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Abstract: Industry 4.0 demands the aggressive implementation of IT and communication devices and infrastructure to integrate
machines in the factories so as to execute the operations with the characteristics namely interoperability and flexibility at unimaginable 
high speed. This kind of facility will enable companies to design and manufacture products for supplying to the individual customers. 
By implementing industry 4.0 enablers, mass customization is achieved. Mass customization is an outcome of implementing agile 
manufacturing paradigm. Obviously, this derivation implies that application of Industry 4.0 will enable the companies to implement 
agile manufacturing paradigm by acquiring agility. Though accomplishment of this goal is going to help the industries to flourish,
attaining this goal is going to be a challenge. The major challenge is that the designing of products has to be carried out to tune with 
the requirements of the Industry 4.0 requirements. This challenge is addressed in this article by indicating the actions to be executed for 
this purpose and presenting a case study.
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INTRODUCTION
Right from the days when man became engineer, product design has been playing a crucial role in changing the behavioral 

patterns of factories, humans and societies [9]. Product design would have been the first design of any manufacturing activity 
[10,11,12]. One of the earliest product design activity might be the changing of the shape of the stones to develop weapons to kill 
animals as prey for humans. As soon as the designing of this stone made weapon would have been completed, humans would have 
started the manufacturing of such stone made weapons [13,14,15,16]. After manufacturing those weapons, the productivity and 
quality of catching preys by the humans would have been increased [17- 19]. This act would have changed the behavioral pattern of 
hunting for preys and eating habits of the humans who used those preys [21-32]. This phenomenon has been happening in the world
through all the centuries that have passed after humans became designers. During these many centuries, the man designed millions of 
products which changed the behavioral patterns of factories, humans and societies [33-42]. This kind of situation began to change 
when the world witnessed the intensification of competition. Because of this situation, the behavioral patterns of factories, humans 
and societies changed. This development indicated that the products need to be designed to suit the behavioral pattern of not only the 
factories but also the humans and societies [43-51]. In other words, the product design should be compatible with the various 
paradigms that have been emerging in the world to meet different kinds of customer requirements [52-61].

A study of the history indicates that the world witnessed the emergence of different paradigms due to the appearance of four
industrial revolutions. During the first industrial revolution, machines were produced to manufacture products. During the second
industrial revolution, steam engines were produced to run machines and produce the products. During the third industrial revolution, 
electrical motors were used to drive machines for manufacturing products [62-69]. During the fourth industrial revolution, 
Information Technology (IT) was infused in manufacturing field. This fourth industrial revolution began from the beginning of this 
21st century. Industry 4.0 demands the aggressive implementation of IT and communication devices and infrastructure to integrate 
machines in the factories so as to execute the operations with the characteristics namely interoperability and flexibility at
unimaginable high speed. This kind of facility will enable companies to design and manufacture products for supplying to the 
individual customers [70-84]. Thus, on applying industry 4.0 enablers the outcomes of craft manufacturing can be obtained but by 
spending least resources (Buer et al 2018). In other words, by implementing industry 4.0 enablers, mass customization is achieved. 
Mass customization is an outcome of implementing agile manufacturing paradigm. Obviously, this derivation implies that application 
of Industry 4.0 will enable the companies to implement agile manufacturing paradigm by acquiring agility.

PRODUCT DESIGN FOR AGILITY
As mentioned in the previous section, agility is a set of characteristics that would enable an organization t react quickly in accordance
with the dynamic demands of the customers without compromising profitabilit Agility is infused in organization through the 
implementation of agile manufacturing paradigm [85-89]. I order to enable an organization to exhibit agility, the product should be 
designed in such a way that it ca be reconFigd and modified to suit the requirements of customers. One way of carrying out this task 
is b choosing several components whose functions are same. For example, while designing a gear box, provisio should be made to 
assemble either cast iron gear or plastic gear. Another way is to design the product i such a way that it can be reconFigd by applying 
CAD technology and manufactured by applying eith Cyber Physical system (CPS) or additive manufacturing technologies. Thus, the 
design engineers have t apply these approaches either separately or in combined form, to facilitate the acquirement of agility throug 
product design.

