Design and Development of a Portable Wireless
Axle Load Measuring System for Preventing
Road Damages
Buddhi Herath1∗ , B.A.D.J.C.K. Basnayake1 , Dimuthu Wijethunge1 , Y.W.R.
Amarasinghe1,2 , and W.K. Mampearachchi3
1

Centre for Advanced Mechatronic Systems
Department of Mechanical Engineering
3
Department of Civil Engineering
University of Moratuwa, Katubedda, 10400, Sri Lanka
*buherath@gmail.com
2

Abstract. The longevity of road infrastructure is a crucial element of
sustainable transportation. Although laws are present to prevent overweight vehicles damaging roads and highways which are not designed
to withstand excessive loads, the authorities face practical difficulties in
their enforcement given the lack of convenient vehicle weight measuring
methods. A portable wireless axle load measuring system (PWALMS)
is designed through structural analysis and is developed by employing
strain gauges, which is capable of measuring 1 ton with a safety factor
of 3.4. Four individual portable pads are kept onto which the vehicle is
driven and each will measure the axle loads. A control unit then acquires
the data which is wirelessly transmitted to a computer and is displayed
through a GUI. An improved model is finally proposed to mitigate the
transverse strain felt by strain gauges.
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Introduction

Transportation is one of the key aspects of modern human life. Recently, many investments are made to improve quality and speed of the transportation systems.
As a result, highways, metro systems and bullet trains become increasingly popular even in developing countries. However, its mandatory to carefully maintain
that infrastructure due to their high investment. In many countries, overloaded
vehicles on roads are usually not monitored or regulated. But it can cause severe
damage to the transportation system by causing road accidents and excessive
wearing or damaging the road infrastructure itself. In this work we have introduced a portable axle load weighing system to detect axle loads of the vehicles.
Using the device, proper regulations can be made and suitable tariffs can be
introduced based on the damage that vehicle cause to the road.
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Technology-wise, axle load measuring system is well matured and many research work related can be found. However, in most of those, major focus is to
improve device performance through electronic components or improving sensor
performance. Oubich et al has developed an algorithm to reconstruct the axle
load signal on a limited bandwidth to measure dynamic loads with accuracy
when vehicles are subjected to normal speeds [1]. Faruolo et al analysed the
dynamic measurement of the axle forces in vehicles carrying liquid at around
6 kmh−1 [2]. Bajwa et al developed cost effective wireless weighing device with
new modelling procedure to estimate gross vehicle weights [3].They have used
vibration sensors in the pavement with temperature and acceleration compensation to detect axle loads. In many research works, piezoelectric sensors are used
to measure axle loads [4–7]. However piezoelectric sensors are only suitable for
dynamic measurements. When the vehicle is at rest on the platform, constant
force will act on the piezoelectric elements which will produce no observable signal. On the other hand, strain gauge or load cell based devices are suitable for
both static and dynamic measurements [8]. In such devices axle loads are calculated by measuring the deflection of a beam or plate. Structure and geometry of
the plate is very critical but such optimization is often overlooked.
In this work we have used strain gauges to detect axle loads. Furthermore,
plate geometry and structure were optimized to get desired results from the
device. By optimizing the plate geometry and structure, maximum bearable
load on the plate was improved and transverse strain acting on the strain gauges
were minimized. Signal processing unit, control system and user interface were
developed to deliver the results to the user in a convenient manner. Device
was powered by an installed rechargeable battery and data from the device was
wirelessly transmitted to the main control station.
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Proposed System for the PWALMS

The working principle of the proposed design is shown in Fig. 1. 4 Axle pads
are kept next to the 4 wheels and the vehicle is driven onto them. Once the
tire comes on top of the pad, the plate of the axle pad bends exerting a strain
underneath the bending plate which will be sensed by the strain gauge. A strain

Fig. 1: Working principle of the proposed system.
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gauge is a sensor which varies its resistance based on its strain. The resistance
change will invoke a voltage in the Wheatstone bridge. The voltage will be picked
up by the DAQ (Data Acquisition) device after which the data will be wirelessly
transmitted to a portable computer to be indicated through a suitable GUI.
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Design and Development of the Weighing Pad

