
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 03, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1924 

Analytical and Experimental Study of the Strain Gauges for Fuel Line 

Prof. Vibhavari Chaudhari1 Mr. Banjari Tushar Motiram2 Miss. Bansode Madhuri Dilip3  
1,2,3Department of Mechanical Engineering 

1,2,3Padmabhooshan Vasantdada Patil Institute of Technology, Bavdhan, Pune, Maharashtra, India

Abstract— The project examines the Analytical and 

Experimental Study of the utilization of a strain gauge in a 

High Pressure Fuel Line. It will seek to demonstrate the 

extent of the advantages and limitations of Strain 

Measurement in a HP Fuel Line according to the given 

standards. The current model being used for the measurement 

is EA-06-125BZ-350 provided by Vishay Precision Group. 

However due to long lead time for procurement and highly 

overvalued logistic solutions, a replacement is overdue. This 

project sustains this requirement by evaluating alternate 

Strain Gauge technologies such as CEA-06-125UN-35 and 

HBM-1-LY41-3/350. The testing methods were used in the 

experimental analysis of the provided strain gauges such as 

Square Root of Sum of Squares method and the differences 

between the two models is computed using nCode Glyph 

Software. Data acquisition was done by using CE Software 

with the help of SOMAT e-DAQ. Then later on the analysis 

is done between BZ and UN gauge. Hence, both analytical 

and experimental result are conclude.        
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I. INTRODUCTION 

Strain measurement has always been an important part of 

testing the mechanical integrity of a component. The basic 

premise of strain measurement lies in finding two important 

effects: where will be stress be greatest? And how extensively 

must region be studied to microscopically evaluate the strain 

in that region. 

Their has been many advances in the calculation of 

strain due to a particular type of stress. For example, for large 

deformations such as finite deformation associated with 

manufacturing or post-yield and strain to failure we can use 

the typical method such as dial indicators to calculate strain, 

but as component keep reducing in dimensions there is a need 

for better methods to accurately measure the difference in 

strains under extensive operating conditions. 

Latest method for strain measurement has been 

developed such as Optical Strain Measurement which can 

measure very slight differences in strain. The optical strain 

measurement system are very accurate but also require very 

sensitive calibration and can only be operated under 

laboratory conditions which can a pose problem under some 

circumstances. The same can be said in the case of photo-

elastic methods which have been popular over the past 100 

years but require highly corrective casting, machining and 

freezing operations. Although these methods are still in use, 

the 3D design of the apparatus is very complex in nature. The 

other major drawback with the photo-elastic method are also 

susceptible to the differences in principal stresses which are 

used in calculating strain. 

II. LITERATURE REVIEW 

A. F. TWIZELL: Studied about the resistance strain gauge, 

how it performed and how does it work. He also mention 

about the form of gauge and equipment required to perform 

the strain gauge. Characteristics of two typical materials used 

in strain gauge construction which are chromium nickel and 

constantan. 

Y. C. Kim et al: Said that in many mechanical 

measuring system a force sensor are widely used. So the 

implementing of force sensor with multi strain gauge for 

enhancing accuracy and precision. A method of measuring 

force and contact point using two gauges is available to 

extension of micro scale measurement. The sensor structure 

is optimized in order to overcome this limitations. It 

significantly increase the signal to noise ratio and stability of 

the sensor. From this they conclude that they proposed two 

methods for increasing the sensitivity of the force sensor, one 

is the Kalman filtering process in which they obtain reliable 

data and effectively eliminated noise. The other is mechanical 

design for optimizing a structural shape. Force sensor are not 

widely used in micro measurement due to high cost.  

Anton I. Sidorenko & Vicor A. Abanin: Had studied 

about the modern tendencies of designing and developing 

strain gauges of force are considered. It also shown that the 

application of modern information technologies and the 

computing methods raising efficiency of designing gauges. 

The aim of the work is to analysis the method of designing 

and tendency of perfect development of strain gauges on the 

basis of studying experience. 