Industry 4.0
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As the competition is becoming very intensive, in order to design a product to suit agility, the Information Communication
and Technology (ICT) devices are required to be exploited. Meanwhile, it is necessary to design products to suit their manufacturing 
under Industry 4.0 environment. As mentioned earlier, Industry 4.0 stipulates the linking of machines and thereby establishing 
communication among them to achieve interoperation ability and flexibility in manufacturing. The three main enablers of Industry
4.0 are Internet of things (IoT), CPS and Cloud manufacturing (Fatorachian and Kazemi, 2018). IoT refers to the practice of using 
internet as the central medium for exchanging data and information among the machines and supporting devices. CPS refers to the 
practice of fixing necessary devices in the machines so that communication is established among the machines and hence any changes 
to be carried out are executed by the machine itself. Cloud manufacturing refers to the utilization of cloud computing to store data by
the organization in the cloud systems and carry out the operations by availing the services available in those systems.

Besides the three enablers mentioned above, few other enablers like additive manufacturing, big data analytics and machine 
learning are also required to be executed when need arises in Industry 4.0 environment. Some of the devices used while executing
these enablers are Radio Frequency Identification (RFID), actuators and sensors. After the release of Industry 4.0, the products to be
used under Industry 4.0 requirement are required to be designed in such a way that, they facilitate the establishment of communication 
and flexibility by making used of all these enablers and devices. Abundant theoretical works on Industry 4.0 have been reported by 
the researchers. However very little application oriented works on Industry 4.0 have been reported by the researchers. Further, the 
practice of designing products to suit Industry 4.0 requirements is yet to be addressed. On noticing this gap, a work on integrating IoT 
with designing of a centrifugal pump which was carried out about two years back as part of a Ph.D. work is reported in the next
section.

CASE STUDY
The construction of a centrifugal monoblock pump is shown in Fig 1. As shown a centrifugal monoblock pump consists of 

two units. One unit is the electrical motor and the other unit is pump unit. Normally induction type electrical motors are used in the 
centrifugal monoblock pump. The electrical motor consists of a stator and rotor. The stator unit is made by winding copper coils. The 
rotor unit is connected to the drive shaft. The drive shaft extends to the pump unit. At the end of drive shaft, impeller is connected. 

Fig 1-Construction of centrifugal monoblock pump

The efficiency of the performance of the centrifugal pump is dependent on the performance of electrical motor, volute casing 
and impeller. In the pump unit, there are two openings which are called as inlet and outlet. The inlet is connected to a pipe through 
which the liquid at the lower altitude enters into the volute casing. The outlet is connected to the pipe through which the liquid 
entered into the volute casing is pumped to a location at a higher altitude. The impeller is made in the form of blades. This blade has 
to be made in the form of a curve. This curve is made in such a way that the air is sucked from the inlet and delivered at the outlet. 
The volute casing should be designed and manufactured in such a way that air and liquid entered into it do not leak from it. The driver 
shaft is required to transfer power from the electrical motor unit without any loss. Besides the driver shaft should be fixed between 
bearings in such a way that it is run at high speed.

When the electrical connection is switched on, the electrical motor rotates the driver shaft. Hence in the volute casing, the
impeller rotates. Due to the rotation of impeller in the volute casing, the air present in it is driven through outlet. This process creates
vacuum in the volute casing. In order to fill this vacuum, air tries to enter into the inlet. When inlet is connected to a liquid source 
through pipe, due to the vacuum created in the volute casting and in the absence of air, the water enters into the volute casing. As 
there is no more air present tin the volute casing, the continued impeller rotation causes the liquid to flow out through the outlet.

As the pumping of liquid in volute casing is carried out through a simple process and hence, minimum maintenance is 
required to ensure the defect free and interruption free operation of the centrifugal monoblock pump. Because of this merit, from 
1950s onwards, several manufacturers in the world began to manufacture portable centrifugal pump. Due to the same reason, people 
from different parts of world also began to use portable centrifugal pump. For example, people living in single storey houses began to 
use portable centrifugal pump to pump water from sump to the overhead tank. The centrifugal pumps are also used largely in 
manufacturing companies to pump water from tanks and wells to the different locations. Because of the wide usage of the centrifugal 
pumps, many companies manufacturing centrifugal pumps were started in many countries of the world from 1950 onwards. These 
companies aided the countries to generate significant wealth and employment opportunities.

