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ABSTRACT

China's power demand haspromoted therapid development of China'shydropower industry. Correspondingly, China's
turbinesand their auxiliary facilitiesmanufacturing industries are devel oping rapidly and leading theworld. Sincethe
reform and opening up, China's hydropower workers have designed and built large-scale hydropower stations
independently. By theend of 2017, Chinashydropower installed capacity reached 341 million kilowatts. Meanwhile The
large-capacity, large-size, and high-reliability hydropower unitsare gradually being applied. At present, the million-
kil owatt-class hydropower units are recognized and agreed on by the advantages of unit cost and bottom cost. This
paper focuses on the analysis of the insulation problem of a million kilowatt hydropower unit, and proposes new
insulation requirementsfor thehigh value of the unit itself, thelarge abnormal shutdown lossand its protection, design

and operation.
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THE FEASIBILITY OF A
MILLIONHYDROPOWERUNITS.

Nowadays, Chinahasmastered the design, manufacture
and core technology of large-scale Francis turbine
generator sets. Itsoperation isnot only stable but also
compact. At the sametime, thehigh partid load pressure
pulsationisdiminated intheentireoperating area, which
makesitseven efficiency improved sharply. At the same
time, the water cooling method is adopted in the new
turbinetechnology of the turbine, and the water cooling
deviceisingdled onthethrust bearing chamber of the
generator, and thecopper tube of thebearing chamber is
014 ontheouter edge of the bearing. Becausethe copper
tube coil at the outer edge makesthe contact areasmall
and thethermd conductivity low; andthethermd grease
is added to the outer edge of the copper tube and the
bearing, that the cooling effect ismoreremarkable. Ten
years ago, the 700MW-class large-scale all-air-cooled
water-whed generator withthelarges Sngle-unit capadity,
the largest structura size and the largest thrust load
independently developed, designed and manufactured by
Harbin ElectricMachinery Co., Ltd. created theworld's
largest Single-capacity capacity. A new eraof operation
of air-cooled water turbinegenerator sets. Recently, the

congtruction of theworld'slargest hydropower project -
Baihetan Hydropower Stationin JnshaRiver cametothe
news. China Electric Power Construction Group
Subsidiary Hydropower Bureau won the bid for the
ingdlation and commissoning of mechanicd and dectrica
equipment for theleft bank power station. Theworld’s
largest hydropower gationwiththe secondlargest installed
capacity in the world uses 16 single-million-kilowatt
hydropower units. It iscurrently thelargest single-unit
hydropower unit, bringing world hydropower into the
“millions of single generations’. In the hydropower
congtructioninwestern Ching, alarge number of super-
large capacity unitsof millionsof kilowattsare il needed.
Thetatevigoroudy advocatesindependent designand
innovationto overcomethekey technologiesof themillion-
kilowatt hydropower unit based on the research of the
Three Gorgesunit. Not only that, but also acceleratesthe
research and development of new technologies, new
gructuresand new meterids, theselectionof voltagelevels,
thecooling method of generators, Thegructura designof
theunit andtheinsulation problem of thegenerator st are
extremely critica for thisproject, and the hydropower
unit will inevitably develop towardslarge capacity, large
Szeand highrdigbility inthefuture.
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SELECTION OF INSULATION MATERIALS
FOR MILLIONS OF HYDROPOWER
UNITS.

Theadvantagesand disadvantagesof amillion kilowatt-
classhydropower unit areoutstanding. Althoughitsunit
cost and power generation cost are low, it isof high
vaueto theunit. If the specid Stuation causesdowntime,
thelossishuge. Intermsof equipment protection, unit
design, computer monitoring, etc. There areaso many
new problems, so people have put forward higher
gandardsfor theinsulation capacity of theunit. Therefore,
theinsulation capacity of the unit hasbeen put forward
to ahigher standard. Therefore, theinsulation capacity
of the unit hasbeen put forward to ahigher standard.

