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Abstract— A Strain gauge sensor system has been designed 

for the measurement of forces on the Axle. The strain gauge 

system is based on resistive strain gauges placed 

strategically at different locations of the axle. Dynamic force 

measurements on an automotive are implemented for 

assessing the vibration comfort of the driver and for the 

measuring the load distribution at the vehicle components. 

Strain guage sensors are implemented for static and dynamic 

load measurements. This is investigated for a strain   gauge 

based axle shaft force sensor. Manipulation of automotive 

components and assembly of micro systems require force 

measurement. With the help of Gold nanoparticles for high 

sensitive strain gauges, it increases the sensitivity at any 

kind of load variation. 
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I. INTRODUCTION 

A. Need and Invention 

An axle shaft is an induction hardened extremely rigid solid 

steel rod connecting the wheel to the differential. It 

accommodates the high Force (thousands of N) which 

occurs during emergency condition. As such, strains 

occurring in the axle shaft from normal driving conditions, 

its magnitude is small and difficult to measure. This 

sensitivity requirement prevents many force sensors used in 

other locations from being adapted to axle shaft sensing. For 

example, at a given Force, the strain sensed on a axle will be 

approximately 15 times less than a steering wheel shaft. For 

Overcoming these challenges, An Automotive Force sensors 

have been previously proposed and used to measure steering 

wheel Force, driveshaft Force, and clutch shaft Force. By 

directly measuring Force, control algorithms may control a 

lighter weight set of power saving components, it tends to 

improving the efficiency of the automobile. For example, 

one commercially successful Force sensor provides 

information to an electric motor for power steering 

assistance. Strain gauges are used to measure Force for a 

long time. Commercially available strain gauges are 

fabricated by depositing a metallic foil to a polymeric 

substrate. The basic phenomenon is the change in resistance 

with change in length. With the evolution of new materials 

and fabrication  techniques, printed sensors become 

popular. For a strain gauge the transducing principle can be 

piezoresistive, piezocapacitive, current variation or voltage   

variation due to mechanical Deformation. Force may be 

monitored by measuring strain, angle of twist, or stress and 

sensors based on surface acoustic waves (SAW), 

piezoresistors, resistive strain gauge sensors, capacitance 

and many others have been used in automotive settings. For 

a traction control application, the force sensor needs (N) 

sensitivity or micro strain on the axle shaft surface over the 

entire operating strain of the axle shaft. 

B. Strain Gauge Based Sensor System 

Principle: The measuring principle of strain gauge based 

force sensors is equivalent with a cantilever beam 

configuration. In the cantilever beam configuration with a 

force applied at the free end of the beam, the longitudinal 

strain linearly increases from the free end to the clamped 

end of the beam. In other words, the strain gradient is 

constant over the length of the axle. This is only valid for 

the static beam deformation. When a force sensor is used for 

measuring dynamic loads, the effect of the sensor’s 

vibration behavior on the measurement must be considered. 

This is of particular importance with custom made strain 

gauge based transducers. The force sensor is a structural 

component of the automotive. With a harmonic excitation 

force, the beam deformation is determined by the mode 

shapes of the beam. Consequently, the strain gradient is not 

constant anymore but the strain gradient varies along the 

length of the beam.  

II. LITERATURE REVIEW 

A. How Does A Strain Gauge Measure Strain? 

J. Cordey and E. Gautier [1], The basic principle of a strain 

gauge is  as  follows.  

When  a  metal  wire  is placed under tension, its 

length increases and its  cross sectional  area  decreases ,  as 

a consequence,  its  resistance  increases. The relationship 

between the strain and the change in resistance is: 

ε = dL L =⁄ dR R kg⁄      ( 1 ) 

where 𝜀 is the strain, dL the change  in  the length 

of the grid with the original length L, dR the change in  

electrical resistance with original reistance R, and 𝑘𝑔    the    

gauge   factor .In general, 𝑘𝑔= 2.  

Gauge factor is defined as the ratio of fractional 

change in electrical resistance to the fractional change in 

length (strain). 

Note that the change in resistance dR is very small. 

For example, with a strain 𝜀 = 1000 𝜇strain, dR = 0.06 Ohm. 
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Fig. 1: Terminology: Strain gauge consisting of thin wires 

aligned in the direction that   strain   will be measured, and 

large soldering tabs. 

B. Strain Gauging 

Muhammad Shakeel, Wasim A. Khan,    Khalid Rahman[2], 

Strain  gauging  means  sticking of  strain  gauge  on 

specimen  with  help  of  some  adhesives. For direct 

measurement strain gauge was employed on Aluminum 

beam as shown in figure 2. Standard measures using beam 

were carried out to apply strain gauge to surface. First  of  

all  the surface  were  cleaned  using  emery  paper and  

ammonia water  then  residues was removed  using  

phosphoric  acid  and  cotton  and  the area was  finally  

neutralized with ammonia  water. The standard epoxy was 

then applied to the surface and allowed to dry for some time. 

 
Fig. 2: Carbon strain gauge mounted on aluminum beam. 

C. Strain Gauge Based Sensor System 

I. Payo, F. Ramos, O.D. Cortázar, V.  Feliu[3], Resistive 

strain gauges have been used to measure these strains (two 

gauges for each measurement). Fig. 3 shows the location of 

the gauges used for each strain measurement, and the 

electrical connection with the Wheatstone bridge used for all 

cases .Note that the gauges used to measure torsional strain 

ε3 have been placed at the fixed end of the beam, but these 

could have been placed at any other location of the beam 

because torsional strain is assumed to be constant through 

the length of the beam. This particular electrical connection 

with the Wheatstone bridge ensures the compensation of 

superimposed strains, assuring therefore the only 

measurement of the desired variable .This is one of the main 

causes to use the strain gauges. 

