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			"Centrifugal Pump Handbook: A to Z Guide on Components, Operation & Troubleshooting" is your complete and practical companion to understanding, operating, and maintaining centrifugal pumps across all industrial and mechanical settings.

			This comprehensive handbook provides in-depth knowledge on the construction, working principles, and critical components of centrifugal pumps, including impellers, seals, bearings, lubrication systems, and more. Designed with technicians, engineers, students, and maintenance professionals in mind, it brings together field-tested knowledge and best practices developed over years of hands-on experience.
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			Introduction

			Centrifugal pumps are the heart of fluid movement in countless industries—from water treatment plants and power generation to oil refineries and chemical manufacturing. Their ability to handle a wide range of fluids, operate efficiently under varied conditions, and require relatively low maintenance makes them a preferred choice across the globe. This handbook is designed to be an in-depth, practical reference for engineers, technicians, students, and maintenance professionals who work with centrifugal pumps. Whether you're new to the field or a seasoned expert, this book will guide you through every critical detail you need to know about centrifugal pumps—from their basic principles to complex troubleshooting techniques.

			In the pages that follow, you will discover:

			
					The core working principles behind centrifugal pump     operation.

					A comprehensive overview of key components, including impellers, bearings, seals, and casings.

					Step-by-step explanations of installation procedures,    alignment practices, and lubrication methods.

					Detailed charts and visual guides for troubleshooting pump failures, identifying seal leaks, diagnosing vibration issues, and more.

					Real-world advice on maintenance schedules, overhaul practices, and component replacement.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			How It Works:

		

		
			A centrifugal pump is a rotodynamic pump that uses the principle of centrifugal force to transport fluids by converting mechanical energy from a motor into kinetic energy and then into pressure energy. It is one of the most widely used types of pumps in industrial, commercial, and domestic applications due to its simple design, efficiency, and ability to handle large volumes of liquid.

		

		
			
					Liquid enters the pump through the suction inlet and flows into the center of a rotating component called the impeller.

					The impeller, powered by a motor, spins at high speed, pushing the liquid outward by centrifugal force toward the edge of the impeller.

					As the fluid exits the impeller, it gains velocity (kinetic energy).

					This kinetic energy is then converted into pressure energy in the volute casing or diffuser, allowing the fluid to be discharged at high pressure.

			

		

		
			What is a Centrifugal Pump?

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Key Features of a Centrifugal Pump:

		

		
			Common Applications:

		

		
			
					Continuous flow with steady pressure

					Ideal for low-viscosity liquids

					Available in a wide range of sizes and configurations

					Suitable for high flow rate and low to moderate pressure applications

			

		

		
			
					Water supply systems

					Cooling and heating systems

					Chemical and petrochemical plants

					Firefighting systems

					Irrigation and agriculture

					Wastewater treatment
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			Working Principle of Centrifugal Pumps

		

		
			Why It Works:

		

		
			Centrifugal pumps convert mechanical energy (from a motor) into hydraulic energy (fluid flow + pressure) through the rotational motion of the impeller. This makes them ideal for continuous, high-flow, low-viscosity applications.

		

		
			Centrifugal pumps operate on the principle of centrifugal force—a force that moves a fluid outward from the centre of rotation. This force is used to transfer energy from a rotating impeller to the fluid, increasing its velocity and pressure, and enabling it to flow through the system.

		

		
			When fluid enters the pump through the suction pipe, it reaches the center (eye) of a rapidly rotating impeller. The rotating motion of the impeller blades forces the fluid outward toward the periphery at high speed. As the fluid moves out, the velocity energy (kinetic energy) imparted by the impeller is converted into pressure energy in the volute or diffuser, and the fluid exits the pump at high pressure.

		

		
			Basic Concept:

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Key Terms:

		

		
			Liquid enters the pump through the suction inlet.

		

		
			A low-pressure zone is created at the eye of the impeller due to rotation.

		

		
			The impeller blades rotate at high speed, accelerating the fluid radially outward. The liquid gains kinetic energy (velocity).

		

		
			The volute casing or diffuser gradually slows the fluid, converting velocity into pressure. This increase in pressure allows the liquid to be delivered through the discharge pipe.

		

		
			Step-by-Step Process:

		

		
			
					Head (H): Represents the energy level of the fluid (measured in meters or feet).

					Flow Rate (Q): Volume of fluid moved per unit time (e.g., m³/hr or GPM).

					NPSH (Net Positive Suction Head): Minimum pressure required to avoid cavitation.

					Efficiency (η): Ratio of output hydraulic energy to input mechanical energy.

			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Suction Phase:

		

		
			Acceleration Phase:

		

		
			Conversion Phase:

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Applications of Centrifugal  Pumps in Industry

		

		
			Centrifugal pumps are essential components in countless industrial processes. Their ability to handle a wide range of fluids—clean or contaminated, cold or hot, corrosive or viscous— makes them highly versatile and widely adopted in various sectors.

