14,2.2 Levele and Heads

a.

Water Levets of Reservow

" Max. operating waterlevel 7 Bl 15160 m
; Ratedwater level RN ot EL148.90 m

- Lowwater level , - o e o 1 EL138.00m

b.

Woater Levels of T'ailrace ‘
Flood waterlevel "~ 1 EIL8LI9m

- Low water level at no discharge .~~~ + : EI. 82,50 m
Heads ' _

Maxrmum net head under fuII Ioad _ :

_ Operatlon o : - : Et 67 OOm

-Desrgnhead L . EL 6430m
Minimum net head . o s CLEL 53.5_7m_ '
Penslock o o e :_'1;4rn:x403rn

Turbine Settrng Levet -

- The centre line of the sprral casrng shatl be set as shown on the drav.nng
- relative to the floor level of the power house. . (Turbine inlet centre = _
EL.84.7 m, Turbine shaft centre = EL.85.8 m). The Contractor shall

submit the proposed centre line of the turbine and generator wrth full

3 descnptlons and drawmgs rnctuding ftoor arrangement

14 2 3 Hydraullc Turbrne

- a.

Type and Ratrng )

The turbine shall be of srngle runner, srngte flow honzontat shaft Francrs B

type suilable for direct coupling with a 50 Hz synchronous generator.

- The turbine shall have the rated output at the generator terminals when

the turbine is operattng at the rated speed under the destgn head at futl

;- guide vane ‘opening.

Outpul and Efrcrency

The output of the turbine shall be guaranteed at the stated desrgn headf'_
under the base guide vare openings. An efficiency curve and a o
: capabrtlty dragram for the turbrne offered shatt be submltted in the:_ .

o * Tender. ;

" ;The effi mency curVe shall show the guaranteed eff crenmes and outputs S
- in kW and range of discharges. The 100% guide vane position and -
~ cavitation limits shall *be indicated on the .capability - diagram. The
efficiency of the turbine shall be guaranteed at 100%, 90%, 70% and_ L
- 50% rated load at stated de3|gn head Lo ' RS

The turbrne shall be desrgned “stich that the makrmum prototype
efficiency is reached when operatrng at the rated speed under the destgn
head. . o , : ,

A :



€

- The Contractor shall propose maximum value of efficiency where it

peaks under design net head as well as the efficiency characteristics
itself versus turbine output.

Turbine effi iciency charactenstrcs shall be s0 desrgned as to ‘maximise

" the weighted average eff Ctency (na,) at desrgn net head as formulated

below

| . Welghted average efﬁcrency 11100( 30 qm + 10 ]]90 + 10 r]m + 10 150)

 Where n,oo Moo, ﬂro and ng  are ‘the turbrne eft"mencres each

corresponding to the % of the output agalnst the maximum output of

- turbine Prrax (kW) at desrgn net head

- Rated Speed and Rotatron

“The Contractor shall propose the rated speed of the turblne The rotation
_ of the turbme shall be clockwrse when viewed from the generator side. -

. Cavrtatton ,

- The basi¢ guarantee penod for cavltatlon shall he (2) two years or
- 12,000 aclual operating hours whichever is shorter. Should any runner -
- suffered a loss of métal less than 0.5 kg during the guarantee period the
. Contractor shall repair the runner by wetdrng gnndrng and polishing. '

B | the Ioss of metal dunng the basrc guarantee penod is greater than 0.5
" kg but less than 1.5 kg the Contractor shall repair the runner by welding, .
- . . grinding and polishing. If after a further (2) years or 12,000 hours of
" .. operation the runner shall again have suffered a loss of metal in excess -
of 0.5 kg the Engineer may reject the runner in which case the
fe Contractor free of charge, shall design, manufacture and !nstall a new
TR runner with satlsfactory cavrtatton performance R

e, Runaway Speed

- All rotating parts of the turbrne and generator and beanngs shatl be
“+ capable -of withstanding for five - (6) minutes the runaway speed
" determined for the turbine under the condition of maximum head with the
o gurde vanes fully open and the generator disconnected and unexmted :

. _Hydrauhcatly tnduced Vrbratron and Speed Oscrltatton _ i

.' e _ﬁ"';The hydrautrc turbrne “shall be free of m;unous wbratron or speed
- oscilfation induced by hydraulic forces in the runner, draft tube or sprral
c case and the norse Ievel shall be made as Iow as possrbte

. The Contractor shall provrde accordrng to his practlce the air admtssron '

- system to the draft tube if required. In.case of the atmospheric air

7~ admission 'system, the air inlét shall be localed outside the powerhouse =
bur drng and above ﬂood waterteve! ofthe tallrace R :

-:__Mechanrcally Induced Vrbratlon el

o “The rotatrng parts mc[udlng the runner shaft and generator rotor shall be
7."*designed to withstand the torques and loads associated with sustained
- part and full load operation, and also the mfrequent Ioadmg as .-
occasroned by generator fault or overspeed - : o

The rotatlng élement shall show torsional and transverse resonances

- sufficiently removed from éxciting forces to preclude injurious vibrations |
_ or deflections. The first critical speed of the rotating assembly shall be
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- . shown, at the desrgn state, to be at least 25 percent higher than the
~r runaway speed defined in item e: above ' _

. 7Pressure Rise and Speed Rrse _
“The maximum penstock pressure developed durmg Ioad reJectron or in

any other circumstances shall be less than 150% of the design head
when measured at the turbine inlet. The penstock pressure at any point
shall not be fess than atmospheric pressure during load acceptance or in

- any circumstance. The maximum speed rise upon full load rejectlon shall
. not exceed 40 percent of the rated speed. .. - '

- The designs for governing system guide vane rnechantsm and generator

_ _flywheel shall be co-ordinated to ensure that above limits on pressure

- rise and speed rise shall not be excéeded. The Contractor shall

- : guarantee the governing system is capabte of stable govermng and of
- meeting the above regulation Ilmlts RS ERRENE RN

'Runner R S Com

_*The runner shall be made of a stainless steel with 13%. chromium and 7

+ < 4% or more nickel alloy and shall be a monolithic casttng The btade .
-1 surfaces shall have a hydraulrca!ly smooth fi nish. '

B The blade, mtet and outiet edges shall be dressed in accordance wrth'
AR Contractors practice to minimise hydraulic losses and the nsks of tralllng
- vortex formation and of trathng edge cav;tatron A

o The mechanical desrgn of the turbine and runner shall permlt its removalr A
. from draft tube end without disturbing the shaﬂ and machine alignment.
Tl Means sha!l be provrded for removal of the runner honzontalty '

The runner shall be statlcatly and dynamrcally batanced lndependent of R

the turbine shaft

_ Sptrat Case and Stay Vane Rtng

~ The sprral case and stay vane rlng shall be made of Welded steel plate .

-+ and shall be designed to safely carry a maximum pressure of 150% of

++ - the design pressure resulting from the maximum head and pressure rrse -
- . The stay vane rrng shatl be mtegrated wrth the sprral case. '

 The Splrat case and stay vane shall also be desrgned to- wrthstand a

hydrostatic test pressure of 150% nse of the desrgn pressure wrthout
permanent deformatlon ' . = R

A tapered transition prece shaII be provrded at the mlet of the sptral case' |
e for connectlon and tnlet valve and shalt form part of the sptral case.

N The transrtlon prece shall be desrgned to transfer in compressron the
" hydrostatic force occasroned by a ctosed rnlet Valve to the sp|raf case
- and spiral case anchorage - pERATS _

" The sprral case shall be provrded W|th supportlng pads designed to rest
~ - upon companion pads ‘embedded in primary concrete.:Jack bolts or - e
= suitable other devices shalt be supptled for teveillng and hold dOWn for e
secondaryconcretmg SERUAI b : ; S

~ The spiral case will be’ supplled thh surlabte taps for the lnstallatlon of
L pressure and water ﬂow measunng devrces PO i



- The spiral case and all assocrated parts and welds will be inspected al

~ the factory

 An air vent valve shatl be provrded to release air from the spiral case -

* when filling with water. This valve is to be located at the highest point of

the spiral case, and shall be of the ball type, bronze and rated for a

' pressure not less than the desrgn pressure for the spiral case.

"’_"An outlet from the spiral case in the lowest part shall be ‘provided for
dralnage of the splral and residual leakage ofthe mlet valve

' ‘Head Cover, Bottom ang and Discharge Ring '

The head cover bottom ring and d|scharge rmg shall be made of cast
- steel or welded steel plate and each shall be constructed in one piece.

