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Introduction 

Neyveli Lignite Corporation was registered as a 
company on 14th November 1956 the mining 
operation in Mine – 1 were formally inaugurated on 
20th may 1957 by the Prime Minister Pandit 
Jawaharlal Nehru. The main constituents are three 
lignite mines and three Thermal Power Stations. NLC 
is generating power in its Thermal Power Station I, 
Thermal Power Station II and in Thermal Power 
Station I Expansion. NLC is excavating the lignite in 
its Mine I, Mine IA and Mine II. All the southern 
states are beneficiaries of this power generation 
project. Neyveli Thermal Power Station-I had carved 
for itself a position of pride in the power map of 
India. It is a symbol of Indo-Soviet collaboration in 
the field of Economy and Technology. The 600 MW 
Neyveli Thermal Power Station-I was commissioned 
with one unit of 50 MW in May 1962. The Thermal 
Power Station I has been expanded with the 
installation of two units of 210 MW each. Thermal 
power station – II, an integrated unit of NLC Ltd, is 
the backbone of the company with an annual 
turnover of more than Rs.1000 crores, TPS II has 

been a major source of power to all southern states 
of India.  The 1470Mw capacity power station 
consists of 7 units of 210MW each [1]. The 210 MW 
Generators is cooled by hydrogen in the stator. H2 is 
cooled by the cooling condensate flowing in the 
hydrogen gas cooler. Generator operators are facing 
many problems in controlling the seal oil system 
differential pressure in the specified limits. Since the 
existing pressure regulators (DPR) are of mechanical 
system. This mechanical regulating system reduces 
the performance of the generator cooling system, 
which affects the whole performance of the 
generating system. To overcome these problems and 
to make support to the operators a special system 
for pressure regulation has been designed. This Seal 
Oil System is the heart of the generator; the 
generating unit cannot be operated without this 
system. Even this system is operated at the standby 
condition of the generating unit. For the good power 
system there should be a best generating station, for 
the best generating station seal oil system is well 
essential to operate the generating unit in safe 
condition. Hence the seal oil system is very important 
for generator, so this system is called as “Heart of the 
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Generator” [2]. A microcontroller consist of a 
powerful CPU tightly coupled with memory (RAM, 
ROM or EPROM) [3], various I/P features such as 
serial ports, parallel ports, timers/counters, interrupt 
controller, data acquisition, interfaces, analog to 
digital converters (ADC), digital to analog converters 
(DAC), everything integrated on to a single silicon 
chip. If a system is developed with microprocessor, 
the designer has to go for external memory such as 
RAM, ROM or EPROM and peripherals and hence the 
size of the PCB (Printed Circuit Board) will be large 
enough to hold all required peripherals [4]. But, a 
microcontroller helps to reduce PCB size and the cost 
of the design [5] [6] [7]. 

2.Seal Oil System of Generator 

2.1.General Description 

Generator shaft seals are supplied with pressurized 
seal oil to prevent hydrogen escape at the shaft and 
the ingress of air in to the generator. As long as this 
seal oil pressure in the annular gap exceeds the gas 
pressure in the generator, no hydrogen can escape 
from the generator housing. The shaft seals are 
supplied with required seal oil from an exclusive 
closed loop oil circuit. The oil in the seal oil system is 
the same as that used in the turbine/Turbo generator 
journal bearings and the turbine governing system. 
During normal operation, A.C seal oil pump draws 
the seal oil from the seal oil tank and feeds it to the 
shaft seals through coolers and filters. The seal oil 
supplied to the shaft seals is drain towards hydrogen 
and air side through the annular gap between the 
shaft and seal ring. The air side seal oil is returned 
directly into the seal oil tank through a float valve. 
The oil drained on the hydrogen side first flows into 
the pre-chambers and then flows into the 
intermediate oil tank before returning into seal oil 
tank. Most of the components of seal oil system are 
mounted on seal oil unit except pre-chambers on 
seal oil storage tank which form part of drain circuit. 
The seal oil in the seal oil tank is kept under vacuum 
to prevent deterioration of the hydrogen purity in 
the generator housing. The gases entrapped in the 
oil are thus removed so that the seal oil pumps draw 
largely degassed oil only. For oil circulation, 100% 
capacity screw type pumps, AC motor and DC motor 
are provided. A vacuum pump is provided for 
maintaining specified vacuum in seal oil tank and is 
kept in operation when either of the seal oil pumps is 
running. 

2.2. Seal Oil Back Up 

Upon failure of normal AC seal oil pumps due to 
mechanical or electrical fault, the standby DC seal oil 

pump automatically takes over the supply. Upon 
failure of both the pumps, the seal oil is taken over 
by the turbine governing oil system without any 
interruption. The seal oil system is thus self-
contained. Upon the standby condition of the 
generator, the seal oil system is to be kept in 
operation; the seal oil is taken over by the bearing 
lubrication oil system. This oil pressure is very less 
compare to hydrogen pressure. In this condition, 
hydrogen pressure is reduced lower than oil pressure 
in order to maintain the specified differential 
pressure. The additional facility for connection to the 
turbine governing oil system provides a high 
reliability since all measures aiming at a constant 
turbine oil supply are also available.  