The prototyped axle pad designed and developed which is shown in the Fig. 2
was designed to measure a weight of 1 ton. The contact area of the tire footprint
was set at 9 cm x 12 cm based on the study by Xiong et al [9]. The plate
dimensions were chosen after a few numerical studies which came to be 30 cm
x 30 cm excluding the two legs. The Aluminium alloy 6061 was chosen for the
prototype given its properties such as less corrosion, low cost and high strength.
3.1

Structural Analysis

In order to find the placement of the strain gauges and to design the plate thickness, structural simulations were carried out in COMSOL Multiphysics (COMSOL, Inc. USA). To simplify the simulation, the legs were disregarded and the
boundary conditions were imposed on the plate alone. The plate thickness was
selected as 1 cm as the failure load was simulated. The Fig. 3a depicts the graph
which includes the Von Mises Stress in MPa felt in the centre of the plate which
portrayed a maximum stress for a given load. The Yield Stress of the Aluminium
Alloy 6061 is 240 MPa. If the yield point is crossed the material would deform
plastically, which should be avoided. The failure load given the by the numerical
analysis was 3421.6 kg. Thus the unit has a safety factor of 3.4 which is required
in instances where there will be impacts from the tire on the plate following
braking.
3.2

Sensing Principle

To find the optimum placement for the strain gauges, the longitudinal and transverse strains along the centreline underside of the plate were evaluated for a load

Fig. 2: Prototype design.
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(a)

(b)

Fig. 3: (a) Failure load for the given plate thickness. (b) Longitudinal and transverse strain along the centreline underneath the plate.

of 2500 kg, which is depicted in Fig. 3b. The mid-point (15 cm) of the plate
showed the maximum strain for both directions longitudinal and transverse,
which shows that the highest sensitivity is achieved in this location. It was decided to incorporate the strain gauges here. The 2 strain gauges were attached
to the centre of the plate and was connected in a half-bridge arrangement. The
Wheatstone bridge has two excitation voltage outputs to bias the bridge and two
voltage inputs to read the differential voltage output of the bridge. Typically, the
differential voltage output of the bridge is in the millivolts range. Initially these
signals are amplified by voltage amplifiers and are fed to an ADC (Analog to
Digital Converter) to obtain corresponding digital numeric values representing
the bridge output.

Fig. 4: Strain gauge locations.
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According to Fig. 4, the equation of the Wheatstone half-bridge is,
Vo
Sg2
R
=
−
VEX
R + Sg2
R + Sg1

(1)

Where Vo is the output voltage and VEX is the excitation voltage. However,
Sgn = R(1 + Gn )

(2)

Where G is the gauge factor (G = 2 for most metal foil strain gauges) and n
is the strain felt by each strain gauge. Given the symmetry of the strain gauges
along the strain profiles, both gauges produce the same strain (1 = 2 ). Then,
G
Vo
=
VEX
2 + G

(3)

It is evident from Eqn. 3 that for small strains ( G <<< 2 ), the Vo is almost
linear.
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Main Controller and Software Application

HX711 is a 24-Bit ADC IC (Integrated Circuit) developed by AVIA semiconductors. HX711 has software-selectable two channel for differential voltage inputs

Fig. 5: Block diagram of wireless bridge sensor interface system.
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(a)

(b)

Fig. 6: (a) Developed three channel wireless bridge sensor interface. (b) Developed three channel wireless bridge sensor interface.

with inbuilt PGA (Programmable Gain Amplifiers). The chip can be connected
with an external microcontroller via a digital serial interface and it is capable of
taking measurements up to 80 samples per second [10].
In this scenario, three ADC modules were used to develop three bridge interfaces to read three multiple bridge signals simultaneously, although only a single
interface was used for the prototype. These modules were connected to the 8-bit
microcontroller through the digital GPIOs and the acquired ADC results were
sent through the Bluetooth link to any connected devices as seen in Fig. 5. The
connection of the bridge interfaces of ADCs were connected to the DB9 male
connectors which were mounted on the front panel as shown in Fig. 6a. A NIMH rechargeable battery pack which is having sufficient energy to power up the
circuitry for 5-6 hours was used as the power source for the system.
Finally, a computer based GUI (Graphical User Interface) was developed using Microsoft Visual Basic to operates the system, which is shown in Fig. 6b
[11]. The developed GUI has capabilities to monitor four ADCs simultaneously.
It further has four scales displays including calibration and tare functions. Additionally, the GUI application is capable of data logging and report generating
(.CSV or MS Excel) features which can be useful in testing and validation purposes.
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Testing and Validation