'_The head cover and bottom nng shall be provided with replaceable

... stainless steel wearing rings within the range of the guide vanes. .
. __Replacement shall not require re- machlmng of the head cover or bottom

ring. No joint rings or gaskets which cannot be renewed after completion

_of the Jnstallatton shall be mcorporated

' Gurde Vanes and Operatlng Mechanlsm E
','.The gmde vanes shall be of stainless steel in one place and shall be

desrgned to effi crently regulated the flow of water through the turbine and

o o grve the mlnlmal leakage of not more than 0.15 htreslmrnute when

closed.

* The gurdes vanes shall be llnked wrth the regutatron ring by means of

SR safety devices such as friction dévices or breaking links or shear pins
- designed to fail in’the évent of a foreign body becoming wedged -
- ~-between two guide varnes but to be capable ol wrthstandrng maximum

' _normal operatlng forces Wrthout dlstortlon
_The desrgn of the gurde vanes shall be such that on the farlure of a

safely device, the effected guide vane shall be stable and not cause

. damage to adjacent vanes or olher parts due to movement. In addition,
: substantral stops shall be’ provrded to prevent over-travel of the vanes -
exceedmg the norma! fully opened and fully closed posrtrons

'-'_Smtable means shall be for easy adjustment of each llnkage The gurde '
- vanes shall be provrded to indicate percent guide vane openmg

"Hydraulrc unbalanre (self closmg nature) of the gurde vane will not be

acceptable method

: Beanngs for each gurde vane and regulatlon mechantsm shall be of
grease: less type. e B | |

.fShaft Couplrngs and Beanngs : i IR _
f }*,?The arrangement of ‘the turbine shaft, generator and ﬂywheel and the

" location of bearings and couplings shall be established carefully in order
.. to. facilitate the_ installation, allgnment rnspectlon and dlsmantling or
o -[.;.-__replacement of the bearlngs and’ shaft steel : L

' A thrust beanng shaII be provrded to resrst the ma)dmum a)ual thrust .
L |mposed by the’ turbrne The thrust bearmg shalt be Iocated at the most

- convenrent place




: 'The main shaft shall be made of forged carbon steel and machined all

over. The shaft shall be of ample size to operate at any speed up to

- maximum runaway speed without detrimental vibrations or distortions,

and to operate at maxrmum output w:thout eXCeedrng acceptabte design

stresses

Plarn bearrngs shall be of the self—lubrrcatmg type The bearmgs and oil

- system shall be designed so that neither the bearing nor the oil

temperature will exceed 40°. C above ambient temperature under
continuous normal operation. If oil cooling is required corrosion resistant
oil coolers of ample capacity shall be provided. Provision shall be made

. for draining and cleaning the oil and water circuits. All necessary valves,
- pipes and fillings shall be’ supplied. It shall be possible to run the
" machine at full load without coolrng water for 5 mlnutes wrthout causmg
~any damage to the bearing. | C e st :

Each plaln bearing shall be fi tted wrth an rnstrument for both temperature

. and oil leve! indication. This m_strument shalt have rndependentty setabte

contacts for atarm and tnp

n. 'Shaft Seal

A shaft seal shall be gland packlng type and shall be desrgned s0 that lt

:  canbe adjusted and replaced without drsturbmg the shaft or bearings.

: Shaft seallng water shall be taken from the penstock and dlscharged to _
- . powerhouse sump pit by piping supply ' ,

. The seahng water supply system shatl be provrded wrth duplex stralners :

including all necessary piping and connections, and sand separator. A '

o - pressure gauge with pressure switch and a flow meter with no-flow alarm
-~ contact shall be provided on the sealing water supply line.: The design of o
- - the sealing supply system shall take into account the water conditions

that the penstock water w:ll have a hlgh solrds content

0. DraftTube = oo Loiov e |
_"-,:;'The turbine shall be provrded wrth draft tube Wthh shatl effrcrently
- recover the residual energy at runner outlet and convey the water to the

. tailrace canal. The draft tube shall be of welded stee! construction. The :
© draft tube elbow or cone shall have flariges and/or a manhole at each

end for bolt conneétion to the discharge ting and the draft tube liner, and

| - shall be so constructed as to be -easily removed for inspection and

marntenance of the runner gwde vanes and msrde of the draft tube

'llner ‘ : S
A vacuum gauge connectron for test and rnspection purpose shall be - -

provided at a section of the draft elbow adjacent to the runner dlscharge _

_and on honzontal plane of the turbine coincident with the shaft. .

~ '+ Any connections requrred for air admrssron shall also be provrded on the' B
- draft tube elbow or cone. SR S R ;

o “The draft tube ‘shall be adequatety strffened and shaII have prowston for

aligning and anchoring into the concrete foundation of the powerhouse.

.. The draft tube shall be supplied until at least at the level Iower than the o
- tailwater level when the turbine is ata standstrll : : :

-.-.-.The draft tube shall be complete with all necessary brackets Irftmg tugs .
- strffeners foundatlon anchors fi xrng bolts, etc. ' _ T
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p Guide vane actuator

An electric servomotor or hydrauhc system shall be prowded for opening

and closing control of the guide vanes. The syslem shall have a

- sufficient capacily to ensure very smooth and efficient operation over all
- strokes at starling, ordanan!y operelrng and also at transient movement.

A method shall be provided to retard the closmg rate of travel near the
- fully closed posrtlon of lhe guide vanes to prevenl causmg abnormal
o pressure rise. : :

The system shall be also desrgned that it shall not cause any ﬂuctuatlon
" or pressure rise due to hydraulic unbalance when the power source is
farled during opemng or closmg operatlon :

- The system shall be eqmpped with a mechamcal Iocklng dewce to lockit -
~in fully closed or fully opened position. The locking device shall be of

- stout and durable construction enough for a mechamcaI Iocktng against
- the driving force of the actuator O S

The system shall be provided wnh manual operallng handle excessive
~ torque releasing mechanism and all’ necessary 'limit switches for
operalion conlroi and prolection and'olher hecessary accessories. -

A suntable scale with a pomter to mdlcate the actualor posmon and

stroke shall be prowded

14 2 4 Governor '

. <+The QOVernor for turbme control shall be of e!ectnc speed conlroller electnc -
- servomotor or hydrauhc oil operated actuator lype with speed SIgnal_
L generator o _ A G e '

- The governor shail be complete w:lh a1l necessary equlpment and devices

for the governor and turbine control including speed detection, starting
control, speed conlrol, speed droop, ioad conlrol load I|m|ter guide vane

o closmglopenlng time control, etc. ...

The governor shal! be capable of conlrollrng lhe turblne speed in a stable'

. manner when operated at speed no-load, or when operated at the rales -
- speed with and isolated load at any power output, and also be capable of

conlrolling the oulput when operaled |n parallel wnth olher generator in the

power system.

' '.'.The governor shall be compatlb!e wrth automatic or manual startmg,‘
- synchronising and shutting down, The electnc governor unit shall be housed
: maself—supponmg, r_netal enclosed pane[ z

" The rotational Speed of the lurblne shall be detected by the speed S|gna|
- generator to be directly coupled to the generator shaft. The speed signal
generalor sha![ be used exclusrvely for speed sensmg and speed relaymg

__The performance of the governor shall meet the followmg requnremenl

a Speed Regu!ahon f S

The maximum momenlary speed fise caused by sudden Ioad sheddmg
under the desrgn head shatl not exceed 140 percent of the rated speed

e 1_4;.'2_9 5



The governor shall respond in consequence of speed variation of the
turbine of 0.02 percent or less and effect eorrectlve action by the

o governor retay for this turbine speed

e The time interval between a change in speed of the turbtne and the first
- detectable movement of the servomotor whrch results from the change
_shall be 0.3 second of less. :

. The permanent speed drop of the turbme between futl guide vane
opening and full guide vane closing stroke shall be adjustable to any
degree between 0 and 10 percent. Provision shall be made for manual
adjustment of the speed drop at the governor cabmet whrte the turbine

o dsin operatron

The sleady speed of the turbtne shall adjustable between ptus 8 percent

o and minus 10 percent of the normal speed at alt Ioads betWeen no load

' and full toad . _ (
The opemng and ctosmg trmes of the gurde vane shatl be ad;ustabte but

the adjustment shall be such that once set they cannot be readily or .

. inadvertently altered.

