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Introduction
In this paper, several matters have been discussed in relation with the Process of Equipment maintenance. The functions of this maintenance program are described; the responsibilities of the task managers are also mentioned. Overall the reliability of an organization in this program is briefed in the report.  















[bookmark: _Toc478070332][bookmark: _Toc478290035]The functions of planned preventive maintenance:
Preventive maintenance is an imperative part of managing facilities. The objective of a successful preventive maintenance program can be considered as establishing reliable practices structured for improving the performance & safety of the tool at the organization.
Additionally, the planned maintenance of equipment is going to help improve the life of the equipment & keep away from any unplanned activity of maintenance. A successful maintenance program relies on the cooperation of all the participants. Engineering managers should depend on the ides, knowledge & contributions of all the personnel related to maintenance of the property (Cassady and Kutanoglu, 2015).
However, the implementation of the preventive maintenance program can be costly as well as time consuming. This is responsible for creating continuous debate as to if the preventive maintenance plan is to be installed. 
Some of the important functions of a properly operated preventive maintenance program can be mentioned as follows:
· Tool downtime can be minimized & the number of major repairs will also be minimized.
· Assets could be conserved in a better way & their life expectancy will be increased, thus the premature replacement of equipment & machinery will be eliminated.
· Overtime costs will be reduced & more economical utilization of maintenance worker because of working schedule-wise rather than crash basis of repairing breakdowns. 
· Timely, regular repairs avoid helps in reducing large-scale repairs.
· Enhanced safety & quality conditions could be provided to everyone with this program.





[bookmark: _Toc478070333]Developing necessary plan & schedule & control of preventive maintenance activities:
Three necessary steps to be followed for designing a preventive maintenance program:
Designing the procedure of preventive maintenance by doing the effective things: For catching & repairing the machine problems before making the components fail, a detailed assessment should take place. If the PM program planners don’t examine these causes of failing equipment closely, then there also rises the probability of missing some of the major inspections needed to be baked into the task list of the program (Cassady, and Kutanoglu, 2015).
Scheduling the procedure by effective use of resources & people: after fixing the proper procedure, it is needed to be scheduled. In most of the plans, this means setting up the PM events daily, monthly & annually. 
Ultimately communicating the plan:  the best preventive maintenance program ever designed will still be failed if maintenance workers don’t get the fact of the way they will benefit & put their attempts into making it a success. If they have not observed the benefits from the past programs, should be prepared to turn around the negative perceptions. While it is very crucial to design the plan properly, communicating the program is more important & necessary. Every participant need to know what is the actual requirement, who would be responsible for which task etc. 
PM program is the fluid which enhances the continuous improvement, communication will help workers to understand that PM will be helpful while removing the extra work from their plate. 







[bookmark: _Toc478070334]Responsibilities of maintenance tasks between plant operator & maintenance personnel according the maintenance plan:
The responsibilities of the plant operator & maintenance personnel according to the maintenance plan can be summarized as follows:
· They should ensure that the equipment is appropriately designed & installed depending on the life-cycle of an asset.
· They should ensure that the equipment is able to perform efficiently & effectively.
· They should also establish & monitor the programs for crucial analysis of the equipment & condition the techniques of monitoring.
· They should review deficiencies documented while corrective.
· They are bound to provide technical guidance for CMMS. 
· They do maintain & advise on the utilization & disposition of the inventory items, rental equipment & surplus items. 
· They also promote the standardization of the equipment.
· They consult with maintenance craft worker on issues related to technology.
· They do monitor new technology & tools (Pongpech and Murthy, 2016).
· They also monitor the shop qualifications & quality principles for outworkers. 








