Chapter 4
Maintenance and Repair of Electro-
mechanical Equipment

Most of the electro-mechanical equipment in an MHP schieme is located in the power-
house. The equipment may include an expansion joint, a pate or butterlly valve 3 mani-
fold or adapter, the turbine. end-use equipment such as a generator or agro-processing
units, and instrument and control systems. Extensive maintenance and repair of this
equipment may become necessary as a result of normal wear or ageing. inappropriate
operational practices, faulty design or installation, or an acodent Before commencing
disassembly of any unit, always study the layout of the unit carefully. Do not remove any
components of the unit that do not need to be removed because there is always a pos-
sibility of creating additional damage during disassembly or reassembly. If the parts of the
umits can be assembled in different positions, the mating surfaces should be marked
before disassembling in order to ensure that the components are reassembled m thewr
proper positions alter the repairs have been carned oul.

4.1 Valves

Valves are usually provided in an MHP plant to open or shut off the water supply com-
pletely. They should not be used to control the flow. The most common types of valves
are gate or butterlly valves. Butterfly valves have mostly been used in Mepal in recent
years, since they are easier to install and operate. Considerable force may be needed to
operate gate valves. Figure 4.1 shows typical butterlly and pate valves

The main sources of damage to valves are silt, rusting, lack of lubnication, using too
much force to open and close them, and wear and tear. The damage may be in the form
of bent or broken spindles, damaged threads, damaged seat, leakage from the valve joint
of body, and difficulty in operating the valve. A small amount of water leaking from the
penstock to the turbine may not be a serious problem. If the Now is large, however, then
it should be stopped, otherwise the turbine will rotate

Leakage from the stuffing box or gland can sometimes be reduced by tightening the bolts
around the spindle. I the packing is badly worn, however, then it should be replaced. The
bolts should be unscrewed and the handle removed. The surfaces should be cleaned with
3 wire brush and new rings of sealing packing should be cut to size to fit the groove
around the spindle. The number of nngs needed can be determined from the available
length of the spindle. When cutting new rings of packing. the length should be such that
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Figure 4.1: Typical Valves Used In MHP Plants

the gap between the ends of the rings when assembled is the minimum possible and
there is no possibility of overlapping. Otherwise. the sealing will not be correct.

Gaskets are also provided at other joints in the valve, but most of them are not in
contact with a moving part and damage is usually rare, If a joint with a gasket is leaking,
then the bolts should be removed, the surfaces cleaned, and a new pasket of the same
size and material installed

If the valve does not close properly or leaks. some silt or rust may have deposited at the
seat. In this case, the whole valve assembly should be removed and dismantled and the
mating surfaces cleaned properly with a wire brush or emery paper il necessary

some valves, especially butterfly valves, may have a geaning system to transfer the mo-
tion at night angle and facilitate operation. This gearing system should be kept properly
lubricated and oil replenished at the time of extensive maintenance or whenever the valve
is disassembled for cleaning or repairs.

I the spindle of a valve is bent, it is usually difficult to repair and should be replaced. In
general, many workshops are able to fabricate a spindle.



4.2 Turbines

Either crossflow or Pelton turbines are used in most MHP plants. Crossflow turbines are
usually used lor low heads, up to about 50m, whereas Pelton turbines are used for larger
heads. Essentially, the turbines convert the potential and kinetic energy of the flowing
water into mechanical power to be used for other purposes such as driving a generator
of an agro-processing umit

4.2.1 Crossflow Turbines

Figure 4.2 shows a typical section through a crossflow turbine. Damage can be caused
to the turbine, especially to the runner. beanings and shaft, by improper installation or
aperation, silt or small stones in flowing water, and lack of timely routine maintenance or
minor repairs leading to extensive damage to the part concerned as well as to other parts.
For example, if a bearing is womn out and 15 not replaced, the subsequent damage may
extend to the bearing housing, the shaft, and the seals. The causes and types of damage
ta crossflow turbines, and the appropriate repair processes, are outlined briefly in Table
4.1
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Figure 4.2: A Cross-Section through a Crossflow Turbine
Showing the Main Components
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Table 4.1: Types of Damage, Causes, and Appropriate Repairs for a

Crossflow Turbine
Type of Cause Identification / Repairs
Damage Assessment
Vane assembly |- Bent spindle - Rotate wheelhandle to - |- Replace spindle
not functioning check if it operates lreely
properly + Disassemble and check
straightness
- Mo lubnication - Dismantle and check = Remove old grease
guality of grease - Clean with kerosene
- Apply fresh grease
- Assemble and check working
Wane jammed - Remove turbine cover - Remove forergn matenal if any
- Check for loreign material |- Remewve rust and dean surfaces
of rust
- Bushes worn out = Check bushes - Replace bushes if damaged
- Ditherwise chean and assemble
- Replace seals and gaskets
Runner not Stones or other solids |- Rotate runner and listen |- Remove covers/parts of casing
picking up speed | in casing Lo noise and remove stones

- Blades benl or bioken

Shaft bent

+ Damaged beanngs

» Runner touching the

side of casing or seal
housing

- Casing deformed of

damaged as 3 resull
ol impact or touching
of rotating runner

- Open casing and inspect

- Dpen casing and mspect

- Disassemble and mspect
shaft

« Remove beanngs lrom
shaft and housing and
check by rotating

= Remowe cover and check
spacing. rotate runner as
well

= Inspect casing especially
around seals and side

- Sometimes sides of casing also
need to be removed to remove
sfones

« Memove funner and take 1o
warkshop

- Replace shali ™

- Replace beanngs by new ones of
came type and specifications

. Centre the runner and bearings
and tighten, check nut and lock

. Small amount of damage may be
mepared by hammenng and filling

- Take to workshop f damage
extensive

Turbine/runner Some blades damaged - Inspect blades {as above) |- Take runner 1o workshop
vibrates

. Bent shaft « Inspect as belose . Replace shaft

- Shalt wom out = |nspect shalt after - Take to workshop for welding

removing it and machining
- Damagedfoose = Check bearings at before |- Replace by same type
bearings Tighten bolts/nuts after
posibiomng properly

