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Abstract: Values of parameters such as temperature, humidity, number of plastic products and the location of plastic
injection moulds are required to determine the efficiency of plastic injection moulds with a view to improving the quality of the
outputs. This article determined the appropriate sensors for the measurement of these essential parameters in the most suitable
form of representation of the data to aid a proficient analysis of the data. A network of sensors for the measurement and
analysis of the parameters of plastic injection moulds in operation was designed and constructed. The outputs of these sensors
were obtained by connecting the sensors to the General-Purpose Input/Output (GPIO) pins of a Raspberry Pi and writing a
Python programme for the connected GPIO pins. The values of the outputs of these sensors were represented in graphical
form. The connection of the Raspberry Pi and the sensors were done with a full-sized breadboard and jumper wires. A
computer-aided design (CAD) of the connections was produced using Fritzing software. The appropriate sensors determined
are MLX90614 infrared thermometer sensor, DHT11 humidity sensor, pixy2 vision sensor and Neo-6m GPS sensor. The
output values of these sensors were plotted on a graph with the aid of a Python programme. The plastic industry has grown into
a very broad industry as plastics are used to manufacture many materials. This makes it essential to ensure the efficiency of the
industrial machines used in the making of these plastic products by using sensors to measure the parameters of a plastic
injection mould in operation. This study therefore suggested the measurement of industrial plastic injection moulds with the
use of the built sensors analytics system for the purpose of understanding and improving the performance of the injection
mould.
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1. Introduction

Injection moulding involves the transformation of plastic
pellets into moulded plastic objects [24]. These moulded
plastic objects take the sizes and shapes of the cavities of the
plastic injection moulds. The materials used for plastic
pellets are usually thermo plastics, thermo setting plastics
and elastomers. Chen er al. defined injection moulding
machine as a large, industrial machine used in the production
of plastic objects [5]. Injection mould is a mechanical
component of injection moulding machine. It consists of two
parts which are the core side and the cavity side. The core
side is movable while the cavity side of a plastic injection

mould is fixed. The plastic pellets are transported to the fixed
part of the injection mould while the movable part closes in
on the fixed part for the moulding of the plastics. The
movable part of the injection mould then opens and ejects the
warm, moulded plastics after the operation of moulding. The
ease in the moulding of plastics into different parts is due to
the physical and chemical properties of plastics. Plastics are
compressible under pressure and they shrink under colder
temperature. Another property of plastics is its viscosity as
they are usually less viscous at higher temperatures. The
viscosity of plastics is essential in the production of quality
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moulded parts. The moulding process starts upon closure of
the two sides of the injection mould which occurs after a hot,
melted plastic has been fed into the mould under pressure.
The melted plastic is then cooled after a period and after
closure of the injection mould till it becomes stable and
solidified. The moulded plastic part is ejected from the
injection mould upon the reopening of the mould [7]. The
quality of plastic products depends on the parameters of the
injection moulding process such as the injection temperature
and the cooling time [1].

Plastic products have become very common in this
present age as they are frequently used as kitchen utensils,
personal care products, toys and many more. Companies
producing plastic injection moulds for companies producing
plastic products need to remotely measure and monitor the
performance of the plastic injection moulds in order to
correct any faults or a decline in the performance of the
injection mould. As the injection moulds are used in remote
locations by companies producing plastic products, these
companies do not have access to the parameters of the
injection moulds in operation. The measurement and
monitoring of the variables involved in the moulding
processes of plastic objects which can be done by sensors
are essential in optimizing the moulding processes [12].
Sensors can be defined as electronic devices used in the
monitoring of parameters of a system without any form of
distortion of the parameters [4]. There are various sensors
designed for various purposes such as temperature sensors,
proximity sensors, motion detectors and many more.
According to Pacher et al., the construction of fast and
reliable sensors is extremely vital in the controlling of the
quality of moulded plastics [20].

2. Literature Review

John and Isaiah Hyatt, the brothers who fabricated and
patented the injection moulding machine in 1872 might not
have imagined the huge impact the invention would have on
the world, especially in terms of infrastructural
development and employment [9]. Injection moulding
machines consist of hopper, drive unit, nozzle, clamping
unit, extraction pin, injection mould, barrel, screw and
hydraulic units [13]. The injection moulding process
involves the filling of the hopper with plastic pellets and
transporting it to the mould cavity under high temperature
and pressure with the screw. The mould cavity (stationary
part of the mould) then collects the melted plastic while the
heaters are used to increase the temperature of the system
which would melt the plastic pellets during the transfer of
the pellets from the hopper to the injection mould. The core
mould (movable part of the mould) then closes in on the
cavity mould after the melted plastic has been injected.
After the melted plastic is cooled and solidified, the core
mould opens, and the extraction pin would then eject the
moulded plastic part.

