




STUDY OF STEAM TURBINE
 (BACK PRESSURE TYPE)


STUDY 

Chapter-1
1.1Introduction
A steam turbine is a heat engine in which the energy of the steam is transformed into kinetic energy by expanding the steam through NOZZLE. This resultant kinetic energy is converted into force by impinging on rings of MOVING BLADES (which deflect the jets of steam) mounted on a rotating element called a ROTOR. A steam turbine may be utilized in process industries, Power plants and for transport. 
The steam turbine obtains its motive power from the change of momentum of a jet of steam flowing over curved vanes. The steam jet, in moving over the curved surface of the blade, exerts a pressure on the blade owing to its centrifugal force. This centrifugal pressure is exerted normal to the blade surface and acts along the whole length of the blade. The resultant of this centrifugal pressure, plus the effect of change of velocity, is the motive force on the blade.

        A steam turbine is a mechanical device that converts thermal energy in pressurized steam into useful mechanical work.  The steam turbine derives much of its better thermodynamic efficiency because of the use of multiple stages in the expansion of the steam.   This results in a closer approach to the ideal reversible process. Steam turbines are widely used for marine applications for vessel propulsion systems.  In recent times gas turbines, as developed for aerospace applications, are being used more and more in the field of power generation once dominated by steam turbines.

1.2Working Principle
 The steam energy is converted mechanical work by expansion through the turbine. The expansion takes place through a series of fixed blades (nozzles) and moving blades each row of fixed blades and moving blades is called a stage. The moving blades rotate on the central turbine rotor and the fixed blades are concentrically arranged within the circular turbine casing which is substantially designed to withstand the steam pressure. On large output turbines the duty too large for one turbine and a number of turbine casing/rotor units are combined to achieve the duty. These are generally arranged on a common center line (tandem mounted) but parallel systems can be used called cross compound systems.
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Fig 1.2 Back pressure steam turbine cycle

1.3Theory of Steam Turbines

Steam turbines extract heat from steam and transform it into rotational energy by expanding the steam from high to low pressure, resulting in mechanical work. Small and intermediate-sized steam turbines are used for a wide range of applications, including power generation, drivers for mechanical services. When coupled with gears they can be used to drive fans, reciprocating compressors and other classes of low-speed machinery. The largest turbine applications are generator drives in utility and other central power stations. 
The turbines discussed in this lecture are the high-pressure (HP) turbine, the low-pressure (LP) turbine and the astern turbine. Even though each turbine is designed differently, there are several components which both have in common. 
The turbine casing houses and supports the turbine rotor, labyrinth seals, and bearings. The casing is cast in two halves and bolted together with a metal to metal fit. This metal to metal fit is initially sealed using a sealing compound vice a gasket. In the event of a steam leak around the edge of the casing, a groove is machined around the peripheral of the turbine casing. This groove is known as the gunning groove. The gunning groove provides the ability to inject a sealing compound for emergency sealing of the turbine casing. 
	The turbine rotor is the rotating part of the engine and is constructed of chromium molybdenum (chromoly) steel. The rotor wheels, which are mounted to the rotor shaft, carry the moving blades. The non-moving blades are attached to the turbine casing. Both turbines utilize moving and non-moving blades. The moving blades are attached to the turbine rotor. Non-moving blades are either attached directly to the turbine casing or else they are located inside of a nozzle diaphragm. Short strips of metal, shrouding, are attached to the outer edges of the blading. This shrouding is used to assist in maintaining rigidity of the blades. In addition, there is minimal clearance between the shrouding and the turbine casing preventing steam from leaking around the outer edges of the turbine blading. 
	At the point where the turbine rotor penetrates the turbine casing, labyrinth seals are installed. In conjunction with the steam from the gland seal system, these seals prevent any steam from leaving the turbine casing and also prevent any air from entering the turbine casing and subsequently the main condenser.
1.4 Steam Turbine Power Cycles
Steam turbines operate on the Rankine Cycle. This can be reduce to four processes typical in a steam system
[image: ]
Fig 1.4 Rankine Cycle
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1. Boiler feed water (condensate) is pressurized and injected into the boiler.
2. Water is heated and evaporated in the boiler. The resulting steam may be superheated to increase its enthalpy and reduce moisture.
3. Steam is expanded in the turbine to a lower pressure. A small portion of the steam thermal energy is used to drive a generator.
4. Steam is condensed by a cooling medium in the condenser. In a back-pressure turbine, exhaust steam is delivered to a remote heating load, where condensation occurs.
The steam turbine is considered part of a cogeneration system when an application involves the sequential use of a single source of energy for both power generation and useful thermal energy output. These applications are broadly classified as either topping or bottoming cycles.
A topping cycle uses a back-pressure or extraction turbine as a pressure-reducing valve. As high pressure steam is expanded to a lower pressure, the turbine generates shaft power. A bottoming cycle uses excess steam, discharged from a high-pressure process, to generate shaft power. Bottoming cycles are also used for applications which discharge high-temperature exhaust gas, convert it to steam in a heat recovery steam generator (HRSG), and pass it through a steam turbine.






