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AESTRACT

This t,¡ork is concerned with the problem of speed control

and application of appropriate speed governing equípnrent

for hydraul-ic turbj¡e generators and w'ith special

appl-ication for bulb type turbine units. Field test

rezults obtained durilg the adjustment of governor para-

meters and their effect on the speed control performance

of bulb type units ârê reporled"
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1r ]NTRODUClTON

1n1 General

The use of buJ-b t¡rpe turbj¡res and generators for lov¡ head çrater power

resources has Íncreâsed due to contj¡ruous developnent of designs for
mÐrinum output with mi¡ri¡rum overall djmensions resultirig ln economic

i¡stallations ancl because of increasing energy shorbage in the future
there rvjl-I be significant j¡rcreases in the j¡rstallation of bul-b type

unit,s with the cievelopnrent of tidal pol,rer and the remailing 1or¡ head

hydraulic por.rer resources. Attempts to f\rrLher reduce the unit sj-ze

resulted in the development of a straight florv turbi¡re r¡Íth the generator

moturted on the rjm of the rurueer blade tips but this scheme has proved to
be practical- only for small unitsn TLre speed response characteristics of
these j-nstal-latj-ons are quite distinct and d'ifferent from vertical type

hydraul-ic units. This necessitates that cerbaj¡r mcdifÍeations musL be

made to the speed control equipnneni commonly }onovn: as Govemors.

Many excellent papers, !, 3t I*, 5, 6n have been p,u.bJ-lshed r¿hich describe

the methods for dete¡mjnation and adJustment of the governor settings for
optimum performance of conventlonal vertical type units" Techniques for
the adjustment of governors for bulb type turbi¡re units and field test
resi.rlts are not available l¡ the published liLerature"

Gover¡ors for bulb type units must be well understood and adJusted for
proper operation in the porver systemo This project report deals r.¡ith
problem of governor adjustment of bulb turbj.¡res and parLÍcu1ar1y r,rlth

subJect of field tests necessary to determj¡re the opti:num governor

settingsn rvhen t,he unit is:

(l) h:nning at speed no load
(ii) Supplying load to the systøn

(iii) SubJected tc load rejection condj-tions

the
the
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I"2 The Problem

This proJect repott studies the area of speed control of bulb turbi¡¡e
generat,ors and parbicularly the effect of various goverrlor sett,ings upon

the speed contror of the unit. The following topics are examined fn
detall.

i) Available types of governors and their characteristics.

ii) Speed control requirements for horl-zontal bulb type turblne
generators compared to vertlcal- type hydro units.

ili) Effect of governor'gain adJustments on speed response of bulb type
units for the folIor'ring cases3

a) Speed no load operation
b) On li¡re operatíon

c) Operation follourìng load rejection

1,t) Determl¡ratlon of governor settings from field tests for optlmum

performance under all Ìanor¡n operating conditionsn

1.3 System Data and 4g:ilities foJ Studies

The governor system data used in the study and described in this proJect
reporb is that of Manitoba Hydrors Jenpeg Generatj¡g St,atÍon. The tests
outli¡ed in Section 1.2 rvere performed on Jenpeg units. The details of
tests performed and the results obtained are presented in bhe follovring
chapters.
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2.7 General

The pr6'¿s¡ system must be able to r,rithsband the zudden shocks erperieneed by
equipnent outages and load changes ancl majrrbail system frequency vrithin a

narrow deadband" Under sLeaciy state system operation the frequency
deuiations should rernain ¡¡ithi¡ + A"O2 Hz" The equipnrent and factors
$rhich goverrr system f::equency under normai- and abnormal operat1¡g con-
ditions must be v¡ell understood by fuvrer systems Engineers.

I¡n case of small j sol-ated systems the frequency control j.s dlrectly de*
pendent upon the response of the speed gover"ning equipnent v¡hereas 5-:r 1arge
interconneeted systems, an inherently unstable goverïor may be stabil_ized
by the flov¡ of s¡mchronizing povrer from lhe network. 'Ihe stabíliiy margin
of the overal-l sysfem will be reduced. The dynamic response of the sys+,em

is generally a function of the transmission systemr generator characterj_st,ics,
speed governorsr Ðd the characteristics of the elecùrica1 load i¡¡cluding
the effect of voltage regulation. The governor paralnet,ers are determj:red
by simulatÍon studi-es, adju*cted ix the field and checked by tests to enzure
governor response for stable operation of the power system. Tn addition
the governor gains are select,ed and checked j¡r the fietd to U¡rit speed

rise on load rejections and fast return to normal speed, lrhile keepilg
pressure rise i¡ the scroll case withix design ljrnit-". Some of the most

conmonly used terms for the study of governor syslems ¿lre defined in
Appendix A.