2.1 Main inaulation materialsin China and abroad

Thestator of alarge generator isanimportant part of the
generator andthedarter. Theinsulaionof thesynchronous
motor includestheinter-strand, the gate, therow, andthe
interlayer insulation. Theinsulation part mainly actsasan
isolated electric machine because the motor runsfor a
long time. not only will be eectric, thermal impact,
mechanica actionand also to withstand ambient condiitions
of thermd cydling thermal stressoccurswhen starting and
stopping, or astrong eectromagnetic forcegenerated by
the short circuit accident circuit occurs, and therefore the
gator coil insulation must Good eectrical and mechanica
properties ensure efficient and stable operation of the
generator. Accordingly, thestator maininsulationisthe
most important part of theinsulation syssemof the high-
voltage motor. It not only directly affects the overdl
technica indicatorsof themotor, but also determinesthe
reliability and servicelife of themotor to alarge extent.
At present, the maininsulating meteriasof high-voltage
motor statorsaregenerdly divided into two types, oneis
continuous insulation method for vacuum rubber
impregnation (VVPl) with less rubber powder mica, and
the other is epoxy multi-powder micatape molding (or
hydraulic). Continuousinsulation. Domegticdly, it ismainly
amulti-adhesveepoxy micainsulation sygemwithamica
content of 80g/m2. Themaininsulating materidsusedin
foreign motors, regardless of the multi-glueor less-glue
sysem, generally haveamicacontent of about 160 g/m2.
The purpose isto ensure that the generator has good
mechanical and electrical properties under long-term

operaing conditions, especidly anti-aging properties.
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2.2 Sudy on main insulation materials

2.2.1 multi-rubber molded insulation system

Themaininsulation materia of therubber molding main
insulation systemisamulti-rubber micatape. Micaisa
nonmetallic material with excellent flexibility and
rationality. Its dielectric energy is very high, corona
resistance and spark resistance are higher than those of
organicinulaionmaterids. Micaishydroduminoslicate
and has alayered structure. Although new insulating
materidsemergeoneafter another, thereisnoinsulating
meaterial to replace mica. Since the development and
application of TOA epoxy mica powder insulationin
Chinainthe 1960s, great efforts have been devoted to
the study of maininsulation inthe past decades, which
has led to the application of multi-adhesive micain
domestic advanced large-scale power generation
equipment.

Multi-adhesive raw materials include mica, mica
paper, adhesive, reinforcing materials, etc. They must
have sufficient electrical, thermal and mechanical

properties.
1) Mica.

Piece micaisformed by peeling and cracking pieces of
mica, and isdivided into nine specificationssuch as, and
thelikeaccording to area. According to their thickness,
they weredividedinto groupsl, 11 and I11. According to
thesurfacequdity isdividedinto a, b, cthreegrades. As
insulation materias, muscoviteand phlogopite arethe
most widely used materids. In contrast, muscovite has
higher breakdown strength and lower dielectriclossthan
phlogopite. Phlogopite hashigh heat resistanceand good
flexibility and bending resistance.

2) Micapaper.

At present, thebadc types of micapaper are raw pape,
cooked paper and mixed paper. After theindustria raw
meaterialswe need aremined frommica ore, most of the
remaining micafragmentsare used to make micapaper.
It has uniform thickness, small fluctuation range of
didectric strength, high and stable coronainitial voltage,
high ectrica strength and can weakenthethickness of
electrical maininsulation material. I naddition, dueto the
good uniformity of mica paper and no overlapping
phenomenon of mica sheets, the glueis easy to soak
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and theresdua gap issmdll, which can greetly improve
theinsulaion reliability. Correspondingly, itsmechanical
grengthispoor, which needsto be made up by selecting
appropriate adhesive and reinforcing materials.
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Therefore, wetill need to develop micapaper with high
performance, high permesbility, high standard and multi-
tape with highmicacontent and good stability.

The performanceof various micapapersisshown
inthefollowing figure.

Tablel
Maximum C.onfluc
deviation (%) h"'fl_ty
- ) between individual Permeabilit Penetration 0 Tensile
Type Noml;,illllz‘ alue, values of thickness  y(s/100ml)  time (non-  Water  gtrength
and average values mesh) extract  (N/M)
of all values (s/m)
68 3200-6500 100 8.0
82 3800-7300 120 9.8
MPM 100 4700-8500 120 9.8
1 115 +10 =6000 130 70 9.8
130 =6000 130 11.0
160 =600 110
= 6000 '
80 1400-2300 50 6.2
MPM 100 +10 1600-2600 70 20 7.0
2 115 1700-2900 90 7.5
125 1850-3150 110 8.0
150 2200-3700 160 9.0
3) Viscose. good intoughnessof cured product, excellent in