= 1% usually difficult bo siraighten § bent shall




T:Im d-l mt-u-un

Type of Cause Identification / Repairs
Damage Assessment
« Side plate or beanng |- Check nuts and bolts - Tighten nuts/bolts
housing bolts loose * Replace damaged ones
Loose foundation - Check vibration on base |- As abave
halts and bolts - Redo concrete to fix foundation
bolts propely
. Shalt broken - Inspect shalt as before |- Take to workshop for welding
and machinmg
- Replace shalt
Leakage at - Seafing flange bolts |- Inspect bolts of sealing |- Tighten balts but not too tight
wealing loose Mange « It leakage continues, replace
packing
- Packing wom out - Dismantle packing Nange |- Replace packing by one of same
and inspect size and malenal
Loaose bolts on non- |- Dismantle runpet - Tighten the bolts after
contact eal - Check il the sealing bolls | postioning
are loose
Leakage from - Packing worn out » Open side cover of vane |- Replice packing by same size
control vane shalt and inspect packing |  and matenal
(vakve}
« Bush ofvane shaft |- Dismantle shaft and Replace bush with new one of
Wi out check bush by measuring | - same size
diameter
Casing badly Cotrosion - Inspect affected area Remove ust and repaint
rusted - Damaged paint - As above < Use putty/filler before pasnting |
Bearnngs too hot |+ No grease or old - Open beating cover and |- Clean bearings
= giease nspect prease - Apply Tresh grease as necessary
- Too much grease - As above Check and reduce grease if
fEcEssary
- Rollers or balls womn' |- Remove beatings, turn |+ Replace beatings by new ones
out them, listen to the noise | of the same ssre and quality
- Worn out housings |- Open housings. ¢heck for | Replace with new housing of
wear same size
Misalignment of Open top cover of + Adjust the bearing block or
housing beaning housing and insert shims Lo impeove
check il it fits properly alignment H the housing is
without bolts weparale from the casing

« Remowve pulley, plice a

spirit level on the shalt
axially and check whether
the bubbile is i the
CENLre

Il the housing is bolted to the
cawing, loosen the bolis of
beaning housing and rasefower
the housing to get proper

alignment
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Small crossflow turbines are generally assembled from the base upwards. To dis-assem-
ble a small crossflow turbine proceed as follows.

¢ [Disconnect couplings or remove belts from the runner shaft

» Separate the whole turbine from the penstock and the draft tube (if installed).

» Remove the bearings from the runner shaft by unbolting from the casing and slacken-
ing the socket head screws locking the bearing sleeves to the runner shaft

o After removing the side sealing plates, the runner can be taken out from the base of
the casing.

¢ To remove the guide vane, remove the retaining bolt and washer from the end of the
guide vane shaft and drive the shaft out with a hammer and a blunt dnift

Assembly 1s usually a reversed sequence of disassembly. To reassemble the turbine, pro-
ceed as follows

» Replace the damaged gaskets or seals with new ones and replace any worn of dam-
aged parts with equivalent new units. (It 1s better to replace all seals after any disas-
sembly)

* Position the guide vane in the casing and drive the shalt and key into position with a
mallet or a light hammer. Fit the retaining bolt and washer to the end of the shaft and
tighten,

¢ Place the runner in the casing and fix the sealing plates.

» Bolt bearing housings in position and centre the runner. If unsealed bearings are used,
clean the bearings well with kerosene prior to assembly and half fill with a good qual-
ity bearing grease. Do not overfill

e After centring the runner, tighten socket head screws to secure bearing sleeves to
runner shaft

¢ Check that the runner rotates freely and does not touch the housing

+ Replace and apply tension to belts or coupling. I V-belts are used, increase tension
until each belt can be deflected about |5 mm for each metre of span when pressed
with the full force of a finger at the mid point between the two pulleys. If a flat belt is
used, follow the manufacturer’s recommendations to obtain proper tension

4.2.2 Pelton Turbines

Peltan turbines {Figure 4.3) are fast running machines that work under a much higher
head than cross-flow turbines; thus they have to be precision made. The runner of a
Pelton turbine consists of buckets cast from cast steel or bronze that are fixed to the
runner disk by welding or bolting. One or more jets of water diverged from the penstock
mamifold hit the buckets. The flow in each jet 1s controlled separately using a spear valve
and nozzles. Usually, automatic jet deflectors are also provided for each jet that can
deflect the flow and stop the turbine in an emergency.
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Figure 4.3: Cross-Sectional Yiew of a Single Jet Pelton Turbine

The sources of damage to Pelton turbines are mostly similar to those for crossflow tur-
bines. They include such things as a stone blocking the nozzle or hitting the buckets,
inappropriate operation, inappropriate design. and low quality equipment or compo-
nents The types of damage that can occur to various parts or components of a Pelton

turbine are listed in Table 4.2, together with suggestions and procedures for repairs. The
procedures for dismantling and assembling these turbines are given below

To disassemble a Pelton turbine with the runner directly mounted on the generator shaft
proceed as follows.

* Remove the casing access cover

* Remove the bolt or tapered sleeve holding the runner to the generator shaft. (Refer to
section 4.2.3 for removal instructions for tapered sleeves.)

* Hemove the runner from the shaft

Assembly 15 the reverse of the above procedure. Prior to assembly, clean all mating sur-
faces well, especially the shalt and runner mating surfaces, Replace all gaskets and any
worn of damaged parts with equivalent new anes. Smear the shalt and runner mating
sutfaces with grease and reassemble.
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Table 4.2: Types of Damage, Causes, and Appropriate Repairs
for a Pelton Turbine

Type of Cause Identification/ Repairs
Damage Assessment
Inadequate flow |- Stone or other - Dismantle spear valve + Remaove loreign object
from nozzle material stuck in assembly and inspect without damaging
assembly nozzle nozzie/spear surface
Spear valve not
apening propetly
® Bent screw - Dismantle speat valve - Replace screw il damaged™
assembly and inspect sorew
= Tumn the screw to check
bending
o Foreign object - Remove spear spindle from |- Remowve loseign material
jamming the bush | bush and mating surfaces |- Clean surface and reassemble
Proper jet not |- Mozzle end tip - Dismantie nozzle tip. - Replace if damaped
forming damaged a5 a result measure internal diameter,
of silt/ferosion and check roughness
Leakage from - Packing/seal wotn out |- Dismantle spear valve sealing |- Replace packing/O-ring
spear valve it
assembly
- Spear spindle . Remave the relaining nut, - Weld spindle il pitted and re-
damaged inspect spindle machine
= Retasming nut « Check spindle for damage - Replace retaining nut if
loose/damaged damaged
Play in spear - Threads damaged < Dismantle spindle and Replace damaged parts (bush
spinddle inspect threads on both or spandle)
surfaces = Re-machine spindle threads if
damaged
fet deflector not |- Cover bent - [smantle and inspect for - Straighten bent part
functioning damape
properly
- Deflector plate - As above - Weld and re-machine
shipping
- Platefspindle worn |- Az above = Weld and re-machine ar
oul replice