When the world community began to use centrifugal pumps, the design was not good enough to perform these pumps at high 
efficiency. In the field of pump manufacturing, it has been a challenge to design and produce portable centrifugal pump whose 
efficiencies are about 60%. Those olden day pumps were designed and manufactured in two separate units namely the electrical motor
and pump. Those units were heavy and sturdy. These features of design prevented the olden day’s centrifugal pumps to be portable 
enough for easy handling to install them in different locations. Moreover, in those olden days, the design of the blades of the 
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impellers of centrifugal pumps were not optimised. Because the design of blades was not optimised, the delivery of liquid per unit 
time was very less in comparison to that is observed in modern day pumps. In order to overcome these deficiencies, researchers and 
practitioners concentrated on improving the design of centrifugal pumps.

In order to reduce the size and weight of pumps, the designers began to develop pump and motor units as an integral unit. 
Further, works were carried out to use material with low density for developing portable centrifugal pump. This kind of development
took place till 1980s. However, after 1980s, the pace
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of emergence of new designs in pump manufacturing arena became slow. During this period, the growth of pump Industry in terms of 
the volume of pumps sold and revenue generation began to decline. This is due to the reason that the changing taste of the customers 
and increasing competition through the entry of numerous competitors into the market enabled the customers to demand value 
addition in the form of incorporation of innovative features in the products. Since, researchers and practitioners associated with the 
pump industry have been failing to react to this kind of customers’ expectations and aspirations, the pump industry has been exhibiting
declined growth in the past little more than a decade (Zhong et al 2018). The need of the hour is to evolve solutions that would 
overcome this deficient situation so as to brighten the future of pump Industry. This solution lies in infusing agility characteristics in 
the case of designing, developing and manufacturing portable centrifugal pumps. Such a solution is presented in the following
subsections.

Modelling of the individual components of the centrifugal monoblock pump by using CAD packages
In order to digitize the design, the three dimensional (3D) models of the components of a centrifugal monoblock

pump were modelled in Creo 3.0. The 3D models thus developed are shown in the Figs 2-6.

Fig 1 3D model of adaptor Fig 2 3D model of pump casing

Fig 3-3D model of stator Fig 4-3D model of lower cover

Fige 6-3D model of impeller

Assembling the CAD models of the components to digitize the centrifugal monoblock pump
The 3D models of the components of centrifugal monoblock pump were assembled by using the assemble option in PTC 

Creo 3.0. The creation of the 3D model of the assembled chosen centrifugal monoblock pump was carried out in Creo 3.0 by 
following the steps presented in Table 1.

Table 1-Steps followed to assemble the centrifugal monoblock pump

Step 
Number

Components and 
subassemblies 
assembled

Constraints considered

1 Stator Default constraint-Assembles
component at default location

stator

2 Upper cover Coincident constraint- stator component reference
coincident to the assembly

reference

3 Pump casing Automatic constraint- upper 
component reference automatic
assembly reference

cover to 
the
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4 Impeller Coincident constraint- pump 
component reference coincident
assembly reference

casing to 
the

5 Lower cover Coincident constraint- stator component reference
coincident to the assembly

reference

The 3D model of the assembled chosen centrifugal monoblock pump is shown in Fig 7.

Fig 5-Assembled digitized version of the centrifugal monoblock pump

The creation of models of components and assembled chosen centrifugal monoblock pump marked the digitization of
the chosen centrifugal monoblock pump. Subsequently, the 2D drawings of the 3D models were extracted by using the facility called 
‘drawing’ in PTC Creo 3.0.

Functional agility through digitization
The centrifugal monoblock pumps are most commonly used in houses. Generally a centrifugal monoblock pump is placed 

outside the house. In order to switch on or switch off the pump, the user has to come out of the house. In this modern era, users like 
devices which can be operated by using remote controlling devices. Modern customers buy products like TV, audio system and air
conditioning only when are incorporated with remote controlling facility. Considering this customer preference as the functional 
agility feature, it was decided to accommodate remote controlling features in the centrifugal monoblock pump being manufactured in 
Jay Pumps.

