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Abstract—The vital concern of industrial organization is 

how to protect the equipments and sustain their 

performance to enable them to compete in the market. In 

other ward, what should be done to prevent the problem 

associate with the start up of the equipment, mis-operation, 

damage to equipment due to fluctuation in operational 

parameters and continuation of equipment when the 

conditions of operation  are not met.  Thus , sensors were 

introduced to industrial organization to deal with the above 

mentioned problems. The aim of paper which based on 

descriptive study and the experience of  researchers as 

engineers in  various  industrial fields is to emphasize the 

role of the sensors in protecting the equipment and 

sustaining their performance.  The research paper showed 

that  the introduction of the sensors to industrial  has 

contributed to the  elimination  of the problems associated 

with the start up by inducing the " interlock feature " ,  the  

problem associated with mis-operation and human 

intervention is solved by " automation" and the monitoring 

of the equipment condition is achieved by apply condition 

based maintenance approach,  also , it showed  damages to 

the equipments occurred  at various Libyan  industrial  

facilities as result of not introducing the sensors . And , the 

sensors should be installed wherever they are  necessary to 

protect the equipments and sustain their performance 

through the coordination between the concerned parties.  
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I. INTRODUCTION  

In the light of industrial development and intense 
competition as a result of globalization. This forced 
companies and industrial establishments to change the 
way and manner of work, which was dependent on man 
to work in factories with small production capacity to 
those with large capacities at high speeds, Which required 
conversion to the use of methods that use non-human 
tools to control and monitor the progress of operations to 
protect the equipment and ensure the sustaining  its 
performance. Thus , sensors were introduced to undertake 
this task. The sensors are to monitor the operation 
parameters such as pressure , flow , temperature and also 
the level and position and movement. The goal of 
introducing the sensors is to eliminate the problem 
associate with the start up , prevent the damage to the 
equipment , monitor the condition of the equipment and 
speed the process and operate without human 
intervention. The aim of paper is to emphasize the role of 
sensors in protecting equipment and sustaining their 
performance based on descriptive survey related to sensor 
applications and experience of researchers as maintenance 
engineers. 

II. RESEARCH PROBLEM 

The industrial organization face many frequently 
occurring problems such as:  

 Problem or damage to the equipment as results 
of improper start up procedures 

 Pump damage that could occur if the operator 
forget to open the out let valve. 

 Tank is empty and  the pump is  running dry 
because it is  forgotten to open the filling valve . 

III. RESEARCH OBJECTIVES 

The research paper aims at emphasizing the role of 
sensors in : 

 Elimination/Reducing the problems associated 
with the start up of the equipment , 

 Protecting  both workers and equipment  and 
improving their performance . 

 Gathering informationwithout requiringhuman 
intervention. 

 Monitoringthe condition and performance of the 
equipment. 

IV. SENSOR GENERAL ASPECT 

A. Sensors history and concept 

Sensors have been around for quite some time in 
various forms. The first thermostat came to market in 
1883, and many consider this the first modern, manmade 
[1].  The first motion sensor was invented in 1950 by 
Samuel Bango  by making use of ultrasonic frequency 
and   the principle of “Doppler Effect. A sensor is a 
device that detects and responds to some type of input 
from the physical environment. The specific input could 
be light, heat, motion, moisture, pressure, or any one of a 
great number of other environmental phenomena. The 
output is generally a signal that is converted to human-
readable display at the sensor location or transmitted 
electronically over a network for reading or further 
processing [2]. 

B. Sensors Specification 

Various sensor specification  which are used to 
identify sensor , describe its performance  or select the 
suitable sensor for specific application. The specification 
are Accuracy. Precision. Resolution, range . 
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Sensitivity,Sensing distance .Hysteresis , time response  
and Linearity[3].    

C. Sensor Classifications 

The classification of the sensor is shown in Fig 1. 

 

Fig 3. classifications of sensors. 

Where , 

 Simple: the conversion is done in one step 

 Complex: various changes in physical or 
chemical properties take place  before 
conversion to electoral signal or measured value. 

 Analog :continuous signal which is expressed in 
either 4-20 mA, or 5,12,24V. 

 Digital: Discrete signal  is expressed in 0 or 1.  

 Continuous or Discrete signal with respect to 
quantity being measured. 

 Passive: Doesn’t require external power to 
generate output signal.. 

 Active sensor : requires external power or signal 
for excitation to generate output signal.. 

D. Sensor Types and Principle of Operation 

Different types of sensors are shown in Fig 2.and 
Fig3[4].    