Viscose plays an important role in mica tape. It is
responsible for bonding mica paper and reinforcing
meaterials. The maininsulation materid for high-voltage
motorsmust haveexcellent didectric properties, thermal
stability, storage stability, moisture resistance, water
resistance and chemical stability. Epoxy resin material
has good process performance, and can be cured by
curing system. The cured product hasexcellent electrical
insulation performance, good adhesion and mechanica
strength, small solid shrinkage rate, good moisture
resistance, corroson resistance and low didlectric loss.
Therefore, al companies use epoxy resnasthe adhesive
for maininsulating micatape.

There aremany kinds of main adhesives, including
asphalt adhesive, dkyd adhesive, unsaturated polyester
imineresin, epoxy adhesive, etc., anongwhichthemain
adhesve sysemsare:

(1) Epoxy tung oil anhydride system adhesive is
mainly used for 5438-1B grade epoxy glassmica
tape (TOA tape), becauseitsmolecule contains
cyclic structure, double bond, ether bond and
ester group, whichmakesit strongin adhesion,

dielectric property, mechanical property and
good inmoistureresistance. However, dueto
thelong chaininitsstructure, the cured product
of tung oil anhydride adhesiveispoor inrigidity,
low in thermal deformation, poor in thermal
mechanicd property and short in storage period,
which isnot conducive to long-term storage.
Bismdeimideisused to modify theweakness of
TOA belt (tung-mabelt). Up to now, thelarge
generator withtung-mainsulation has exceeded
10 billion MW. It maintainsthe advantages of
TOA belt, and at the same timeimprovesthe
heat-resistant grade and high-temperature
mechanical strength, but therangeisnot large.
Therefore, many domestic manufacturersare
deveoping new multi-adhesvesysemsto further
improve theflexibility of the belt, improve the
binding process, extend the storage period, and
the cured electrical propertiesare equivaent to
tung-ma belt. Its mechanical properties,
especidly the shock wave strength and thermal
bending strength, are significantly improved
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compared with tung-ma belt, and the heat-
redstant gradeisF grade.

(2) Boron amine cured epoxy adhesive. It is
prepared from latent boron amine complex,
bisphenol A epoxy and phenolic epoxy. The
most prominent feature of its cured product is
its high thermal deformation temperature and
thermal mechanical properties. It isstablein
storage at normal temperatureand can be cured
quickly whentherequired curing temperatureis
reached. The heat resigancegradeisF.

(3) Epoxy adhesive cured by organic carboxylate.
It is prepared from organic carboxylate and
bisphenol A epoxy resin or bisphenol A epoxy
resin and phenolic epoxy resin. The adhesive
hasexcellent dielectric properties, high thermal
deformeationtemperature and therma mechanica
properties, and heat resstance grade is B-F
grade.

(4) Polyester epoxy adhesive. Made of polyester
and epoxy resin dissolved in solvent. The
adhesive has good flexibility, adhesivenessand
gtorability, but themediumlossislarge. Thehesat
resistancegradeisgrade B.

4) Reinforcing materials

The micatape composed of reinforcing material, mica
paper and adhesive playsarolein enhancing mechanica
grength. Theperformance of the master tapeisclosely

related to the type and performance of reinforcing
meaterial.

Reinforcing materials are divided into natural
reinforcing materiadsand synthetic ranforcing meterias,
and aredivided into organic reinforcing materialsand
inorganic reinforcing materialsaccording to structure.
Organic reinforcing materiasinclude wood, cotton and
syntheticfiber. Inorganicrenforcing materidsaredivided
into glassfibersand asbestos. At present, thereinforcing
material widdly used inmicatapeisakali-freeglasscloth.

After comparing theinsulationlevel of our country’'s
F-grade multi-rubber micawith that of foreign countries,
our country’s multi-rubber mica insulation electrical
performanceis equivalent to that of theinternational
advanced manufacturers(see Table 2). Intermsof heat
resstance, it can gtill maintain good performance despite
two cycles of cold and heat cycle tests.The impact
grengthiscloseto that of foreign countries. Thenormal
bending strength isdightly lower than that of foreign
advanced manufacturers, whilethe bending strength at
155! ishigher than that of foreign manufacturers. Itis
worthnoting thet the holding capacity of bending strength
at 100! isonly 20% ~ 25%, whichis obviously lower
than the level of foreign products. Relevant experts
believe that this is an important indicator of foreign
products. Only morethan D602 adhesivetapesin China
meet this requirement. Experts suggest that bending
grengthof insulationsystemat 100! should belisted as
an indicator for future evaluation of insulation
performance.