[bookmark: _Toc478290037]Developing necessary plan & schedule & control of preventive maintenance activities:
Three necessary steps to be followed for designing a preventive maintenance program:
Designing the procedure of preventive maintenance by doing the effective things: For catching & repairing the machine problems before making the components fail, a detailed assessment should take place. If the PM program planners don’t examine these causes of failing equipment closely, then there also rises the probability of missing some of the major inspections needed to be baked into the task list of the program (Cassady, and Kutanoglu, 2015).
Scheduling the procedure by effective use of resources & people: after fixing the proper procedure, it is needed to be scheduled. In most of the plans, this means setting up the PM events daily, monthly & annually. 
Ultimately communicating the plan:  the best preventive maintenance program ever designed will still be failed if maintenance workers don’t get the fact of the way they will benefit & put their attempts into making it a success. If they have not observed the benefits from the past programs, should be prepared to turn around the negative perceptions. While it is very crucial to design the plan properly, communicating the program is more important & necessary. Every participant need to know what is the actual requirement, who would be responsible for which task etc. 
PM program is the fluid which enhances the continuous improvement, communication will help workers to understand that PM will be helpful while removing the extra work from their plate. 

The functions of planned preventive maintenance:
Preventive maintenance is an imperative part of managing facilities. The objective of a successful preventive maintenance program can be considered as establishing reliable practices structured for improving the performance & safety of the tool at the organisation.
Additionally, the planned maintenance of equipment is going to help improve the life of the equipment & keep away from any unplanned activity of maintenance. A successful maintenance program relies on the cooperation of all the participants. Engineering managers should depend on the ides, knowledge & contributions of all the personnel related to maintenance of the property.
However, the implementation of the preventive maintenance program can be costly as well as time consuming. This is responsible for creating continuous debate as to if the preventive maintenance plan is to be installed. 
Some of the important functions of a properly operated preventive maintenance program can be mentioned as follows:
· Tool downtime can be minimised & the number of major repairs will also be minimised.
· Assets could be conserved in a better way & their life expectancy will be increased, thus the premature replacement of equipment & machinery will be eliminated.
· Overtime costs will be reduced & more economical utilisation of maintenance worker because of working schedule-wise rather than crash basis of repairing breakdowns. 
· Timely, regular repairs avoid helps in reducing large-scale repairs.
· Enhanced safety & quality conditions could be provided to everyone with this program.











[bookmark: _Toc478290039]Different kinds of machines present in workstations:
There are several kinds of equipment needed by the organizations for supporting their own requirement. The common types of equipment used by more or less every kinds of organizations can be named as:
· Compressor.
[image: P:\freon-gas-ice-making-plant-500x500.jpg]
# Compressor: it is used to increase the pressure also repeating the cycle and cooling in refrigerator system the in (PDO plant in Marmul in Gas plant Station)  







· Pumps. 
[image: P:\17852019-induction-motor-with-centrifugal-pumps.jpg]
# Pumps: it is used to transfer the feed water from the distillation to the vessel tank (Refinery Muscat)
· Cooler fan.
[image: P:\lng6.jpg]
# Cooler fan: it is used to providing an operating air supply for air operated valves also its work as an intake filters ( Sohar power station ) .



· Dryers 
[image: P:\cep-3907-13.jpg]
# Dryers: it is used to dry material by eliminating or reducing the moisture content also it dry a variety materials like: slag, clay, cement, coal, limestone (Oman cement) 

· Heaters 
[image: P:\thermal_fluid_heater_with_arctic_enclosure_building1-1.jpg]
# Heaters: it is used to preheated by steam cycle and increase the temperature and to provide efficiency gain by reducing the heat rejected in the condenser (Daleel Petroleum station) 




· Hydraulic system
[image: P:\Electro_hydraulic_system_for_trusters.jpg]
# Hydraulic system: it is used to lifting heavy loads, turning shaft, drilling precision with a help of pressure applied to a fluid and pumps it can controlled by valves and actuators and the parts are ( vane pump, piston pumps, gear pumps) ( al ghubra power station For water treatment ) 








· Turbine engine.
[image: P:\complejopajaritos_stejasa_2.jpg]
# Turbine Engine: it is used to give heat can be using for electrical or to produce power or steam and basically it involve 6 main sections (inlet section, compressor, combustion system, turbine, exhaust system, exhaust diffuser) (occidental Oman corporation)  






· Refrigerator 
[image: P:\316.jpg]
# Refrigerator: it is used to cold the flied or gas by several stage where it consist of a compressor which control the flow of refrigerant and the condenser coil also it has evaporator coils.( A’safwah Dairy & Beverage company) 