 

Fig 2.Different types of sensors [5] 

E. Temperature Sensor 

Temperature Sensoris a device used to detect  the 

change in thermal parameters or measure the 

tempreture and converted to an input signal to the 

control system [6,7]. The common types of senseing 

elements that convert change in temperture into 

signals are thermistor and resistive tempature 

detector.whereas the termocouple is used to convert 

the difference  between the hot and cold ends  into 

voltage to be displayed as temperature 

value.Thermistor is a device whose resistance 

change with temperature. It is  semiconductor  and 

consist of mixture of oxide metals. There are 

different types of thermistors that suit diverse use : 
 

 

Fig 3. types of sensors 

 Postive thermal cofficient "PTC"  the resistance 

increase as the temperature  increase. 

 Nagative  thermal cofficient " NTC" the 

resistance decrease as the temperature dectease.  

The important charateristics for the temperature 

sensor that should be taken into account are 

detectortype,measurment range,the length and 

diameter of the sensor. The temperture sensor is used 

to: 

 Protect pumps, motors, compressors, cooling fans 

and so on from over heating. 

 Start up and stop cooling fan or air condition as per 

the set temperture. 

 Control the cooling cycle for the rotating 

equipment. 

 Mantian the inlet and outlet temperture for the 

manufacturing processes.  

F. Limit Switch  

Limit swtch is electromechanical devices that is actuated 

when it is contaced by an object resulting in either 

connect or break the electrical circuit [8].The limit  

switch is used to:  

 Indicate the position of shut off valves to protect 

the pump from dry run and start up against 

closed valve. 

  Slow the speed of overhead cranes before the 

end position to prevent the impact that can be 

resulted from stopping with high speed. 

 Limit the upper and lower movement of the hook 

of overhead cranes to protect the rope guide. 
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 Indicate the lower wear out limit for wearing 

parts. 

 Stop the motor for motorized valve when either 

fully opened or fully closed position of the valve  

is reached . 

G. pressure sensors  

Pressure sensors is  an electro- mechanical device that 

use diaphram or strain guage to detect force per unit   

area in gases and liguid  and input  an analog signal in 

term of voltage to the control system. The important  

specification that should taken into account are working 

pressure ,  measurement range, sensor function,accurcy 

[9]. The pressure sensor is used to: 

  Control the flow of gas from the oil seperator 

 Start and  stop the compressor that used to 

contol the pressure inside the pressure tank. 

 Start self clean of the filter automically. 

 Protect the pump from water surge 

 Monitoring the operation of water pump station 

H. pressure sensors  

Level Sensors are electro-mechanical devices used to 

determine the height of gases, liquids, or solids in 

tanks and provide signals to the inputs of control for 

further action  or  to be displayed. control The important 

specification that should taken into account are   sensor 

type , sensor function  and the maximum measuring 

distance. The level sensor are used to : 

 Open and close the motorized valve for filling 

line for  water tank. 

 Ensure dry protection run for the pumps  in 

pump station. 

 Start and stop the pump that used to fill the 

tank 

 Control the flow of oil from oil seperator to 

prevent carryover or blowby. 

V. FEATURES PROVIDED BY THE SENSORS 

After The introduction of sensors to industry provide 
the organization with real date that contribute to 
evolvement of interlock , automation and condition based 
maintenance. This evolvement has positive impact on 
protection of equipment , production , quality and safety 
of the work. The impact can be seen as : 

 Interlock is a feature that makes the state of two  
function or mechanism mutually dependent[8]. It is 
used to  prevent the equipments from damaging 
itself or harming the operator. Also , it is used to 
ensure the start up of equipment as per the right  
procedures. 

 Automation is the technology by which a 
process or procedure is performed with minimal 
human assistance [9].  The sensors  provide the 
real time date  needed for the automation.  In 
automatic mode , the equipment stopped when the 
conditions for safe operation are not met. Also , the  
continuation of operation for a period of time with 
less a human inference. 

VI. CONDITION-BASEDMAINTENANCE  

Condition-basedmaintenance (CBM) is a 
maintenance strategy which  uses the real time data 
provided by the sensors to watch the situation of 
equipment  and  settle on what   maintenance  is required 
andwhen to be done. Condition-
basedmaintenance   dictates that maintenance should only 
be performed when certain indicators show signs of 
decreasing performance or upcoming failure[10,11]. The  
Condition-basedmaintenance  change the maintenance 
policy form Schedule  based to condition based . A model 
for continuous monitoring of the equipment using a 
Vibration  technique is shown in Fig (4) .  And , the 
electrical circuit for vibration continuous monitoring for 
the equipment is shown in Fig (5) maintenance engineer. 