. Pressure Regutatron SRR

_ --The maximum momentary pressure 1n the sptrat case under any
- conditions shall not exceed 150% of desugn head when measured at the
~ turbine inlet. _ :

- The charactenstlcs of the governor and turb:ne system shalt be in

.. accordance with the completed Form of Technical Particutars submitted
. by the Contractor with his bid and approved in the Letter of Acceptance |

. n addttlon to the essenttal speed governmg devaces ‘the QOVernor shall
. . be prowded with the foltowmg equrpment and mstruments

W On Governor Panet

Co- Manual control w:th swrtch two posrtlons of RAISE' and
“LOWER for speed setter (7 65F)

~ Marnual contro! sw:tch wrth two posrtrons of RAISE' and_-.

i “LOWER' for load setter (7 65P)

- 'Manual controt swnch wrth twc posmons of “RAISE' and .

: “LOWER’ for Ioad ttmlted (?-YTM)

L= Gusde vane’ opemng and toad hmrted posrtlon mdrcator _' o

(GPILPY) e
JH Speed mdlcator (N)

- - the turblne controt (43 65)

L Pushoutton swrtches for manual etectrrcal controt of mlet valve

() OnMain Control Panel

s —_Manuai controt swrtch wrth two posrtrons of RAISE and _1'-:

“LLOWER” for common use to speed setter and Ioad setter

Cuw

3 AT
ey

€

o ﬁ"SeIector swrtch wrth two posrtron of “AUTO and MANUAL" tor:': k]




g

Tﬁms PR S
- The Contractor shall supply and mstall a self—supporlrng, neat and attractrve
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— Manual control switch with two positions of - *RAISE" and
“l.OWER” for load lrmrted

-~ Guide vane openrng and Ioad !rmrted posrtaon rndrcator
- — Speedindicator.
~ Turbine discharge

S - Penstock pressure

mam_mmm%mmm&mm

- It speeds relays mcludrng overspeed relay, synchronous speed
relay and underspeed relay. .

Inlet Valve
The |nlet valve shall be butterfly type or brplane type and shall be operated

- by an oil hydraulic system or an electric servomotor system Closure of

butterﬂy valve shall be by countenrverght

,‘ The inlet valve shall be desrgned and constructed SO as to operate smoothly

- without causing excessrve vrbratron and dangerous pressure fluctualron ln.
the penstock ’

" The inllet valve shall be capable of opemng agalnst the maximum gross head

without equalising pressure and shall be capable of closing against the

- - maximum gross head and maximum flow .cofresponding to the guide vane

fully open. The inlet valve shall be capable of openrng and closrng within 180

. seconds under above condrtrons

The inlet valve shall be equrpped wrth an automatrc bypass system for fllrng :

N _ the sp|ral casrng before startlng up the turblne

;The valve body shall be of cast steel welded steel plate or comblnatlon of
* both and shall be provided with two horizontally- aligned bearing housing for
~ valve plug trunnions. The bearing housrng shall be equped with grease-

less gurde beanng for the valve plug

" The valva drsc shall be lattrce or open drsc desrgn to allow the following

water to pass through and around the disc, resulting in Jow head loss and

- minimal flow disturbance. The valve disc shall be leakage water from the

- mlet valve shall be less: than 0 15 lrtresimrn

The downstream end of the mlet valva shall be flange connected to the
: splral case extensron : _

: The upstream end of the rnlet valve shall be connected to the make up pipe .

" by the loose flange of approved type. The ‘other end of the make up pipe
- shall be connected to the penstock by field weldrng The make up pipe wrll
' be provrded w:th a surtable tap for pressure measurrng :

Gauge Panel Stand

o ; 'desrgn _gauge panel stand surtable for mountrng the followrng gauges and
SR meters o e S _ :



Spiral case pressure gauge

Turbine beanngs thermometers

IS

c. Shaft seallng water pressure gauge
d. Generator thrust _beanng thermometer
e. Generator journal bearing thermometer =~

f.  Generator stator temperature thermometer

The gauge panel stand shall be located at a convement place near the
_ turblne and generator unit. o : _

_ Suttable provisions shall be made to gauge the followrng iterns for test and
: malntenance : _ _ .

Ca Runner back-pressure
B b.' Draft tube vacuum pressure

- c Penstock pressure gauge pressure swnch

' 14.2.7 Protectron and Alarm

o The Contractor shall be provrde the protectwe relays devrces necessary for
. the foIloWIng protectron and atarm ltems : .

a Protectlon hlgh (2"" stage) | Coe |
| (i) .-",Turblne beanng temperature | R €
(ii)':;= -- Gurde vane servomotor troubte s S ' B
(m) “Inlet valve servomotor trouble B
(lv) ill'VOVerspeed S -
v i '_‘Govemor fault
__ :;. i) Protectlon e S
b Aarm S | ‘
_ ('i)”__ : Turbme beanng temperature hlgh (1*‘l stage)
Sl (u) Turb:ne startmg trouble SR T :
(.iiki-)_l."- ‘Shaft sealing water no flow |
B (IV) Coolmg water no ﬂow § ¢
' '='_-?_,"_'"(v) B ’-Beanng Iubncatrng 0|I Ievet tow o
- (w) 'Stator hlgh (2"" stage) RAPTIS

_ 14 2 8 Coollng and Shaft Seatmg Water Supply System

s f necessary. the Contractor shall supply and mstail a coohng andlor shaft ;
- sealing water supply system for coolrng of the beanngs andlor shaft sealrng
by water . _ . R : : L



.. The temperature of cooling water taken from the infet portron of the spiral
_ case shall be taken as 30° C for the deS|gn '

14.2.9 Drainage and Dewaterlng Pumpmg System

The Contractor shall supply and install a drainage and dewatering pumping
system in the drainage pit. The system shall be controlled automatlcatly
accordmg water level of drainage plt

.- The system i is consist of follows :

" ‘,(‘i) i 'lwo (2) sets of drarnage pump and check valve with fi ttlngs _
(u) Two (2) sets of sta;n!ess dralnage plpe and st0p valve wuth filtings.

(m) One (1)set of control Plant including water leve! detectors. .

| _ 14, 2 10 Olt Storage and Transfer System ’

o necessary, the Contractor shall supply and rnstall an oil storage and
transfer system for gurde vane operatlon andlor rnlet valve operatlon '

14 2. 11 Compressed Arr Supply System L

f necessary the Contractor shall supply and mstall an ol storage or
compressed air supply system for the braklng system :

- 14 3, 12 Flow Meter System

, The Contractor shall supply and mstall an ultrasonlo ﬂow meter system at
o the penstock ' : = :

' :The system shatl conssst of and comply wrth the followmg I|st of component -
. and reqwrements ‘ ‘ - .

T T . (Quantity)
CMltems | "'UItrasonrc I'Iow Meter Maln Un|t | i
S . . Sensor (:ncludlng ﬁxlures and2 L
. - sensing termlnals wrth connectlng -2
i cable} ST TSR ; -
;':'Junctlon Box L, 2
" Coaxial Cable (iength 15m) g
o ‘i_LAnalogous Pane! Meter o i
et DigtalOutBox i i R
€y . 7 Digital Panel Meter o 1
- ' | | (2) Flow .Pipe"' R :".Type Sl ecesw oy Steel Pipe
S ‘ Normal Diameter .. 800mm
~ Outer Diameter =~ - 818mm
- . E " Ptpe Thlckness R 90 m-m_' R
e L1qu1d to be measured SO water

b _(4)Me_asurementRange_;"?:- o 40w

el



(5) Accuracy (excluding plpe condrtrons) S +1% of full scale
(6) Output Signat ~ Instantaneous Flow Rate 4 20 mA DC
_ (A!Iowa__ble.load reswtence. 1 k ohm or less)
 (Damping : 3, 10, 30, 100 sec)
(90% reeponse tirne) i .
lnteQrated Ftow Rate: 100m® =
: . (Output Type : Non -voltage dry contact) ,‘5
. ... (ContactGapacily : 250V AC, 1A) ’
”(?) Indiczating Instrument The indicating instrument shall be installed on
Cow e e e s Réeording panel which supplied by the contractor
. of control equ:pment

a. Indlcatrng meter for rnstantaneous ftow
The same type of other meters (cf.14. 6.9) -
b Digital panel meter for rntegrated flow BCD 6

et L - digitd -
(8)PowerSupply - AC220V 50Hz 1 PHASE 2WIRE
' (9)'En_vironmental R Temperature Range -10to 60 degree
A Humrdrty Range tess than 90%_
. (10)option - T 2-channel method R S .
R E Output Slgnal . Integrated Ftow Rate BCD B
4a. 2 13 Erectron and Mamtenance Tools and Accessones AN . %f ERERE

