexagonal ring shaped spring element of equal sides having height of 50 mm, internal hole of 

size 17 mm radius,8 mm thickness, and 20 mm width is modeled and smart meshed. 

Following above same boundary conditions structural analysis for strain and deflection is 

worked as shown in Fig.3. 

 

a. 3 D Solid model           b. Meshed model        c. Strain distribution 

Fig.3. Hexagonal ring load cell spring element 

 

Octagonal ring shaped spring element Octagonal ring shaped spring element of equal sides is 

modeled using dimensions as height of 50 mm, internal hole of size 17 mm radius,8 mm 

thickness, and 20 mm width and smart meshed. Structural analysis for strain computation and 

deflection is worked following same boundary conditions as previous research as shown in 

Fig.4 

 

 

a. 3 D Solid model         b. Meshed model         c. Strain distribution 

Fig.4. Octagonal ring load cell spring element 
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Circular ring shaped spring element 

A circular ring shaped spring element is thin ring of 8 mm thickness, width of 20 mm, inner 

and outer radii of 17 mm and 25 mm respectively. Strain distribution of circular ring is shown 

as in Fig.5 below 

 

 

a. 3 D Solid Model                b. Meshed Model                       c. Strain Distribution 

 

Fig.5. Circular ring load cell spring element 

 

RESULTS AND DISCUSSIONS 

The finite element analysis has exposed 

the following results: 

 Maximum strain occurs at up to an angle 

of about 10oon upper side of horizontal 

axis in each type of spring elements and it 

starts to decrease along the internal 

periphery of the load cell elements 

 

 The stress distribution for the load cell 

elements follows the similar trend like the 

strain distribution. 

 

 The deflection for the load cell element is 

maximum at an angle about 900 under 

axial compressive load but tends to 

decrease along the internal periphery and 

is just about in significant at about 00 .The 

strain induced in the load cell elements for 

forces 10 N to 100N at a step of 10N have 

been computed and summarized in Table 

1. 

 

Graphical representation between loads 

applied on each shape load cell spring 

element and strain induced in it is as 

shown in Fig 6. It shows that circular 

shaped load cell element is most sensitive 

as its slope is steeper. 
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Table 1 Strain in load cell elements (εstrain)

 

 

 

Fig. 6.Graphical representation between loads applied and strain induced 
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The deflection and maximum strain 

induced in the octagonal and circular ring 

load cell elements for force 100N have 

been computed and summarized in Table 

3.Deflection required for the unit strain 

measured is calculated and listed in the 

table. It shows that less deflection is 

required for equivalent measured strain in 

case of octagonal shape rather than 

circular shape. So an octagonal ring load 

cell spring element should be preferred for 

the manufacturing of load cell. 

 

CONCLUSION 

Finite element analysis of the square, 

hexagonal, octagonal and circular ring 

shaped load cell spring elements is 

discussed. The results have been focused 

on stress, strain and deflection. The stress 

–strain pattern guide the method for 

effectual location for mounting of strain 

gauges for developing the load cell. It 

showed that at 0 to 100 to the either 

horizontal axis of the considered load cell 

spring elements, the stress – strain values 

are moderate and are appropriate places 

for locating the strain gauges. Comparison 

of strain induced in different load cell 

spring elements results that circular ring 

load cell spring element is most sensitive. 

But less deflection is required to get 

equivalent strain in octagonal ring than the 

circular ring. So it is advisable that for the 

development of load cells, an octagonal 

ring spring element should be preferred 

than circular ring. This study may be used 

to determine the dimensions of the load 

cell and to study the effect of different 

design factors of load cell. The study can 

be used in the improvement of the load 

cells. 

 

 

Table 2 The deflection and maximum strain induced 
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