2.3.Operation of Seal Oil System 

The seal oil is kept at a higher pressure than the gas 
pressure in the generator by specified differential 
(0.84 Kg/cm2) for reliable functioning of shaft seals. 
With the seal oil pumps in operation, the seal oil 
pressure is controlled by Differential Pressure 
Regulating valve-A (DPR–A). Depending on the 
differential pressure setting and the seal oil and gas 
pressures prevailing, a larger or smaller amount of oil 
is returned into the seal oil tank so that the required 
seal oil pressure is established at the shaft seals. Due 
to the fact that the gas pressure and the seal oil 
pressure act in opposite direction in the valve 
actuator, the valve steam is moved upwards or 
downwards when these pressures are no longer 
properly balanced. The valve cone is arranged so that 
the valve closes further at a downward movement of 
the valve stem (occurs at rising gas pressures or 
falling seal oil pressures). This oil flow throttling 
results in a rise of seal oil pressure at the shaft seals. 
Setting of the desired differential pressure (set value) 
to be maintained by the valve is carried out by 
corresponding preloading of the main bellows. The 
preloading is applied through a compression spring, 
the upper end of which is rigidly connected to the 
valve yoke, while its lower free end is attached to the 
valve steam by means of an adjusting nut. The two 
seal oil coolers each of 100% capacity are provided, 
one of which is always in operation, while the other 
serves as standby. The seal oil flow can be changed 
over from one cooler to the other by operation of 
associated isolating valve. The seal oil filter duplex 
type is arranged directly after seal oil coolers. It 
consists of 3 x 100% capacity mesh type filters and 
serves for screening any foreign particle entrained in 
the oil and thus preventing any damage to seal 
babbit and shaft. By means of change over valve 
assembly provided at the filters any one filter can be 
taken out for service for cleaning without any 
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interruption of the oil flow to the shaft seals. The oil 
drains from the shaft seals in two parts, one towards 
the hydrogen side and the other towards the air side. 
The oil drained towards the hydrogen side is at first 
passed into the pre-chambers at both ends. These 
pre-chambers serve for calming down the oil, 
permitting the escape of entrained gas bubbles and 
defoaming of oil. Down stream of the pre-chambers 
the two oils flows combine together and flow into 
the intermediate oil tank. The oil from the 
intermediate oil tank is continuously returned into 
the seal oil tank together with the oil drained on the 
air side through float valves. One float provided on 
intermediate oil tank maintains a fixed level in this 
tank, so that the hydrogen in the drain lines does not 
escape into drain system. The float valve provided on 
the seal oil permits the inflow of oil such that the 
level of oil does not go above high level. Any surplus 
oil which is not accepted by the seal oil tank is 
returned to the seal oil storage tank and finally to 
main turbine oil tank. In case of a short fall in the oil 
in the seal oil tank the oil flows from the seal oil 
storage tank automatically and maintains the 
required constant level. The seal oil tank is evacuated 
of gases by a rotary vane vacuum pump. The vacuum 
pump is kept in operation by providing suitable 
interlock as long as either of the seal oil pumps is 
working. When the shaft seal oil supply is 
obtained from the governing oil system the 
differential pressure (0.56 Kg/cm2) is regulated by 
means of differential pressure regulating valve-B. 
Except for the valve seat and valve cone this valve is 
of the same design as ‘A’ valve. Due to the different 
valve cone arrangement the valve-B opens at a 
downward movement of valve stem (occurs at falling 
oil pressure in the seal oil system). The regulated oil 
further takes the same path to the shaft seals 
through the coolers and filters. Since the oil is not 
drawn from the seal oil tank, the float valve of the 
seal oil tank will not open and the drain oil will flow 
towards seal oil storage tank, from where it further 
flows into the main turbine oil tank. In this case a 
slow deterioration of hydrogen purity in the 
generator will take place necessitating the 
scavenging of hydrogen to improve its purity. When 
the generator is in standby condition, the shaft seal 
oil supply is obtained from the bearing oil system the 
differential pressure (0.21 Kg/cm2) is maintained by 
reducing the pressure of the hydrogen gas. The small 
amount of hydrogen entrapped with oil does not 
pose any danger to the generator surroundings, 
since the seal oil storage tank is provided with 2 x 
100% duty vapour extractors to ensure continuous 
venting of this tank. More over an additional vapour 
extractor is provided on turbine oil tank to ensure to 
continuous venting. To ensure the free floating 

condition of sealing ring in the seal body even at 
high machine gas pressures, the shaft seals are 
provided with ring relief oil. The ring relief oil supply 
is obtained from governing oil supply line through a 
simplex filter and is admitted on the side of both 
shaft seals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Seal Oil System of 210MW Generator  

DIFFERENTIAL PRESSURE REGULATOR 

In the seal oil system, there are two differential 
pressure regulator is used one for maintaining the 
differential pressure at the normal condition i.e., at 
main source DPR – A and the other for backup 
condition i.e., governing oil system DPR – B. 
Differential Pressure Regulator is a mechanical 
component which is in exist for regulating the 
differential pressure in the generator seal oil system. 
Being the mechanical system, the DPR has several 
drawbacks. Due to the drawbacks the efficiency of 
the system gets reduced.  