: a Erectron Tools and Equrpment

The Contractor shall Supply any specnat tooIs and specral equipment or -
~ devices that may be required or which may be _usefut in assernbling or
- disassembling any parts of the turbine. The tools and equipment referred - -
~ to in this Sub Ctause 14 2 13 shall be delivered concurrentty wrth the
turbine. s :

b, Malntenance Tools and Equrpment

The Contractor shall supply the fo!lowmg malntenance tools and
equipment which shall be delivered to the Site pnor to the . -
' commencement of commlsswnlng of the turbme ' . '

- (i) One complete sel of hrgh quatrty srngle ended spanners rrng .
. spannérs, socket wrenches and standard and special tools for the - -~
~lurbine, all marked as for ‘size and purpose, and mounted on a - o
' surtable shadow fype tool mountrng board '

B (ii) ‘ AII necessary Irﬁrng tackle _ N
':(iti)' ' Other recommended by the manufacturer
¢. Accessories | R

The Contractor shati supp!y the accessories for the turbme and ancrllary -
plant generally listed betow and in accordan(:e w:th the accessorles_

s




proposed by the Contractor in his Brd and as approved in the Letter of

Acceptance

B _AII necessary sole plate foundation, anchor bo]ts channel steel
and shtm p!ates for the turbine and associated Plant.

('i'i)) | '-AII necessary Ilftmg Iugs eyebolts and other items requtred to
faculrtate handling and servrng the installation. _

(iii) AII necessary turn buckles plpe jacks, liners, etc requrred for the

installation.

{iv) A raling plate for eachICOrn’ponent of plant

shewrng the

manufacturer's name, serial number, year of the manufacture,
type ratlng, capaclly and other main charactenstecs )

vy Al necessary gauges for runner back~pressure draﬁ tube vacuum
_ pressure and penstock pressure

14 2.14 Machme Shop Equlpment and Tools

- The machine shop repair equrpment and tools shal] be ready for operatlon :
: pnor to the lnstaltatlon of the turblne o

~ The Contractor shall provrde machrne shop equrpment and tools as Irsted
~below. The Contractor may use such tools during the installation and
‘ commissioning of the Works: provided that, on completion he shall be
" responsible for such equipment, shall maintain it in good condrtron and shatt
" replace any ttem that may be damaged or Iost -

E Mlnor vanatlon from the size and capacrtles below WI" be acceptable The
' machlnery and tools shall mc!ude but not be trm|ted to, the fotlowrng -

a, Machlnlng tools .
_ (I) Drrlnng machtne :
' '(n) Band sawmg machme
.._(III) Grtnder o
.‘_ (iv) ‘Work bench
) .Steet cabin_et .
b Be_ncn _'te'cts
() legvise
(i) Parallelvise
© (ii) Parallelvise " *
(iv) Pipe vnse T
c. Portable Eqmpment

(l) Portable drrt water pump

N BIQWer f
*(jiiy Electric welder

-610mm motor drrven B
- 400mm hlgh speed motor dnven 3
'305mm ﬂoor lype motor drwen
L18mD:AmH:085m
g V-Helght 2m, Wdth 1m Depth 0.5m |

o 150’m‘m} .
Cs0mm

100 fam _

i 10 mm — 77 mm

d;scharge 0 5m3lm|n head 20m, motor
~ driven, 20 m hose ' :

114 mm(4*1iz h motor dnven

- 300A W|th accessorles

1set
1 set
1 set
3pcs :

" 4pes
1 pce
1pce

1 pce

1 pce ;

2 sets

: 1set

2sels



.(x) Chaln block

) X (xvn) Charn tong

- (iv) Gas welder
- (v) Surface plate L
(vi) Pipe bender

| (vil) Anvil
- (viii) Swage block ~ "

_ complete with aé‘Cé'SzSorie's Cee
: 500m m500mm (20"20" )

. Portable hydraullc type with formers
: suitable for pipes from 10 mm to 100
Coooomm nomlnalbore

,"'100kg
B55kg

- (ix) Blower type drier20 kW o

; thh accessones ‘_

" (xi) Iron bt'ock_ L
(xii) Snatch block

_ (xm)Wooden block

k (xw)BaIl and plmon jack -
(xv) Portable electric drill -

¥ (xvl)Portable electnc gnnder

b (xvm) Bolt clipper - |

- (xrx)CentnfugaI oil punf[er '-

d. Handtools
N OR Screw plate.." :

(n) Hand tools mcludmg

: files, emery- cloth
-punches, saw, .. -
~ hammers, screw dnvers
- pipe threader_s taps,

s toh,'a'toh,'rtéh R

) '_f“150mm 3-wheel s

= '1_200 mm, 2-wheel
':'100mm 2-wheelln;—'-" o
) f_"‘lOton e TR AE

30 mm (314%) with drlll stand e

180 mm (?") 1I?HP motor drNen

-_fsamm ?OOmm e |
13 mim o

71000 (Hh)

_ metric siz_e, 6m_m-21mm. .

- sufficient for five years

drills, reamers, cramps, - |

e wrenches etc

e. Measunng mstruments )
| _"_1-._450mm

_ (l) lron bench Ievel

:tii) Dial mdlcator |
_ (m) Stralght edge

_ (w) Thermometer (Alcohol)

"(v) Portable voltmeter :

| 001mm 20mm S
I beam type 4 000 mm ;-‘ -

-,;__‘o 100 deg 1 deg B
- AC 0- 30!1 60!300!750 V

ol (Vl) Ammeter. {Qng tester _ AC 0 15] 75 - 150/300A

s

1 set

1pce

1 set

1 pee

1 pce
1 set

each

- 2 sets
. 2pcs
. épce
2 pes
4 pcs
" ‘leet .
| _1.set'
2 PC_S. o
1 pce
~1pee

.'1'pce_

1 pce S
_'3 pcs .

0

 20pes
Cpes

. -. -1 p'cs .- :



14.2.15 Spare Parts

The Contractor shall furnish the spare parts listed below and shall quote unit
- prices should the Employer wish to purchase addrtronal quantities over and
above those supplied under the Contract: - co

a.
b.

" C.

T e

One (1) set of guide vanes _
One (1) grease-less bearing of each type used -

One (1) complete set of safety device of friction device or breakrng link
or shear pln

| One (1) set of gtand packlng or seal for turbrne shatt

One (1) set of turbrne bearrng metal

" One (1) set of wearrng nngs

IOne (1) set of gaskets and sealrng materrals of each type and size used.

One (1) set of pressure gauge and vacuum gauge of each type used

" One (1) set of filter or strainer replacement element of each size and
_ type and two years suppty for all drsposabte f fter elements :

' One (l) set of replaceable valVe seat for rnlet valve

One () complete assembly of each type of relay, contactor, swnch etc
used in electrrcal Plant . Lol D _

) .One (1) set of spare plug in type pnnted crrcurted board (PCB) of each
iype for electrical governor - '

: Any addrtronal spare parts if recommended by the manufacturer shall be o
listed and quoted tn the Tender , R :

i a

_ 14, 2 16 Tests

Test at Manufacturer s Equnpment

" The foltowlng tests shatl be carried out at the manufacturers Workshop
~ before sh:pment : -

: M Trral assembty ofturb:ne maln parts R

- Drmensronal mspectron

' - Gap measurement between gurde vane and cover plates

= Gap measurement between gwde vanes |n closed posrtlon

. . - Gap measurement between turbme shaft beanng surface

| (li) 'Runner rnspechon

. Dimensmnal l_nspection" Lo

— Static_ balancecheck L



(i)  Turbine shaft inspection
R Deﬂectron check - = :

-- Drmensronal mspectlon

~ Shaft alignment check with generator shaft -
(iv)  Inlet valve'inspe_ction

.= Dimensional inspection -

- Operatron test
- Water tlghtness check
-~ Hydraulic pressure test

o (v} - Non- destructlve |nspectlon of we!dmg parts of the followrng
L component LT ; : .