		

		
			Below are key industries and applications where centrifugal pumps play a critical role:

		

		
			1. Water Supply & Treatment

		

		
			
					Municipal water distribution

					Groundwater pumping

					Pressure boosting stations

					Reverse osmosis (RO) systems

					Sewage and wastewater handling

					Desalination plants

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			1. Water Supply & Treatment

		

		
			2. Oil & Gas Industry

		

		
			
					Municipal water distribution

					Groundwater pumping

					Pressure boosting stations

					Reverse osmosis (RO) systems

					Sewage and wastewater handling

					Desalination plants

			

		

		
			
					Crude oil transfer

Fuel oil pumping

Cooling water systems in refineries

Chemical injection systems

Produced water disposal

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			3. HVAC Systems (Heating, Ventilation, and Air Conditioning)

		

		
			4. Firefighting Systems

		

		
			
					Chilled water circulation

					Condenser water systems

					Boiler feedwater systems

					Cooling towers

					Hot water circulation for heating loops

			

		

		
			
					Fire pump sets (diesel/electric driven)

					Sprinkler system supply

					Hydrant pressure boosting

					Jockey pumps for pressure maintenance

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			5. Chemical & Process Industries

		

		
			6. Agriculture & Irrigation

		

		
			
					Acid and alkali transfer

					Solvent circulation

					Reactor feed systems

					Process water and effluent treatment

			

		

		
			
					Drip and sprinkler irrigation

					Fertilizer mixing systems

					Lift irrigation schemes

					Canal and reservoir transfer

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			7. Power Plants

		

		
			8. Food & Beverage Industry

		

		
			
					Cooling water circulation

					Condensate extraction

					Feed water supply

					Ash and slurry pumping (with special pump design)

			

		

		
			
					Clean-in-place (CIP) systems

					Milk and juice transfer

					Washdown and sanitation systems

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Main Types Of               Centrifugal Pumps

		

		
			
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			1. Based on Casing Design

		

		
			
				
					
					
				
				
					
							
							Impeller Type 

						
							
							Description & Use Case 

						
					

				
				
					
							
							Closed Impeller 

						
							
							Enclosed on both sides; high        efficiency; used for clean liquids. 

						
					

					
							
							Semi‐Open Impeller 

						
							
							One side open; handles slightly dirty or viscous liquids. 

						
					

					
							
							Open Impeller 

						
							
							Vanes fully exposed; used for    slurry, wastewater, or solids. 

						
					

				
			

		

		
			Has a spiral‐shaped casing that gradually increases in area. Converts velocity into pressure smoothly.

		

		
			Uses stationary vanes around the impeller to slow down fluid and increase pressure efficiently.

		

		
			2. Based on Impeller Type

		

		
			
			

		

		
			
			

		

		
			Volute Pump

		

		
			Diffuser Pump

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			3. Based on Suction Configuration

		

		
			Suction nozzle on the front, discharge at the top. Common in industrial use.

		

		
			Suction and discharge in same line. Compact; used in HVAC systems.

		

		
			Casing splits horizontally; easier maintenance; used for high flow rates.

		

		
			One impeller; for low – medium head applications.

		

		
			4. Based on Number of Stages

		

		
			Two or more impellers in series; used for highpressure requirements.

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			End Suction Pump

		

		
			In-Line Pump

		

		
			Split Case Pump

		

		
			Single-Stage Pump

		

		
			Multistage Pump

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Centrifugal pump  Parts and Details

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Fig 1
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			Fig 2
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			Centrifugal Pump Parts :

		

		
			
					Casing

					Impeller

					Shaft

					Mechanical Seal / Gland Packing

					Bearings

					Wear Ring

					Coupling

					Baseplate & Foundation

					Suction Nozzle

					Discharge Nozzle

					Lantern Ring (if required)

					Shaft Sleeve

					Oil Lubrication System

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			CASING

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Pump Casing (Volute/Body)

		

		
			The casing is the outer shell of the centrifugal pump which holds all the internal components together and guides the flow of liquid from suction to discharge. It is designed to convert the high-velocity energy imparted by the impeller into pressure energy.
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			Functions:

		

		
			Types of Casings:
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					Encloses and supports the internal moving parts.

					Collects fluid from the impeller and directs it to the discharge nozzle.

					Converts kinetic energy to pressure by gradual expansion (volute shape).

					Maintains system pressure and prevents leakage.

			

		

		
			
					Volute Casing – Spiral design; most commonly used.

					Diffuser Casing – Has guide vanes for higher               efficiency.

					Split Casing – Horizontally or vertically split for easy dismantling.
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			Materials Used:

		

		
			
					Cast Iron (CI) – General water applications.

					Stainless Steel (SS 304/316) – Corrosive fluids.

					Bronze / Duplex Steel – Seawater and chemical resistance.

			

			Important Points:

			
					Must be strong enough to withstand internal pressure.

					Proper alignment and sealing with gaskets are essential.

					Wear rings are often fitted inside the casing to reduce internal leakage.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Impeller

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Impeller

		

		
			The impeller is the rotating heart of a centrifugal pump. It is the main component responsible for adding velocity (kinetic energy) to the fluid and pushing it outward toward the casing.
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			Functions:

		

		
			
					Accelerates the fluid using centrifugal force.

					Converts mechanical energy from the motor into hydraulic energy.

					Determines the pump’s flow rate, pressure, and efficiency.

			

			Types of Impellers:

			
					Closed Impeller – Enclosed on both sides; high efficiency; used for clean water.

					Semi-Open Impeller – One side open; suitable for slightly dirty or viscous fluids.

					Open Impeller – Vanes exposed; handles slurries, wastewater, and solids.

					Single-Suction vs Double-Suction – Fluid enters from one side or both sides of impeller eye.
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			Materials Used:

		

		
			Important Points:

		

		
			
				[image: ]
			

		

		
			
					Cast Iron – General purpose.

					Stainless Steel – Corrosive fluids.

					Bronze, Duplex Steel – Sea water, abrasive fluids.

			

		

		
			
					Impeller trimming changes pump performance       (flow/head).

					Imbalance causes vibration → always ensure dynamic balancing.