For testing purposes, the strains were obtained in the COMSOL simulation by
exerting weights of 5 kg to 50 kg with steps of 5 kg. Then the output voltages
corresponding to the strains were derived in millivolts through the equation.
To compare the actual results against the simulation results, a known weight
was used to calibrate the plate and several known weights were kept and the
ADC values were noted. Given that 24-bits represented 20 mV in the ADC, the
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Fig. 7: Simulation results vs experimental results.

output voltages corresponding to the ADC values were found. These voltages
were compared and is depicted in Fig. 7
The results show that the output voltages from both the simulation and the
actual prototype coincide and hence the model is validated. Furthermore, the
results indicate sufficient linearity between applied loads and the output voltage.
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Proposed Beam Model

A major drawback of the prototype is attaching of the strain gauges to the midpoint of the plate as the transverse strain is 78% of the longitudinal strain, thus
affecting the strain gauge values [12]. To correct this, a new model was proposed
which included a beam running underneath the plate as shown in Fig. 8a. The
total thickness of the beam and the plate was fixed at 2.5 cm (thickness of the

(a)

(b)

Fig. 8: (a) Mesh of the beam running underneath the plate. The elements of
the mesh towards the two fixed ends were made progressively smaller for higher
accuracy. (b) Von Mises Stress distribution of the beam model.
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(a)

(b)

Fig. 9: (a) Ratio of transverse strain to longitudinal strain for varying beam
thickness (bm t) and width (bm w). (b) Failure stress for varying beam thickness
(bm t) and width (bm w). The plane of failure Yield stress of 240 MPa is marked.

plate would then be 2.5 cm less thickness of the beam) and a parametric sweep
function of COMSOL was employed to evaluate the thickness of the beam and
the width of the beam. These dimensions were found for the model to withstand
a failure load of 3421 kg (where the maximum stress is lesser than the Yield
Stress of Aluminium 6061 Alloy which is 240 MPa as seen in Fig. 9b), which was

Fig. 10: Longitudinal and transverse strains of the beam model.
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the failure load of the plate model. Furthemore, the dimensions were selected
which gives the least transverse strain compared to its longitudinal strain, as
seen in Fig. 9a. Hence, the longitudinal and transverse strains underneath the
beam were evaluated for 2500 kg as shown in Fig. 10. Finally, a set of dimensions
were selected for beam thickness and beam width which were 1.5 cm and 3.0 cm
respectively. This selected model dropped the transverse strain to 0.12% of the
longitudinal strain which is a significant drop which will reduce the transverse
strain effect on the strain gauge significantly, thereby reducing the drawback of
the initial plate model. Although the longitudinal strain of the beam model is
only 61.3%, for the purpose of using strain gauges, it is an insignificant drop of
sensitivity.
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Conclusion

Numerical simulations supported the structural analysis in identifying the dimensions for the plate and through the same, its failure loads was found and
the strain gauge locations were identified. 2 strain gauges were employed in a
half-bridge arrangement whose analytical equation proved that it is linear for
smaller strains. To acquire the signals, HX711 ADCs were used and the data
wirelessly transmitted to be visualised in a computer based GUI built using Visual Basic. Through the testing of the prototype, the experimental results closely
matched the simulation results thus validating the design. The proposed beam
model proved superior to the prototyped plate model in reducing the transverse
strains felt by the strain gauges at a negligible loss of sensitivity.
It would be interesting if future research could be conducted on structures
with different geometries and various strain gauge locations for an analysis of
sensitivity. Furthermore, it would be worth exploring the dynamic measuring of
vehicles where the weight is measured while the vehicle is in motion, which could
be performed with an altered algorithm using the same prototyped setup.
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