EERRN Spiral case and stayvane ring
~ Turbtne shaft
- Runner ; | o
- Gu:de vane ‘-
O Inlet vane .. |
= Othermalncomponent o o S é
"_(vi)r Matenal testforfol!owrng component :i R o '
L Splral case o
- Runner
- _Ttrrbine shaft
- Stay-vane ring - o
- Gurde vanes -_ _ .
| -— Intet valve body, drsc and p]ug
(i) .Governorcheck
R Constructlon check 7 _ |
. Performance and charactenstrc testW|th sewomotor _. P %
_ = Measurement of |nsulalron resrstance e o o
: (\'/iii). 'Dralnage Pumpmg System B
- Constructron check BN |
= Performance and charactenstrc test

- Measurement of msulahon resrstance



1434 | | L
" This Paragraph covers the desrgn manufacture tests before shrpment
transport to site, lnstaltatlon commrssmmng and test at the Sité of:

I (5X) Compressed Air Suppty System -

143

- Constructron check _
- Performance and characteristic test

Lo Measurement of msulatron resrstance ‘

b Tostat Srte o

The hydrautrc turbrne and its anc:llarles supptled and 1nstalled shall be

- {ested at the Sile in accordance with the requirements of all the “Primary
o test and the “Test on Comp!etron" specrtred in Sub Clause 14.1.19.

GENERATOR AND EXCITATION SYSTEM

ER

Scope

o One (1 ) 2000 kVA synchronous generator

14 3 2 Generator

o a Type and Ratrng

- The generator shall be of three phase hortzontal shaft rotary fi t" etd '
salient: pole type synchronous generator and sha!l be of air duct
: Ventltatron type o '

The maxrmum contrnuous output of the generator shall be 2000 kVA
; under the foIIOWIng conditions: .

W Ratedvoltage R sskv T
(ti) : Frequency o 7' e 50 Hz -_
(iii) Rated powerfactor : i 080 Iagglng

The generator shall be suitable for direct coupltng to the horlzontal shaft

Francrs lurbine specrfed in Ctause 14 2. _
‘. The. generator shatl be sunabte for operatlon in paralle! wnth the other

e . generators in the exrstmg power system

b, Speed

-._The rated speed ot the generatOr shatl be same as fOr the turbrne ;
(V%'.'.,Dlrectron for. rotatron L el e
) _Generator rotatlon shaII be antr ctockwrse as vreWed from the turbrne
Eﬁ"crency . ¥ '

. _tf shop tests prove that the generator output or eff crency is Iess than that .
- guaranteed, the Contractor shall modify or replace the item of Plant of

o - h|s own cost untrl the guaranteed output effi crencres are met

R CE T



The generator shall conform to the eff iciency curves submltted with the
Tender showing generator eff; crency over a range of 25 to 100% rated
output at rated voltage.

. Voltage regulation

The inherent voltage regulatlon (wrthout AVR) of the generator at 0.80
power factor shall no be greater than %30 percent, and guaranteed
values at 0.80 and 1 0 power factors shall be grven in the Tender

f tnsutatron '

- Insutatlon of the wmdlngs of generator shatl be cIassrf ed as Ctass F as
(defined in IEC-85, 1957 -, _

9. Generator connectrons _ _
~ The generator shall be star connected W|th three (3) termmats brought

out at the neutral side and three (3) terminals at line side ‘of the stator

: winding. Both the hne and neutra! terminals shatt be 1nsulated for fu!l Ime
'vottage;' P SR DT ;.

| Temperature Rrse - . _ U . _
'_"The following IImItS of temperature fise shall appty to the wrndtngs of :

generator when delivering rated output contrnuously at rated voltage,

- power factor and frequency, with cooling air temperature entenng the |
7 generator at and amblent temperature not exceedlng 40°C - :

. Method of Measurement . o .' Temperature Rlse

' Embedded temperature detectors N Stator L Rotor

& Between corts R -ff B 80°C ' -
Resistarce S e src
-Thermometer b R A ?0°C 70°C.

The maximum temperature of each beanng shall be !ess than the

foltowmg Values S

Method of Measurement N REEE S - _7 Temperature Rrse

Thermometer S :_-f 3.} Sl E = ‘ 40°C above amblent -

Embedded detector’ in'metat f: LR 40°(_3_abOVe__ambtent o

i Temperature Detectors and Thermometer

- The generator shall be provrded with the embedded temperature- |
- detectors of at least six (6) for stator wmdlng and one (1) for each thrust - '
andjoumal beanng S ; , B

;LHFtywheelEftect e ER L R e
" The generator shall have a sufficient ﬂywheel effect (GDZ) requnred by B
- the turblne and governor suppllerfor stabte governmg L : -

The generator shalt also be provrded thh the dial type thermometers R
~ with contacts for alarm and tripping protection. The thermometers shall
~~# be mounted on the gauge panel stand to be provrded . :



* The total fiywheel effect ((JDZ) of the turbine and genoralor units shall be

not fess than 4.5 ton-m”. A separate flywheel may be employed to meet

the requirement. If the separate wheel is supplied, it shall be balanced

ke

" The génerator shall be air duct venlllalton lype The coolmg system shall
'~ be such that cooling air shall be taken from the machine room and
- effectively circulated trough the generator rotor and stator by fans

and provided with a totally enclosed removal wire mesh guard.
The separate flywheel Shall have function of braking system.

'Venlllatlon and coollng

- altached to the rotor and then the hot air shall be exhausted outdoor by

air duct. The Contractor shall supply and install one (1) lot of air duct.

" The size and structure of the air duct shall be suitable for purpose and
- shall be subject to approval of the Eng:neer The location of air duct is

shown on the Drawmgs

;= The air mlakes of the generator shall be prowded with the washable dry
o type filters secured by wing nuts or olher means so that they can be
L easrly removed for cleanmg o S : o

) The surtable provrsrons shall be made on lhe air outlets to prevent_ _
: entenng of dusl and any parllcles |nlo the generator

,Slruotural Deergn L

7 The generator shall be desrgned so thal |l is' p035|ble to replace the

winding at the Srle

SR () I Slalor

" The stator frame’ shall be made of welded sleel plate ‘with
" sufficient reinforced ribs. The stator cores shall be built up with
" high-permeability and low Specific loss silicon. steel lamination.
. The stator core shall be adequately keyed or dovetailed to the
. slator frame. The air ducts in the stator core shall be arranged to
.- make the flow of air smooth and quiet. and to minimise friction
losses The stator frame shall be provided with lifting lugs suitable
. for applymg slings for lrﬂmg the slator or generalor assembly by

‘crane or llftlng gear.

: ~ Within the generator housmg, termlnals shall be copper and shall
- be of the bolt- clamped lype for connechon to the power cable
' '-termlnals

., The slator coxl conductor shall be eleclrolylrc copper with
conductivity not less than the value for annealed copper specified
. in the approved standard. The coil insulation shall be properly
- vacuum and pressure impregnated with high- grade resin so that
~ the insulation becomes a dense, homogenous mass free from
voids. The’ “instilation shall become _reasonably. plastic by the - -

- 7 applrcalron of heat or shall otherwise be of such nature that the -

| :_ - coil can be placed in or removed from the slot without injury, shall .
‘have -adequate - corona - shielding -with - a rsemi-conducting
1+ compound,’ and shall withstand specified ‘continuous temperature

. ~without injury. The co:ls shall be form-wound and interchangeable.

B ‘The end portions of the corls and the conneclron shall be rigidly
E "supported and braced to prevent vibralioni ‘and distortion under

i “'slressés ‘caused by the’ most severé’ shor’r~r:1rcunt condrllon to

e whlch the generator may be subjecled



m. Shaﬂ | _ T S
.. The generator shaﬁ shall be forged carbon or a!loy steel properly heat-

(i) - Rotor - : : R I PER FA &
.+ The pole pieces shali be built of thin Iammallon secured by boits
- and shall be fastened to the rotor rim by means of dovetails and
~ held in position by tapered keys. The keys shall be locked in place
- on both sides of rotor rim so as to prevent the key from coming out
in the event they should become loose.

The entire rotor shall be designed to safety wrthstand ali
. mechanical stresses to be imposed by the maximum runway
~ speed of the turbine. Special care shall be taken to prevent the
_.end turns from deforming or slipping due to the centrifugal
.- stresses on the interconnections. The poles shall be provided with
. copper dampers-bars and a complete damper winding. The rotor
. -_ leads shall be connecled to the brushless exc:ter mounted on the
generator shaft. . L - :

| :. ~treated. The shaft shall be of ample size to operate safely in combination

with the turbine shaft supplied at any speed up to the maxrmum runway -

N of the unrt wrlhout delrrmental vrbratron or dlslomon

”The exterior cylmdncal surface of the shaft and couplmgs sha!l be
- accurately en_d smoothly machined all over and polished at beanng
surfaces. The end of the shaft shall be arranged for suitable direct

. . coupling to the turbine shaft. The Contractor shall provide both halves of

couphng, complete with all necessary bolts andnuls, ..