 
Fig. 3: Gauges location 

 
Fig. 3: bridge connection for each strain measurement. 

Using a bridge structure as shown in Fig. 3(b), the bridge 

output voltage   u0 is defined as 

u0 =
kgub

2
ε      ( 2 ) 

where kg is the gauge factor, ub is the bridge input voltage 

and ε is the strain.  

On the other hand, the amplifier output voltage can be 

defined as 

v = kau0    ( 3 ) 

where ka is the amplifier gain, Substituting (2) in (3) it 

yields 

v =
kakgub

2
ε    ( 4 ) 

This will give digital value of strain. 

D. Experimental Setup 

D.R. Myers, A.P. Pisano [4], 

 
Fig. 4: A axle shaft in a BMW M5 (E28) connects the rear 

differential to the wheel.(B) A custom built torque testing 

apparatus was constructed around a 1987 BMW325 halfs 

haft. 

The strain gauge sensor system has been tested in a flexible 

beam clamped at its root. Fig. 4 shows the experimental 

setup. The beam is a PVC tube with the following 

dimensions: 1.2 m in length, 0.04 m in outer radius and 

0.004 m in thickness. Resistive strain gauges (resistance = 

120.2 ± 0.2 _; gauge factor = 2.12 ± 1%) have been used to 

measure the strain at five different locations of the beam. 

Commercial strain gauge amplifiers (model Vishay BA660) 

have been used for conditioning the gauges signals. All 
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signals have been read with a computer by means of a data 

acquisition card (model National Instrument PCI-6024E). 

 
Fig. 5: Schematic drawing of the computer hardware. 

E. Gold Nanoparticles for High Sensitive Strain Gauges 

Salamat  Burzhuev,  Aykutlu  Dâna,  Bülend Ortac[5], 

 
Fig. 6: Schematic demonstration of Au-NPs strain gauge. 

Point contacts are at the edges of sensor and Au-NPs   are 

shown  as  yellow  balls.  Note that, dimensions are not to 

scale. In the left side, Au-NP film is in the initial state where 

there is no strain and resistance of film is R. In  the right  

side,  strain  is  applied to  Au-NP  film  that  increases  

distances between  nanoparticles   and  aggregated  clusters 

resulting in resistance increase of ∆R. 

High strain sensitivity property of gold 

nanoparticle (Au-NP ) thin  films   fabricated   on    flexible 

poly-dimethyl-siloxane (PDMS) substrates. Au-NPs were 

synthesized in water by nanosecond laser ablation method. 

III. CALIBRATION OF THE SYSTEM 

The beam was leaned an angle( 
π

2
− α) with respect to a 

horizontal plane and then was rotated an angle ∅ around the 

x-axis associated to the beam. Two forces (F1 and F2) were 

applied on the free end of the beam, in the gravity direction, 

as shown in Fig. 7. F1was applied at the beam tip forming 

an angle with the x-axis, and F2 was applied at the end of a 

rigid beam clamped to the beam tip as shown in 

 
Fig. 7: Schematic drawing of the experimental test carried 

out to calibrate the system. 

Fig. 7. Consequently, the forces and moments 

transmitted to the beam tip relative to the Cartesian axis can 

be calculated according to the following expression 

Fx = F1*cos(∝)     ( 5 ) 

Fy = −F1*sin(∝) *sin(∅)    ( 6 ) 

Fz = −F1*sin(∝)* cos(∅)    ( 7 ) 

Mx= d *F2*sin(∝)    ( 8 ) 

My= d*F2*cos(∝) *sin(∅)    ( 9 ) 

Mz= d*F2*cos(∝)*cos(∅)    ( 10 ) 

where d is the length of the rigid beam clamped to 

the beam tip. From these  expressions, it is  obvious that 

there are forces and moments applied in   the three Cartesian 

axis, and  therefore one of  the objectives of  this experiment 

(to apply superimposed forces and moments at the free end 

of the beam) was achieved. 

IV. DRAWBACKS OF CONVENTIONAL STRAIN GAUGES 

1) Conventional strain gauges having very less sensitivity 

to the change in strain. 

2) Hysteresis is an error of return to zero after force 

excursion. 

3) Bonding has presented another key challenge which has 

prevented die based sensors from actually being 

attached to components. 

V. BENEFITS OF AU-NP STRAIN GAUGE 

1) The Au-NPs films can be used as highly-sensitive strain 

gauges. 

2) In this the hysteresis is very less, because of high 

sensitivity of Au-NP strain Gauge. 

3) The process for attaching the strain gauge to the 

component is quiet simple. 

VI. CONCLUSION 

The main conclusions obtained from this study are the 

following: 

1) The performances of the measurement system are 

improved and fast force variations can be 

measured. 

2) The main reasons for selecting Resistive strain 

gauges are: (a) the strain gauges are small and light 

weight enough as to not influence the system 

dynamics; (b)the particular connection with the 

Wheatstone bridge used in this study ensures the 

compensation of superimposed strains, assuring 

therefore the measurement of the desired variable. 

3) Laser generated Au-NP films on PDMS can be 

further used for highly sensitive strain gauge. 

Guage  factor of these films is found to be ∼300 

for strains higher than 0.22%, which is highest 

reported sensitivity for Au-NPs strain sensors. 

4) Mechanical characterizations for the prolonged 

working durations suggest long term stability of the 

strain sensors. 
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