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Abstract

Approximately 15% of the worlds installed capacity in electric energy production is from
generators developed and manufactured by GEC Alsthom. GEC Alsthom is now working
on the application of generators for HTGR power conversion systems. The main generator
characteristics induced by the different HTGR power conversion technology include
helium immersion, high helium pressure, brushless excitation system, magnetic bearings,
vertical lineshaft, high reliability and long periods between maintenance.

1- Experience

When we speak about manufacturing, experience is one of the major concerns for Power Plant
users. Only previous experiences can ensure the real feasibility and safety of an equipment.
GEC ALSTHOM is a world leader in Generators manufacturing. It supplies Air-Cooled and
Hydrogen-Cooled generators for different power plant applications: Hydro, Nuclear,
Combined Cycle, Fossil Fired, Gas Turbine.
It has a world record in generators with a rating of more than 1710 MVA in a single unit
(Chooz Nuclear Power Plant in France).

With about 15% of the world installed capacity in electric energy production, GEC
ALSTHOM developed expertise in different Power Plant development and manufacturing.

In all continents, many countries are now equipped with GEC ALSTHOM equipment.

GEC ALSTHOM is one of the main suppliers of power conversion systems for nuclear power
plants. Its experience in the nuclear field is unique with a total of 117 units manufactured:
- France: 68 units
- United Kingdom: 24 units
- Belgium: 8 units
- South Korea: 6 units
- China : 2 units + 2 under manufacturing
- USA: 3 units
- South Africa: 2 units
- Sweden: 2 units

The large experience of GEC ALSTHOM in Hydrogen-immersed generators permits the
application of their technology to the HTGR generator systems.

GEC ALSTHOM is now working in different applications of generators for HTGR power
conversion systems.
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2- Main technical characteristics of the HTGR Power Convertion system

Main characteristics induced by the different HTGR power conversion technologies to the
generator systems are:

A- Helium immersion
B- High pressure
C- Brushless excitation system
D- Magnetic Bearings
E- Vertical lineshaft
F- High reliability
G- Long periods between maintenances

These parameters shall be taken into account for the generator design.

A- Helium immersion

The dielectric properties of helium have to be taken into account. The dielectric strength of
Helium is much lower than the air one. The generator design needs to respect insulation
distances with a view to avoid dielectric origin problems.
This problem can be solved by pressure increase: it is assumed that the dielectric strenght of
Helium at 10 to 15 bars pressure is equivalent to air at atmospheric pressure. This is the reason
that with a standard design no full voltage in the generator is expected before this minimum
pressure value. Nevertheless, the machine can be excited at reduced voltage - for example
when it is connected to a startup frequency converter. In fact, there is a direct relation between
generator maximum voltage and helium pressure.
Under certain conditions, a special design adapted to a lower minimum pressure can be
realized.

B- High pressure

More than the absolute value of the service pressure the pressurisation and depressurisation
rates of the generator vessel are one of the sensible points of the system.
According to the compacity of the insulation used, the pressurisation and depressurisation
actions versus time may be limited .
Effects of rapid variation of pression on the usual insulation system will have to be determined
by tests.
Nevertheless some tests performed in the past on other Helium immersed and smaller electrical
machines gave promissing results and showed that (or adaptations of) existing insulation
technics can be used.

C- Brushless excitation system

Due to the direct helium flow through turbine and nuclear core, no dust is allowed.
As access to the excitation system wil be exeptional, it will not be possible to use static
excitation with brushes, furtheremore, static excitations need a lot of care.
A brushless excitation without direct rotor contact will be compulsary.
GEC ALSTHOM has a large experience on compact brushless excitation systems.
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D- Magnetic Bearings

For the same above reason, no oil will be acceptable inside the system. The only technology
now available is magnetic bearings.
Magnetic bearings and thrust bearing integration on such a generator is an advantage. Dynamic
magnetic bearings can participate on the stability of the lineshaft.

E- Vertical lineshaft

The vertically of the lineshaft is a choice. This choice was taken mainly because of civil works
saving reasons (the nuclear vessel and power convertion vessels may be under earth ). The
shortness of the connection in between the two vessels is also one important point of this
choice.
Verticality of the lineshaft can also be an advantageous configuration as far as the magnetic
supporting is concerned.

GEC ALSTHOM has a large experience in vertical oriented lineshafts. this was mainly on
hydro-generators application.

F- High reliability

Due to the high pressure vessel enclosure, the generator access will be more difficult than in
conventional machines.
The reliability of equipment is one of the major concerns.