A new package programme (NPP) was developed to
calculate various injection moulding parameters using the

model of artificial neural networks (ANN) [19]. The ANN
was used in obtaining optimum moulding parameters that
facilitate minimum defects in moulded plastics such as
injection time and volumetric shrinkage. The high
performance of a plastic injection mould would facilitate
quality plastic product to ensure the needs of customers and
the safety requirements of plastic products are met. Tactile
electronic measuring instrument and three-dimensional (3D)
scanners are used to analyse shrinkages in moulded plastic
parts [11].

Sensors can be used to obtain the necessary parameters of
a plastic injection mould [2]. They are required to obtain the
parameters of the injection moulds to determine and enhance
the performance of a plastic injection mould. Sensors used in
measuring the parameters of a plastic injection mould are
embedded in the mould [2]. Artificial intelligence techniques
such as artificial neural networks (ANN) and fuzzy logic
approach are useful in the monitoring of the injection
moulding process as they also allows for the modelling and
forecasting of the moulding process [18].

The integration of sensors is progressing swiftly in the
detection of imperfect input of robust control systems
irrespective of its environment [16]. Sensor data analysis for
equipment monitoring (SDAEM) is used to monitor whether
a plant is operating within the specifications and to predict
undesired events [8].

3. Methodology

3.1. Appropriate Sensors for the Measurement of
Parameters of a Plastic Injection Mould

For effective measurement of the parameters of a plastic
injection mould in operation, the following sensors were used
for the prototype design of a sensors analytics system:

1. MLX90614 infrared thermometer sensor, for the

measurement of temperature;

ii. Pixy2 vision sensor, for counting the number of plastic

products;

iii. DHT 11 humidity sensor, for measuring humidity; and

iv. Neo 6-m sensor, for geographical location.

Other relevant electronic components used for the design
and construction of the sensor analytics system are the
Raspberry Pi 4 Model B; full sized breadboard; male-to-
male, male-to-female and female-to-female jumper wires;
High-Definition Multimedia Interface (HDMI); cable
keyboard; mouse and a screen.

3.1.1. Temperature Sensors

Temperature sensors are useful in various ways such as in
the measurement and the regulation of the temperature of an
electric iron and in controlling the performance of heaters in
buildings especially during winter season. Temperature
sensors are also used to ensure the quality of products and
services are maintained or improved such as in the food
industry. Certain foods and drinks are usually stored at
certain temperatures to ensure they do not get spoilt during
transportation and in shops before sales. Hospitals need to
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maintain certain temperatures for the effective storage of
blood in blood banks and in rooms used for intensive care
units (ICU) for the wellbeing of patients.

Temperature control is also very necessary in the operation
of plastic injection moulds. Naik ef al. stated that occurrences
of defects in plastic injection mouldings predominantly
depends on the temperature of the injection moulding
machine [17]. This paper used MLX90614 infrared
thermometer sensor for the measurement of injection mould
temperature because of the high temperature range it can
measure when compared with alternative temperature sensors
such as Omron MEMS thermal infrared temperature sensor
and TMP 006 temperature sensor having maximum
temperature range of 50°C and 125°C respectively.
MLX90614 infrared thermometer sensor is a type of
temperature sensor that measures temperature of a
mechanism within the range -70°C to 380°C [15]. An electric
iron was used in this study to test the performance of the
MLX90614 infrared thermometer sensor as there was no
access to a plastic injection mould for the testing.

3.1.2. Vision Sensor

A vision sensor is an electronic device that captures
images and integrates it with the processing power of a
computer to make decisions regarding to the position, quality,
and the comprehensiveness of a manufactured product [3]. A
vision sensor can recognize both stationary and moving
objects by distinguishing the different patterns,
characteristics, orientation and colours these various objects
have. Vision sensors can be used in industries to observe the
performance of machines and products in order to detect any
defect such as in the alignment of machine in order to ensure
that the standard of its products and services is maintained or
improved. This paper used Pixy2 vision sensor to capture the
moulded plastic products of the injection mould and to count
them. Pixy2 camera is a small, fast, convenient, cheap
electronic device that learns to detect object that it is taught
[23].

3.1.3. Humidity Sensor

Humidity sensor is an electronic device that is used to
measure the amount of water vapour in the surrounding
environment. The DHT11 sensor was one of the components
used in this study for the design of the sensors analytics
system. DHT11 is a sensor that measures temperature and
humidity and it consists of a calibrated digital signal output

[6].

3.1.4. Global Positioning System (GPS) Sensor

GPS sensors are electronic devices used to detect the
location of a system with the use of satellite-based navigation
system [21]. Conventional GPS sensors obtain the position of
an object by measuring the distances between its antenna and
four or more satellites through the detection of the phase of
the digital data sequence each satellite transmits [24]. Neo-
6m GPS sensor was one of the sensors used for the sensors
analytics system in this study.