"It is uswally not potsible to sirasghien 2 shall properly. Thevelore, replacemnent i the best solution
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Type of Cause Identification/ Repairs
Damage Assessment
Magnet not + otencid - Check resistance/ continuity |- Rewind solencid il damaged
holding damaged/burnt out using multimeter
< Mo power supply « Check power supply both Replace damaged
(ACMDC) input and cutput of solenord | components and restore
circut power
- Check rectifiers and other
companents
Runner not - Shaft bent - Take out runiner and inspect |- Replace shalt
rotating Ireely shalt for bending
. Bearing damaped - Take out bearing. clean, Replace bearing
rotate and listen to sound. Clean, refit after properly
inspect play (worn rollers) #igning and insuring same
clearance around shaft
Bearing not gripping
shait
» taper skeeveineck |- Open check nut, take out - Replace locking washer
washer damaged washer and inspect
- Beanng block shd = Remove block, check for Replace block if serioushy
damage (cracking. wear) damaged
- Bearing check nut - Open cover of bearing block |- Replace if damaged o¢ tighten
loose/damaged and inspect check nut il loose
Runied/tuthbine |- Broken bucket = Take out runnet and inspect |- Replace bucket by one of
vibrates same size
« Get runner balanced
* Rumner unbalanced |- Remowe casings cover, rotate |- Get runner balanced at a
runnes slowly and let it stop | proper warkshop
normally. if it stops in the
same position repeatedly o it
rotates backwards then it s
unbalanced
- Bearing damaged - Inspect beanng - Replace beanng sl damaged

- Loase Lapeted sheeve

Shalt scoured/pitted

Foundation or beating
block bolts loose

Remove bearing cover and
mspect nuk

- Check tightness of nuts
« Remove and inspect thaft

= Check whether foundation
baolts loose in concrete

= Clean and apply grease
- Tighten check nut using

spring wazher

» Replace check nut/sleeve of

damaged

- Get thaft welded and

machined

« Dig out and re-build the

foundation
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Table 4.2 Cont.......
Type of Cause identification/ Repairs
Damage Assessment
. Jet not propetly - Remove top covenng and |- Move runner side ways 1o
centred measute perpendiculai centralise the jet
distance between centre of Tighten nuts/bolts
nozzle and casing and centre
of bucket and casing to see |
the two are the same
Leakage [rom
Casing
® Atcasing |- Loose bolts - Inspect bolts - Tighten as necessary
joirt s - Gaskets between - Remove and inspect gaskets |- Replace f damaged
casing flanges '
damaged
- Cazing flange - Remove and inspect Repair deformabion by
deformed casing/Mlange for deformation | hammenng and filing
pittingferacking « Fill holesfcracks with sealing
Epony pLtty
® At shalt Sealing system - Remove tuthine cover and |- Il deformation is small repasr
entry paint | damaged inspect the sealing assembly | it by hammeting and hiling
for deformation and damage. |- Otherwise replace or send Lo

Clearance between
two discs too large

. Gaskel between - Hemove both sealing discs |- Replace gasket if damaged
casing and sealing and inspect gasket Tighten balts
disc may be damaged

+ Remove sealing component
on the shalt

« Remave cover and inspect
clearance between the two
sealing dises

« Adjust the clearance {about

workshop

-3 mmj}

To disassemble a Pelton turbine with a belt or coupling drive proceed as follows.

« Remove the belts or coupling

« Remove the access cover in casing

» Linbolt sealing device discs from casing

» Remove bearings from runner shalt and casing. (Il bearings are provided with tapered
sleeves, refer to sections 4.2.3 and 4.2 4 below.)

» Remove runner and shalt from the casing.



To reassemble. proceed as follows

Clean runner shaft well and remove rust or other deposits from bearing mounting
area with fine abrasive paper. Replace any worn or damaged components with equivalent
new units

If unsealed bearings are used, wash in kerosene and half fill bearings with a good
quality beaning grease Do not overlill. Replace all gaskets and any worn or damaged
parts with equivalent new units

Install runner and shaft in casing and pasition bearings on shaft.

Lock bearing wmner race to runner shaft. (If tapered mounting sleeve 15 used, refer to
section 4.2.3 and 4.2 4 below for instructions)

« Bolt sealing device discs into place (Figure 4.4)
o Hotate runner and ensure that it is rotating freely and not touching any other compo-

nent

Install access cover and belts or coupling. Il V-belts are used. adjust tension as de-
scribed above in section 4.2.1 If a flat belt is used. follow the manufacturer’s recom-
mendations for proper tension

Casing Plate
Turbine

Gaslet

Bunner ahol

Waler Sealing
Arrangement for Pelion Turbine Shafi

Figure 4.4: Non-Contact Seal for Pelton Turbine Casing
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4.2.3 Tapered Locking Sleeves

The general layout of a tapered locking sleeve used for bearings or pulleys is shown in
Figure 4.5. To remove the tapered locking sleeve, first remove the screws or bolts from
the sleeve. Fit bolts to the jacking bolt holes provided on the hub in between the clamp-
ing bolt holes and torque evenly until the sleeve 1s removed. The bolts used for tightening
the sleeves should not be used as jack bolts, and damaged or incorrectly sized bolts
should not be used

To re-assemble, proceed as follows. Clean all the mating surfaces well, apply a film of
grease to the outside of the tapered sleeve, and re-fit. Re-fit bolts to clamping holes and
tighten umiformly. The gap marked (x) in Figure 4.5 must be approximately five mm after
the bolts are tightened.
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Figure 4.5: Tapered Locking Sleeve for Locking
Pulleys and Runners to Shafts



4.2.4 Bearings Fitted with Tapered Adapter Sleeves

Large runners are sometimes hitted with tapered adapter sleeves to mount the bearnings as
these ensure a good grip between the bearings and the shaft. To remove these sleeves
from the shaft. loosen the locking ring and tighten the check nut with a 'C' spanner or a
bBlunt ended drift. The bearing can now be removed from the shaft

Betore re-assembly, clean all components well with clean kerosene There are two tech-
nigues for re-tightening bearing sleeves, the reduction of clearance method, and the axial
drive-up method, both described below. The reduction of clearance method is the better
techinigue, but needs accurate feeler gauges. If these are not available the axial drive-up
method should be used

Reduction of Clearance Method

» Hefore fitting the bearing to the shaft, measure and note down the bearing clearance
(between the rollers and the outer ring of the bearing) using accurate feeler gauges as
shown in Figure 4.6, Rotate the bearing a few times to ensure that the rollers are
sitting in their cofrect positions before measuring the clearance

o Apply a thin film of grease to the outside of the adapter sleeve. Fit the bearing and
adapter sleeve to the shaft and locate it in the correct position

o Gradually tighten the locking ning and check the clearance as shown in Figure 4.6 until
the clearance reduction shown in Table 4.3 15 achieved

o Tighten the withdrawal nng and secure the rings with tab washers.