“All coupling dlmenswns shall be agreed by the turbine and generator'
-:. manufactures, and shall substantially. conform to ANSI Standard B49.1
-~ FOR *Shaft Couplings, Integrally Forged Flange Type for Hydroelectric

- “Units”. The Contractor shall supply all bolts, tool and specra| equrpment
- necessary for field assembly of the couplrng : :

" The Conlractor shall inake all necessary provasrons to mstaﬂ on the shaﬂ

. the speed signal generator for the governor, the brushless exciter and .
. the separate flywheel if requrred The Contractor shaH also install in the

generator all wmng and prprng for abova Plant

. The shop alrgnment test of the comblned generator and lurbrne shaﬂs
o ~ shall be cariied out by the Conlraotor with the witness of the Engineer. .
- Any corrections to the generator or turblne shaft for proper alignment

-~ shall be made immediately, if necessary The Conlractor shall co-

. operate to effect thls $0 as to mlnlmlse any deIay and to adhere to lhe :
' "_schedule S - S .

'.'-Bearrngs TR

CC The generator shail be prowded wrlh the thrust beanng and Journat : o
- beéarings.’ The thrust beanng shall be located at lhe turbine srde of_i'“ '

. generator.

o :The thrustand journal bearrng shall be of forced orl Iubrrcahon type If oil o
“. bath. type bearings with self-lubrication - system -are offered, the -
- = Contractor shall ensure that the bearings shall be adequately ubricated -

during starting after long periods (more than four months) of shutdown

L .and shall not rely on the inherent ol film remaining from the last run. The . |

-\ . bearmgs and lubnoatron oil system shall be desrgned so that nerther ihe

o q4d2



’ f dot 34

14 3 3 Exmtatlon System g

..+ temperature under continuous normal operation, If oil cooling required
.. for the lubrication system, suitable resistant orl coolers of ample capacity

shall be prowded in the system.

! All necessary apparatus including forced pumpmg system, plpmg, vatves
. elc. to complete the lubricating oil system shall be prowded And oil sight
- gauge shall also be provided on each oil reservoir. -

" “The thrust and journal bearlng shatl be designed to wrthstand safely and

without damage the natural retardation of the turbine-generator unit from

the maximum runaway speed to rest without the use of the generator
" brakes, and shall be tested on Site. - : -

" Sufficient [ubrlcating oil to fill the generator beanng system ptus and
- addilional 50%, shall be furmshed with the generator o '

0. 7 VGenerator Housmg

A steel plate housmg shali be furmshed for the generator and shall be
suffi c;ently rigid to prevent objectronable vibrations.

o The generator housrng shall be desrgned surtabte for air duct ventltatron

system and shall be arranged to perm:t easy removat for the purpose of

i mspectiOn and malntenance S

p. '(‘enerator Heaters S

o Generator shall be provrded wnth su:table type space heaters of .

- adequate capacity to prévent moisture condensation while the generator
++is” shutdown.  The space heaters shall:be arranged .to be energised
¢ 5 automatically when the generator-is not running. Power supply to the
I heaters shall be three phase 380 volt or smgte phase 220 volt AC '

q. Bedp!ate - a e L
o The generator components shall be mounted on a common bedptate to

facilitate site alignment.  The generator shall be fully assembled and

P alrgned and doweled on the bedplate at the manufacturers shop.

B " Neutral Groundmg Re5|stor

The generator shall be provrded wrth a surtab]e groundlng resistor to be
.~ connected to the generator neutral pornt to hmrt the neutral groundmg
S fault current to 100A - : g

Accessory t_eads Control Cabhng

: ,‘Leads Wlthln or on the generator and housmg mcludrng Ieads for
2. excitalion, search - coil, controls, space heaters, temperature deteclors,
oooospeed: S|gna! generator, “current ‘transformer secondaries and other
.+ accessories shall be furnished and-installed in rigid galvanised steel
2t conduits ‘complete with necessary: mounting clamps and fittings. Leads
..~ shall terminate with terminal blocks in the connection box to be placed at
- one convenlent |ocatton on the generator housmg i '

o a Type and Performance R

The brushless excrtahon system shall be supphed and mstalled for the
generator The brushtess excutatlon system shall consrst of an alternatrng .



b

- current exciter (AC ekcrter) rotating rectifiers, and excitation transformer,

field flashing system, field swrtch voltage regulatlng equrpment and
other accessories. _

The capacity of the excitatton system shall be more than 110% of

" capacity required for the generator. The ceiling voltage of the excitation

system shall not be less than 150% of the rated field voltage under the

.. field winding temperature at 75° C The response ratro of the system ‘
... shall be not less than 1.0, '

The excitation system and voltage regulatlng equment shalt be able to
operate safety at any speed’ up to the frequency corresponding to the

- maximum momentary speed rise of 140% of the rated speed when full -
_Ioad rejected. . . _ - . , :

Al equipment for the brushless excrtation system except for the rotatrng '
~ paits shall be construcled, to the maximum poss1ble degrees and shall -
- be housed |nameta| enclosure BT R R , :

L AC Exciter o

L The AC excrter shaII be coupled dlrectly with the generator shaft The AC
excrter shall be three-phase, air-cooled, -rotating armature type
. generator. Circulation of cooling air and ventilation shall be made by -

- means of fan blades attached on the exciter. The field current of the AC =

exciter shall be. energrsed from the sectron-servrce supply system via

s exortatron transformer

- _The AC exelter compartment shall be seated from the generator housmg, L
- +.but opened to the generator room. Openings in compartment shall be -

"+ covered by punched metal sheels to prevent entering any articles into -
the machine. The AC exciter shall be fuliy accessrbte trom outsrde of Co

~ servicing and inspection.

" The exciter Wrndlng shall be msulated wrth class F rnsulatlon although
“ lemperalture rises and total temperatures shall not e)tceed those

' permitted for class B lnsulatron

The capacrty of the AC exciter shall be more than 110% ot the rated '&
. capacity required for the generator. The AC exciter shall be desrgned to . -
_wﬂhstand the mammum runway speed wrthout damage o '

Rotatlng Rectrfer

The rotatmg rectrf ier shall be of three phase fuII bndge smcon drode type :
- and. connected with the AC excrter s .

' The rectifier shall be provrded wrth protectlon dewce to suppress IR
-+ overvollage and transient voltage in the rectifier circuit.-The rectifier - .
. diodes and protection device shall be mounted rigidly on the holder ring ~
's0 as to withstand centnfugal force of the maxrmum runway for all site .-

. ambient temperatures RIS i D

" The rectifier shall be $6 desrgned that even when one drode is fault the -_

generator shall be able {0 keep running safety under the guaranteed

- generator ratings until the next scheduled -seivicing: shutdown. Diode’ . .
- failure detector shall be provrded to glve protectlon and alarm for the_:&_”*
o excrtatron system s y _ . S

ROV



Surtable means shall be provided for measurement and indication of

- main generator field current and voltage and for main generator field
ground deteotlon

. Excatatlon Transformer

The excitation transformer shall be of three phase 50 Hz self-cooled

. dry type epoxy resin moulded coil construction. It shall have an ample

capacily for the operation of excitation system, Full rated capacity taps
shall be provided on the primary winding enough to cover the complete

~-- range of regulator operation. The secondary winding shall be shielded

suitably - from the primary winding and the shreldmg device shall be

L solrdly grounded

" The transformer shall be equrpped wrlh standards accessones including

" a transformer temperature indicator with adjustable high temperature

alarm contact as approved by the Engineer. The contacts for the

" thermometer shall be normally opened and shall close in the event of

abnormal conditions, and shall be insulated from ground and suitable for

- use at 110 V.D.C. Provision shall he made for overcurrent protection in

the excitation transformer circuit. All contacts shatt be wired to terminal

" block for rnterconnectron 1o external mrcmt

P .-The excitation transformer shall be housed |n the low voltage swrtohgear
- cubicle. . O PR . ,

< '7"’;Voltage Regulatlng Eqmpment R

- “The voltage regulatlng shall consrst of and automatlo voltage regulator
 {AVR) and a manual voltage regulator, complete with all auxiliaries such

as . control transformers, resistors, rheostats,: necessary shunts,

B - contractors, relays and their control equrpment for tull voltage regulation

o of the brushless excitation syslem o

':‘;’ The automatro vollage regulatron shall be of hrgh speed qurok response

) '--The generator voltage control shall be accompltshed by the continuous
. comparison of the average three-phase voltage of the generator with a

rellable and stable reference voltage source in the control

__"_The automatic voltage regulator ‘shall contrnuously respond with high
" speed to correct any change in generator voltage and maintain the
" generator terminal voltage under steady state conditions within plus or

- minus.2.5 percent (22.5%) without huntlng for any exortatron value within

. the normal operatrng range.