Table 2
Factory Factory B China less glue VPI  AmericaGE Micapall Switzerland
D 5440-1 440-1 insulation GBMP BBC Micadur
normal 1.20 <1.0 <1.0 1.6 <2
thermal state 6.0 4.0 5.0 5.8 5.8
(155 degrees) (155 degrees) (155 degrees) (100 degrees) (130 degrees)
Thermal state after 2.5 3.0 4.0
thermal stability (155 degrees) (155 degrees) (150 degrees)
experiment
123 184 230 25% higher than 190
Lateral bending Micapall
length (MPa) 100 degrees 155 degrees 100 degrees 2 times higher than 120 degrees
155 degrees 155 degrees Micapall -
Normal impact 26 26 4.8 times higher than 20
length Micapall
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2.2.2 Less Glue VPI Insulation System

Vacuum pressureimpregnetion (V1) isabetter insulation
treatment technology today. Thereisno air gap inthe
rubber-lessinsulation structure after vacuum pressure
impregnation of golden rudder, which improvesmica
content and thermal conductivity of insulation, a the same
time helpsto improve dectrical performanceand service
life of insulation system, thusimproving technical index
andreliability of motor, greatly smplifying manufacturing
processof insulation system, improving productivity and
reducing cog.

VPl insulation technology was applied to generator
gator insulationinthe 1940s to maininsulation of medium
and large high voltage motors in the 1970s, and to
insulation treatment of motorsand electrica appliances
in the 1990s. In recent decades, companies and
ingtitutions have continuoudy improved and perfected
VPl insulationtechnology to avery highlevel.

Micatapewithlessrubber powder and impregneating
resin aretwo important componentsinV P! insulation
system. The adhesive content in mica tape with less
rubber powder is very small, and the final curing
performanceof micatape withlessrubber powder mainly
dependsonimpregnating resn. Theperformanceof mica
tapewith little rubber powder and its compatibility with
impregnating resin have great influence ontheinsulation
performance and electrical aging performance of VPI.

(1) Unsaturated polyester imineresn VP! insuletion.

Theimpregnating resinisbased onthe solvent-
free paint, optimizes its molecular structure,
reduces active groups, amplifiesthemain chain
structure, and adopts a capping technique to
control the curing reaction and achieve low
temperaturerapid curing under the premise of
ensuring storage stability. According to the
principle of similar dissolution, the structure
similar to the impregnating resin paint base
insulated by unsaturated polyester imineresin
VP is selected as the adhesive of the low-
rubber-powder mica tape, and the softening
point and bonding strength of theadhesiveresin
of the low-rubber-powder mica tape are
controlled, so that the softness of the low-
rubber-powder mica tape is ensured on the
premisethat the special raw micapaper hasgood
bonding property with glasscloth.

@

Immersionresinsfor wholedipping aregenerdly
solvent-free resins prepared from epoxy resins,
curing agents, diluents, accelerators, etc. Abroad,
they can be generally divided into two types,
oneismodified epoxy resins, liquid anhydrides,
styrene systems, and the other is pure epoxy
resnsand anhydride curing agentssysems. Both
systems have good performance. The
requirements for impregnated resin are low
viscogity to fecilitate overal impregnation, short
gelling timeto reduce resinlossduring baking,
and long storage period as much as possible,
with excellent mechanical properties, heat
resstanceand electrica propertiesafter curing.
Westinghouse believes that the technical
requirements for impregnating resin are: ‘$
viscosity at 25! should be 120d; (3) curing by
dipping curing agent intan” resinat 150! for
150! gellingtime. Therefore, thematching and
compatibility between impregnated resin and
micatapewithlessglue areespecidly importarnt.
Themainproblemsof impregneting resnin China
are unstable storage period and users are too
risky to use it safely. Some have high low
volatility, some havepoor compatibility, and the
lossincrement Atanaishigh.