Figure 4.6: Checking Clearance of a Spherical Roller
Bearing with Adapter Sleeves

—
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Table 4.3: Reduction in Clearance for Spherical Roller Bearings Mounted
with Tapered Adapter Sleeves

8

Shaft diameter Reduction in radial Minimum permissible
(mm) clearance clearance after mounting
{mm) {mm)
more than up to and min max
includin
i0 40 0020 D075 0015
40 50 002% 0.030 0.020
a0 65 0.030 0.040 0.025
b3 B0 0.040 0.050 0.025
BO 100 0,045 0,060 0.035
Axial Drive-up Method

« Apply a thin film of grease to the outside of the adapter sleeve and fit the bearing and
adapter sleeve to the shaft,

e Tighten the locking ring with a spanner or blunt-ended drift until it is just firm.

= Measure and note the distance from the bearing inner race to the end of the adapter
sleeve with a vernier calliper.

* Tighten the locking ring until the measurement made in step 3 is reduced by the axial
drive-up amount shown in Table 4.4.

« Tighten the withdrawal ning and secure the rings with tab washers

Table 4.4: Axial Drive-Up Amount for Spherical Roller
Bearings Fitted with Tapered Adapter Sleeves

Bearing bore diameter Axial drive-up
{mm) {mm)
miore than up to and including
10 40 0,35 -0.40
40 30 040 - D.45
30 B3 0.45 - 0.60
b3 20 060 - 0,75
& | D) 0.7 -09

4.2.5 Checking Bearing Damage

Bearings can be checked roughly for performance by feeling the cover of the housing lor
unusual temperature rise, noise, or vibrations. Noise/vibrations can be detected with the
hand or with an object such as a screwdriver that can amplify the sound. as shown in



Figure 4 7. The operator should constantly monitor the condition of important bearings
In this way so that hefshe knows the correct sound for each bearing and can quickly
notice changes in the noise or vibration level. Bearings should also be removed from the
housmg occasionally and rotated while holding close to the ear to listen to the noise
Any sharp crackling indicates damage to the recess o the rollers.

Figure 4.7: Simple Techniques for Sensing Bearing Noise and Condition

4.2 Power Drive Systems for MHP Plants

Mechamcal power may be transmitted from the turbine shaft to the drven shalt of a
generator or some other machine either by direct coupling or by belt and pulley systems
Lirect couplings ate usually used for Pelton turbines when the speed of the generator and
the turbine is the same. In the case of Peltric sets. the runner 15 mounted directly on the
generator shaft

4.3.1 Couplings for Direct Drives

Rigd couplings can be used for direct drive systems when the speeds of the two shalfts
are the same. However, since there is almast always some misalignment between the two
shafts, flexible type couplings are mostly used for MHP plants since these can withstand
some level of misalignment and vibration. There are many dilferent types of Rexible cou-
plings available in the market with different trade names. The main component of such
Couplings 15 usually a rubber-based joint that absorbs vibrations. Damage to the cou-
plings. especially to the rubber components, may be caused by excessive misalignment of
the shaft and resulting vibrations, loose bolts in the coupling, water, and lubricants The
damage can show in the form of deterioration of rubber and/or shipping The damage

* Prepared by DCS - Technology Development Butwal, Nepal

35

Chapter Four



Maintenance and Repair of Electro-

mechanical Equipment

Maintenarnce and Repair Manual for private Micro-hydropower Plants

3

o

should be inspected and assessed by watching the coupling while it is rotating for shp-
ping, noise, and other such malfunctions; and by stopping the turbine and inspecting
the rubber component thoroughly

Usually it is very difficult to repair flexible couplings and they should be replaced when
the damage becomes extensive. Rubber can deteriorate more quickly in the presence of
lubricants, oils, and solvents. Therefore every effort must be made to keep such chemi-
cals away from the couplings. The couplings can be removed by dismantling and sepa-
rating the two parts of the coupling and then moving one of the machines, either gen-
erator or turbine, from its position. It is usually easier to move the generator. Reassembly
and alignment of the two machines after replacing the coupling are fairly skilled opera-
tions, especially the alignment. A skilled and expenienced technician should be engaged to
carry out the replacement of the coupling and reassembly of the two machines. Align-
ment can be performed using a straight edge as shown in Figure 4.8

4.3.2 Belts and Pulleys

The belts used in MHP schemes generally belong to one of two different types. Usually
one or more V-belts are used for plants of 20kW or less (Figure 4.9); whereas flat belts

Angular Misalignment  shifr

--E-q—q-—- e TR |— J_.... :
—_—

t shift
o align

e . =

Baiol Misalignment
Figure 4.8: Aligning Two Directly Coupled Shafts Using A Straight Edge



are mostly used for larger plants. Belts are fitted over the pulleys provided on both the
shafts. If a flat belt is used. the surface of the pulley will be almost flat with a small
rounded ‘crown’. If a V-belt is used, the appropriate number of grooves will be provided
on the outer surface of the pulleys which are usually fixed to the shafts with the help of
keys or in some cases by tapered sleeves,

Figure 4.9: Sketch of a V-Belt Drive System

Damage to the pulleys and the shalts may be caused by impraper installation — includ-
ing misalignment between the two shalts or pulleys, improper handling durning assembly
and removal of the pulleys or belts, rusting, and loose belts or loose keys. Damage to the
pulleys may be in the form of a broken or bent arm leading to further misalignment,
which may in turn result in belts being thrown off, or pulleys becoming loose ot slipping
on the shaft and causing damage to tapered sleeves or even scouring the shaft,

Il the arms are made of mild steel, dama ge can be repaired in a workshop by straightening
or even welding. If the arms are made of cast iron, then they cannot be repaired and
should be replaced. If the diameter of the hole that fits on the shaft has become too large
or gone out of shape, then the surface of the hole should be machined and a bush can be
pressed into it in a workshop to make it fit the shaflt diameter, If tapered sleeves are
damaged as a result of misalignment or slipping of the pulleys. they should be replaced
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Damage to the pulleys may also be caused by the two shafts not being parallel, i.e.,
having angular misalignment. In such cases, a skilled and expert technician should be
hired to realign the two shafts properly. This can be done using a string as shown in
Figure 4,10.

=

e i e i - S 1

Figure 4.10: Aligning Two Shafts Using a String

Damage can be caused to the belts by, amongst others. misalignment, mishandling, the
presence of grease or another substance on the surfaces, a bad joint in a flat belt, im-
proper tension, and a rough surface on the pulley. The damage can appear in the form of
belts becoming longer and therefore slipping. wearing out, or cracking. Slightly damaged
V-belts can be left in position until they are damaged badly. This is allowable since more
than one belt is usually used. Once they are damaged extensively they must be replaced,
they cannot be mended. It is not a good idea to mix old V-belts with new V-belts since
the new V-belts may be shorter as the belts stretch through use. It is recommended that
all the belts should be changed at the same time, Old belts may, however, be stored and
re-used to replace single extensively damaged belts once the new belts have stretched.

