International Journal of Biological Engineering 2012, 2(1): 1-4
DOI: 10.5923/5.1jbe.20120201.01

Design and Construction of Compressive Force Measuring

Device for Engineering and Biomaterials

Aye T. Ajiboye', Isiguzo E. Ahaneku™*

'National Centre for Agricultural Mechanization, P.M.B. 1525 Ilorin, Nigeria
*Department of Agricultural and Bioresources Engineering, Federal University of Technology, Minna, Nigeria

Abstract This paper presents the design and construction of a device for measuring compressive force of engineering
and biomaterials. The device was calibrated and tested. The results obtained show that the device is adequate for measuring
compressive force, ranging from 0-100kN in a situation where a percentage error of up to 0.4% is permissible.
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1. Introduction

The compaction of soil by agricultural equipment has
become a matter of increasing concern due to the develop-
ments in the mechanization of agricultural operations leading
to a steady increase in the average size of tractors and
equipment[1]. For each crop, soil and season, there is an
optimum level of compaction for maximum crop yield[2].
Loading beyond this optimum level can be very detrimental
to crop development and yield. Other biomaterials, such as
yams, tomatoes, etc are also subjected to compressive forces
either during handling or transportation. These forces tend to
exacerbate the degradation and deterioration of these bio-
materials. Thus, there is the need to determine the magnitude
of such compressive forces in order to device appropriate
strategies for a particular situation. Therefore, the develop-
ment of simple devices or techniques that will identify and
quantify the compressibility of these biomaterials is a first
step towards their effective management.

Interpretation of compression data in terms of squeez-
ing-flow parameters is receiving increasing attention in food
research[3]. It has also been used in polymer science, par-
ticularly for measuring biaxial extensional viscosity of
highly viscous polymers[4]

The transducing method of measuring force is the most
common because of its flexibility. The transducer had been
utilized by earlier researchers for tension force measurement
of strip materials[5]. While other methods of force meas-
urements can be used for static or slowly varying loads, the
elastic deflection method which fall under transducing
method are widely used for both static and dynamic loads of
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frequency content of the order of thousands of hertz[6]
and[7].

Instron or Testometric Universal Testing Machine has
always been used for obtaining most information on me-
chanical and textural properties of biomaterials. These force
measuring devices earlier used for such research work are
very expensive and difficult to maintain, especially in de-
veloping countries with low income and where Hi- tech-
nology is rarely available. When these machines break down,
the only resort may be to send them abroad for repair unlike a
locally designed and constructed machine with easy access
to the developers for maintenance.

The objective of this study is to design and construct a
compressive force measuring system for engineering and
biomaterials in order to determine the maximum load that
will not adversely affect the materials.

2. Methodology

2.1. Design

High reliability, accuracy, repeatability and reasonable
sensitivity were put into consideration during the design and
construction of this device. The components used for the
designed circuit were selected based on technical, economic
and availability considerations.

The device is to measure force that ranges from OkN to
100kN. Therefore, the maximum rating of the selected
load-cell was 100kN. The load cell excitation voltage was
+5v d.c and the output from each of the terminals with re-
spect to ground under no-load (balanced) condition was
4.7mV d.c. The differential output between the two output
terminals was to be 0 volt under no load condition.

The detection of the differential output voltage from the
load cell under maximum load is practically impossible for
most available display that can only detect voltage in mil-
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livolt range and above. In order to display the voltage with
reasonable accuracy and for ease of calibration, there is the
need for this differential voltage to be amplified using dif-
ferential amplifier.

The design of the amplifier and associated circuit was
carried out as follows:

Figure 1 shows the circuit diagram of a differential am-
plifier. R; and R, are the input resistance, while R is the feed
back resistance. Rj is the input voltage balancing resistance,
while R4 and Rs are combined to form zero adjusting resis-
tors. A is the operational amplifier; V1 and V2 are the in-
verting input and non-inverting input, respectively. V is the
amplifier output voltage, while +Vcc and —Vcc are the posi-
tive and negative amplifier biasing voltage, respectively.

Circuit diagram of a differential amplifier

Figure 1.

The closed —loop gain G for the amplifier is expressed in
terms of other circuit parameters in equation (1)
Vo
T
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Equation (2) indicates the condition for proper operation of

the circuit,
Rl = RZ }
R3 = Rf

V, and V, were obtained from the output of the load cell
and fed to the inputs of differential amplifier. To interface
the differential amplifier with the display, the output of the
amplifier must pass through a buffer so that the output im-
pedance of the amplifier circuit can be matched with input
impedance of the display.