					Damage signs: pitting, erosion, cavitation marks, wear on vanes.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Pump Shaft

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Pump Shaft

		

		
			The shaft is a strong, precisely machined metal rod that connects the pump impeller to the driving unit (electric motor, engine, or turbine). It transfers rotational power from the driver to the impeller.
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			Drawing Pump Shaft

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Functions:

		

		
			
					Transmits torque to rotate the impeller.

					Holds impeller, bearings, sleeves, and couplings in correct alignment.

					Maintains rigidity and resists bending under hydraulic and mechanical loads.

			

			Materials:

			
					High‐carbon steel (standard use)

					Stainless steel (corrosive services)

					Alloy steel (high strength applications)

			

		

		
			Important Features:

		

		
			
					Shaft Sleeve: A replaceable cover used to protect the shaft from wear due to packing or mechanical seal.

					Runout or Deflection: Must be minimal, otherwise leakage, vibration, or seal failure can occur.

					Keyways and Threads: Used to lock impeller and coupling on the shaft.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Mechanical Seal                       Gland Packing

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Sealing Arrangement

		

		
			The sealing system prevents pumped liquid from leaking along the shaft where it exits the casing. Two main methods are used:

		

		
			1. Gland Packing
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					Traditional sealing method using braided rope-like packing rings.

					Rings are compressed around the shaft inside the   stuffing box.

					Requires continuous lubrication/drip to cool and      reduce wear.

					Pros: Cheap, easy to maintain.

					Cons: Causes friction, leakage, and wears shaft sleeve.

			

		

		
			Gland Packing

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			2. Mechanical Seal
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					Modern sealing system using two flat seal faces (one stationary, one rotating with shaft).

					Maintains a thin lubricating film to prevent leakage.

					Types: Single seal, Double seal, Cartridge seal.

					Pros: Leak-free, low maintenance, high reliability.

					Cons: More expensive, needs proper installation.

			

		

		
			Mechanical Seals

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Purpose of Sealing:
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					Prevent product loss.

					Avoid environmental contamination.

					Maintain system pressure.

					Protect bearings from fluid ingress.

			

		

		
			Mechanical Seal Components

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Bearings

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Bearings

		

		
			Bearings support the pump shaft and allow it to rotate smoothly and accurately under load. They reduce friction between the rotating shaft and stationary casing parts.

		

		
			Types of Bearings Used:
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					Radial (Ball or Roller) Bearing – Supports side (radial) loads.

					Thrust Bearing – Handles axial forces caused by fluid pressure.

					Combination Bearing – Supports both radial & axial loads.

			

		

		
			Types of Bearing
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			Functions:

		

		
			Lubrication Methods:

		

		
			
					Maintain shaft alignment and rotation.

					Reduce wear and friction.

					Carry hydraulic forces from the impeller.

			

		

		
			
					Grease Packed – For smaller pumps.

					Oil Bath Lubricated – Used where high speeds/loads are expected.

					Oil Mist / Circulation System – For critical and heavy-duty applications.
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			Types of Lubrication
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			Failure Signs:

		

		
			Regular lubrication and cleanliness are key to bearing life. Misalignment and dirty oil are the most common causes of premature failure.
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					Excessive vibration or noise

					High temperature at bearing housing

					Oil leakage or discoloration

			

		

		
			Bearing Failiure

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Wear Ring

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Wear Ring (Casing Ring / Impeller Ring)

		

		
			Wear rings are replaceable rings mounted either on the impeller or inside the casing, positioned with a very small clearance between them. Their main purpose is to control internal leakage and protect expensive parts like the casing and impeller.

		

		
			Functions:

		

		
			
				[image: ]
			

		

		
			
					Act as sacrificial components to take wear instead of the impeller or casing.

					Maintain close clearance to reduce backflow (internal recirculation) from discharge to suction.

					Improve pump efficiency.

					Reduce maintenance cost by allowing quick replacement at overhaul.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Types:

		

		
			
					Impeller Wear Ring

					Casing Wear Ring

					Material combinations (Bronze–Cast Iron, SS– SS, etc.)

			

			Inspection & Replacement:

			
					Excessive clearance causes pressure drop and loss of pumping efficiency.

					Replace when clearance exceeds manufacturer limit (typically >0.25 mm–0.5 mm).

					Easy to press-fit or shrink-fit during pump dismantling.
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			Coupling

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Coupling

		

		
			A coupling is the connector mounted between the pump shaft and the driver shaft (motor, engine, or turbine). It allows power to be transmitted smoothly from the driver to the pump.

		

		
			Functions:
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					Connects the pump shaft to the motor shaft.

					Transmits torque and rotation.

					Compensates for slight misalignments between shafts.

					Dampens vibration and protects equipment from shock loads.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Types of Couplings:
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			Maintenance Tips:

		

		
			
					Flexible Coupling – (Pin & bush, jaw, gear, grid): Allows slight angular / axial movement.

					Rigid Coupling – For perfect alignment; rarely used.

					Spacer Coupling – Has a removable central section to allow seal/bearing maintenance without removing motor.

			

		

		
			
					Check alignment regularly.

					Replace damaged rubber elements (elastomers) in flexible couplings.

					Ensure guard/safety cover is always fitted over the coupling.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Baseplate 

			& 

			Foundation

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Baseplate & Foundation

		

		
			The base plate (or pump skid) is the rigid structure on which the pump and its driver (motor/engine) are mounted, while the foundation refers to the concrete or steel support below it.

		

		
			Functions:
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					Provides a solid, level platform to support pump and motor.

					Maintains alignment between shafts.

					Absorbs vibration and reduces movement.

					Transfers mechanical forces safely to the ground.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Key Points:
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					Baseplate is usually fabricated from steel or cast iron.

					Foundation must be heavy, rigid, and properly grouted.