Flat belts can be joined using thermal and chemical equipment, but this cannot be done
at the site. Thus if a part of a Mat belt, especially a nylon type flat belt, gets damaged. it
can be taken to a workshop where the damaged portion can be removed and another
piece joined to it using special equipment. Flat belts used for MHP plants, especially for
generation of electricity, should not be joined with bolts. Solvents and lubricants can
also damage the belts and care should always be taken to keep such chemicals away



from the belts. If solvents or lubricants do come into contact with a belt, they should be
wiped off as quickly as possible and the belts washed with soap and water

It 15 important to apply proper tension to the belts. both from the point of view of
transmitting power efliciently and of prolonging their life. The correct tension for a V-belt
is such that. when the belt 1s pressed with one finger applying full force, it should deflect
about |5 mm for each metre of the span. The tension on both V-belts and flat belts can
be adjusted by moving the two machines nearer or further away from each other How-
ever, the two machine shafts will also need to be aligned if the machines are moved. and
this should be carned out by a skilled techmician at the same time as the tension is
adjusted,

4.4 Generators

Two main types of generators are used for MHP plants. synchronous generators with or
without brushes (Figures 4.11 and 4.13) and induction generators (Figure 4.14). These
days. electronic load controllers (ELC) are used in conjunction with synchronous penera-
tors. ELC sense any variation in frequency and divert excess available power to ballast
heaters as required. In this way, the load on the generator and turbine is maintained at a
constant maxmum all the time and both the voltage and frequency are constant. Induc-
tion generators are actually reversed induction motors. They are robust in construction
and available cheaply and in a wide range of sizes. Even very small sizes of induction
generators are available freely. Induction generator controllers (IGC) have also been de-
signed recently. IGC sense variation in the output voltage and divert any excess power to
ballast heaters, thus keeping the load, voltage, and frequency constant,

Damage may be caused to the generators by both mechanical and electrical mishaps. Il
the shaft is vibrating too much this will cause mechanical damage to the generator, Il an
excessive load has been connected to the generator, the windings may heat up causing a
short circuit or the rectifiers or diodes may burn out. A low turbine speed can also
damage the generator as it will cause the frequency to drop and the windings to heat up.

The common problems associated with brush type and brushless synchronous genera-
tors and induction generators are listed below in Tables 4.5. 4.6 and 4.7 together with
their causes. methods of identification, and suggested methods of repair.
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Parts List

1

2.
3.
4.
5.
b,
rf
8.
o

Vantilation grid DE
Extension key

Shaft

Ball bearing D.E

Edernal bearing cap D.E
Conical head grease nipple
Internal bearing cop D.E
Fan

. D.E shield

10. Fiald shall

11. Rolled shell

12 Pole brick assembly

13. Rotor asseambly Circulor band MN.D.E

14,
15.
16.
17.
18.
19.
20,
21,
22.
23.
24,
25.

Circular band M.D.E
H.D.E. shield

Brush holder spindle
Slipring ossambly
Brush holder assembly
Inside baoring cap N.D.E,
Ball Bearing N.D.E.
Circlip

Mx. unit assembly
Terminal board
Circulor bond mx.
Vantilotor

Figure 4.1 1: Cross-Sectional View of a Synchronous Brush
Type Generator



Table 4.5: Common Problems of Brush Type Synchronous Generators and

Suggested Methods of Repair
Froblem Cause Identification/Assessment Repairs
No voltage output |+ Loss of residual - Disconnect field wires and |- Il the residual voltage is
from generatos magnetism run the generator. Check the | less than 5% of the rated
ressdual voltage across the voltage, the generator
generatof outpul terminals, It]  field should be 'Rashed
should be approximately 5% | by connecting a 12 valt
of the rated voltage and be battery across terrminals
balanced between each pair Fi and F2 for about 5
ol lines. seconds making sure that
F1 15 positive and £7 15
Tt ive
. Wrong field - Check to ensure that the < Svatch connections if
connections positive terminal of the necessary
rectilier is connected 1o 0l
and the negative tesminal to
F2
- Open arcuit in - Check continuity of the Corect as necessary

Excitation wmit

compounding transiormer
wirdings

« Check connection between

the compounding
transformer and rectifier

a1

« Faulty rectilier

- Flash generator field and

check the output voltage at
the terminals while generator
ig rotating. I output voltage
is less than 5%, stop the unit
and check the rectifiers with
a multimeter.

Replace rectifier if faulty

« Carbon brushes may
not be making good
gontact with skip
nngs

« Check comtact between

carbon brushes and slip vings

« Replace carbon brushes if
wWon

« Short circuit or open
cireuit in armature
wlndmg

« Measure armature resistance

« Rewind il damaped

Lﬂ‘-‘-‘ml‘ngh

voltage from the
EEnefalol on no
load

+ Low or high speed

« Check the speed

« Adjust speed by
regulating flow

o Incorrect connections
between
tompounding
transformer tappings
and rectilier

Check connections

- Correct connections il
NECEsSSary
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damaged. or

incorrectly installed

Problem Cause Identification/Assessment Repairs
- Intemnal short in one |- Measure resistance of each |- Rewind or change coil if
of the field coils coll necessary
- Compaunding - Check gap - Adjust air gap
transfosrmer air gap
too narowiwide
- Compounding - Check output voltage of each |- Replace defective parts
transformer miay be winding
defective
Output voltage - Unbalanced currents |- Check connections between |- Il balance is slightly out.
fluctuating in compounding compounding transformer up to about 5% can be
traniformer windings | tappings and rectifier compensated for by
tappings. they should be the | adjusting the air gap
SAMmE. within the compounding
transformer
. Check air gap between the |- Increase air gap to
two cores compared Lo increase generalon voltage
specifications output
- Load current is « Check load current o cach |- Rearrange load between
unequal between phase phases to balance
phases @and not
according to the
generator rating
- Generator overlpaded |- Check the toad current - Reduce load il higher than
raled load on each phase
« D-windings are - | the voltage falls excessively |- Correct D-winding
reversed when the load is appleed, connection The slip g
check D-windings for wrong | voltage should be a few
polarity. After reconnection, | per cent lower than the
check the voltage at the slip | voltage at the cutput
rings and output terminals. termirials (Figure 4.13).
Crverheating of - Owerloading of - Check the load and compare |- Reduce load if overloaded
generalor of some | generator to rated capacity
pars < Insulficient - Check screens and fan Clean generator and
wentilation ‘generator an miet
screens. Remove items
that may be blocking the
flow of cooling air to the
generator while running
Provide additional
ventilation to the
powerhouse if necessary
= |mtermal short eircults {- Measure resiSLance « Rewind il there s an
intermal short circuit
- Bearings worn out, |- Check bearings - Refit o replace with new

unit if necessary




Table 4.5 Cont.......