“fon overvoltage resultlng from sudden Ioad rejectlon or successive

“overspeed up to 150% of the rated speed, the automatic voltage

. regulator shall limit the mstantaneous output voltage change of . .
o overvoltage or overspeed SR

Provision shall be made for rap|d f eld de magnetrsatlon whenever the

- generator lockout relay is operated

L Necessary devrce for parallel operatron wrth the exlstlng power system .
~ - shall be provrded . B _

| The automatto voltage adjustlng dewce shall provrde a voltage control o

i range from minus 20% to plus. 10% rated vo]tage

“The manual voltage regulator shall be prowded to regulate the excutatron

~system output D.C. voltage stabilily from about 30% of the rated



- generator voltage to that requrred for generator operation at 100% rated
-+ load at rated power factor, rated frequency and 105% rated voltage.

Necessary current lransformers and voltage transformers shall be
provided in the Indoor cubicle (detail is described on 14.5.5) to be:

X ‘ provrded with the followrng functrons

N (i) - Placing the regulator in manual or automatlc operatron 1nclud|ng

test before transfer

(rr) ':_- Placrng the regulator |n or out of servrce durmg automatic startmg

. or stopprng control sequence of turbrne generator unrt

'(m) Automatic posrtronrng follow-up of the excitation system manual

© regulation at the setting from no- load to full Ioad durrng automatic
; vottage regu]atron e

(rv) ' Indrcatron of excrtatron system voltage and current outputs and all

: quanlrtres perlrnent to operatron T

o _(V)V : AII necessary |ndrcatron equrpment
f.

Protectron and Alarm for Excrtatron System S

The' protectron for the excitation system shall be classrﬁed |nto two
~ groups by the nature and extent of failures or troubles when heavy

troubles or faults occur, the excrtatron system shall be tnpped out and -

“the generating unit shall be brought to Emergency stop operation. When -
- troubles-or faults are not so serious, faulted devices shall be isolated

from the system. without rnterruptron of the generator excrtatron and

';_alarm shall be gwen

 The prolectron and alarm system for the excrtatron system shall be
- designed to be compatible with the protection and alarm system for the
.-+ generating Plant. The protectron and alarm shall be prowded for but not -
‘ _Irmrted to, the tollowmgs oo ‘ _ : '

_' H AVR power source farlure- _ l
_ Thyrstor on statrc crrcurt farlure ,:, - ;'.
< TWo (2) drodes on one phase of rotatrng rectrf ier; fault o
_ jli'— Crrcurt breaker in the excrtatron transformer crrcurt trrp [

o AVR fault

- Freld overvoltage

' ":..(.ii')_"‘: Alarm

' _,_'— One (1) drode on one phase of rotatrng rectrfer fault

'_- Field circui, ground

“Allitems for protectron and alarm shall be mdzcated on the group
- annuncrator provrded on the excrtatron control panel i _
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g. Excitation Control Panel

A self-supporting, indoor use, metal enclosed panel shall be prowded for
excitation control Plant, containing all necessary components with
indication and control Plant completely wired and mounted on the panel.
The following equipment shall be furnlshed and mounted in the panel in
an approved manner : ¢ . : ;

SO Power tectifier equivalent -

(i) Voltage regulator eqmpment

(i) | One (1) setector swrtch for generator vottage control wnh Two (2)

s posnions of "AVR" and “MANUAL" -

(iv)_ One (1) generator feld c;rcwt breaker walh auxnlrary swntches

(v} ‘One (1) field dlscharge contact and reslstor

e (vl) : One (1)inltlal excﬂatlon contactor W|th reS|stor A

' (\m) B :Group fault indicator N .' o

(viii) ;One (1)|n|t|al excutatlon contactorwrth remstor G

N (9] Necessary relays control transformers reststors rheostats,

llnstruments DC shunts contactors etc,

L) ) Termrnat blocks and other necessary accessones to make a

comp]ete worktng excntatlon control system

14 3.4 Erectton and Marntenance Tools (mclude Accessorles)

Ereclron Tools and Eqmpment

-,,:-'___One (1) complete set of case hardened wrenches and any special
" wrenches, tools, slings, and other special equipment that may be
"¢ necessary or convenient for assembling for dismantling any parts of the
" generator or auxiliary Plant, shall be supplied. A complete detailed

description and itemised list of the tools and equipment proposed to be

* furnished shall be submilted with the Tender. All such tools and
" equipment shall become and remain the property of the Employer. The -

wrenches and tools shall be mounted on neat shadow board arranged
for Wali mountmg and prowded wnth means for ready ldentlflcatron _

b Accessones O T AT o
R ‘The followmg accessones shal! be supptled for the generator and -
. excnatlon system Co B R : :

B (i)__ AIl necessary foundatlon and anchor bo!ts for the generator and '

assoclated Plant

-_ (u) All necessary tlftlng Iugs and eyebotts reqmred for !nstallatlon or

- removat of machme and Plant

7' (m) AII necessary bolts and nuts of each size uz-;ed




14.3.5 Spare Parts
N The foltowmg spare parts shall be furntshed and quoted :
a. VOne (1)set of each beanng metat
b. One [0) complete set thrust beanng number and pad

- ¢ One(1) set of spare parts for the voltage regulator and excnatron control
' Plant for 5 years operatron

¥

~d. Two (2)setofrect|fylng elementforexcrter | | -

h e. Two (2) dial thermometer for thrust beanng, two(2) dlal thermometer for
Journal bearrngs -

f, 500% of aclual use of lamps and t'uses _
g One (1) glass for each type 0|I Ievel srght gauge _

h. One (1) complete assembly of each type of ftow relay, trmer rheostat ‘
- rectrf ier and other specral devices. = '

i One (1) complete assembly of each type of relay. contactor switch, |
_ pnnt cwcurled board etc used in the equrpment _

j- ‘ One (1) set of O- nngs seals and gaskets for Iubrlcatron ol system

Sk Any other spare parts if any, shall be recommended by the manufacturer e
' and shall be hsted and quoted in the Tender o . '

a Tests al ManufacturersWorkshop SR T R |

“The followrng test shall be carned out at the manufacturers workshop' '
before shlpment - =S

o (l) Materral test o
'__‘,-“(iil Shaft run “out check :‘. .. -
iy Check of the drmensrons E S e
L (iu)' ;- Resrstance measurements for ﬁeld and stator wrndlngs
(V) .. : Insulatron resrstance measurement '
(vl) Hrgh \mltage tesl for stator and rotor ’f 8 o
{vii) Loss angte measurement of generator stator e

N (vili) Charactenstlcs of statlc exoltatron system WIth AVR _ B

(|x) Test for all au)ulrary Plant SURTRE LN - _ o
After assembly at the manufacturers workshop. the generator shall be =
subjected to the followrng fests i oo fo v SRS :

RO Charactenslrc curves of main generator for open cwcwt (up to 125
percent rated voltage) and short cwcu:t (up to 120 percent rated
j current) performance A N e
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1444 Gean e Ao
PR .'-'-.;The transformer to be supptled and lnstatled in the power statlon and shall _

i T

(i)

- Determination of:

- Direct axis synchronous reactance

_ Direct axis transient reactance

- -~ Direct axis sub transient reactance .

- 'Negatlve sequence reactance by sustained phase to phase
short CtrCUIt

- Zero sequence reactance by sustamed phase to phase natural
R short c;rcun ‘

B Capacity of wmdmg

(i) -

(iv)

R0
' @h"
i
iy
W
s_f&t}_

Determmatlon of looses and catcutatlon of eff c1enc|es short

circuit ratto and voltage regutatton

Phase sequence test

:Shaft VOttage test o

Phase balance test
Tempe’ratu're rise test

Wave from test at no Ioad normal speed and normal voltage

| Overspeed

Retardahon test to determlne ﬂywheel effect (GDZ) of rotatlng -'

B parts |

b Test at Slte

_Scope

_..The generator and 1ts auxrl!ary Plant supphed and mstalled shatl be
.. tested at the Site in accordance with the requurements of the pretrmtnary
- test and the test on completton as specﬂ" ed .