· Generator engine 
[image: P:\182962206_352716_lp.jpg]
# Generator Engine; it is a combination of an electrical generator and an engine mounted together to form a single piece of equipment and also provide electricity it could work with power supply or diesel fuel in some generator engine it can serve different place like ( hospitals, sewage pumping station, communication service) ( ABB Company –Sohar ) 

· Car engine 
[image: P:\engine.jpg]

# Car Engine: car engine are common mainly use in everywhere in daily life and it has different parts to make it run like: intake stroke, compression stroke, power stroke, exhaust stroke










[bookmark: _Toc478290040]Kinds of maintenance needed for those equipment:
There are several kinds of maintenance methods such as:
· Preventive maintenance: it is objected to maintain a certain service level on equipment, functioning the interventions of their susceptibilities in the most favorable time. it is utilized in a systematic way, i.e. the equipment is investigated even if it has not shown any issue or trouble. Such as compressor, hydraulic etc. need this kind of maintenance. 
· Corrective maintenance: the group of tasks is meant to correct the troubling facts found in different equipment & that are mentioned in the maintenance department by the users of those equipment.  In case of generator engine, refrigerator and more or less all kind of equipment need this kind of maintenance. 
· Predictive maintenance: it is responsible for pursuing continuous report of the condition& operational capability of the installations by having the knowledge of the values of particular variables, which present this kind of state & operational capability. For applying this maintenance, it is important to recognize physical variables like temperature, power consumption vibration etc.  Which variation represents the appearing problem on the equipment this approach is the most technical & needs advanced technical resources & sometimes strong physical, mathematical or technical knowledge. 
· Shutdown maintenance: A huge work is needed to plan into a comparatively short phase of time. The procedure of managing project is mainly applied to a maintenance shutdown while handling coal plant of thermal power stations. The Critical Path Method (CPM) or a Gantt chart is utilized for planning shut down. 
· Schedule maintenance: this is a level of maintenance that needs planning, allocating particular quantity of time & high coordination degree between several departments & is particularly initiated through an order of work.
· Breakdown maintenance: Breakdown maintenance is a maintenance that is performed on equipment which has broken down & is unusable. It is dependent on a breakdown maintenance activate. It might be either planned or unplanned. 
· Running maintenance: as a part of the planned maintenance program in modern circumstances, general running maintenance is continued by a CNC operator. Other 
· Running maintenance:  is continued by trained maintenance employees. It is done regularly to keep the equipment functioning properly & safely. 
· Emergency maintenance: this is required while the job needs immediate action for eliminating the hazards that bring a threat to the life, health, security of staff, faculty, students & guests, for preventing loss or damage for equipment, for restoring necessary services or ensuring the continuation of mission important services. 
The number of workgroup to be included for performing the maintenance activity of each equipment: a workgroup of 5 to 6people is needed per task of maintaining the different kinds of equipment to make the work faster. 















[bookmark: _Toc478290041]Procedure of equipment maintenance for each of them:
In case of compressor, the procedure will be:
· Reading & following the manual of the air compressor.
· Draining the moisture from the tanks.
· Cleaning the intake vents.
· Tightening all fasteners. 
· Checking hoses on a regular basis.
· Testing the system of safety shutdown. 
· Checking & changing the air filters as per the requirement.
· Cleaning the fuel tank.
· Changing & checking the compressor oil.
· Changing the separator element.
· Cleaning the heat exchangers (Maintenance, 2012). 
In case of pumps the process will be:
· Stopping the pump work.
· Depressurizing the pressure.
· Pulling out the motor by,
1. Removing the coupling cover (as per the requirement).
2. Loosening the coupling nut setscrews.
3. Removing the fixing bolts on the base plate which holds the motor.
4. Pulling out the motor straight aligned away from the pump. 
· Pulling out the pump.
· Disassembling the pump.
· Inspecting the repair.
· Replacing the parts.
· Obtaining spare parts.
· Assembling the pump.
· Installing the pump. 
· Driving motor installation & aligning them.
The procedure of maintaining cooler fan:
· Water treatment by installing automatic feeders & sensors.
· In case of the motor failure it is important to:
1. Assess the starter coils & contacts.
2. Tighten the electrical connections.
3. Lubricating bearings as per the requirement.
· In case of fan the blades should be checked, the condition of drive couplings, belts & pulleys are to be checked.
· The belts are to be replaced.
· The corrosion should be inspected & cleaned in float valve annually.
· The obstructions are to be checked monthly in case of drain & overflow system.
Dryers & Heaters:
In case of heaters:
· The thermostat must be replaced or recalibrated if needed.
· If the heating system seems like short cycling, a professional should be called for further assessment. 
In case of Dryers:
· With the use of pliers the ends of the dryers are to be straighten out.
· Removing the top nap rings by using the snap ring tool. 
· Bending the ends of the dryer chambers in-ward for added retention of the strainer material. 
· Re-installing the top screens. 
Hydraulic:
· Firstly it is important to identify the condition of the operating system.
· Assessing whether the system operates at maximum flow & pressure 70% or better while operation.
· Whether the system is located in a dirty or hot environment.
· Preventive maintenance on the hydraulic system.
· Assessing the Equipment history etc.
Refrigerator:
· Checking the door seals.
· Keeping the coils clean.
· Setting the right temperature.
· Filling it up as per the requirement (Nakajima, 2014).
Generator engine:
· Testing the batteries.
· Cleaning the batteries.
· Checking specific gravity.
· Checking electrolyte level.
· Following routine engine exercise.