Problem Cause Ildentification/Assessment Repairs
« Too much or not Check grease Remeove old grease and add
enough grease in fresh grease, hall filling the
bearings beanngs
Vibration of - Beanngs womout |- Check beanng sound while |- Feplace with new beanings
generator rotating and alter removal of same size and Lype

« Beanng loosen
housing

Loose loundation
bolts

= Piilley ar pewound
generator rotot out of
balance

« Check whether beanng is

loose in housing

- Replace bearings in housing

and check play

« Check all foundation bolts

« Remeove belts and rotate

pulley. IFit stops in the same
position each bime either the
pulley or the generator iotor
is oul of balance Remove the
pulley and try the same test.
I the generator rolor stops in
4 different pasition each time,
the publey is out of balance

If the generator rotor stops in | -

the same posibion gach time
the rator 15 out of balance

- Remowve the beaning by

dismantling the side covers

- Replace housing il toa

much play
Tighten i necessary

« Recancrete foundation

balts if foundation
damaged

- Retuen the pulley to the

manuilactierer fof
rebalancing

Return generator to the
manufacturer for
febalanoing
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Figure 4.12: Wiring Diagram for a Synchronous Generator
Showing D-Windings
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Figure 4.13: Exploded View of a Brushless Synchronous Generator
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List of Parts for Figure 4.13

1.

.

15.

18.

22.
30,

31

a2,

33
34
35
36
37
39

41
42

43

dd,

47

48,
49,

50
51
52

53
54

33,

Would stator assambly

Wound roter assambly
without excitor
Fan

Balancing disc

Key, shofi end
Dirva endshiald

Securing screws, D.E. shield

Lock-waoshars

Gnd, air outlel prolection
Rivet, grid attocheament
Washar

M.DE. shield

Aftaching screws, glond
support plate
Lock-washar

Hood, rear part

Glond suppont plate

Attaching screws, air inlat
louvers
Lock-washar

Hood, rear part

Hood, uppar part
Hood, connediing screws

Lock washers

Air inlet louvers

Altaching screws, outar cap,
drive and

Lock-washers

Ball bearing, drive end
Quter cop drive end

(¥ 8

LE}
&4,
63.
(-1

ar.
&8.
&9,

0.
7L

73.

74,
73
Th.

T

78.
79.

8o,

a1

8.

. Attaching screws, outar cap,

drive and

. Lodck washers

. Groase valve, fixed part,

drive end

. Greasa valve, mobils part,

drive end

. Sel screw, drive end
. Boaring grease nipple, drive

and
Innar cap, driva and

Ball bearing, M.D E. cop
Outer cap N.D.E.
Fostening screws, N D.E
Lock washer

Grease valve, fixed pan,
N.OE

Greosa valva, moving par,
ND.E.

Lol scraws, NDE

Inner cap, M.DE

Spring, for pre-load

. Exciter fraome

Coils, axciter field

Split, for refaining coils
Exciter armature

Rotating diodes supporting
disc

supporfing ring, disc

Fastening screws disc
Lock-washars

Diodes, direc
Diodes, inverse
Protacting resistor

a3.
B4.
a3.
86,

a7.
as.

a9

0.

148.
1460,
162

163.

1635,
164,

167

168

194

195.
196,
197.

198

199
. Guard-cover

223

Conneclion bars, assombly

Right diode accoss louver
[viewad from shoft end)
Left diode access louver
[vimwed from shaft end)
Faostening scrows, louver

Lock-washers
Frama extonsion

Securing scraws, framo
axtonsion
Lock-washers

ceeenes louver
Compounding plate
SOCUNNG SCrows,
compounding plate
Compounding tronsformar

Lock-washer

Insulator

Regulation plate
Securing scrows, (190) on
(1&0)

Salf-locimg nul (Nylstop)

Securing scraw, regulation
plate

Self-locking nut (Nylstep)
Grommants

Three-phase, rectifier
bridge

Auto-transformar (for
voltage other than 220 or
380 V)

Rectifier bridge

Seif-locking nut (MNytsiop)



Outside beoring cap, Drive End [DE) 12

1.
2. End shield, DE 13.
3. Bearing, DE 14.
4. Inside bearing cop, DE 15.
5. Shaoft key 16,
6. Rotor with shaft 17.
7. Winding 18,
B Body 19,
9. Eye bolt 20.
10. Inside bearing cap, Mon Drive 21.
End (NDE) 22,
11. End shiald, NDE 23,

End Shield, MDE

Split pin

Bush

Earthing bol

Gaskef

Terminal beox

Gland

Terminal box ossembly
Terminal box covar
Outside bearing cop, NDE
External fan

Fan covar

Figure 4.14: Exploded View of a Small Induction Generator
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Table 4.6: Common Problems of Brushless Generators and Suggested
Methods of Repair

Problem

Cauie

Identification/
Assessment

Repairs

No voltage output
from genérator

= Residual magnetism could
be lost as a result'of a
heavy short, during
transportation. or if
standing idle for a long
penod

- Fuse an (AVR) may have
blowm

- Field wires may be
connected to the wrong
potanty of excitor or AVA

= Loose conpection of

excitor of lield wires
- Rectifier or diodes may be

faulty

» Internal short in windings

= AVR may be defective

- Disconnect field wires
and run the generator
Check residual valtage
across the gereraton
outpirt terminals, i

~should be approximately
5% of the rated voltage
and balanced between
each pabr of lines

« Check Tuse

« Check polanty of field
Wiles

- Check connections

« Check continuity of
diades frectifier) wath
multimeter

- Test winding resistance
with multimeter and test
insulation with a meggar

- Check residual voleage at
field terminals with AVR
disconnected as described
above | generator
excites, AVR is defective.