Epoxy VPI insulation The structure of the
impregnating resininthisinsulation systemis
similar to that of the impregnating resin in
Westinghouse's Thermalastic insulation. The
impregnating resn usesepoxy anhydride styrene
resin, maeic anhydrideand epoxy resingenerate
epoxy ester compound under the catalyss. The
epoxy resinrelieson theintroduction of maleic
anhydride double bond, methylnadic anhydride
and styrenefor crosslinking reaction. Inorder
toimprovethe curing crossinking density of the
composite, ahigh-temperature accelerator is
added to improvethe high-temperature medium
loss characteristics. The micatape with less
rubber powder mainly consists of epoxy resin
adhesive, relatively dense raw mica paper and
glass cloth. In the previous VPI insulation
system, theindex of permeability of mica paper
with lessrubber powder isvery important, and
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relatively dense micapowder paper will affect
thisindex. However, theactud gpplication shows
that the impregnated resin mainly enters the
insulation from the gap between the half-packs
under theaction of pressure. Theimpregnated
resin in the insulation system has good
compatibility with micatape with less rubber
powder, stable quality and good dielectric
property, and normal electrical aging and
thermoelectric aging have reached avery high
level.

COMPOSITION OF MAIN INSULATION FOR
MILLION KILOWATT HYDROPOWER
UNITS

3.1 Main Insulation of Sator Bar

The mica content of the F-grade epoxy multi-rubber
powder micatape with high micacontent suitable for
the multi-rubber molding system of large generators
reaches 160g/m?2, while those who have mastered the
F-grade heat resistance include ABB and SIEMENS
represented by Westinghouse Electric Company of the
United States. TheVPI processwithlessadhesivetape
isadopted, i.e. after wrapping withless adhesive mica
tgpe, theresnisvacuumized and pressurizedinthetank.
The storage period of the micatape with less glue is
longer. After dipping abatch of bars, they are taken out
and then put into an oven for heating to solidify the
insulation. The production efficiency ishigher. There
aedsnALSTOM and Russian power plantsrepresented
by GE, which adopt multi-adhesive tape hydraulic or
molding process, i.e. after wrapping with multi-adhesive
micatape containing resin and curing agent, abatch of
wirebarsareput into tank hydraulic process, asphalt is
used asmedium for heating and pressurizing to solidify
insulation, or wirebarsare put into mold for heating and
pressurizing to solidify insulation into asolid whole.

1) Developed F-grade epoxy multi-rubber powder
micatapewith high micacontent suitable for multi-
rubber molding systemfor largegenerators. Itsmica
content reaches 160 g/m2. Its conventional
mechanical and electrical properties meet the
requirements of domestic qudity grading sandards
and reach or approachtheinternational advanced
level. The thermodynamic properties such as
dynamic modulus, mechanical loss, dynamic
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viscosity, thermal conductivity and creep properties
of themaininsulation materia aretested.

2) Theéectricheating aging test of stator bar insulation
iscarried out by using the éectric heating aging test
system which can truly simulate the operating
conditions of stator bar. Theelectric heating aging
lifeismorethan 2,000 h, which greetly exceedsthe
standard requirement of 500 h, indicating that the
insulation structure and anti-coronastructure of the
bar are designed reasonably and should be ableto
mest therequirements of the insulation structure of
the generator withworking field strength.

3) After 500 cold and hot cycle tests, the stator bar
insulation still meetsthe standard requirements, the
bar section size is dightly increased, the creep
characteristics of theinsulation are good, and the
maininsulation still hasgood dielectric properties.

4) Theapplication of the maininsulation material on
the gtator bar of thehhydro-generator unit showsthat
the 160 g/m2 thick mica powder belt can be used
asthemaininsulation material for theinsulation of
the stator bar of the large-scale high-voltage
generator.

3.2Anti-corona of Stator Bar

The development of anti-coronatechnology for stator
barsand windings of large-scae dectrica machineshas
been continuously improved with the improvement of
the performance of main insulation materials and the
increase of rated voltage. Theinsulationmaterial of Sator
barsof large motorsisasphat mica, and the anti-corona
treatment adopts paint type anti-coronastructure. The
meaterial isasphalt semiconductor withiron-containing
asbestos tape or glass ribbon. After that, with the
gpplication of TOA epoxy micapowder insulation, related
enterprisesinvarious countries beganto develop akyd
semiconductor paint. 1n 1966, the anti-coronastructure
of 15.75kv gator barswasstudied, and the anti-corona
gructure of alkyd high resistance semiconductor paint
containing slicon carbidewas developed. Specific criteria
areasfollows.