					Improper foundation → misalignment → vibration → premature bearing/seal failure.

					Hold-down bolts secure the baseplate to the foundation.

			

		

		

		
			
			

		

		
			Suction Nozzle

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Suction Nozzle (Inlet Port)

		

		
			The suction nozzle is the opening on the pump casing where the fluid enters the pump before reaching the impeller eye.

		

		
			Functions:

		

		
			
				[image: ]
			

		

		
			
					Allows smooth entry of liquid into the pump.

					Maintains required Net Positive Suction

					Head (NPSH) to avoid cavitation.

					Guides flow towards the center of the impeller with minimal turbulence.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Design Features:

		

		
			Key Considerations:

		

		
			
					Usually positioned axially or horizontally on end-suction pumps.

					Sized to match suction pipeline diameter.

					Often fitted with a strainer, isolation valve, or eccentric reducer in piping to ensure proper flow.

			

		

		
			
					Suction pipe should be short, straight, and free from air pockets.

					Proper alignment avoids vibrations and loss of performance.

					A flooded suction condition gives the best pump efficiency.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Discharge Nozzle

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Discharge Nozzle (Outlet Port)

		

		
			The discharge nozzle is the point where highpressure liquid exits the pump casing after passing through the impeller and volute.

		

		
			Functions:
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					Delivers pumped fluid into the delivery pipeline.

					Maintains required system pressure and flow.

					Controls direction of flow out of the pump.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Design Features:

		

		
			Key Considerations:

		

		
			
					Usually placed at the top or side of the pump casing.

					May include threaded or flanged connection.

					Sized to match delivery pipe and avoid friction losses.

			

		

		
			
					Check for leakages around flange joints.

					Use a properly supported delivery pipe to avoid stress on the casing.

					Should include a non-return valve (NRV/check valve) in discharge line to prevent backflow.

			

		

		

		
			
			

		

		
			Latern Ring

			&

			Seal Flush System
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			Lantern Ring

		

		
			A lantern ring (also called a seal cage) is a hollow metallic or Teflon ring placed between packing rings inside the stuffing box.

		

		
			Functions:

		

		
			
					Delivers cooling and flushing liquid directly to the packing area.

					Keeps packing lubricated and prevents dry running.

					Helps remove heat, air, or abrasive particles from the stuffing box.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Usage:
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					Used in pumps handling hot, dirty, or abrasive fluids.

					Located near the center of packing set: 2 rings above and 2 rings below.

					Flushing liquid is fed through a seal flush port aligned with the lantern ring holes.

			

			Benefits:

		

		
			
					Increases packing life

					Prevents leakage and shaft wear

					Maintains a clean environment near the seal area

			

		

		

		
			
			

		

		
			Shaft Sleeve

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Shaft Sleeve

		

		
			A shaft sleeve is a hollow, cylindrical metal tube fitted over the pump shaft in the region where the seal or packing contacts it. It is a sacrificial wear part that protects the shaft from damage.

		

		
			Functions:
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					Protects the shaft from wear, scoring, and corrosion caused by packing, seals, and pumped liquid.

					Provides a smooth surface for stuffing box sealing.

					Can be easily replaced during maintenance instead of replacing the expensive shaft.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Materials:
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			Important Points:

		

		
			
					Stainless Steel (304/316)

					Hard‐chromed steel

					Bronze or hardened alloy

			

		

		
			
					Sleeve must be harder than packing material.

					O-rings or gaskets are used to seal sleeve against shaft.

					Always inspect for grooves; replace if worn or scratched.

			

		

		

		
			
			

		

		
			Oil Lubrication System

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Lubrication System (Oil / Grease)

		

		
			The lubrication system is critical for the smooth running and long life of pump bearings and rotating parts.

		

		
			Functions:
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					Reduces friction and wear

					Carries away heat

					Protects against corrosion and contamination

					Ensures reliable bearing performance

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Types of Lubrication:

		

		
			Used in small to medium pumps; simple and clean. Requires periodic regreasing.

		

		
			Bearings are partially dipped in oil inside a sump. Good for high-speed and heavy-duty pumps.

		

		
			Oil is pumped continuously through bearings (used in large, critical pumps).
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			Grease Lubrication:

		

		
			Oil Bath Lubrication:

		

		
			Oil Circulation System:
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			Oil Specifications:

		

		
			
					Chosen based on viscosity, temperature, and load.

					Common grades: ISO VG 32, 46, 68

					Oil must be clean, clear, and free from water/dust.

			

			Maintenance Tips:

			
					Check oil level, color, and temperature

					Replace oil regularly (as per OEM schedule)

					Use breathers and filters to keep oil free from contamination
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			Seals and Gaskets

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			1. Introduction to Seals and Gaskets

		

		
			In centrifugal pumps, seals and gaskets are essential components used to prevent fluid leakage, maintain system pressure, and protect internal parts from contaminants. Although they perform similar functions, seals and gaskets have different design and application characteristics.
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			Gaskets

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Gland Packing

		

		
			Mechanical Seals

		

		
			2. Types of Seals

		

		
			Seals are designed to prevent fluid leakage from the rotating shaft and to protect the pump from contamination.

		

		
			
					Single Mechanical Seal: The most common sealing method, consisting of two flat faces— one rotating and the other stationary. The faces are pressed together by a spring, creating a sealing barrier.

					Double Mechanical Seal: Used for hazardous or toxic fluids. It includes two seals mounted in tandem with a flush system between them, ensuring that leaks are contained.

					Cartridge Mechanical Seal: A pre-assembled unit for easy installation, reducing the risk of errors.