- Il the residual voltage is
less than 5% of rated
voltage. the generator
field cotl should be
Nashed' by connecting a
12 volt battery across
termunals FI and F7 lor
about 5 seconds. making
sure that terminal F1i is
positive and terminal F2
is negative

- Replace if necessary

- If they are wrangly
connected change
polarity, (+)ta (+). ()
to ()

= Tighten as necessary

- Replace if necessary
- Send Lo workshop lor
rewinding il damaged

Arrange for AVR to be
repained

Cenerator output
woltage too low at
o load

« Voltage settings are too
low on AVR

< AVR sensing wires
connected Lo wiong

- Check settings and
voltage

- Check connections to
AVE apainst generator

- Adjust voltage by turning
potentiometer on AVR

« Correct if necessary

on AVR may be high

terminals winng diagram
Generator output |- Turbine speed may be high |- Measure speed Bring to correct (rated)
voltage too high at speed by adjusting llow
no load
- Yoltage settings {preset] |- Check voltage settings |- Adjust voltage by tuming

patentiometer (electronic
AVR) provided on AVRE
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Problem Cause Identification/ Repairs
Assessment
- AVR may be defective - Run the genevator wathi |- Get AVR repaired or
AVR at rated speed on no|  replaced
koad and try to decrease
voltage by adjusting AVR
potentiometer, [ voltage
carmnot be adjusted, then
AVR is delective
« AVR sensing wires (input |« Check connections to Correct f necessary
voltage) connected to AVR against generator
wiong terminals winng diagram
Valtage drops with |- Belt slipping - Check tenzian of belts - Incredse tension Lo
toad praper level
Electronic AVR setting Reset AVR settings Check field voltage on
may be incorrect AVR il bow
¢ Linbalanced load on = Check loads on each - Balance loads
phases phage
Generator voltage Belts slipping Check tension of belts + Increase tension to
oscillates praper level
« Very long, llat belt « Check shaft distances « Reposition generator to
enable the use of a
shoiter belt
« Faulty AVR/ELC « Check stability of - Adyust stability of
AVRILC AVR/electionic governor
by adjusting the
potentiameter
. Loote connéction to AVR |- Check all electrical - Tighten il necessary
connecthons
« Faulty beanngs = Check beanngs « Replace f necessary
« Owal pulley = Check the rim ol the - Replace if damaged
pulley
Overbieating of « Cenerator overloaded < Check load + Reduce il necessary
generator and
EXCELSIVE MOIsE
« Faulty beannge - Check beanngs Relubsicate or replace if
necessary
Unsealed beanngs should
be hall filled with a good
quality beanng grease
« Insufficient ventilation - Check vents and screens |- Clean generator and
penerator air inket
screens. Remove ilems
which may be blocking
flcw of eooling arr to
generator while running
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- Bearing loose in housing

- Loose loundation bolts

Pulley or rewaund
generator rotor out of
balance

- Check whether bearing is

loose in housing by
checking play

- Check all foundation

bolts

- Remove belts and rotate

pulley. If it stops inthe
same position each time
either the pulley ar the
generator rotor is out of
balance Remove the
pulley and try the same
test. If the generator
rotor stops in a different
position each time, the
pulley is out of balance

- IFthe generator rotor

stops in the same
position each time the
rotor is oul of balance

Problem Cause Identification/ Repairs
Assessment
- Check ventilation of - Provide additional
powerhouse ventilation if necessary
Vibration of - Beanings worn out - Check beanngs as - Replace with new
generator descrnibed before beanngs of same size

and type
- Replace housing if

damaged

- Tighten as necessary

- Reconcrete foundation
bolts if foundation
damaged

- Retum pulley to the
supplier for rebalancing

- Return rotor to the
supplier or a good
workshop for balancing




Table 4.7: Common Problems of Induction Generators and Suggested

51

Methods of Repair
Problem Cause Identification/Assessment Repairs
Generator does not |- Low rpm (speed) = Check speed of turbine. Increase speed by
|excite Induction generators excite | increasing flow
at higher rpm than
synchronous generators
+ Insufficient capacitance |- Check capacitor connections |- Tighten if loose
- Check size of capacitors Replace with units of the
comect size il necessary
- Chieck type of capacitor and |- Redo connections
connection configuration,
¢ g, Delta, star or C-2C
connection
- Lost residual magnetism |- Disconnect capacitos and |- If residual voltage 15 less
tun generator. than 5 per cent of rated
« Measure residual voltage vitlue, ash output
between terminals, it should| terminals by connecting a
be approximately 5% of the | 12V battery across the
rated voltape termpnals for a few
seconds
- Miniature circuit breaker |- Check waires and MCB « IWMCB iz switched off
(MCE) between then switch on
excitation Circuits may
be switched off
- Load may be switched |- Check load connection + Switch off load
on switch. Induction
generators will not excite
under load
High voltage from |- Cenerator run under no- |- I there is no IGC connected |- Reduce turbine speed
generator load conditions without |  and generator speed is with llow regulating valve
IGC excessive, high voltage can
QECuT
- Generator output higher |- Check ballast capacity Provide additional ballast
than ballast capacity il necessary
Low voltage - Too much « Check power factor or - Reduce inductive load
reactivefinductive load actual loads (e.g . tube lights and
motods)
Voltage luctuation |- Loose connection in « Check il ballast heater does |- Repair or replace as
ballastAGC not get hot, Il so, check Necessany
function of IGC and ballast
heaters
« Faulty IGC ot ballast « Check connections and - A5 above
heaters tghten il necessary
- Fuse may be blown in |- Check fuse Replace il necessary
IGL (if used)
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Problem Cause Identification/Assessment Repairs
- Belt shipping - Check belt tension « Adjust if necessary
Worn out bearings - Check bearings . Replace il necessary
Overheating of « Cwerload - Check the users’ load Reduce il necessary
generator
- Faulty bearings or = Check bearings and grease |- Grease bearings
lubncation problem Replace beanngs i
AECESsary
« Low frequency/speed |- Check rpm - Run generator at corect
speed

4.5 Controls and Instrument Panel

The controls and instruments installed in an MHP scheme will to some extent depend on
the size of the plant and the type of generator used. For example, very small units may
anly use MCB, voltmeters, ammeters, and a few safety devices; whereas larger units may
use a variety of devices to control the variation and quality of output voltage and fre-
quency and isolate the output if a ugh or low frequency or voltage situation arises,

Generally. an AVR or some voltage repulation system must be provided for a synchro-
nous generator, since many MHP plants installed in the HKH region have no ELC or IGC;
and speed/voltage regulation is carried out manually, Nowadays, ELCs are normally in-
stalled for synchronous generators and IGCs for induction generators, in order to keep
the load and thus the speed and voltage constant. Figure 4.15 shows a typical instru-
ment panel for a small MHP plant with a load control system.

4.5.1 Instruments for Schemes withou!l a Load Controller

For units not equipped with an ELC or IGC. the control and instrument panel usually
contains the following

o Miniature circuit breaker (MCB) for over-current protection
o Current transformer (lor current measurement)

o Ammeter

» ‘oltmeters

» Push buttons for connecting excitation system

e Connectors

¢ Indicator lamps (lor individual phase output)

o Over-voltage trip (safety protection system)



e

g

Figure 4.15: A Typical Instrument and Control Panel Including
a Load Controller

Table 4.8 lists some of the common problems associated with control panels for plants
that do not have a load controller installed, together with recommended solutions.