1.5 Steam Turbine Classification and Types

Steam turbines are classified according to their fundamental operating 
Principles, some of which are: 

· Number of stages: single or multi stage
· Number of valves: single or multi valve
· Steam supply: saturated or superheated; single or multi pressure
· Turbine stage design class: impulse or reaction
· Steam exhaust conditions: condensing, non-condensing, automatic extraction, mixed pressure, regenerative extraction or reheat
· Types of driven apparatus: mechanical drive or generator drive

More focus will now be emphasized on the single-stage, non-condensing steam turbine as it was the preferred choice in this application.
       In a single-stage turbine, steam is accelerated through a nozzle or cascade of stationery nozzles and guided into the rotating buckets on the turbine wheel to produce power. A single pressure drop occurs between the nozzle inlet and the exit for the last row of blades. Single-stage turbines are usually limited to sizes of a few thousand hp (kW) or less. Mechanical efficiency will vary between 30% to 60%. The emphasis on the single-stage design is simplicity, dependability and first low cost.  Other designs are available for higher efficiency generally used for higher steam flows. However the cost and complexity can be several times that of the single-stage design. Steam turbines can be generally classified as either condensing or Non-condensing (back-pressure). A condensing turbine operates with an exhaust pressure less than atmospheric or vacuum pressure. Because of the very low exhaust pressure, the pressure drop through the turbine is greater and hence more energy can be extracted from the steam flow. There can be a variety of designs with this type such as straight flow or dual flow. This type of configuration needs a condenser (either air or water cooled). 

Because the unused steam energy is rejected to atmosphere by the condenser, it is therefore wasted; hence condensing turbines are generally designed with several stages to maximize efficiency. This design therefore adds increased capital and operating cost.
Non-condensing (back-pressure) turbines operate with an exhaust pressure equal to or in excess of atmosphere. Exhaust steam is used for heating, process or other purposes. Because all of the unused steam in the power generation process is passed on to the process application and, therefore, not wasted, mechanical efficiency is not a major concern.

1.6 Turbine stage design class
On the basis of operation, steam turbines can be classified as: (i) Impulse turbine and              (ii) reaction turbine. 
1.6.1 Impulse Turbine
The impulse turbine was one of the basic steam turbines. It involved striking of the blades by a stream or a jet of high pressure steam, which caused the blades of the turbine to rotate. The direction of the jet was perpendicular to the axis of the blade. It was realized that the impulse turbine was not very efficient and required high pressures, which is also quite difficult to maintain. The impulse turbine has nozzles that are fixed to convert the steam to high pressure steam before letting it strike the blades.
         It primarily consists of: a nozzle or a set of nozzles, a rotor mounted on a shaft, one set of moving blades attached to the rotor and a casing. A simple impulse turbine can be diagrammatically represented below. The uppermost portion of the diagram shows a longitudinal section through the upper half of the turbine, the middle portion shows the actual shape of the nozzle and blading, and the bottom portion shows the variation of absolute velocity and absolute pressure during the flow of steam through passage of nozzles and blades. Example: de-Laval turbine 
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Fig1.6.1Impulse Turbine