			

		

		
			
					Traditional Packing: Braided rope-like material, typically made from materials like PTFE, graphite, or carbon. It’s compressed into a stuffing box, around the shaft, and provides a leak-tight seal. Regular maintenance (lubrication and adjustments) is needed.

					Graphite Packing: Known for high heat and pressure resistance.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
				
					
					
				
				
					
							
							Component 

						
							
							Common Materials 

						
					

				
				
					
							
							Rotating Face 

						
							
							Carbon, Tungsten Carbide, Silicon Carbide 

						
					

					
							
							Stationary Face 

						
							
							Ceramic, Silicon Carbide, Carbon 

						
					

					
							
							Secondary Seal (O-ring) 

						
							
							Nitrile, EPDM, Viton, PTFE 

						
					

					
							
							Springs 

						
							
							Stainless Steel, Hastelloy 

						
					

				
			

		

		
			Seal Selection Tips:

			
					Consider fluid type, temperature, pressure, and shaft speed.

			

		

		
			Materials Used in Mechanical Seals:

		

		
			
					Ceramic – Common for stationary face.

					Carbon – Common for rotating face, has excellent wear resistance.

					Tungsten Carbide – Used in high-performance seals due to its strength.

					Silicon Carbide – Used for high-speed applications with high resistance.

			

			Mechanical Seal Material Options:

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Single Mechanical Seal:
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					Description: A basic mechanical seal with one      sealing interface—one face rotates with the shaft, and the other remains stationary.

					Applications: Clean liquids, low to moderate         pressure.

					Advantages: Simple, economical, easy to install.

					Limitations: Not ideal for toxic, abrasive, or high-pressure applications.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
					Description: Two mechanical seals are used in series—one primary (product side) and one secondary (environment side), with a barrier or buffer fluid between them.

					Applications: Hazardous, toxic, or highpressure fluids.

					Advantages: Zero leakage to atmosphere, maximum protection.

					Limitations: More complex, requires seal support system.

					Variants:

					Back-to-Back: Faces are opposite each other. For high-pressure applications.

					Tandem: Faces face the same direction. Used for pressurized clean fluids.
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			Double Mechanical Seal:

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Cartridge Mechanical Seal:
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					Description: A pre-assembled, factory-tested unit with all sealing elements (sealing faces, gland, sleeve) mounted on a shaft sleeve.

					Applications: Critical process pumps, easy maintenance requirement.

					Advantages: Easy installation (no alignment), less human error.

					Limitations: Higher initial cost.

			

		

		
			Cartridge Mechanical Seal

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Balanced Mechanical Seal

		

		
			
					Description: Designed to reduce seal face pressure using specific geometry—ideal for high-pressure or high-temperature applications.

					Applications: High-pressure pumps, boiler feed water.

					Advantages: Less heat generation, less face wear, handles higher pressure.

					Limitations: Slightly complex design.
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			Unbalanced Mechanical Seal

		

		
			
					Description: Standard seal design without pressure-relieving geometry.

					Applications: Low-pressure, clean water, and general services.

					Advantages: Simple and economical. Limitations: Can’t handle high pressures; generates more heat.
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			Pusher-Type Mechanical Seal

		

		
			
					Description: Uses a secondary seal (like an O-ring) that moves axially with the face to maintain contact.

					Applications: General industrial use.

					Advantages: Compensates for wear.

					Limitations: Secondary seal can wear over time.
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			Non-Pusher (Bellows-Type) Mechanical Seal

		

		
			
					Description: Uses a metal or elastomeric bellows instead of a sliding secondary seal.

					Applications: High-temperature, crystallising, or sticky fluids.

					Advantages: No shaft wear; suitable for delicate fluids.

					Limitations: Bellows can fatigue or clog.
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			Conventional Seal

		

		
			
					Description: also known as a component seal, is a type of mechanical seal that comes in separate parts, requiring manual assembly and alignment during installation.

					Applications: Systems with relatively clear, non-corrosive, or corrosive liquids

					Advantages: suitable for delicate fluids,Including acids, salts, and abrasive particles..

					Limitations: Requires precise installation and alignment: Needs skilled operators for correct installation and alignment to avoid premature failure.
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			Dry Running Mechanical Seal

		

		
			
					Description: Designed for situations where fluid is not always present—uses air or gas as barrier.

					Applications: Gas compressors, chemical vapors.

					Advantages: No product contamination. Limitations: Requires special materials and design.

			

		

		
			Dry Running Mechanical Seal
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			Split Mechanical Seal
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					Description: Seal that is split into two halves for installation without removing the motor or coupling.

					Applications: Large pumps, vertical pumps, hard-to-access equipment.

					Advantages: Quick to install, ideal for retrofitting.

					Limitations: Expensive, limited availability.

			

		

		
			Split Mechanical Seal

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			3. Gaskets

		

		
			Gaskets are used to seal static joints between parts of the pump, preventing leakage of fluids. They are typically placed between flanges, casing joints, or between pump components like the bearing housing and casing.

		

		
			
			

		

		
			Types of Gaskets:

		

		
			
					Flat Gaskets: Made from various materials like rubber, cork, or graphite, designed to form a tight seal between flanged connections.

					Spiral Wound Gaskets: Made of alternating layers of metal and soft material, used in high-pressure and hightemperature applications.

					O-Rings: Round rubber seals that fit into grooves to prevent leakage. Common in pump shafts and casing joints.

					Cork and Rubber Gaskets: Low-cost, used in less demanding applications.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Materials Used in Gaskets:

		

		
			
					Rubber – Common for low-pressure, nonaggressive liquids.

					Graphite – Suitable for high temperatures and aggressive chemicals.