2.2 Operatiol i¡ a_Psvrer Sys_tem

To rurderstancl the operation of governor.l il a por{er system, it is necessâry
üo understand the sequence j¡l rvhi-ch load changes take place in the system.

The sudden load increase is supplied by the system i¡r the follovring order:

The machi¡e r^'ith the largest s¡mchronizing po,¡Ier r+111 develop the
largest cherrrge i:r load and this v¡ill be modified somerr'hat by the
transmi ssion system to r.ihich the machi¡re is corurected.

t

(i)
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(li) Dre to load j¡crease the systern speed deviates from 60 Hz and the
machi¡re having larger mecha¡ical- startjlg ti:rie (T*) constant r¿¡ill

pick up the largest porLion of total load change.

(iii) As system speed is changilg, the most sensitive and responsive speed

governor adjusts the pov¡er output of its unit i:n a directíon to
bring the frequency to 60 Hz.

(f") Automatic generation contrcl begils to redistribute the load, carried
by various units j¡r the systern to maj¡rtaj¡r tie l-i¡e schedules and

economic sysiem operation.

Tiris j¡dicates an import ant part whi.ch speed goverrrors perform to keep the
system frequency ¡¡ithin a desirabl-e range, to maintail system stabillty and

prov-ide control to system operators enabling them to adjust generation for
most economical- Ioading of units ln the power system.

2.3 Applicatiqn gqsl Perf_onnance

To determj¡re the proper governor performance of hydraulic turbine applicatíons
typicaJ-ly the follor.rilg info¡matj-on is requireclr

a) þpe and size of i,urbine

b) Head, speed, discharge and n:nav¡ay speed)
c) l,JR- value for turbine and generator

d) Servomotor travel
e) Diameter anrì length of penstock or j¡tal<e

f) Di¡lensions of scroll case and drafl tube

g) Maxj¡nrrm allorvable pressure rise
h) Maximum allowable speed rise
i) Gate and h.rr¡ner blade timJ-ng

j) Plant operation¡ i.ê. Peaking, Regulating or Base Load

k) Speed range required

1) Isochronous or Speed cÌroop operation
m) Characteristics of príne mover

n) CharacLeristj.cs of load
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Glce a governor is designed based upon the above mentioned j¡rformation it
controis the turbj.ne out¡nrt by adJusting the position of the wicket gates

rqhich control the vrater fl-ol+. The bal-ance betr¡een power j-:rpr:t and outprt
frorn the generator is maintained by the goverrroro It operates contlrruously
to correct the unbalance betneen output and Írrput to the unit by opening and

closing the rricket gates" The speed of the unit is kept constant withj¡ the

values dictated by Lhe pertnanenl speed droop settíng.

When a number of generating r:nits are connected in paralleI, it is necessary

that all unlte sinul-taneously attempt to balance genera'bion rith load. Tn

practice some units v¡iI1 have a limited participation j:r response to changee

in sysLem frequency and other units will be controlljng the frequencyn The

desirecì response of various r:nits is a frurctj.on of gorrerno:: settings and

loadÍng of transmission lines to v¡hich the units are connectedn The

frequency regulation is not on-ly based upon the need of the customer for
constant frequency but also to mafntail power flows on transmfssion Ij¡res
within Ii¡nits and particularly of tie Ij¡res between jnterconnected systems,

The accumulative speed errcr must be mi¡j¡ized due to the r.ridespread use of
electrlc clocks" Properly desj-gned- and adþsted governors should satisfy
a]-l the requj-rements outlined j¡r Section 2.1.

2"1+ Spes of Governors

Earlier governorslu3 r""" made of only mechanical comporrents eombi:red w'ith

hydraulic parts namely actuator enC servomotoro First develo¡rnent '¡¡as to
replace the governor ball head sensíng by permanent magnet generator (nlG)

rqhose output varíar.ions lrere fed into a magnetic amplifier drivi:rg a force

motor vrhich actuates a pilof valve. Subsequent develoçrnents r.rere aj¡ned at

the derivation of speed sigral error from speed signal generator (SSG) anO

the use of operati.onal amplifiers rather than ¡¡¿gletic amplj-fiers, These

developnrents resulted in a faster response of governors to speed variaticns"
ilt presentr researcho deveJ-ogrent and design of digital governors 1s v¡el1

advanced but their application in industry has not been proveno The mai¡r

parts of various t¡pes of governors are briefly described in the follovrilg
Section" The most conmonly used equation for a three 'rerm governo:' speci-

fication is given in Appendix B"
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2"L.7 Mechanical Hydralrl_ic Governor

The maj¡¡ parts of the mechanÌcal governor consÍst of¡

a) govetnor bn.ì I head

b) pilot and relay valves

c) serrromotors

d) restorÍng mechanism

e) oi1 preszure system

Governor bal'ì þsad responds to speed changes of the r¡nÍt. Any change in
speed causes a corresponding movement of the pilot va'lve. Pilot and relay
valve are the intermediate port,ion of the governor nhich reJ-ay the motion

of the ball head to the setwomotorsn

The restorjJrg mechanisti transrnits the motion of the servomotor piston back

to the actuator a¡rd i:r effect notifies it of the gate cirange" The servc-
motors are controlled by oiI flov¡ and ojl- flor,v is controtled by the relay
valve.