1.6.2 Reaction Turbine
A reaction turbine also rotates its blades due to the impending pressurized steam, but the steam does not strike the blades perpendicular, as in an impulse turbine. The steam is directed to flow along the blades, thus causing the blades to rotate because of the reaction force more than the impulse force. 
The reaction turbine has a nozzle design that is incorporated on its blades itself, thus reducing space and making it more compact, as no fixed nozzles were required. The only constraint here was that the design of the nozzles on the blades was a bit complicated; otherwise, the reaction turbine was a straight winner. Friction was reduced and it was easily more efficient than its impulse counterpart.
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Fig1.6.2 Reaction Turbine








Chapter: - 2

2.1Components of Steam Turbine
Blades
For starters, a simple turbine works just like a windmill. Only, in the steam turbines of today, rather than striking the blades directly, the blades are designed in such a way as to produce maximum rotational energy by directing the flow of the steam along its surface. So the primary component that goes into a steam turbine is its blades. The blades of a steam turbine are designed to behave like nozzles, thus effectively tapping both the impulse and reaction force of the steam for higher efficiency. Nozzle design itself is a complex process, and the nozzle shaped blade of the turbine is probably one of the most important parts in its construction. The blades are made at specific angles in order to incorporate the net flow of steam over it in its favor. The blades may be of stationary and moving types.
Shafts
The shaft is a power transmitting device and is used to transmit the rotational movement of the blades connected to it at one end via the rotor to the coupling, speed reducer or gear at the other end.
Turbine casings, bearing housings
The steam turbine is surrounded by housing or an outer casing which contains the turbine and protects the device components from external influence and damage. It may also support the bearings on which the shafts rest to provide rigidity to the shaft. Usually split at the center horizontally, the casing parts are often bolted together for easy opening, checking and steam turbine maintenance, and are extremely sturdy and strong.
Turbine casings are designed for disassembly, usually about the horizontal plane, the casing halves are secured in service by the bolted flange, as in Fig. below. Casing internals, including diaphragms, are split at the same plane, and remain attached to their upper or lower casing halves when the turbine is opened. The casing is usually steel, using all cast steel components, or, where appropriate, a mixture of castings and plate, welded together. Some auxiliary turbines have cast iron casings.
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Fig 2.1Components of Steam Turbine
Bearing housings are also split for disassembly, and the usual practice is to fabricate the housing lower halves as parts of the lower half of the casing, either as integral components, or attached to it via bolted flanges. See above Fig. The bearing housing upper halves, however, are generally separate, in order to maintain the functional separation mentioned previously.
To attach the turbine to its foundation, brackets or flanges (called feet) are secured to the assembled lower half, generally in way of the bearings, so that the lower half of the casing then serves as a bedplate as well.
To permit thermal expansion of the casing, one end is secured rigidly to the foundation in all three planes, but the other end is free to move axially, while being constrained vertically and transversely. The flexible-support plate mentioned previously is one means of allowing.
Governor
The governor is a device used to regulate and control or govern the output of the steam turbine. This is done by means of control valves which control the steam flow into the turbine in the first place.


The principal methods of steam turbine governing are as follows:
· Throttle governing
· Nozzle governing
· By-pass governing

Throttle governing
Throttle governing is the most widely used particularly on small turbines, because its initial cost is less and the mechanism is simple. the object of throttle governing is to throttle the steam whenever there is a reduction of load compared to economics or design load for maintaining speed and vice versa.

Nozzle governing
The efficiency of a steam turbine is considerably reduced if throttle governing is carried out at low loads. An alternative and more efficient form of governing is by means of nozzle control governing. In this method of governing, the nozzles are grouped together 3 to 5 or more groups and supply of steam to each group is controlled by regulating valves. Under full conditions the valves remain fully open. When load on the turbine becomes more or less than the design valves, the supply of steam to a group may be varied accordingly so as to restore the original speed.