:TRANSFORMER

. beas fo!lows :

L 2000 kVA three phase main transtormer for stepplng up the rated generator
_voltage to 20 kV, 01I lmmersed setfcooled outdoor use type. - -

. 1442

Temperature Rtse o

" The maximum temperature rise for ‘ol Jmmersed type transformer shalt not'

exceed the fotlowmg values at the rated output

el 40° C above amblent temperature |n Ol| by thermometer

= 40° C above amblent temperature tn wandmg by reststance measurement co
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14.4.3

1&44

14.4.5

Frequency

The transformer shall be designed for the frequency of 50 Hz

lnsulatlon Levels

The transformer shall be desrgned to withstand continuous operation at 20
. kV and mome_ntary higher voltages rnduce_d_ by lightning.

Insulatmg O|I

tnsutattng ol shatl be non- studglng and of medlum vrscosny The
~ characteristics of oil shall comply with IEC 286 Class | and shall be

equivalent to “shell Diala B" which is available in Indonesia or equivalent

_ wrth shelt Drala B 7

'14¢6

'a.

Marn Transformer -

Type and Ratio

- The transformer shall be of three- phase ‘oil Immersed setf cooted

: outdoor use type wrth off crrcurt tap changer .

' Rated output

_ _The contrnuous rated output of the transformer shall be stated KVA raling
) on any of the taps on the 20 kV srde wrndmg of the transformer S

tmpedance

‘ Impedance voltage at the rated output shall be not Iess than 5 percent

Core ~ -~

- _The transformer cores shall be burtt up of thin Iamlnatlons of the best
~ " quality no ageing silicon steel. Lamination shall be coated wath rnsulatrng
f matenat and ctamped securety Wrth msutated bolts. - :

'The desrgn of the core and the method of clampmg shatt be such as to
ensure it fiee from excessive noise and vibration. The ctamplng :

. framework shall be built up of structural steel members

" The core shall be provrded wrth |1ﬂ|ng eyes or other approved o
o arrangements fo perrmt easy and ready access, and so designed that -
~“the core ‘windings can be hfted from the tank with’ as trttte drsmantttng as

' possrbte v

- Suitable means shail be adopted to prevent crrculatrng current betng set _'

'_UPWIthln the core; "+

| : -___The core and wmdlngs shati be S0 tocated wrthln the tank as lo prevent
~ movement. The core shall be electncatly connected to the transformer
_ tank. - , _

'Wndlng and Insulatlon B i o ot
~ The wrndrngs shall be of hrgh conductr\nty copper or atummrum o

‘ The amount of msulatlon shatl be determlned not merety by normal © -
~voltage per turn, but also By dué consideration of the fine vottage andthe -
- service condltrons and other assocrated fautt condrtlons ' : o
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"The insulation of the end tums of each winding adjacent to the
transformer terminals shall be reinforced between turns or provided with
" suitable means to protect the winding agamst surges and transrents

The windings shall be so arranged and so firmly ctamped in posmon that
they will withstand the. mechanical stresses to whrch they might be
- subjected on short ¢ircuit. .+ o :

Bushing IO L e . R
All bushings shall be of sotld srngle piece porcelaln lype. -

Thé terminal of each bushing shall be bolted with compressmn type
~ terminal for cross-linked potyethytene (XLPE) insulated cables with a
copper conductor of the proper size. o _

‘ AII bushmgs shall be brown or whrte glazed

) Tank

" Cores and wrndmgs shall be enclosed and securety held in a tank made
"“of stout steel plates. The tank shall be of welded construction, suitably
- sttffened by means of channel or angle section welded to the tank, and

" 'shall b& absolutély water and hot oil tight and suitable for vacuum drying.

~ It shall be designed so as to permit convenient handling. Necessary lugs
" .. and shackles shall be provided to enable the whote transformer to be
lifted bodily by truck crane or other means. :

' The base of the transformer shatl be of sktd type

The tank cover. shatl be desrgned so that the bushmgs can be easrty
removed and connectlons to the wmdlngs easny made

- The msrde of the tank and all the steel conneetrons shall be sand or shot
blasted. All mill scale shall be comp!etely remOVed from the 0utsrde of

y ‘the tank before paintlng

L Two grounding pads for 95 mm copper conductor shall be welded to the
e base of. the tank o :

. Radrator

- The transformer shaII be provrded wrth radlators of suff ctent capacrty to .
- . prevent overheating the transformer when operated contmuously at the
rated output of the transformer BRI L :

. Tap Changer o

“The off circuit tap changer shal! be prowded on 20 kV srde wrth taps at -
1212205 -20.0-19.56 and 19 kV. The tap ¢hanger shall be capable of
“operating under off circuit condition from the outside of transformer. Tap _
- position must be clearly indicated and means of tockmg shall be

R provrded All taps shatl hé rated for full output :

o Protectron

- The followrng protectron shall be prowded on the transformer

BN ORE Orl temperature hrgh alarm o e _
EO ._The dial type mdacatmg thermometer catlbrated in centrgrade and _

DL equped with_alarm contacts, shall be supptled for. |ndrcatlng the -
_.':"01| temperature ' . R .



k Skid Base "

(D)

)

. (vu)

o )
®

(|||)
: (w_)
V)

iy
)

* Skid base shall be Iocked aﬂer posstlonmg on foundataons by means of

' appropnate dewces
‘Accessones o | o o :
The foI!owrng accessories shall be prowded for the transformer
@ i valves for 01| handhng and samphng
(i Fxp!osron vent e
| Or[ level gauge o TR
(iv)  Pressure gauge '
4(v) Dial thermomeler wrth alarm contact
Vi) 'Hand hole
Llﬂlng Iugs _ _
: (vnr_) | W_Ralrng plale and connectlon diagrams wrth full detar!s of raung -
. Necessary termznal cOnnections e
Two groundmg pads e _. 7
(Xi) Foundahon bo!ts and nuts o P _- o
'(kii) COVer plates for hrgh voltage and Iow vo[tage bushsngs :
(xiii) _Other necessary accessones ' '
-SparePaﬁ I U
()) - The fo!lowrng items shall be furmshed and quoted as spares
| ,. One (1) bushlng of each lype wnh condudor and termrnal
i) | _One (1) set ofgaskets 4' L
_ One (1)01| Ievel gauge o
Two (2) burstlng plates _ .
One (1) pressure gauge :_ | _ .
(V|) One (1) drai thermometer el e
. Test i S e e _
, The fo!lownng test_s shall be oarned out at the manufaclurers workshop -
o before shrpment S :
-' (i,), Appearancecheck T
" (n) Measurement of raho on all taps '_. 7
Check of po!anly and phase re!atronshrp ; -
Measurement of wrndmg resrstance at each tap
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| 14.5.1

{v) Measurement of no-load current and losses
(vil  Measurement of load losses at rated current

©o(vil) Mea'suremenl ol impedance voltages on all taps
{viii) High voltage test | - IR

" The certificates of the followrng type tesl items shall be submitted with
the test report: _

(i) Temperature risetest .. .. |

(i) Impulse voltage test
CUBICLES AND EQUIPMENT

Scope'

: The cublcles lo be supplred and mstalled are as follows

- a. Three (3) Outdoor metal- enclosed cublcle mclude 20 kV equrpment

14.5.2

1453

- b. Five (5) Indoor melal enclosed cubrcle include station service equrpmenl

and 20 kv equrpment for the Krapyak subslalron _

General Arrangement

This will be determlned by lhe Contraclor conformmg to the tender drawnngs
in prrncrple LI S

Electrrcaland Meohamcal DeSlgn I
Cubicles shall be eleclrrcally desrgned to avord local corona formalron and

_discharge likely to cause radio interference, and shall be designed to
mechanically endure short-circuit current wrthoul thermal and mechanical -

- failure for one (1) second. All enclosure shall be of dust proof and vermin-

proof and where reqwred weather-proof

: The enclosures shall be totally enclosed by sheel sleel panels not less lhan

2.3 mm thick, with angle or chanriel edge bent, seam-welded at corners, and

- ground smooth. Panels shall be bolted at the boltom to suitable steel

channel sills with necessary framlng which will hold the structure rigidly
together to form a self supporting dead front type of structure. Ouiside

- panels shall not be drrlled or welded for attachrng wrres resrslors of

: mslruments

'}"::"Space heaters for 220 VOlt ACC shall be provrded msrde the cubrcles lo

prévent moisture consideration. A manual switch to control lhe healers shall

e be prowded in lhe cubic!es

'-_"-_Lrghlrng fi tlrngs for 220 volt ACC wrth door swnlches shall be provrded rnsrde :
: r--i:'lhe cublcles e _ C
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