Instead of designing a new remote control, it was decided to use a smart mobile phone as the remote controlling device. In 
order to support the use of mobile phone for remotely controlling the centrifugal monoblock pump, one hardware unit and software 
unit had to be developed. This hardware unit is named as ‘smart pump system’ and fixed in the centrifugal monoblock pump. The 
software unit had to be developed as an ‘app’ and installed in the smart mobile phone. This ‘app’ is given the name ‘smart monoblock 
pump app’. The smart pump system and ‘smart monoblock pump app’ are connected wirelessly by using Bluetooth technology. The 
construction and working of this smart pump system and smart centrifugal monoblock pump system are described in the following
two subsections.
SMART PUMP SYSTEM

In order to check the feasibility of this smart pump system, initially a virtual simulation of the schematic design was carried
out in Proteus Software. Proteus can be used to simulate the microcontrollers based designs during the design phase. The schematic 
layout of smart pump system designed by using Proteus is shown in Fig 8. As shown, this schematic circuit is incorporated with 
Acorn RISC (Reduced Instruction Set Computing) Machine (ARM) microcontroller, Liquid Crystal Display (LCD) screen for 
displaying the output and six sensors. The ARM microcontroller in this schematic layout was conFigd by using the Keilμvision 4 
(hereafter referred to as Keil). In order to carry out this configuration, the commands were written by using C language. This C 
program was entered in Keil. This entering of C program is shown in Fig 9. Then this program was mapped with the ARM
microcontroller in the schematic layout deigned by using Proteus. The results of simulation runs of the schematic layout were 
observed. These results indicated that the smart pump system will work without any flaws.

By referring to the schematic layout, the prototype of the smart pump system was developed. This prototype is shown in Fig 
10. As shown in Fig 10, the main components of this prototype circuit were ARM microcontroller, Bluetooth module, sensors and
relay switches. The ARM microcontroller will carry out all the operations in accordance with the commands of the C program coded 
earlier in the Keil. The Bluetooth module in the smart pump system will enable the ARM microcontroller to receive and send the 
signals to the mobile phone device. The signals are received from the mobile phone through the Bluetooth module present in the system. 
The received signal will be processed in the ARM microcontroller and the corresponding operation will be carried out. This smart 
pump system will have to be installed in the centrifugal monoblock pump.

In order to control the smart pump system, an android app named ‘smart monoblock pump app’ was developed. The android 
operating system was chosen as it is the most commonly installed operating system in many smart phones used all over the world 
(Webopedia, 2015). The android applications are generally written in Java programing language in the Eclipse Software Development 
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Kit (SDK) (Androidauthority, 2015). This Eclipse SDK package is incorporated with sample codes, tutorials, debugger and also 
handset emulator. The handset emulator in the SDK package will enable the android developer to virtually test the developed 
application in different mobile phone models. The ‘smart monoblock pump app’ was developed by coding using java language. This
program was tested by running and debugging its codes in the Eclipse software. Then the developed android application was installed 
in a smart mobile phone device. Subsequently, this ‘smart monoblock pump app’ was paired with the Bluetooth module in the smart 
pump system in order to transmit signals among them.

Fig 1-Simulation of the circuit in Proteussoftware

Fig 2-C program coded and tested in Keil µvision 4 software

Fig 3-Smart pump system for controlling and monitoring the centrifugal monoblock pump
The home screen of the ‘smart monoblock pump app’ is shown in Fig 11. As shown, this app is incorporated with the 

facilities for switching on and off the centrifugal monoblock pump, timing the operation of the centrifugal monoblock pump, 
indicating the level in the sump and overhead tank, and trouble shooting for solving the problems encountered while operating the 
centrifugal monoblock pump. These facilities of smart monoblock pump app are described in the following subsections.