G- Long periods between maintenances

The limited generator accesses and the maximisation of availability will lead to long periods
between maintenances.
Maintenance executed each 6 years is now common on GEC ALSTHOM maintenance policy.
Additional instrumentation can be installed in the generator with a view to control its
behaviour.

3- Implication of these different parameters

The implication of these different parameters will lead GEC ALSTHOM to adapt their
conventional proven generator design to this specific application.

Nevertheless, this constraining environment will imply different checks and tests of the capacity
of the GEC ALSTHOM technology to comply with these specific requirements.

Some investment in research and development will be then necessary for confirmation of
compliance of the existing technology or to change for a suitable one.
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4- Main research and development needs

- Generator insulation
. Dielectric characteristics
. Behaviour in case of fast variation of pressure

- Diodes
. Compatibility with dielectric and pressure

- Excitation and starting system
. In case of generator used as motor

5- Brayton cycle starting technical choice

According to the technical choices on the power conversion system, the Brayton Cycle can be
started by using the generator as a motor.
This solution implies having a direct link of the generator with turbine and compressor.

With a view to drive the generator as a motor, a Synchronous Frequency Converter must be
used. This system will control the speed of the lineshaft. It will drive it up to the speed when
the turbine can sustain the lineshaft. The speed will then increase up to nominal. The generator
can then be connected to the grid (synchronisation).
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The frequency converter can be used when stopping the unit: the speed can be controlled
according to appropriate stages of deceleration and to help core cooling.

Finally, it can also stop the lineshaft acting as a brake.

Fig 1, 2a and 2b illustrate a simplified schematic single line diagram and the associated starting
sequence, both established for the General Atomics/ GT-MHR project.
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Conventional Hydrogen Cooled Generator
Main Design Features
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6- HTGR Generator main technical caracteristics

Main generator caracteristics Comments

Power

Power factor
Voltage

Cooling water temperature at
generator inlet coolers
Efficiency

Speed

Over speed

Cooling medium

Helium pressure

Temperature

Bearings

Lineshaft orientation
Excitation
Generator used as motor

Planned maintenance intervals

Design life
Turbine-generator Coupling

from 30 to 500 MW

usualy 0.85
from 10 to 26 kV

15to35°C

~ 98 %

3000 or 3600 RPM

120 %

helium to water coolers

normal operation «30 bars

insulation: class F
155°Cmax.

Magnetic bearings

vertical
Brushless
with S. F. C. drive

» every 6 years

30 years
usually direct coupling

according to the power plant
project choice
to be defined by the customer
function of generator power and
dynamic operation of the system
according to the country and site
location
efficiency is lower in Helium high
pressures due to increased
mechanical losses
according to the frequency of the
grid 50 or 60Hz
usual requirements with
standard machines
rotor and stator: axial-radial
cooling
according to nuclear core and
turbine operation
IEC standards

can participate actively on the
stability of the lineshaft
project choice
Static excitation to be avoided
project choice

according to main power plant
maintenance planned period
with half-life refurbishment
coupling and torsionnal analysis
of the lineshaft depends on the
flexibilities, inertias and
generator short-circuit torque

7- HTGR Generator technical description

The HTGR generator is directly derivated from a standard GEC ALSTHOM machine where
existing proven technologies are applied. The Figure 3 shows an example of general
arrangement for such a HTGR generator.

A) magnetic core stacking

The magnetic core is made of silicon steel segmental laminations with high permeability and
low specific losses. These laminations are varnished on both sides, assembled in annular
manner, and separated into packets by radial vents through which the cooling gas circulates.
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After stacking the core assembly is securely clamped between two heavy fingered plates and
keybars uniformly distributed at the periphery of the magnetic core. A flux shield of high
conductivity material is mounted on the clamping plates and protects the stator ends from the
leakage flux between the stator and the rotor (please see Fig. 4 ).

B) Stator armature winding

The armature winding is formed by connecting half-coil bars to make a balanced three phase
type winding.There are two bars per slot. The connection between consecutive bars is made by
brazing their ends with lateral copper plates .The bars are made of insulated copper strands,
transposed according to the Roebel system all along the core length, and ground insulated
over their full length ( please see Fig. 5 ).

The standard insulation technology consists of a mica paper tape, glass cloth and bonding
epoxy resin. Each bar is insulated over its whole length, straight portion and ends by
continuous taping according to the Isotenax process. After wrapping, the bar is moulded and
hot-polymerized.