Jean-Baptiste Bureau: Has done research on unique 

Pizoresistive strain gauge design in view of two polysilicon 

layers ready to detect in plane strain. These gauges are 

electrically detached from the outer condition keeping in 

mind the end goal to be utilized as a part of fluids. The 

displayed configuration depends on three Improvement key 

focuses which one of these permits the lessening of the bar 

width along these lines promoting an expanded affectability 

in compel. Configuration, demonstrating, creation and 

portrayal have been researched. An in plane affectability, 

regularly gotten with AFM cantilevers. 

Brent L. Ellis: Said that strain gauges are resistive 

sensors bonded at critical locations on the surface of 

structural components to detect surface deformation and thus 

measure mechanical stress. It do not always expect 

measurement under normal operation conditions. The goal of 

this paper was to develop model for strain gauge behavior and 

experimentally test them under controlled laboratory setting. 

Two types of failure modes were developed, namely 

deboning and wire lead termination. Calculate and 

experiment data are present in this paper shows the 

characteristics signals in terms of time domain and histogram 

analysis. 

Pavel Kulha: Studied about Nanocrystal line 

Diamond is a very promising material for fabrication of high 

temperature devices. It is because of its unique mechanical 

and electrical properties. This method of fabrication is used 

in sensors and power electronics. 
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III. PROJECT OBJECTIVES 

The electric resistance strain gauges used in this project is the 

most common type of strain gauge consists of an insulating 

flexible backing which supports a metallic foil pattern. The 

gauge is attached to the object by a suitable adhesive, such as 

cyanoacrylate. As the object is deformed, the foil is 

deformed, causing its electrical resistance to change. 

This resistance change, usually measured using a 

Wheatstone bridge is related to the strain by the quantity 

known as the gauge factor. 

The basic objective of this project is to study the two 

alternate strain gauge types HBM and CEA-6-125UN-350 is 

evaluated against existing EA-06-125BZ-350 gauge and 

analyzed under various testing conditions, as it has 

procurement limitations.  

IV. BRIDGE MEASURING CIRCUITS IN THE STRAIN GAUGE 

A circuit which made the accurate measurement of electric 

resistance possible. This circuit has become known as the 

“Wheatstone Bridge Circuit”. 

The Wheatstone bridge can be used in various ways to 

measure electrical resistance: 

 For the determination of the absolute value of a 

resistance by comparison with a known resistance 

 For the determination of relative changes in resistance 

The latter method is used in strain gauge techniques 

it enables the relative changes of resistance in the strain 

gauge, which are usually around the order of 10-4 to 12-2 to 

be measured with great accuracy. The extraordinary versatile 

Wheatstone bridge is dealt with below exclusively with 

regard to strain gauge techniques. 

A. The Circuit Diagram of the Wheatstone Bridge 

The Wheatstone bridge (WB) is one of the most sensitive and 

precise method, with the ability to measure small changes in 

resistance, which makes it frequently used nowadays for 

strain measurement. In a simple Wheatstone bridge circuit, 

input voltage (Vin) is applied across the bridge with four 

resistors, while in the middle of the bridge (between point A 

and B) output voltage (Vout) is measured. When Rg is the 

resistance of the strain gauge and R1, R2 and R3 are the 

resistors in the bridge, this bridge configuration is called a 

quarter-bridge. In general, if we define n as the number of 

active gauges in the Wheatstone bridge,  n=1 for a quarter 

bridge, n=2, for a half bridge and n=4 for a full bridge. 

 
Fig. 1: Wheatstone Bridge Circuit Diagram 

V. EXPERIMENTAL TEST FACILITY 

In this test the strain levels in a high pressure fuel line due to 

static loading were analyzed with the help of strain gauge. A 

comparison is made between the strains obtained through 

experiment and analysis. Validate the other alternate gauges 

to verify their suitability to use as replacement of BZ.  

Vishay gauge EA-06-125BZ-350/W has been use as 

BZ gauge and Vishay gauge CEA-06-125UN-350 has been 

use as UN gauge and HBM-1-LY41-1/350 is used as HBM 

gauge. 

VI. DESIGN AND ANALYSIS 

A. Geometry 

The length of the fuel line is 500 mm with inner diameter of 

4.05 mm and outer diameter of 8.09 mm. in this fuel line the 

body is divided into three parts so the result at strain gauge 

will get accurate. 