From load cell specifications, the differential voltages
when 1kN and 100kN forces were applied are 1micro volt
and 100 micro volts, respectively. Therefore, to obtain an
output of 1milli volt at minimum load and 100milli volt at
maximum load, an amplifier with closed-loop gain G of 1000
was used.

R
el
G = R,
But (2)
G =1000

Therefore,

R
< — 1000
Ry

To obtain Ry, a value of 1KQ was used for R, to improve
the input impedance of the amplifier. Thus, the value of R¢
can be determined as follows:

R _ 1000
1000
Rf = 10001000
Ry =1MQ

From equation (2)

R, = R, = 1KQ
and
Rs = R; = 1MQ

A general-purpose operational amplifier UA741 was used
for this work.

For proper balancing (nulling) of the amplifier output, a
10KQ pot and 1K€ resistor was used for R4 and Rs_respec-
tively. The complete circuit diagram of the designed circuit
is as shown in Figure 2.

1MQ
+12V
+12V
1ka
o o
1kQ
V2 Gm
-12v
1Mo -12v ?
10ka
1ka

Figure 2.
device

Complete circuit diagram of the designed force-measuring

2.2. Construction of Compressive Force Measuring
Device

The component conditions were ascertained through
testing before using them. The components were arranged
accordingly on the Vero board and soldered.

Conformance tests were carried out on the output of the
load cell and output of the differential amplifier to ensure
conformity with the desired voltage which is 1milli volt and
100milli volt for load cell and amplifier, respectively at full
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load and the results agreed with the desired voltage values.
Figure 3 shows the designed and constructed compressive
force measuring device mounted on a 15ton hydraulic press.

2.3. Calibration of Compressive Force Measuring Device

According to [8], calibration is the process by which the
output voltage of the constructed force-measuring device
recorded as the applied force was varied in a predefined
environment. The applied force could be from a primary
standard force (dead weight) or a secondary standard force
(e.g. Hydraulic press). For the purpose of this work, a hy-
draulic press with 300kN force rating was used and readings

Force Measuring De-

were obtained as the applied force was varied from OkN to
100kN. The result is as shown in Tablel. The calibration
curve in Figure 4 was obtained by plotting the values of
output voltage against the applied force. It can be established
from the calibration curve, that the relationship between the
output voltage and the applied force was linear with no
hysteresis. Furthermore, when the data obtained were fitted
to a linear regression model, the resulting equation for the
calibration is stated in equation (3).

Y=X 3)

Where, Y is measuring device output in milli volts, X is
the applied force in kN.

Hydraulic Press

Piston

Biomaterial Rig

Load Cell

vice
NG
Figure 3. Constructed Force Measuring Device Mounted on 15 ton Hydraulic Press
Table 1. Calibration readings for the Compressive Force Measuring Device

Applied force (kN) 0 10 20 30 40 50 60 70 80 90 100

Output voltage (mV) | 0.00 10.00 20.00 30.05 | 40.07 | 50.10 60.13 | 70.14 | 80.17 | 90.19 | 100.20
Table 2. Readings obtained during testing on another hydraulic press

Applied force (kN) 0 10 20 30 40 50 60 70 80 90 100

Outputfrom the 1 55 | 1001 | 200 | 30.04 | 4008 | 5020 | 60.13 | 7027 | 8017 | 90.19 | 100.20

device (kN)
Percentage error 0.00 0.10 0.00 0.13 0.20 0.40 0.20 0.39 0.11 0.20 0.20
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Figure 4. Calibration Curve for the Force Measuring Device

3. Results and Discussion

The device was used on another hydraulic press different
from the one used for calibration to further authenticate the
results of the calibration test. The results obtained are shown
in Table 2.

It can be seen from Table 2 that the force-measuring de-
vice can be used for both dead weight and varying com-
pressive force measurements ranging from 0 to 100kN. One
can also observe that the maximum error obtained was 0.4%
of the measured force. Therefore, it can be inferred that the
device is adequate for force measurements in situations
where 0.4% error is acceptable.

4. Conclusions

In order to obtain high quality products of engineering and
biomaterials, it is necessary to keep the compressive force on
these materials below yield limit. To address this problem, a
compressive force-measuring device was designed and con-

structed. The output of the device was linear, indicating that
non-linearity has been compensated for in the selected sensor
(load cell). The device is suitable for measuring both dead
load and slow varying force ranging from 0-100kN. The
device is “home grown” and therefore can be maintained
locally.
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