Fig 12-Pump on and off
Fig 11-Home screen of the smart monoblock pump app
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Pump on/off
The ‘smart monoblock pump app’ will enable the user to switch on and off the pump remotely by using the mobile phone 

through its Bluetooth device. The smart monoblock pump system installed along with the pump will have a Bluetooth receiver
module. The pump ON/OFF screen in the smart monoblock pump app is shown in the Fig 12. When the ON button is pressed in the 
smart monoblock pump app, a Bluetooth signal will be transmitted to the Bluetooth receiver in the ‘smart monoblock pump system’.
The received signal will be processed by the ARM microcontroller in the smart pump system. The ARM microcontroller will switch 
on the relay switch, which will in turn switch on the pump. An alert tone can also be switched on to notify the user that the pump is 
on. Thus the pump can be switched on and off remotely by using the mobile phone.

Timer controlled on/off
The timer control option in the smart monoblock pump app will enable the user to operate the centrifugal monoblock pump

for a pre-set time. When the user presses the timer button in the home screen, the timer facility shown in Fig 13 will be opened. When
the user sets the duration of operation in minutes, then a signal will be transmitted from the Bluetooth module of the mobile phone to the
smart pump system installed in the centrifugal monoblock pump. The received signal will be processed by the ARM microcontroller 
and it will be switching on the pump. Once the pre-set duration of operation of the pump is completed, the mobile phone will send 
another signal to the smart pump system which will switch off the pump. The user can set up the running time as 1,2,3,5 upto 30 
minutes by using the smart monoblock pump app.

Fig 13-Timer controlled on/off Fig 14-Water level indicator

Checking the water levels
The smart monoblock pump app will aid the user to monitor the water level in the overhead tank and the sump. When the 

user presses the level indicator button in the home screen of the mobile phone, the level indicator screen as shown in Fig 14 will open. 
When this button is pressed, it will send a signal to the Bluetooth receiver in the smart pump system. This signal will be processed in 
the ARM microcontroller of the smart pump system. The ARM microcontroller will in turn gather data form the sensors. The sensors
are fixed at three different levels of the overhead tank and sump. The measured water level data will be sent to the mobile phone which
will be displayed in the smart monoblock pump system.

The users can switch on and off the centrifugal monoblock pump by monitoring the water levels of the sump and overhead tank.

Metering the amount of water discharged
The smart monoblock pump app can be used to measure the amount of water discharged by the centrifugal monoblock 

pump. The screen which displays the amount of water discharged is shown in Fig
15. The flow sensor can be used to execute this metering application. The flow sensor placed in the pump will send the measured data 
to the smart pump system which will transmit the data to the mobile phone through the Bluetooth. The smart monoblock pump app will
display the amount of water discharged during that operation. The total amount of water over a period of time discharged by the 
centrifugal monoblock pump can also be monitored by using this facility.
Power consumption

The smart monoblock pump app enables the users to monitor the power consumed by the centrifugal monoblock pump. The 
current sensor incorporated in the smart pump system will sense the amount of power consumed during the pumping operation of the 
centrifugal monoblock pump and send the data to the ARM microcontroller. These data will be sent to the mobile phone through 
Bluetooth. The smart monoblock pump app displaying the power consumed during an operation in its screen is shown in Fig 16.
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Fig 15-Metering the liquid discharge Fig 16-Screen displaying the power
consumption

Help screen
This facility in the ‘smart monoblock pump app’ will aid the user to contact the customer care centre of Jay Pumps. In case 

of any breakdowns, the user can refer the trouble shooting solutions which are incorporated in ‘smart monoblock pump app’. The 
smart monoblock pump app will be loaded with basic trouble shooting videos. The users can also contact the customer care executive 
by pressing the customer care button shown in the Fig 17. This facility of the smart monoblock pump app will enable the executives 
and employees of Jay Pumps to provide a better customer service.

Fig 17- Help screen

The facilities of the ‘smart monoblock pump app’ which are described above will infuse agility in the centrifugal monoblock 
pumps manufactured in Jay Pumps.