By-pass governing

The steam turbines which are designed to work at economic load it is desirable to have full admission of steam in the high pressure stage. At the maximum load, which is greater than the economic load, the additional steam required could not pass through the first stage since additional nozzle are not available. By-pass valve in the first stage nozzle, this valve opens when throttle valve has opened a definite amount. Steam is by-passed through the second valve to a lower stage in turbine. When by-pass valve operates it is under the control of the turbine governor. The secondary and tertiary supplies of steam in lower stage increase the work output in these stages, but there is a losses in efficiency and a curving of the willan’s line.


Oil System
A steam turbine has thousands of moving parts and all these parts not only have to move in high velocities, but also need to be protected from wear and tear over the years. This is done by effective lubrication by the oil system, which governs the pressure, flow and temperature of the turbine oil, the bearing oil and lubrication of other moving parts.
Pipes
The pipe is an all-important steam turbine component that brings the steam from the boiler to the turbine. This has to be done without an appreciable loss in pressure, and at the same time, must be able to withstand all these pressures safely. The pipes should be easy to clean and are prone to deposits on their inner surfaces. Deposits on the inner surface of the steam pipe reduce the net steam flow area, throwing forth a negative effect on the efficiency.

2.2 Types of steam turbine
There are three types of steam turbines: condensing, back pressure, and extraction.

2.2.1Back pressure steam turbine

Back pressure steam turbines are a type of steam turbine that is used in connection with industrial processes where there is a need for low or medium pressure steam. The high pressure steam enters the back pressure steam turbine and while the steam expands – part of its thermal energy is converted into mechanical energy. The mechanical energy is used to run an electric generator or mechanical equipment, such as pumps, fans, compressors etc. The outlet steam leaves the back pressure steam turbine at “overpressure” and then the steam returns to the plant for process steam application such as heating or drying purposes. 
Back-pressure turbines expand the live steam supplied by the boiler to the pressure at which the steam is required for the process. The overall plant efficiency of a back-pressure turbine exhausting to a process is high, due to the considerable heat losses through the condenser being eliminated. The electric power generated by the back-pressure turbine is directly proportional to the amount of process steam required. To avoid the direct relationship between backpressure steam and power, the alternator would have to be connected to the grid, or a by-pass valve installed.

As an example, taking a 600 Psi steam supply to a turbine, the turbine speed is controlled by the steam input. If we have an exhaust pressure of say 125 Psi (a D.P. of 475 Psi), this exhaust steam will still contain a lot of heat and pressure energy and may be used to drive other smaller turbines and for heating purposes in re-boilers, heaters, vaporizers...etc. In this type of turbine, the exhaust must be maintained at a constant pressure by a PCV control system downstream of the turbine exhaust to prevent changes in the exhaust pressure that would affect the turbine speed by changing the pressure drop across it. The governor would be fighting against these pressure fluctuations and speed control would be erratic. 

[image: Cutaway of small, single-stage steam turbine. (<i>General Electric Co.</i>)]
Fig 2.2.1Back pressure steam turbine


2.2.2Condensing steam turbine

In a condensing steam turbine, the maximum amount of energy is extracted from the steam. This is achieved by passing the exhaust steam into a condenser (called a Surface Condenser). The steam is condensed by surface contact with bundles of tubes through which cooling water is passing. As the steam condenses, its volume, on changing to water, decreases by about 1800 times. This great decrease in volume causes a vacuum to form in the condenser. Due to this, the pressure drop across the turbine and therefore the turbine power is maximized. The steam condensate (water) is level controlled in the condenser and pumped back to the steam generation plant. However, although the water for the steam generation is purified and treated, the steam will still contain some Non-condensable. These will build up in the surface condenser and gradually destroy the vacuum, thereby decreasing the P.D. across the turbine and thus decreasing its efficiency and power. In order to maintain the vacuum, the non-condensable must be removed from the
[image: Turbine Design Features]

Fig 2.2.2Condensing steam turbine


2.2.3Extraction turbine

It is found that in several cases the power available from back-pressure turbine is appreciable less than required in the factory and this may be due to the following reasons:
· Small heating or process requirements ;
· A relatively high exhaust pressure ; 
· A combination of the both;