					PTFE – Known for chemical resistance and used in more demanding applications.

					Cork – Used in lower pressure, general applications.

			

			Flat Gaskets :
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			Spiral Wound Gaskets:
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			O-Rings:
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			Cork and Rubber Gaskets:
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			Rubber Gaskets:
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			4.Functions of Seals and Gaskets

		

		
			
					Leakage Prevention: Stops the unwanted escape of fluids (from the shaft or pump casing).

					Pressure Maintenance: Helps maintain the system’s pressure integrity.

					Protects Bearings: Prevents contaminants like dirt, water, or abrasive particles from entering bearing areas.

					Temperature Regulation: Helps control the heat generated by friction (in mechanical seals).

					Maintains System Efficiency: Proper seals and gaskets contribute to reducing wear and tear, ensuring the pump operates efficiently.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			5. Failure Causes and Symptoms

		

		
			
					Seal Wear: Over time, seals can wear out due to friction, improper lubrication, or contamination. Symptoms include leakage around the shaft or reduced pressure.

					Cavitation Damage: When seals or gaskets are exposed to cavitation (formation of vapor bubbles), they can be damaged or eroded.

					Incorrect Installation: Improper installation of seals or gaskets can lead to leakage or pressure loss. Symptoms include persistent leaks even after maintenance.

					Excessive Temperature or Pressure: Seals and gaskets are rated for specific temperatures and pressures. Exceeding these limits can cause failure.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
					Monitor Temperature and Pressure:

			

		

		
			6. Maintenance Tips for Seals and Gaskets

		

		
			
					Inspect Regularly: Check for wear, cracks, or damage during each maintenance interval.

					Ensure Proper Installation: Follow the manufacturer's guidelines for proper seal and gasket installation. 

			

		

		
			
					Avoid exceeding the rated limits to prolong seal and gasket life.

			

		

		
			
					Lubricate as Needed: Ensure mechanical seals and packing are properly lubricated to reduce friction and wear.

					Replace When Worn: Don’t wait for leaks to appear; replace seals and gaskets when they show signs of wear.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			7. Common Problems

		

		
			
					Seal Leakage: Typically caused by wornout seals, damaged surfaces, or inadequate lubrication.

					Gasket Leaks: Often due to improper installation, incorrect material choice, or high-pressure fluctuations.

					Increased Friction: Can cause overheating and seal degradation, especially if gaskets or seals are not maintained.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Pump Alignment

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Proper alignment between a pump and its driver (motor or engine) is critical for reliable operation. Misalignment leads to vibration, bearing failure, seal damage, and premature equipment wear.

		

		
			Alignment is the process of adjusting the relative position of the pump shaft and motor shaft so they are collinear during operation. This ensures smooth power transmission and minimal mechanical stress.
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			Pump Alignment

		

		
			What is Alignment?

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
				
					
					
				
				
					
							
							Type 

						
							
							Description 

						
					

				
				
					
							
							Angular Misalignment 

						
							
							Shafts meet at an angle (not parallel) 

						
					

					
							
							Parallel Misalignment 

						
							
							Shafts are parallel but not in the same line 

						
					

				
			

		

		
			Types of Misalignment

		

		
			Misalignment can occur in two main ways, each with angular and parallel (offset) forms:

		

		
			Each of these can occur in vertical or horizontal planes.

		

		
			Alignment Formulas (Using Dial Indicators)

		

		
			
				[image: ]
			

		

		
			FFV = ( F/A x R/2)

		

		
			BFV = (F/A x (B+C)+R/2)

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Types of Alignment

		

		
			1. Straightedge and Feeler Gauge Method (Rough Alignment)
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					Basic method

					Uses straightedge across coupling and feeler gauge between coupling faces.

					Good for initial setup, but not precise for critical equipment.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			2. Dial Indicator Method
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					More accurate

					Dial indicators measure misalignment at coupling rim and face.

					Can calculate angular and parallel misalignment precisely.
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			3. Laser Alignment Tool
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					Most accurate

					Uses laser beams and sensors to detect and correct misalignment digitally.

					Saves time, especially on large or critical machines.

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Benefits of Proper Alignment

		

		
			Consequences of Misalignment

		

		
			
					Reduces vibration and noise

					Extends bearing and seal life

					Increases energy efficiency

					Prevents unexpected breakdowns

			

		

		
			
					Excessive vibration and heat

					Premature bearing/seal failure

					Coupling wear or breakage

					Increased energy consumption

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
				
					
					
					
				
				
					
							
							Method 

						
							
							Advantages 

						
							
							Limitations 

						
					

				
				
					
							
							Straightedge 

						
							
							Quick, simple, cheap 

						
							
							Low accuracy, not for critical equipment 

						
					

					
							
							Dial Indicator 

						
							
							Precise, widely used 

						
							
							Requires skilled technician, time-consuming 

						
					

					
							
							Laser Alignment 

						
							
							Fast, accurate, digital results 

						
							
							Expensive equipment, needs training 

						
					

				
			

		

		
			Advantages & Limitations of Each Method

		

		

		
			
			

		

		
			Bearing Uses 

			&

			Checking

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			Purpose of Bearings in Pumps

		

		
			Bearings support the rotating shaft, keeping it properly aligned and minimizing friction. They must handle:
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					Radial loads (from impeller weight and hydraulic force)

					Axial (thrust) loads (from liquid pushing along shaft axis)

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
				
					
					
				
				
					
							
							Bearing Type 

						
							
							Use Case 

						
					

				
				
					
							
							Ball Bearing 

						
							
							Light radial and axial loads; general-purpose 

						
					

					
							
							Roller Bearing 

						
							
							High radial loads 

						
					

					
							
							Thrust Bearing 

						
							
							Axial load handling 

						
					

					
							
							Angular Contact 

						
							
							Combination of radial 

							+ axial loads 

						
					

					
							
							Spherical Bearings 

						
							
							Self-aligning for misalignment tolerance 

						
					

				
			

		

		
			Types of Bearings Used in Centrifugal Pumps

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
		

		
			
			

		

		
			Limitations:

		

		
			
					Not suitable for high axial loads

					Not ideal under vibration or shock

			

		

		
			Advantages:

		

		
			
					Low friction

					Cost-effective

					Simple to mount

			

		

		
			Common Size of Designation :

		

		
			1. Ball Bearing

		

		
			Description:

		

		
			Ball bearings use spherical balls to maintain

			separation between bearing races. They handle

			both radial and light axial loads.