4.5.2 Instruments for Schemes with Load Controllers

For units equipped with an ELC or IGC. the control and instrument panel usually con-
tains the following.

* Mimature circuit breaker (MCB) or miniature coil circuit breaker (MCCB)
o Thyristor (ELC electronic switch)

* Induction gate bipolar transistor IGBT(IGC electronic switch)

* Heat sink (for mounting of thyristor or IGBT switch)

* Heat sink (for mounting of thyristor or IGBT)

» Current transformer (for measuring current)
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Table 4.8: Common Problems and Recommended Actions for Control Panels
Without a Load Controller

- Underfover-voltage setting

= Check voltage setting

Prablem Cause Identification/ Repairs
Aszessment
Violtage collapses |- Relay not holding - Check relay hold - Tighten connections il
alter releasing push connection loose
button
+ Relay may be Bulty Check relay - Replace if necessary

. Adjust voltage as

s

- Fuses have blown

« Check contmuty of

fuse by meter

ol carfect NECELsany
sparking/overheatin|- Loose connection - Check connections - Tighiten lonse connections
i of connector

« Undersize conductors « Check wire size - Replace with approphate

(incotrect size may have size

been used dunng repair

swark)

Highylow output Crverfunder-voltage tnp « Check settings af trip |- Reset the settings
voltage malfunctioning system - Test again
« Replace any fulty
component
- Load variation - Check boad through |- Reduce load if hugher on a
mieters given phase

« Replace if necessary

« Ammeter (for measuring current)
e Voltmeter (for measuring output voltage)
o frequency meter

= KW meter

* Connector (for power output)
* Indicator lamps (for individual phase output indication)

Ballast voltmeter (for ballast load indication)
ELC or IGC main board
Ballast fuse (to pratect ELC, IGC, and ballast heaters)
Push button (voltage/frequency over-ride for startup)
Ballast heater (dummy output load for generator control)
Ballast tank (housing for ballast heaters and water)

Table 4.9 lists some of the commaon problems encountered with systems that have a load
controller installed, and recommended solutions.




Table 4.9: Common Problems and Recommended Repairs for Control Panels

Equipped with a Load Controller (ELC Or IGC)

Problem Cause Identification/ Repairs
Assessment
High output - Thyristor open-circuited |- Check thynstor - Replace if damaged
voltage and | (damaged)
Trequency but zero |- Ballast fuse blown (no |- Check fuse Replace with equivalent
ballast ml'tiE: connecton to ballast) luse fl necessary
Defective ballast beater |- Inspect heaters - Replace if necessary
- MCB in off position Check MCB - Switch on MCB
- Mo supply to ELC - Check 220V AC supply to |+ Restore supply
transformer
= -Delective transkosmer Check that transkormer « I nat send far repairs
output s [B-01=18Y
Generator and = Bell shpping Check belt tension Tighten il necessary
hallast voltage nse
topether
Cenerator overloaded |- Check consumers” load - Replace belt{s)

. Reduce il necessary

o that ballast load and
consumer load are on
the generatorn, Causng
generator overload

= Thynstor short-circuited |-

Check thynstors. If ballast
voltage rises with
generator voltage duting
startup, thynstor has
shoit-circuited

Replace if necessary

35

Speed Muctuation
ihunting)

- Belt shipping

= Check belt tension

- Tighten il necessary
. Replace belifs)

« ELC stabibity requires

= Tumn STAB POT slowly to

. 5S¢t proper stabdlity

adjustment check ELC stability
« Incatrect functhion of « Take AVE Lo
AVR (new AVR only) expeittechnican for

testing and repairs

Ballast readings
unequal when
consyumed nad is
not switched OM

- Delective meter

= Check meter

- Replace if necessary

- Ballast fuse may be
blown

Check ballast fuses

Replace il necessary

« Loose ballast heater

« Check connections and

+ Replace a5 necessary

connection of faulty batlast heaters

ballast heater
MCB or trip - Load too high - Chetk load - Reduce load to within
tripping tated limits

- Current limiting or +» Check these devices « Repamr of replace a3

trpping device. ¢.g. MECessany

MCB or over voltage trip

(OVT) may be defective
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Problem Cause Identification/ Repairs
Aszsessment
« Incorrect voltage of « Check voltage and - Adjust potentiometer Lo
frequency frequency meters conrect voltape requency
« Delective MCB - Check - Repair or replace as:
necessaty
Connector of wire |- Loose connection « Check connections « Tighten connections.
burnt ar sparking change connector
damaged
- Shoit between - Check for shoits - Cannections shauld be

connectar terminals

« Ventilation to ELC may

be blocked

Check ventidation holes
and screens

tightened penodically

Ensiire air corculation
dunng operation. Clean
fitters and air inlets and
remove any obstacles to
circulation

« Fans not working [if - Check function of lan - Repairfreplace if required
provided in ELL) —
Electric shock from |« Current leakage - Check voltage on metal Check all live wires
FLC/ballast casing and earth mcluding heating
connection, live wire may | elements and housings.
be touching casing Repait/replace as
. NECESSry
Indicators do not |- Bulb blown « Check bulb - Replace il necessary
light
- Mo supply to indicator |- Check supply wires Repair cannections to
bl restore supply
+ Short cacuit - MCEfMuse/trip blows « Locate short and rewire
imimediately after switch. | as necessary
on, there may be a short
curcuit between phases of
between phase and neutral
Highlow cutput |- Owerfunder-voltage tnp |- Check setting ol trip - Reset settings
voltage malfunctioning system - Test again
- Locate and replace any
faulty component
- Load varying - Check load theough meters |- Reduce load if high
- Fuses blown - Check fuses with - Replace i damaged

miltimeter




4.5.3 Prolection
Over-Voltage Trip (OVT) Board (or Safety Protection Board)

The over-voltage trip board protects consumers from high voltage by isolating the gen-
erator excitation in the event of high voltage output, It also protects the generator recti-
fier and field coil, which may otherwise burn out if the output voltage goes high.

Owver speed/over-voltage may take place if

the load varies,

the output fuses blow,

there is no load controller,

there is a sudden increase in water flow to the turbine, or
the load controller or AVR do not waork properly

For any of these conditions first locate the cause and rectily before attempting to recon-
nect the load to the generator.

Earthing
All earth connections should be checked at least once a year. Il possible. the resistance to

earth should be measured. and the condition of all earthing conductors and plates closely
inspected for corrosion and discontinuities.
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