Ergonomic agility through digitization
After developing ‘smart monoblock pump’, the agility in the centrifugal monoblock pump was infused by improving its 

ergonomic features. While initiating this task, the propensities of improving the ergonomics of the centrifugal monoblock pump were 
analysed. In this direction, an idea of eliminating the noise while operating the centrifugal monoblock pump by reducing the vibrations
was conceived. This type of pumps is coined here the name ‘silent pumps’. The rationale behind developing the silent pumps is 
explained in the following sub-section.
Silent pumps

The average noise generated in a centrifugal monbolock pump is from 60 db-80db (Pump handbook, 2015). This noise will 
be disturbing the environment. The major noise that arise in the centrifugal monoblock pump is caused due to vibration. The 
reduction of vibration will lead to the silent operation of the pump. The vibration can be reduced by installing vibration isolation pads 
under the centrifugal monoblock pump while installing them. These vibration isolator pads will eliminate the transmission of 
vibration from the pump to the floor. This arrangement will control the vibration and reduce the noise generated during the operation 
of the centrifugal monoblock pump.
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The fixing of vibration isolation pads will also add life to centrifugal monoblock pump and reduce the maintenance costs. The 
vibration isolation pads which are made up of visco elastic polymer materials are found to be most suitable for eliminating the 
transmission of vibration from pump to the floor (Sorbothane, 2015).

While carrying out the doctoral work being reported here, the CAD model of centrifugal monoblock pump with vibration 
isolation pad was developed. In order to develop this CAD model, PTC Creo 3.0 package was used. Initially the digitized version of the
centrifugal monoblock pump was referred. The exterior dimensions of the centrifugal monoblock pump were measured. By referring 
to these measurements, the vibration isolation pads were modelled in PTC Creo 3.0 software package. By using the part modelling 
facility of PTC Creo 3.0 software package, a rectangular section was drawn by using the sketch option. Then the rectangular surface 
was chosen and extruded. In the next step the surface of the extruded part was chosen and a rectangular was drawn by using the 
sketch facility. Then this section was extruded. After extruding, similar rectangular sections were created by using the pattern facility 
available in the PTC Creo 3 software package. Then this 3D model of the vibration isolation pad was added in the assembly section of 
the centrifugal monoblock pump. The vibration isolation pad was assembled with the centrifugal monoblock pump in PTC Creo 3.0 
software environment by using the automatic constraint.

The assembled CAD model of centrifugal monoblock pump with the vibration isolation pad thus developed by using PTC 
Creo 3 software package is shown in Fig 18. The simulation of this CADmodel can be carried out by using Computer Aided Analysis 
software packages. However, the simulation was not carried out due to the non-availability of acoustic simulation software package
with the authors of this article. In future, the results obtained by conducting simulation runs can be compared with the experimental 
results. The results of this comparison can be used to design vibration isolation pads that will completely eliminate the noise during
the operation of centrifugal monoblock pumps. This effort will lead to the development of silent centrifugal monoblock pumps.

Fig 18-Centrifugal monoblock pump with the vibration isolation pad
Thus the ergonomic feature of the centrifugal monoblock pump can be improved to infuse agility in Jay Pumps.

CONCLUSION
As mentioned in the beginning, ‘product design’ had been driving and facilitating the execution of manufacturing paradigms 

and industrial revolutions. Currently, Industry 4.0 is revolutionizing the organizations and societies. The researchers have been
pointing out that various ICT devices are required to be embedded in practice to carry out the enablers of Industry 4.0. In line to this 
appraisals, several digitization activities are carried out. Enabling the fund transfer, booking air reservations, purchasing products 
using internet apps is the example of implementing Industry 4.0. This kind of implementation of Industry 4.0 is occurring at fast pace
in Germany. In other parts of the world, Industry 4.0 is occurring at slow pace. This is due to the reason that implementing Industry 
4.0 in organizations has to happen by overcoming several hurdles. One such hurdle is the contemporary product design which is 
incompatible for adoption to manufacture under Industry 4.0 compatible organizations. In order to overcome this hurdle, the 
contemporary products should be redesigned with the incorporation of the appropriate Industry 4.0 compatible technologies and
devices. In order to provide a solution in this regard, a case study was carried out to design a centrifugal monoblock pump 
incorporated with Industry 4.0 comparative technologies and devices. After explaining about agile manufacturing and Industry 4.0,
this case study has been reported in this article. This Industry 4.0 compatible centrifugal monoblock pump will meet the stipulations 
of agile manufacturing to the extent of providing innovative functional, ergonomical and aesthetic features. This article is concluded 
by claiming that the pursuance of product design with the focus to infuse agility in products by adopting Industry 4.0 compatible 
technologies and devices will bring out the fourth industrial revolution in organizations.
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