In such a case it would be possible to install a back- pressure turbine to provide The heating steam & a condensing turbine to generate extra power: but it is possible, and useful, to combine functions of both machines in single turbine. Such a machine is called Extraction turbines& here at some point intermediate between inlet & exhaust some steam is extracted for process or heating purposes. Steam turbine can also be furnished with uncontrolled extraction openings .However, the pressure at an uncontrolled extraction varies with steam flow. The variation from normal conditions in absolute pressure in approximately proportional to the variation in flow through the process steam headers. On the other hand, uncontrolled extractions are suitable to provide feed water for the turbine, then the equipment’s for extraction steam will also be proportional to steam flow. Large steam turbines in central stations can have as many as six uncontrolled extractions to supply different stage of feed water heaters.


2.3 Operation and maintenance of steam turbine

When warming up a steam turbine for use, the main steam stop valves (after the boiler) have a bypass line to allow superheated steam to slowly bypass the valve and proceed to heat up the lines in the system along with the steam turbine. Also, a turning gear is engaged when there is no steam to the turbine to slowly rotate the turbine to ensure even heating to prevent uneven expansion. After first rotating the turbine by the turning gear, allowing time for the rotor to assume a straight plane (no bowing), then the turning gear is disengaged and steam is admitted to the turbine, first to the astern blades then to the ahead blades slowly rotating the turbine at 10 to 15 RPM to slowly warm the turbine.
Problems with turbines are now rare and maintenance requirements are relatively small. Any imbalance of the rotor can lead to vibration, which in extreme cases can lead to a blade letting go and punching straight through the casing. It is, however, essential that the turbine be turned with dry steam - that is, superheated steam with a minimal liquid water content. If water gets into the steam and is blasted onto the blades (moisture carryover), rapid impingement and erosion of the blades can occur leading to imbalance and catastrophic failure. Also, water entering the blades will result in the destruction of the thrust bearing for the turbine shaft. To prevent this, along with controls and baffles in the boilers to ensure high quality steam, condensate drains are installed in the steam piping leading to the turbine.

2.4 Effect of operating conditions on steam turbines 

Turbine exhaust operating below atmosphere is condensed in a shell and tube exchanger called surface condenser. Condensate flows in the shell side of the condenser and steam is condensed by the cooling water. Vacuum in the surface condenser i.e. turbine exhaust vacuum is controlled/ maintained by vacuum ejector system of the surface condenser. Turbines are designed for a particular operating conditions like steam inlet pressure, steam inlet temperature and turbine exhaust pressure/ exhaust vacuum, which affects the performance of the turbines in a significant way. Variations in these parameters affect the steam consumption in the turbines and also the Turbine efficiency. Theoretical turbine efficiency is calculated as work done by the turbine to the heat supplied to generate the steam. Efforts are made to show the impact of various operating conditions by considering the following steam conditions as illustration.
· Effect of Steam inlet pressure
· Effect of Steam inlet temperature
· Effect of exhaust pressure/ vacuum
Condensing Type turbine Back pressure type turbine
2.4.1 Effect of Steam inlet pressure
Steam inlet pressure of the turbine also affects the turbine performance. All the turbines are designed for a specified steam inlet pressure. For obtaining the design efficiency, steam inlet pressure shall be maintained at design level. Lowering the steam inlet pressure will hampers the turbine efficiency and steam consumption in the turbine will increase. Similarly at higher steam inlet pressure energy available to run the turbine will be high, which in turn will reduce the steam consumption in the turbine. 

2.4.2 Effect of Steam inlet temperature
Enthalpy of steam is a function of temperature and pressure. At lower temperature, enthalpy will be low; work done by the turbine will be low, turbine efficiency will be low, hence steam consumption for the required output will be higher. In other words, at higher steam inlet temperature, heat extraction by the turbine will be higher and hence for the required output, steam consumption will reduce. 

2.4.3 Effect of exhaust pressure/ vacuum
Higher exhaust pressure/ lower vacuum, increases the steam consumption in the turbine, keeping all other operating parameters constant. Exhaust pressure lower than the specified will reduce the steam consumption and improves the turbine efficiency. Similarly exhaust vacuum lower than the specified, will lower the turbine efficiency and reduces the steam consumption.