 

Fig. 4. equipment continuous monitoring by vibration techniques [12] 

 

Fig. 5. Electrical circuit for vibration continuous monitoring [12] 

VII. CASE STUDY  

A pump station  which  is" used to fill up a big water tank  

or injected directly into the water network" is selected  to 

illustrate the role of sensors in protecting the mechanical 

equipments and improve their performance.  The 

illustration of pump station is shown in figure (4) 

 

 

Fig. 6. Illustration of the pump station [by rhe reseacher]. 
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A. The functions of the items 

 Low level switch stop the pump 

 Minimum level switch  gives a warning or a 
signal to open the filling valve. 

  Two Limit switches for each valve is to indicate 
whether the valve is opened or closed. 

 Motorized valve for the over pressure or 
circulation line 

- Open during the start up of pump  when 
the pump station is used for filling the 
tank . 

- open  when one pump running to 
compensate for leakage when the pump 
is used to inject water directly to  
network.  

 Pressure switch gives a signal to  perform the 
following : 

- Open or close the motorized valve for 
over pressure or circulation line. 

- Start anther pump if one pump not able 
to achieve the required pressure. 

- Stop one of pumps if pressure exceed 
the required pressure. 

- Stop the pump station if two pumps are 
not able to achieve the required 
pressure for certain period of time. 

B. Interlock  

1. Interlock for dry protection  

 Water level is not low. 

 Out let valve for the  water tank is open. 

 Suction valve is open. 

2. Interlock for over pressure protection 

 Motorized valve for over line is open . 

 Pump isolated valve is open  

3. Interlock for water hammer protection  

 Outlet valve for the pressure tank is open 

C. The functions of the items 

 The motorized valve for filling opened when the 
level is minimum. 

 The motorized valve for filling closed when the 
level is high. 

 Open the motorized valve  for  over pressure  or  
circulation during : 

 Start up of the pump station, 

 One pump operation for compensating for water 
leakage 

 Start anther pump if one pump not able to 
achieve the required pressure .   

 Stop one of pumps if pressure exceed the 
required pressure. 

 Stop the pump station if two pumps are not able 
to achieve the required pressure for certain 
period of time 

 Stop the pump shut when any one of the 
interlock conditions are not met 

VIII. PROBLEMS OCCURRED IN ABENCE OF SENSORS 

The absence of sensors could cause  a lot of problem 
that had a negative impact on the operation in various 
Libyan industrial facilities. Table 1 sample of problem 
encounter in absence of sensors . 

TABLE I.  PROBLEMS OCCURRED  IN ABENCE OF SENSORS      

Problem 

Encounterd 

Reason of The 

Problem  

Action Not Taken 

The impeller of the 

pump was damage  

Starting the pump 

againt closed 
outlet valve  

Limit switch was not 

installed to prevent 
the pump from 

starting against 

closed valve 

Exhuast fan was 

burnt and fall down 

in chemical store  

Continous 

operation result in 

overheating  

Thermiser was not 

intalled to protect the 

fan by stopping the 
fan when the 

temperature is high  

The cushion of 
hydruaic cylinder 

was damage  

The cylinder is 
stoped at high 

speed  

 Limit switch to  
swicth the speed 

from high to low 

before stopping was 
not installed  

 

Pumps in a pump 

station  were 
damaged  

Continoution of 

the operation of 
the pumps with 

heavy leakage  

Pressure swith was 

not installed to stop 
the pumps if the 

leakage continoue 

after certain time. 

IX. CONCLUSION 

 The paper showed : 

 The importance of sensor in 
protecting  equipment and sustain 
their performance , and the use of 
sensors become necessity not an 
option. 

 The benefit of the integration between 
the mechanical& electrical field in 
enhancing the production process  

 The  sensors have added  new features  that 
enable to do : 

- Eliminate the problems associated with start up by 
using interlock feature. 

-  Reduce the human intervention and mis-operation 
by using automatic mode feature. 

- reduce the equipment failure by using condition    
monitoring features. 

 Understand  of the process and the experience is 
very important element  to select  the suitable 
type  of sensors with the right specification. 
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 The delay or not introducing the sensors to 
industrial organization could cause a lot of 
problem , and the cost of these problem would 
mush higher than the cost of installing the 
sensors. 

X. RECOMMANDATIONS 

 The Sensors must  be introduced to industrial 
organization during  design stage , upgrading 
stage or during treatment of weak point stage 
though the coordination between the concerned 
parties.  

 The sensors should be properly selected  based 
on the experience and understanding  of the 
process . 
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