Estimated time to perform the maintenance task:
 For performing the task of maintenance:
· Compressor.
(Preventative Maintenance) it can be performed in hours depend on the job required

· Pumps. 
(Preventative maintenance) it can be performed in days if required change bearing, motor, and engine) 
· Cooler fan.
(Predictive maintenance) it can be performed in hours if need change belts and will take days if need to change the fans 
· Dryers 
(Schedule maintenance) it can be performed in hours if not in major services 
· Heaters 
(Breakdown maintenance) it can be performed in days or month depending on how maintenance required or damage inside.
· Hydraulic system
(Predictive maintenance) it can be performed in hours if need to check oil level and it takes days if need to replace piston or motor.
· Turbine engine.
(Corrective maintenance) it can be performed in days or month if need to change the gear box or all parts of engine 

· Refrigerator 
(Corrective maintenance) it can be performed in hours to check on condenser or evaporator 
· Generator engine 
(Corrective maintenance) it can be performed in hours if need a minor services to change oil and it take days in case if need to change new engine 

· Car engine 
(Running maintenance) it can be performed as a delay routine check for any abnormal potential that will case a damage into car engine 
















[bookmark: _Toc478290042]Tools or materials needed for the task:
The generally utilized maintenance tools can be described as follows:
	Name of the tool
	                                      Application procedure 

	Diesel electrical injector puller
	Used of maintaining diesel engines & used for dismantling the fuel injectors.

	Roller stud extractor 
	Used for extracting the broken stud bolts from the body of the machine. 

	Digital dial indicator 
	Used for aligning & installation process.

	Magnetic base holder
	Used for holding the indicators in measuring equipment alignment & soft foot. 

	Mechanical levelling gauge
	Used for measuring the levelling of equipment, ground prismatic base with two unbreakable vials of accuracy 0.05 mm/m

	Inspection mirror 
	For inspecting & installing process used for inspecting the vital places inside the equipment’s. 

	Oil can 
	Mainly needed for installation process. 

	Helical cylindrical masonry 
	For drilling job available with various sizes. 

	Pipe cutter 
	While cutting the pipe according the particular length.

	Clamp vices 
	Used for holding the fittings in place without affecting the surface while working on it. 



Other than these man-lifts, wrenches, ladders etc, personal protective tools, etc are needed commonly. 




[bookmark: _Toc478290043]Conclusion:
Manufacturing is easily the most complex & challenging system in any kind of organization. When the characteristics of the equipment are understood over its life span it is to be understood the importance of the proactive maintenance as opposed to repairs. The technology based society is dependent on the equipment & the machinery to keep it continuing operation (Jaturonnatee, Murthy, 2016). With the knowledge of the behavioral pattern of the equipment & reason behind its failure, means that the right strategies of maintenance can be set up for delivering the lifetime dependency. It is important to learn the appropriate ways to apply the curves of equipment failure for selecting the strategies of maintenance. The practices of maintenance & operation is to be changed for controlling & eliminating failure & make sure the organization deliver outstanding equipment reliability (Nakagawa, 2013). 
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