1) There should be corresponding internal voltage-
sharing semiconductor paint, and the structure of
semi-shielded interna voltage-sharing layer is
selected according to the structure of stator bar.



Research on Insulation Problem of Million-kilowatt Hydropower Unit

2) Thelow-resistance semiconductor glassribbonis
selected for the dot of the bar, and the surface
resistivity iswithinthe required range of 1x 103 ~
1x 105 ohmsafter being solidified and molded with
themaninsulation.

3) Throughthe combination of theoretica calculation
and actual stuation.Sugtainability isasubset of CSR.

3.3Sator coreinsulation

Generator stator core is formed by stacking tens of
thousands of fan-shaped silicon steel sheets. The
assembled stator corerequiresflat ot shape, flat dot
wall and sufficient tightening force to ensure therigidity
of the core and avoid inter-dice vibration caused by
electromagnetic force. Attention should also bepaid to
inter-diceinsulation should not be damaged, vertilation
ducts should be uniform and neat, and deformation
should not occur. The thickness of punching sheet
commonly used for largeturbogeneratorsisQ. 35 mm
or 0.5mm. Generator stator core may havepoor qudity
dueto manufacturing or maintenance, or dueto thermal
and mechanical forces during operation, inter-dlice
insulation may be damaged, resulting inshort circuit and
local overhesting inthe short circuit area, threatening the
safe operation of the unit. Insulation damage between
gator platesisthemost common fault of iron core, which
is caused by thermal damage, electrical deterioration,
mechanical deterioration and manufacturing defects.
Whentheinter-diceinsulation of theiron coreis short-
circuited due to damage, the eddy current loss of the
ironcoreat thefault postion increases, whichwill cause
the short-circuit point to heat up, further damagethe
inter-diceinsulation at the adjacent position, and expand
thefault flour.

After the expansonof thefault flour, theeddy current
loss further increases and the heating phenomenon
becomesmore serious, thusforming adisgusting cycle.
When eddy current increasesto acertain extent, silicon
stedl sheetswill melt. Hot spotswill damage the main
insulation of gator windings, accderatethedeterioration
of stator insulation, and may lead to short-circuit
grounding fault of stator windingsto iron corein case of
seriousdevelopment. Thestator coreismade of high-
qudlity cold rolled thin silicon steel sheets. Inorder to
reduce eddy current loss, the sheetsare coated with F-
gradeinsulating paint. For silicon steel sheet paint, the

123

requirements arehigher intermsof Dielectric strength,
heat resistance index, adhesion and hardness, longer
storage period, lower curing temperature and shorter
curing time.VVoltatex ElISIA silicon steel sheet paint and
xijul33c semi-inorganic silicon steel sheet paint can be
taken asrepresentatives, and their propertiesare shown
inthefollowing teble.

Table 3 Voltatex EIISIA silicon steel sheet paint
dielectric strength >40MV/m

Resistance Interlayer resistance 1500 £ -cm?/

Temperature tolerance grade >155

adhesion Good
Curing conditions 300C/35s
shdlf life 12 months

Table 4 Xijue 133C Semi-inorganic Silicon Steel Sheet Paint

Serial number Name Indicators

1 Viscosity, viscosity cup humber 4 18 ~ 25s

2 Solid content, 105% 2%, 2h >31%

3 Filler content 15% ~ 20%

4 Dielectric strength >50MV/m

5 Oil resistance, 120™ 2™, No blistering,
transformer oil 2h no shedding

6 Adhesion, finished punching stair
sheet shall be tested by circle
drawing method

7 Bending test, the pattern was The paint
bent on a “38mm rod. film does

not crack
or fall off.

8 Franklin test, 150°C 5°C/3 Average <20mA
MPa/0.5V leakage current Maximum < 50mA
measurement

9 Franklin burn-out test, Maximum <100mA

measuring leakage current
at 150°C 5°C/3 MPa/0.5V.