		

		
			Use in Pumps:

		

		
			
					Used for small to medium-sized pumps.

					Common in electric motor side of pumps.

			

		

		
			
					62 = Ball bearing series

					05 = Bore size (05 x 5 = 25 mm)

					ZZ = Double metal shielded

			

		

		
			6205 ZZ
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							Example Sizes 

						
							
							Bore (mm) 

						
							
							Outer Dia 

						
							
							Width 

						
					

				
				
					
							
							NU205 

						
							
							25 mm 

						
							
							52 mm 

						
							
							15 mm 

						
					

					
							
							NJ306 

						
							
							30 mm 

						
							
							72 mm 

						
							
							19 mm 

						
					

					
							
							NU310 

						
							
							50 mm 

						
							
							110 mm 

						
							
							27 mm 

						
					

				
			

		

		
			2. Roller Bearing

		

		
			Description:

		

		
			Roller bearings use cylindrical rollers instead of balls, allowing higher radial load capacity.

		

		
			Use in Pumps:

		

		
			
					Suitable for heavy-duty industrial pumps

					Common in high-capacity end suction or split-case pumps

			

			Advantages:

			
					High radial load support Long service life in rugged environments

			

			Limitations:

			
					Cannot handle high axial loads unless specially designed

					Less forgiving to misalignment

			

			Common Type:

			
					NU, NJ, NUP series (e.g., NU2207E)
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							Example Sizes 

						
							
							Bore 

						
							
							Outer Dia 

						
							
							Width 

						
					

				
				
					
							
							51105 

						
							
							25 mm 

						
							
							42 mm 

						
							
							11 mm 

						
					

					
							
							51206 

						
							
							30 mm 

						
							
							52 mm 

						
							
							16 mm 

						
					

					
							
							51308 

						
							
							40 mm 

						
							
							78 mm 

						
							
							26 mm 

						
					

				
			

		

		
			Description:

		

		
			Thrust bearings are designed to carry axial loads only (loads parallel to the shaft).

		

		
			Use in Pumps:

		

		
			
					High-head pumps

					Multistage and vertical turbine pumps

			

			

			Advantages:

			
					Designed for axial load stability 

					High load capacity in one direction

			

			

			Limitations:

			
					Cannot handle radial loads

					Sensitive to misalignment

			

			

			Common Type:

			
					Thrust Ball Bearing (e.g., 51206)

			

		

		
			3. Thrust Bearing
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							Example Sizes 

						
							
							Bore 

						
							
							Outer Dia 

						
							
							Width 

						
					

				
				
					
							
							7205 

						
							
							25 mm 

						
							
							52 mm 

						
							
							15 mm 

						
					

					
							
							7207 

						
							
							35 mm 

						
							
							72 mm 

						
							
							17 mm 

						
					

					
							
							7310 

						
							
							50 mm 

						
							
							110 mm 

						
							
							27 mm 

						
					

				
			

		

		
			4. Angular Contact Ball Bearing

		

		
			Description:

		

		
			These are designed to carry combined radial and axial loads at an angle (usually 15°, 25°, or 40°).

		

		
			Use in Pumps:

		

		
			
					Multistage pumps

					High-speed or thrust-heavy applications

			

			

			Advantages:

			
					Handles axial and radial loads simultaneously

					High-speed applications

			

			

			Limitations:

			
					Usually must be installed in matched pairs (face-to-face or back-to-back)

					More expensive than standard ball bearings

			

			

			Common Series:

			
					7200, 7300 series
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							Example Sizes 

						
							
							Bore 

						
							
							Outer Dia 

						
							
							Width 

						
					

				
				
					
							
							22208 

						
							
							40 mm 

						
							
							80 mm 

						
							
							23 mm 

						
					

					
							
							22310 

						
							
							50 mm 

						
							
							110 mm 

						
							
							40 mm 

						
					

					
							
							23024 

						
							
							120 mm 

						
							
							180 mm 

						
							
							46 mm 

						
					

				
			

		

		
			5. Spherical Roller Bearing

		

		
			Description:

		

		
			Uses barrel-shaped rollers. Designed to tolerate misalignment, heavy radial loads, and some axial load.