Chapter-3

3.1 Over speed trip system 
In order to prevent the turbine unit accelerating to a dangerous speed an OVERSPEED TRIP GEAR IS FITTED. Over speed can be caused when the turbine load is suddenly lost. This should normally be controlled by the speed governor but if, due to dirt in the oil or stiffness in the linkage pins, the pilot valve moves sluggishly and does not react to the dictates of the governor; the steam flow through the throttle valve is greatly excess of requirements and will rapidly accelerate the turbine.

3.1.1 Process over speed trip system 

In addition to a speed control system, steam and gas turbines are fitted with a shutdown system to prevent damage to the machine. In the event the speed governor fails to control the speed, the over speed trip actuates to shut down the machine. When shaft speed exceeds a desired safe level, generally 10% over speed, a latching device or oil dump mechanism is actuated to close a special emergency stop valve. This system is totally independent of the governor there are two primary types of trip actuation systems, the mechanical type and electronic type.
 Mechanical system that is completely separate from the speed governing systems. A trip pin or plunger is mounted in the turbine shaft with its center of gravity slightly off center. In the event the speed regulating governor fails to control the speed, the unbalanced plunger overcomes a spring force at a preset trip speed. As it moves outward, it strikes the trip-lever, causing release of a spring dump valve that releases the trip circuit oil pressure. 
This unbalances a piston-spring combination and causes the trip and throttle valve to slam shut by the force of a spring and the steam pressure above the valve disk. A few high-speed machines use a weighted disk and a dished washer to accomplish the tripping action. The remainder of the action is identical.


In the electronic trip, speed is sensed similar to the system described in the governor section. When over speed reaches the set point, an action is initiated to shut the emergency stop valve. This action is usually through an electric solenoid or mechanical valve that dumps the hydraulic oil on a trip throttle valve (large turbines) or releases a mechanical link to the emergency stop valve (small turbines). In addition to over speed, a solenoid valve can be made to shut down the turbine in response to low oil pressure, remote push buttons, or abnormal process conditions. 

3.2 Energy losses in steam turbine
The increase in heat energy required for doing mechanical work in actual practice as compared to the theoretical valve, in the process of expansion take place strictly according to the adiabatic process, is termed as energy loss in a steam turbine
In actual practice, not all of the energy in the steam is converted to useful work.

3.2.1Losses common to all turbines are described below

1. Loss of working substance. Loss of steam along the shaft through the shaft glands where the shaft penetrates the casing.

2. Work loss. Loss due to mechanical friction between moving parts.

3. Throttling loss. Wherever there is a reduction in steam pressure without a corresponding production of work, such as in a throttle valve.

4. Leaving loss. The kinetic energy of the steam leaving the last stage blading. This leaving loss can be minimized by lightly loading the last stage blading by increasing the annular exhaust area of the turbine. This is often optimized through economic studies.

5. Windage loss. This is caused by fluid friction as the turbine wheel and blades rotate through the surrounding steam.

6. Friction loss as the steam passes through nozzles and blading.

7. Diaphragm packing loss as the steam passes from one stage to another through the diaphragm packing.

8. Tip leakage loss in reaction turbines as steam passes over the tips of the blades without doing any useful work.

 3.3 Advantages of steam turbine over the steam engines
The following are the principal advantages of steam over steam turbine:

1. The thermal efficiency of a steam turbine is much higher than that of a steam engine.
2. The power generation in a steam turbine is at a uniform rate, therefore necessity to use a fly wheel (as in the case of steam engines) in not felt.
3. Much higher speeds and greater range of speed is possible than in case of a steam engine.
4. In large thermal stations where we need higher outputs, the steam turbines prove very suitable as these can be made in big sizes.
5. With the absence of reciprocating parts,(as in steam engine) the balancing problem is minimized.
6. No internal lubrication is required as there are no rubbing parts in steam turbine.
7. In a steam turbine there are no losses due to initial condensation of steam.
8. It can utilize high vacuum very advantageously.
9. Considerable overloads can be carried at the expense of slight reduction in overall efficiency






3.4 Steam turbine Troubleshooting
3.4.1 Vibrations
	S.no
	Condition
	Identifiable by
	Probable cause
	Remedy

	1
	Unbalance
	2. Uniform vibration throughout the turbine,
Decreasing slightly under load.

	1. Sprung shaft
2. Incorrectly located    balance weights.
3. Displacements of balance weights.
4.corroded or eroded blades or buckets
5.Sediment in  blades or buckets
6.Rotor unequally heated.
7. Broken blades or buckets.