10 Core stacking factor 94.5% ~ 98.5%

3.4 gator bar fixing structure

The combination of the lower wedge corrugated plate
and thesde semiconductor corrugated plateensuresthe
in-dot fixationof thestator barsof largegenerators, which
not only can prevent the barsfromloosening but also
can prevent the occurrence of electrical corrosion
phenomenoninthebar dots.

1) Under-wedge corrugated plate increases initial
deformation stress and deformation stress
requirements after treatment at 120! and 24 h
according to GE technology inWegtinghouse Electric
Corporation and Canada, which is of great
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sgnificancefor strengthening stator bar dot internd
fixation and improving safe operation of motor.

2) Themechanical and electrica propertiesof theflour
semiconductor corrugated plate fully meet the
technical requirements of large generaors, providing
reliable guaranteefor stator dot fixation of nuclear
power generators.

3) Throughtheresearch on NAZ epoxy adhesive and
binding rope, it isfound that the bending strength of
NAZ adhesve at 100! isrdatively high, which can
greatly improve the overall thermal mechanical
performance of sator winding end fixing of generator
and meet the binding and fixing requirementsof large
generator.

3.5Rotor Insulation Sructure

Therotor insulation Sructure comprisesarotor shaft, an
iron core and atouPNngfodlonjledNnggonglU whichare
assembled ontherotor shaft, andischaracterized inthat
two endsof theiron core arerespectively provided with
| nsulation cover, wherein one Insulation cover outer end
is provided with a commutator, the Insulation cover
congstsof apostioning cylinder assembled withtherotor
shaft and aplurdity of Protectionstripwhicharearranged
a intervasaong thecircumferentia directionto forma
cup shape, the Protection strip consistsof aradial part
extending radidly outwards and an axial part extending
axialy fromtheradial part outer end, and thetwo ends
of touPNngfodlonjledNinggonglU are positioned inthe
cup shape structure surrounded by insulating sheets of
| nsulation cover.

1) ClassFturn-to-turnpadding stripswiththe straight
part of therotor being long are used to reducethe
overlap betweenthe padding stripsandimprovethe
overd| dectrica and mechanica performanceof the
turn-to-turn padding strips.

2) spraying alayer of dry lubricant with small friction
coefficient ontheinner surface of the groovelining
and theguard ring insulation, whereinthelubricant is
formed by matching polytetrafluoroethylene fine
powder withaspedial adhesive, hasgood wettahility
and can formauniform covering filmon the surface
of metal and paper, thereby reducing the friction
coefficient and improving the surface diding effect.
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CONCLUSION

1)Feasibility.

Through theintroduction of technology in digestion,
absorption and sub-contract manufacturing, Chinahas
quickly mastered the key coretechnologiesfor the desgn
and manufacture of large-scale Francisturbine generator
units.

2) Material.

Withtheimprovement of thevoltage level of amillion
kilowatt hydropower unit, its electrical properties
(electrica aging life, partial discharge, corona onset
voltage, Dielectric strength) and thermal mechanical
properties, heat conduction, dimensional stability and
other design requirements will change. Therefore,
technical development and improvement of main
insulation materidsarerequired.

A develop and perfect multi-adhesive micatape
with high mica content and high Tg process
adaptability to ensuredectrica performanceand
high temperature mechanical performance
requirements.

B To carry out research on the manufacturing
technology of micawith lessglue, starting with
raw materials and tooling, adopt dry gluing
technology to develop partly cloudy master tepes
and high thermal conductivity micatapeswith
high mica content, high air permeability and
accelerant, so as to improve the domestic
manufacturing level of materias.

C tocaryout research on styrene-free VPl resin
matching withmicatapewithlessglue, starting
withraw materias.

D according to thedesign requirements, develop
theresearch and improvement of transposition
insulation materials, end fixing insulation
materials, anti-corona materials and other
meterials.

3) Process.

It isdifficult to determine whether to adopt multi-glue
molding or less-glue VVPI process, and both processes
coexigt internationdly. From the perspective of mature
technology and localization of materials, it is
advantageousto adopt multi-adhesive technology of
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pressuremolding. However, thelessglueVPI process
isalso one of the mainstream technologiesin foreign
countries and has been successfully applied to amillion
kilowatt turbine generator set. Although it is seldom
applied to large unitsin Chinaand is also affected by
many factors such as tooling, process maturity and
materials, necessary research should be carried out.
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