		

		
			Use in Pumps:

		

		
			
					Large horizontal split-case pumps

					Heavy-duty slurry or process pumps

			

			

			Advantages:

			
					Self-aligning (tolerates shaft deflection)

					Handles shock and vibration

					High load capacity

			

			

			Limitations:

			
					Bulky and expensive

					Generates more friction than ball bearings

			

			
					Common Series:

					22200, 22300, 23000
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							Symptom 

						
							
							Probable Cause 

						
					

				
				
					
							
							Overheating 

						
							
							Over/under lubrication, contamination 

						
					

					
							
							Noise/Vibration 

						
							
							Misalignment, worn balls/races 

						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

				
			

		

		
			
		

		
			
					Grease-lubricated – For light/medium-duty pumps

					Oil-lubricated – For high-speed or high-load applications

					Oil mist or circulating oil – For critical or continuous-duty systems

			

			
		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
				
					
					
				
				
					
							
							
						
							
							
						
					

				
				
					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

				
			

		

		
			
		

		
			
		

		
			
					Use proper grease/oil quantity – avoid overfilling

					Use sealed bearings for dusty/wet environments

					Regularly monitor bearing housing temperature

					Replace if excessive clearance or roughness detected
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					Seal Face Contact Pressure	Spring must apply even, correct load.
	Factory-set in cartridge seals, manually adjusted in component seals.



					Axial Location on Shaft	Must match manufacturer’s instruction (e.g.,6mm from shaft shoulder).
	Misplacement leads to early wear or leakage.

	Seal Flush Plan Connection	Proper routing of flush/buffer/barrier lines.
	Correct flow direction, pressure, and fluid type         essential.





			

			
			
					Seal faces, O-rings, and hardware must suit the pumped fluid.
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					Excessive Leakage

					Overheating and face cracking

					Shaft/sleeve wear

					Short seal life

			

		

		
			
		

		
			
					Always follow OEM drawings and manuals.

					Use feeler gauges to measure face gaps ifrequired.

					Use torque wrench for gland bolts on sensitive seals.

					Confirm shaft rotation matches the seal’s intended direction.
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					Daily, weekly, or monthly checks

					Lubrication, visual inspection, cleaning

					Temperature & vibration monitoring

					Seal leakage monitoring

			

			
			
		

		
			
		

		
			
					Risk of production loss

					May require emergency parts and labor

			

		

		
			
			
					Vibration analysis

					Thermography

					Oil analysis

					Motor current signature analysis

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
				
					
					
					
				
				
					
							
							
						
							
							
						
							
							
						
					

				
				
					
							
							
						
							
							
						
							
							
						
					

					
							
							
						
							
							
						
							
							
						
					

					
							
							
						
							
							
						
							
							
						
					

					
							
							
						
							
							
						
							
							
						
					

					
							
							
						
							
							
						
							
							
						
					

					
							
							
						
							
							
						
							
							
						
					

				
			

		

		
			
		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
		

		
			
		

		
			
		

		
			
			
					Lockout-tagout (LOTO)

					Drain pump casing and system lines 

			

			
			
					Remove coupling guard and disconnect

					motor

					Detach pump casing and bearing

					housings

					Pull out rotating assembly (shaft +

					impeller + seals)

			

			
			
					Check impeller for erosion, wear, cavitation

					Inspect casing for cracks, pitting, or corrosion

					Examine shaft for scoring or runout

					Measure wear ring clearance

					Check seal faces and packing condition

					Inspect bearing for play, noise, or discoloration

			

		

		
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			
					Replace all gaskets, O-rings, and seals

					Replace or machine impeller and wearrings if damaged

					Install new or re-lubricated bearings

					Replace shaft sleeve if grooved

			

			
			
					Assemble with proper torque settings

					Align coupling (use dial or laser)

					Reconnect motor and piping

			

			
			
					Prime the pump

					Rotate by hand (check for free movement)

					Start with no load and monitor

					parameters (temp, pressure, noise)

			

		

		
			
		

		
			
					Feeler gauges & micrometers

					Dial indicator (for runout & alignment)

					Laser

					alignment tool

					Torque wrench

					Pullers & bearing heater

					Vibration meter

					Oil analysis kit

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
		

		
			
		

		
			
				[image: ]
			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
		

		
			
					Ensure pump is properly primed(completely filled with liquid)

					Verify that suction and discharge valvesare open (as required)

					Check coupling alignment and that allbolts are tight

					Inspect seal area for leaks ormisalignment

					Confirm that bearings are properlylubricated

					Ensure power supply is correct and motoris in good condition

			

		

		
			
		

		
			
					Ensure the pump is not dry (dry running can damage seals and impeller)

					Start the motor with discharge valve slightly open (never fully closed for long)

					Monitor pressure gauges to ensure proper suction/discharge

					Check for unusual noise, vibration, or leak

					Adjust discharge valve to required operating point

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
		

		
			
		

		
			
		

		
			
					Slowly close the discharge valve

					Stop the motor

					Close the suction valve (if required)

					If applicable, drain the pump to prevent freezing or chemical hazards

					Record pressure and temperature readings for trend analysis

			

			
			
					Always follow Lockout-Tagout (LOTO) during maintenance

					Wear appropriate PPE (safety glasses, gloves, steel-toe boots)

					Do not work on rotating equipment while energized

			

		

		
			
					Never run pump dry – leads to seal and bearing failure

					Avoid frequent start/stop cycles – causes motor and seal wear

					Do not exceed pump temperature, pressure, or speed ratings

					Always monitor vibration – increased vibration indicates a problem

					Use mechanical seal flushing for hightemperature or slurry pumps

			

		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
				
					
					
				
				
					
							
							
						
							
							
						
					

				
				
					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

					
							
							
						
							
							
						
					

				
			

		

		
			
		

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
		

		
			
					Temperature: Follow material specs (generally < 90°C for standard pumps)

					Pressure: Stay within pump’s rated discharge pressure

					Flow Rate: Operate within 70%–110% of best efficiency point (BEP)

					Vibration: ISO Standard recommends ≤ 4.5 mm/s RMS for pumps

			

			
			
			
					Seal fails and leaks are excessive

					Pump runs dry

					Bearings overheat

					Excessive noise or vibration is detected

					Electrical fault or overload trip occurs
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