The endwindings are rigidly supported by fibre glass rings which are themselves supported by
a number of axial brackets fixed to the stator core endplate assembly (please see Fig. 6 ).

C) Flexible suspension

The magnetic attraction between the rotor and the stator produces a rotating elliptical
deformation resulting in a double frequency vibration whose amplitude depends on the
machine's electromagnetic sizing and core frequency.
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1 - Standard lamination packets
2 - Vent ducts
3 - Stepped lamination packets
4 - Key bars
5 - Welding

6 - Clamping plate
7 - Clamping fingers
8 - End flux shield
9 - Stator bars

FIG4
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STATOR WINDINGS END SUPPORTS

FIG 6

LStatorbars
2.support rings
3.circular phase connections
4.insulating block
5,insulating support brackets
6.Flux screen
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4 - Magnetic core
5 - Movable veb

FIG 7
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The core is flexibly mounted to the frame so that vibrations transmitted to the frame are
minimised (please see Fig. 7) . The flexible suspension also influences the short-circuit torques
transmission.

D) Rotor

The rotor is a monobloc steel forging in which some slots are machined to receive the field
winding. Each winding turn consists of two strips of alloy copper. The slots are fitted with an
insulation to earth consisting of epoxy resin impregnated glass slot liners. Complete coils are
obtained by brazing the half coils in the axis of the poles (please see Fig. 8a and 8b ).

ROTOR COIL DETAILS

SINGLE PATH VENTILATION

FIG 8a
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SPRING RING

CONTINUOUS ALUMINIUM
ALLOY WEDGES

FIG 8b
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AXIAL-RADIAL VENTILATION SCHEME

MAGNETIC CORE + STATOR WINDING

ROTOR WINDING

FIG 9

The endwindings are secured by retaining rings and insulating blocks between each coil.The
retaining rings are forged in high mechanical properties non-magnetic alloyed steel, and
separated from the enwindings' copper by layers of laminated bonded glass.

E) Cooling

In high pressure Helium, there is no need for water cooled stator bars before at least 500 MW
The stator cooling is simple and reliable, of the indirect type, similar to air cooled machines .

The rotor is of direct cooling type, using a combination of radial and axial ducts machined in
the rotor forging and in the copper strands, in which the cold Helium flows under the effect of
rotation.
The general gas circulation in the machine is ensured by two axial fans mounted on each end of
the rotor.

All the losses produced in the generator are absorbed by Helium which circulates in closed
circuit and is cooled by water exchangers arranged around the stator (please see Fig. 9 ).

F) Brushless/Bearingless exciter

A brushless rotating diode exciter is an inverted AC generator, the stationary part being the
field magnet and the rotating part of the armature. The armature winding is multiphase and is
connected to the main generator field winding through a diode rectifier bridge mounted in
overhang (Fig 10). The rotating armature of this exciter is directly bolted at the rotor shaft
end and has no additionnal bearing.
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BRUSHLESS EXCITER CROSS-SECTION.

EXCITER ARMATURE
RETAINING RING

HOUSING

FIG 10

Diodes are electrically oversized. A failure of these components can be detected by its
influence on the exciter's field current waveshape.

In the case of association with a static frequency converter, some adaptations are necessary
to allow starting from zero speed.

G) Design Adaptations to HTGR

This basic technology will be retained for the HTGR application, but some specific adaptations
may be realized in the general dimensioning of the machine:

- The generator can be smaller than a conventionnal machine. This is due to the very high
cooling capability of pressurized Helium.
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- The cooling gas flow is reduced at the minimum possible value to limit the ventilation losses

- The rotor design may be adapted if necessary, in order to obtain a higher overspeed value,
lower the friction losses and maintain usual electrical characteristics.

- Under certain conditions, a special stator design, allowing operation at Helium pressures
inferior to 10 bars can be obtained.

H) Maintenance

The generator can be equipped with a complete monitoring system to avoid unproductive
inspections and removals of the generator:

- Temperature of core
- Temperature of windings
- Conditions of insulation
- Radiofrequency detection

The maintenance operations are of the same type as for conventional generators. With the
machine placed at the upper part of the lineshaft, their duration is comparable, with some
possible adaptations, as a function of the turbo machine's accessibility and detailed design.

Minor repairs ( diode replacement, rewedging of end-windings...) can be done without
removing the generator.

For minor insulation touch ups, only the rotor is removed.

For major insulation touch ups, the generator can be exchanged with a replacement unit and
the repair is done on site.
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