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Design of a Cantilever Beam in a Load Cell 
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Abstract 
Load cells used in many applications, especially those 

involving weight measurement, work through measurement of strain 

by a strain gauge attached to a load bearing beam.  This article 

describes a design of a load bearing cantilever beam which has a 

constant high strain on the surface of its middle part.  This will simplify 

the processes of attaching the strain gauge and of load cell 

calibration.  The shape of the beam is determined by elementary 

beam theory to have the desired strain.  A finite element program is 

used to calculate the real strain and stress.  It is found that the middle 

part of the beam indeed has constant high surface strain close to the 

designed value. 
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Abstract — The objectives of this research are to study the 
process parameters significantly affecting the edge crack 
defect and to determine the optimal condition providing the 
lowest quantity of the edge crack defects on extruded rubber 
graphite products. In this research, Design of Experiments 
was applied to study three factors including (i) screw speed, 
(ii) barrel temperature and (iii) head temperature (or die 
temperature) while the response variable is the quantity of 
edge crack defects on the rubber graphite product. The 
results of the experimental analysis showed that all three 
factors, significantly affected the quantity of edge crack 
defect. A Response Surface Methodology (RSM) technique 
was then applied to determine the optimal condition of the 
process parameters, which was found to be at the screw speed 
of 1.5 rpm, the barrel temperature of 65 �C, and the head 
temperature of 64.04 �C. The optimal condition of these 
process parameters significantly reduced the quantity of edge 
crack defect on the extruded rubber graphite product.

Keywords— Rubber Extrusion, Design of Experiments
(DOE), Response Surface Methodology (RSM)

I. INTRODUCTION

Rubber is one of the most important materials in 
Thailand. Rubber is commonly available, highly useful and 
widely used in various applications such as household, 
medication, and industry. For this reason, research on 
rubber product manufacturing is greatly vital in developing
the rubber product to compete in the worldwide market [1].

This research is related to a study of the extrusion 
process of a rubber graphite product, which is used as a
seal in the suction roll. The production line of this rubber 
product consists of mixing, extrusion, vulcanization and 
finishing. After the rubber and its components are mixed, 
the rubber compound is then passed to the extrusion 
process, which is performed by a screw-type extruder. It is 
found that edge crack of the product is a major defect, 
which is commonly found on a edge of the product after 
the extrusion process.

Response Surface Methodology (RSM) is a collection of 
mathematical and statistical techniques, which are useful 
for modelling and analysing problems. The main objective 
of RSM is to optimize the process parameters to achieve 
the desired response. In most RSM modelling, the form of 
relationship between the response and the independent 
variables is unknown [2].

II. OBJECTIVES

The main objectives of this research are as follows:
(i) To study the process parameters that significantly 

affect the edge crack defect.
(ii) To determine the optimal condition of the process 

parameters providing the lowest quantity of the edge crack 
defects on the extruded rubber graphite product.

III. EXPERIMENT AND METHOD

A.  Introduction

Problem identification – edge crack problem
Response Variable – quantity of edge crack defects on 

the rubber graphite product measured by counting point by 
point at 4 edges on each piece of rubber graphite product 
dimensions 25x65x300 millimetres. Therefore, the unit of 
this variable was under the unit of point.

Factors identification – three process parameters were 
selected including (i) screw speed, (ii) barrel temperature 
and (iii) head temperature (or die temperature).

B.  Experimental Method

This research consists of three steps as follows.

1. Screening and Curvature checking – A 2k Full 
Factorial design with center points was employed to screen 
the parameters. Center points were also added to check the 
curvature (non-linear relationship) of the regression model 
whether the first-order modelling is enough or not. Levels 
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