Object Name Part 

State Meshed 

Graphics Properties 

Visible Yes 

Definition 

Suppressed No 

Assignment Structural Steel 

Coordinate System Default Coordinate System 

Bounding Box 

Length X 8.09 mm 

Length Y 4.05 mm 

Length Z 500. mm 

Properties 

Volume 2912.5 mm³ 

Mass 2.2863e-002 kg 

Centroid X -4.7637e-005 mm 

Centroid Y 3.3408e-005 mm 

Centroid Z 50. mm 

Moment of Inertia Ip1 19.078 kg·mm² 

Moment of Inertia Ip2 19.078 kg·mm² 

Moment of Inertia Ip3 0.12326 kg·mm² 

Statistics 

Nodes 580475 

Elements 163621 

Mesh Metric None 

 
Fig. 2: Fuel Line with Strain Gauge 

B. Meshing 

Meshing is the part where the body is divided into several 

small finite element. In this I have given the coarse mesh. 
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Something is medium with fast transition. The minimum edge 

length is 1.57 mm. The statistics of the body is nodes 580475 

and elements are 163621. The object is divided into hex 

dominant method and body sizing in the body sizing  the 

element size are 1.00 mm and the part which is gauge is 

placed is 0.15 mm and the behavior of the sizing is soft. 

 
Fig. 3: FE Model-1 

Object Name 
Hex Dominant 

Method 

Body 

Sizing 

Body 

Sizing 2 

State Fully Defined 

Scope 

Scoping 

Method 
Geometry Selection 

Geometry 3 Bodies 2 Bodies 1 Body 

Definition 

Suppressed No 

Method Hex Dominant  

Element 

Midside Nodes 

Use Global 

Setting 
 

Free Face Mesh 

Type 
Quad/Tri  

Control 

Messages 
No  

Type  Element Size 

Element Size  1. mm 0.15 mm 

Behavior  Soft 

C. Boundary Conditions and Loads 

In the fuel line the end at which the gauge is placed is fixed 

support. And at the other end the load is applied in the fuel 

line we have applied10 N load and the reading had taken. 

D. Solution 

In solution we have to applied load of 10N. The 8 orientation 

are taken as 0, 45, 90, 180, 225, 270, 315 degree with 10N 

load. Graph is plot load with respect to time. 

 
Fig. 4: FE Model-2 

 
Fig. 5: Graph Load vs Time 

 
Fig. 6: Normal Elastic Strain 

 

 
Table-Trend of Micro Strain of BZ and UN with respect to 

Orientation of the Load 
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VII. CONCLUSION 

The two alternate strain gauges types HBM and CEA-06-

125UN-350 are evaluated against existing EA-06-125BZ-

350 gauge and analyzed under various testing conditions and 

the following contrasting points have been noted. 

 Square root sum of squares (SRSS) difference between 

Vishay BZ vs UN has mean of 1.3%. meaning UN gauge 

underestimate strain by merely mean of 1.3% with 

respect to BZ gauge 

 SRSS difference in Vishay BZ to UN strain has variation 

6% to 9% 

 SRSS difference between Vishay BZ vs UN 

 HBM has mean of 8-10%. Meaning HBM gauge 

underestimate strain by mean of 8% with respect to BZ 

gauge 

 Difference in Vishay BZ to HBM has variation 16% to 

30% i.e. standard deviation of 8% 

 So as UN gauge is observed as better backup option as 

alternate gauge over HBM for replacing BZ. Hence only 

UN gauge is considered for correlation in FEA and found 

good correlation in FEA 

 This difference in strain prediction with UN (6% to 9%) 

will degrade the reliability of the strain gauge negligibly 

from expected 0.1 RPH (Repair Per Hundred) to 0.13 

RPH. As this is an iterative process this gap can also be 

assumed as write off error. This shouldn’t be a concern 

while selecting the necessary gauge 

VIII. FUTURE SCOPE 

As we have observed analysis calculation between BZ gauge 

and UN gauge by using Ansys software. In the same way find 

out the analysis calculation between BZ and HBM gauge by 

using Ansys 15.0 bench work software after getting the 

mechanical properties from HBM company and correlate 

with simulation and analysis result. 
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