	1. Replace shaft.
2.  Relocate weights & balance rotor.
3. Balance rotor.
4. Replace worn blades or buckets.
5. Replace broken blades or buckets.
6. Clean blades or buckets.
7. Consult manufacturer.

	2
	Poor alignment with driven equipment.
	2. Variable vibration least noticeable at no load; becoming worse under load.
	1. Eccentric flexibility coupling
2. Driver & driven equipment not aligned properly at installation.
3. Piping strain on driver or driven equipment.
4. Foundation selected unequally.

	1. Replace flexible coupling.
2.  Realign driver with driven equipment’s as per manufacturer instructions.
3.  Provide support for piping to relieve strain.
4.  Solidify foundation; regrout if necessary.

	3
	Poor or inadequate foundation.
	3. Vibration of surrounding structure; constant vibration of turbine under all load conditions.
	1. Improper grouting.
2. Bed-plate not securely foundation.
	1. Regrout bed-plate.
2. Tighten foundation bolts.










	4
	Loose parts
	4. localized vibrations with noise at start-up & shut-down.
	1. Excessive bearing clearance.
2. Ball joint of bearing is loose.
3. Loose coupling or coupling bolts.

	1. Machine off joints between bearing halves; replace bearing if necessary.
2. Add shims as required to tighten bearing; replace worn parts as required.
3. Tighten setscrews securing coupling to shaft; tighten coupling bolts.


	5
	Internal rubbing 
	5. localized vibrations with varying with turbine speed.
	1. Rotating buckets coming in contact with stationary buckets.
2. Inadequate casing clearance.
3. Thrust bearing is worn.
	1. Check clearance; adjust as required.
2. Check for chemical deposits; adjust bearings.
3. Replace thrust bearing.


	6
	Steam troubles
	6. Unusual noise at the intake; failure of strainer.
	1. Water coming in with steam.
2.Sediment in steam
	1. Re-evaluate piping; install a separator ahead of the throttle valve.
2. Test steam for sediment, acid, or salt. Take corrective action.














3.4.2 General
	S.no
	Condition
	Identifiable by
	Probable cause
	Remedy

	1
	Loss of efficiency 
	1. Decreased power output with increased steam consumption.
	1. Failure of interstage packing, gland seals, or sealing strips.
2.Failure of nozzles & buckets
3.Accumulation of chemical deposits on buckets or nozzles
	1. Replace packing, gland seals or sealing strips as required.
2. Repair or replace nozzles or buckets.
3. Clean turbine internally; change feed water treatment method.

	2
	Over speed operation
	2.Rapid increase in turbine R.P.M. 
	1. Loss of load
2. Faulty governor or governor linkage. 
	1. Shut down turbine; check over speed trip control.
2. Check governor & governor linkage for malfunction; repair as required. 

	3
	Bearing failure 
	3. Noisy operation; overheating of operation.
	1. Lack of lubrication.
2.poor grade of oil
3. Dirt & other extraneous material in bearing.
	1. Check oil supply; increase flow of oil to bearings; replace bearing if worn.
2. Drain oil & replace with good grade of oil as recommended by the turbine manufacturer.












Conclusion

The overall plant efficiency of a back-pressure turbine exhausting to a process is high, due to the considerable heat losses through the condenser being eliminated.Back-pressure steam turbines are high efficiency. It requires a minimal maintenance. Back-pressure steam turbine requires low need of cooling water.Back-pressure steam turbines can be easily retrofitted into an existing steam system.
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