3.2. Network of Sensors for the Measurement of the
Parameters of a Plastic Injection Mould

Each sensor was connected to the GPIO pins of the
Raspberry Pi 4 Model B while Python programming
language was used to obtain the outputs of the sensors. The
Raspberry Pi 4 Model B+ consists of 40 pins of which pins 1,
3,5, 6 and 13 were connected to different ports of a full-sized
breadboard with the use of male-to-female jumper wires. The
circuit diagram of the connection of the pins of the Raspberry
Pi and the sensors was produced using Fritzing software
shown in Figure 1. Pins 1 and 6 of the Raspberry Pi are
designed for 3V power supply and Ground (GND)
respectively while pins 3 and 5 are designed for Serial Data
Line (SDA) and Serial Clock Line (SCL) respectively, with
pin 13 designed for GPIO27 [10]. Pin 1 was used as Voltage
common collector (Vcc) for the DHT11 humidity sensor and
the MLX90614 infrared temperature sensor. Pin 1 was
connected to these sensors with the use of male to female
jumper wires. The pins 3 and 5 of the Raspberry Pi were
connected to the MLX90614 infrared thermometer sensor
with male-to-female jumper wires and the breadboard ports.
The pins were for the SDA and SCL connections
respectively, and these pins are referred to as Inter-Integrated
Circuit (I2C) pins. Pin 6 of the Raspberry Pi was connected
to a port on the breadboard with the MLX90614 sensor and
the DHT11 sensor connected to the same row of the pin 6
port with male-to-female jumper wires. Pins 13 of the
Raspberry Pi were connected to the data output pins of the
DHT11 sensor respectively with the use of the breadboard
and male-to-female jumper wires. The Vcc, Ground (GND)
and Transmitter (Tx) pins of the Neo-6m GPS sensor were
connected to pins 2, 6 and 10 of the Raspberry Pi 4 Model B
respectively.

The Raspberry Pi was programmed using Python language
to obtain the values of the sensors every minute throughout
the entire daily operation of the projects. However, the time
interval could be changed depending on the requirement of
customers which would occur after the testing of the sensor
analytics system on a plastic injection mould.

4. Results and Discussions

The values of the temperature of the object measured by
the MLX90614 thermometer sensor are plotted against the
time of measurement as shown in Figure 2. The y-axis of the
temperature graph labelled ‘Object Temperature (°C)’
contains the object temperature values while the x-axis of the
graph, labelled ‘Time’ contains the time of measurement. The
temperature of an electric iron plugged into a power source
was obtained and plotted as shown in Figure 2.

The values of the humidity measured by the DHTI1
humidity sensor are plotted against the time of measurement
as shown in Figure 3. The y-axis of the humidity graph
labelled ‘humidity (%)’ contains the humidity values while
the x-axis, labelled ‘time’ contains the time of measurement.
The name, the postcode and the latitude and longitude
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coordinates of the location is detected by the Neo-6m GPS

sensor as shown in Figure 4.

Figure 1. Circuit-aided design (CAD) of connection of components.

Temperature
100
90 4
§~ 80
@
2 701
c
v
£
g 607
]
7}
3 7
40.
30 4
10:34:58 10:35:06 10:35:13 10:35:20 10:35:27 10:35:34 10:35:41
Time

Figure 2. Object Temperature Graph.
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Figure 3. Humidity Graph.
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Figure 4. Geographical Location.

The collection and visualization of correlated data
obtained from sensors enable easy interpretation of data by
human beings [14]. The visualization of the data obtained
from the sensors used in this study enables easy evaluation of
these data to understand the performance of a plastic
injection mould. As it is essential to monitor the injection
moulding process [22], the sensor analytics system allows for
easy monitoring of the injection moulding process. This is to
ensure high quality of plastic product are moulded by the
plastic injection moulds [18].

5. Conclusion

The plastic industry has become very broad as plastics

are used to manufacture many materials for human usage.
Many homecare products, electronic equipment, medical
equipment, kitchen utensils and many more are made from
plastics. It has therefore become more important to ensure
the efficiency of the industrial machines used in the making
of these plastic products for safety and customer’s
satisfaction.

This study focused on the design and construction of a
sensor analytics system with a view to monitoring the
essential parameters of a plastic injection mould. The
appropriate sensors for the measurement of these parameters
were chosen from the numerous sensors available for
different purposes. The sensor analytics system was
constructed by integrating these sensors to the Raspberry Pi
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with the use of breadboards, jumper wires and USB cable.
The sensors used were selected based on the specifications in
comparison to the conventional parameters of a plastic
injection mould in operation. The sensor analytic system

developed measured ambient

and object temperature,

geographical location, number of objects, and humidity. It
can therefore be concluded that the appropriate sensors for
the sensing and measurement of the necessary parameters of
a plastic injection mould in operation are MLX90614
infrared thermometer sensor, Neo-6m GPS sensor, DHT11
humidity sensor and the Pixy2 vision sensor.

This study proposed that the sensors analytics system be
applied on an industrial plastic injection mould to measure
and display the various parameters of the injection moulds

for

the purpose of understanding and improving the

performance of the injection mould.
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