Problems faced in this DPR system are, 

 Unavailability of spares. 

 Lagging in maximum accuracy of the system. 

 Mechanical DPR system is complex and huge. 
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 Some control is necessary for the system. 

 The system is costlier.  

 

Figure 2: Differential Pressure Regulator (DPR) 

2.4.Differential Pressure Regulator (DPR – A) 

Differential Pressure Regulator valve DPR - A is 
intended to regulate the seal oil pressure being 
supplied to shaft seals in relation to gas pressure in 
the generator casing keeping a constant differential 
between seal oil and hydrogen gas under all regimes 
of operation. The construction of the differential 
pressure regulating valve is shown in Figure 2. The 
valve housing (item 10) has oil inlet and outlet 
connection flanges for connection the valve to the 
system. The yoke (item 8) provider supports for the 
main bellow and the outside chamber and houses 
the spring and associated items. The adjustment i.e. 
compression or elongation of spring is done with the 
help of adjusting net (item 6). The stuffing bellows 
(item 3 & 9) are meant to prevent leakage of oil 
through the stem. Connection for gas impulse is at 
top which leads the gas to outside of the actuating  
bellows (item 2) and oil impulse is led as shown to 
the inside of the bellow. The valve plug is top and 
bottom guided which means that valve plug is 
aligned by the guide bushing in the top portion of 
valve body and bottom flange. The differential 
between oil and gas is set by compression of spring 
with the help of adjusting net (item 6). Compression 
of the spring leads to downward movement of the 
valve stem which means the valve cone too. The 
movement reduces the pressure through the valve as 
the valve closes and increase of compression will 
lead to more differential pressure in the system. This 
is how the differential pressure can be adjusted. 
Increase in hydrogen pressure will lead to 

compression of main operation bellow (item 2) which 
in turn will move the valve head downwards. Valve 
head being directly coupled to the valve stem and 
further to the valve cone, the motion is transmitted 
to close the valve. The closing of the valve will reduce 
the pressure of oil at the outlet of valve while the oil 
pressure going to seals will increase. The scheme for 
its connection is shown in Figure 3. 

 

Figure 3: Oil Flow Line in DPR-A 

2.5.Differential Pressure Regulator (DPR – B) 

The operation of DPR – B is as same as that of DPR – 
A. The only difference between these two regulators 
is oil source. In this DPR, the oil source is governing 
oil were as for DPR – A, the oil source is turbine drain 
oil. The scheme for its connection is shown in Figure 
4.  

 

Figure 4: Oil Flow in DPR-B 

The block diagram that depicts the entire system is 
shown in Figure 5. 
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Figure 5: Block Diagram of Seal Oil System 

3.Seal Oil Differential Pressure Regulation Using 
89C52 

The superiority of microcontroller control over the 
conventional hardware based control can easily be 
recognized for complex drive control system. The 
simplification of hardware saves control electronics 
cost and system reliability. The digital control has 
inherently improved noise immunity, which is 
particular important here because of large power [8] 
switching transients in the converters [9]. The 
software control algorithms can easily be altered or 
improved without changing the hardware [10]. The 
microcontroller used here is AT89C52. The 
microcontroller has some special features over the 
microprocessors. The microprocessors have many 
operational codes for moving data from external 
memory to the CPU; microcontroller may have one 
or two. The microcontroller may have one or two 
types of bit handling instructions, microprocessor will 
have many. The microcontroller can function has a 
computer with the addition of no external parts; the 
microprocessor must have many additional parts to 
be operational. 

Selection of microcontrollers 

There are three important criteria in choosing 
microcontrollers and they are 

 Meeting the computing needs of the tasks at 
hand efficiently and cost effectively. 

 Availability of software development tools such 
as compilers, assemblers and debuggers. 

Seal Oil Differential Pressure Regulation Using 89C52 
is shown in Figure 6. 

 

Figure 6: Seal Oil Differential Pressure Regulation 
Using 89C52 

Conclusion 

With the advantage of Microcontroller, a new system 
is being designed to regulate the pressure in the 
generator seal oil system in efficiency way and by 
using this system, we can save the time in controlling 
the pressure regulator and the work can be 
completed easily. The automatic pressure regulation 
and announcement system has been designed for 
the easy controlling of the generator seal oil system 
pressure, which is said to be the heart of the 
generator. This system future requirement can be 
easily developed. From this project, the existing 
mechanical based system of seal oil pressure 
regulator of the electrical generating unit is 
developed into electronics (Microcontroller) based 
system, in which the development held in the same 
field and the performance of the system is well 
accurate and economic manner. 
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