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Calibration and application of a Low Cost Electrical Technique for Measuring 8
By

A. A. Jimoh
Department of Civil Engineering, University of Ilorin
Abstract
A voltmeter was calibrated for use as a strain meter. This serves as an alternative and low cost tec!

agreed by 76 % to 110 % with an average of 90 %.

1.0 Introduction

The need for low cost gauge system

advocated in this paper had been proposed by another
author [1] . The technique being proposed here uses a
Wheatstone bridge (half bridge) and a voltage reading

meter (a digital multimeter) for strain determination on

an aluminium cantilever beam. Two types of strain
gauges were used for calibration and strain
measurement respectively. They are L series strain
gauges types L-20-11 and L-30-11. These are low
clastic modulus strain gauges purposely meant for low
elastic modulus material like aluminium, as stated in
reference [2]. Adoption of voltage reading method for

strain determination is better than the method of
reading resistance change because , according to
reference [2], when a beam is stressed, the kind of
resistance change is extremely small that it cannot
easily be measured with any real precision by a normal

tester . Therefore, a devise , the Wheatstone bridge, is

used to convert the resistance change to measurable
voltage output . The major economic difference
between this technique and the conventional electrical

strain meter is that the technique is cheap , because of
availability and Jow cost of its componenis
(multimeter and Wheatstone-bridge components), as

> compared with the conventional electrical strain
meters that are relatively costly. Thus, electrical
multimeter usage enhanced considcrably the cost
effectiveness of this method when compared with the

use of standard electrical strain meter. Apart from the

low cost of the technique. the Wheatstone bridge and

| the digital multimeter are light, handy ; of small size,
casy to operate and assemble. These are also the
requirements supported in reference[l], that ™~ the
: gauge system should be easy to insiall and operate” .

R
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strain measurement. The technique involved construction and application of a Wheatstone bridge . The
four arms, one of which consisted of a 120 ohms strain gauge . while the other three arms are each of 12
resistor. The bridge was energized by a 1.5 volt battery while a multimeter was used to measure the output
The system was first calibrated. using two strain gauges L-20-11 and L-30-11 , by mechanical me
thercafter employed to measure strain using another set of similar strain gauges on an alluminium cantileves
From the experimental work and results, the rclationship between strain and output voltage for the
obtained as 0.0007 mm/mm per millivolt and is the system calibration constant . The constant was used to co
experimental strain results at another points on the beam. and checked with beam flexural theory. The twe

Key words: - Strain, strain gauge, Wheatstone bridge, calibration, output voltage

&

" Equation (1) provides result for experime
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2.0 THEORIES

2.1 Expression for strain

When a cantilever beam of span L, depth b,
b, is loaded with point load P at the free
the maximum deflection A , from flexural
strain in the beam is given [.1]as

3
2L

and stand as calibration strain
flexural theory,
Strain in the beam is
6PL
s

= )

Ebh~
Where, E = 70.6 GPa for aluminium [2],
This equation can be used to check

2.2 Voltage output
When a Wheatsione bridge is energizs

voltage output is given as

P A= T

Where V= is the initial voltage before the 2

of load and V; is the voltage output

application of load

2.3 Calibration constant
The calibration constant is the strain per umis
output and using the definition in refercnce
given as
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The Wheatstone bridge constructed is that
shown in figure 1 Construction of the bridge
involved laying of its arms on a small plastic board
and soldering of their terminals . Extension wires were
connected to each of points A and C for power supply
from 1.5 volt battery while another set of extension
wires were connected to each of points B and D to
transmit the output voltage to a voltage reading meter .
The strain gauge arm of the bridge also has extension
wires from gauge lead wires to points A and B of the
bridge. The gauge wires were made long and
detachable from the Wheatstone bridge in order to
allow for easy manual change-over or reconnection to
other strain gauges where strains were also to be
measured.

R, =R; =R; =R,=120

ahms

0

Digttal mnitumeter

O

Figl Assemblage of Wheatstone bradze components
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Fig 2 Schematic diaceam for Luminium beam flexural test setun
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3:2 Calibration of the system

The calibration was carricd owt om the
alummium beam foaded in flexure using strain gauge
types L-20-11 of gauge factor 2.07 and L-30-11 of
factor'2 08. The schematic diagram of the test setup is
shown in fig | . The beam data are widthb =11.5 mm
. depth h = 7 mm and span L = 685 mm. Four points
werc considered on the beam wherc strains were
measured. Two of the points, located on the top
tensile face of the beam were used for the calibration
while the other two points, located ai the lower face
that is the compression face of the beam. were used
for strain measurcment.

Each of the four points on the beam were
marked and prepared for bonding of a sirain gauge
cach. Bonding of the strain gauges imvolved the use of
sand paper to polish the arca of bonding and smearing
on the surface some quaniity of “super glue™.
Immediately after this, a strain gauge was stuck with
its backing on the super glue. and pressed with finger,
and left for 24 hours to cure before test . Each of the
bonded strain gauges formed the gauge arm of the
Wheatstone bridge. The distance of points of
bonding on the beam varied from 323 to 585 mm
commencing from the free end of the beam .

When calibration was to commence. the
foliowing connections were made  strain gauge L-20-
11 was first stuck to the tension face of the beam; and
a battery and 4 voltage reading meter were connected
to the Wheatstonc bridge respectively . The
multimeter was switched on using the range 2000 mV
. The initial voltage was read and recorded. Flexural
loads from 1 kg 10 10 kg were applied at the free end
of the aluminium beam. Both the deflection at the free
end and the corresponding output voltage values were
read At the end, the strain gauge was disconnected
and the second strain gauge L-30-11 was connected to
replace it and similar experimental procedure was
carried out .

3.3 Strain measurement using the technigue.

The above strain gauges and their positions
respectively were used for calibration. The strain
measurement was carried out on the same beam using
the same procedure except that the strain measurement
was carried out at different points using another and
same fype of  strain ganges ( L-20-11and L-30-11)
stuck to the compression face of the beam. For these
also, the voltage output and the corresponding load
and deflections were recorded.

4.0 Experimental result and analysis

Experimental data were substiuted in
equation (1) to obtain calibration strain. This result
and the corresponding output voltage data were used
to plot strain-voltage cutput graph shown in fig 3.
From the graph. the rclationship between the strain
and the volt ge output is
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Nt Voilume 4

y=0.0012x

where ¥ is the strain (in mm/mmy
outpnt in miliivolt. Thus. the
00012 mm/mm/mV.

The strain results wess
equation (3) and also. calibraiom
output voltage obtained in section 3 &
in cquation (6) to obtain the
results. The results from the twe
76 %10 110 % with an average of

| Strain against vokage

G.0014

Fig 3 Graph of strain azumse

5.0 Discussion

The relationship between strain and
0.0012 mm/mm/mV . The constam
that agrce, averagely, by 90 % of
obtained using flexural equation (2)
agreement indicate the validity of the
technique for strain measurement.
is made between the cost of a
multimeter used, cost of a strain metes
manufactured by Tokyo Sokki K
Tokyo) is N 350, 000 while a
4000. Thus the strain meter is about 9%
of multimeter. Also, the permissible
the Wheatstone bridge circuit was
electrical circuit equation and e
permissible current in a strain gauge =
[2]. From the analysis. ihc maximum
obtained was 2.4 volt with maximus
current of 6.25 mA. thercfore the
safe.

6.0 Conclusion
From the test, the following «

be drawn
The system calibration
mm/mum/mV using the st
L-20-11 and L-30-11.
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