Speed control is al-so obtai¡red by rotatìng rveights driven by a synchronous

motor fed from the generator through a transformer or permanent magnet

generatorr coupÌed directly to the shaft of maj¡r generator. .Al1 j¡crease in
speed above normal- causes the rotati-rng r^reights to spread apart and forces
the speeder rod dov¡ntqard so as to move the sen¡omotor rod to close the
gates" The mai¡ parts of mechanical governor are sho¡'¡n j¡ the fotlow'ing
Figure 2.1-.
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Speed
Signal

Compensating
Dashpot

F]GIJ'RE 2"1

I'ÍAÏN CO\,fPOT{Ð\TS OF MMI{ANTCAI GOVTNNOR

Because power system swSngs are slor.r, gates will tend to overtravel j¡ the
closing and openilg direction and hturtilg r¿iIl occur.

To prevent hturtilg due to overtravel of rricket gates, compensating dashpof

is used to stop t he gate movement before the unit speed retums to normal"

Dashpot compensation is a stabilizing device to prevent hunting and its
effect is of temporary nature. Block diagram of Mechanical-Hydraulic
type gove¡nor is presented i:r Figure 2.2"

Batrls Motion

Rod Ad.iustment

Gate Movement

Speed Change

(Dt"-t¡fUqtt¡rgValve
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Speed
Actuated
l'lechanism

fre{

FTGURE 2"2

I{ECH/\NICAI-HTDRAIILIC GOVERNOR BLOCK DÏAGRAM

2" l+.2 Ð-ectrical Hydraulic Governor

In this type of governor the pilot valve is activated by what is l¡:ov,n as

fForce Motorr, Force motor consists of two coils of opposite polarity
situated Ín magnetic field. As long as both lrindings create same amount of
fhrx, no movement takes place. When flux becomes uneven, movement takes

pÌace. This movement when transferred to the pilot valve will cause the

wicket gates position to change. Besponse of the force motor type govemor

is faster than the fIybaII type and has feler mechar¡ical parts.

Force motor, pilot se¡vo-valve and transducer for feedback ls called a trans-
ducer assembly. Magnetic amplifíer used j¡ this type of governor has other

inputs such as speed droop, speed adJustment and speed error, ete. The

main parts and block diagram of electrical- hydraulic governor are shol¡n in
Ffgures 2.3 and 2.4 respectively.

Hydraulic

Permanent
Speed Droop

Temporary
Speed Droop
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FTGURE 2.3

MATN PARTS OF ET,MTRICAI, }TTDRAULIC GOUEIINOR

FIG{IR'E 2./+

E,ECTRIC I{TDBATILIC GOVffiNOR BLOCK DIAGRA¡4

nectifiers & Speed
Reference Circuit

e¿ ¡rror Sigrral

(-)
Valve and
Main Servomotor

H,ectro-
Hydraulic
Transducer
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2.1+.3 Ð-ectronic Govemor

The mecha¡lical part, is sjmil-ar to the electrical anc mechanical type
govemors but the speed sensirg part is different. IMG ís replaced by a

device called Speed Signal Generator (SSC), SSG has a geared r,,'heel with
magnetic pick up mor:nted i:r close prorirnity to the teeth of '"he r.¡heel. .{s

the teeth pass the pick-up they cause pulses r¿hich are fed to a transj-stor
amplifier" These pulses represent the speed of the r-rnj-t and are fed jrrto
the control cubicle of the goverrrorô The conLrol secl,lon processes the
signal through proportÍonal, integral. and derivative cards and through
power amplifier to force motor. Feedback signal propor-tional to pilot
servomoior position is supplied to the povrer amplifier ilprrt. This signal
cancels the output of the integrator thus brilging the outpr:t of the por,rer

amplifier l,o zero and stops the pilot servomotor and consequently wicket
gate travel" Tt¡e main parbs and block diagram of eleetronic type governrr
are shown 5l Figures 2.5 and 2.6 respectively.

ELectronic

FIGUIIE 2.5

MÂTN CO.ÍPCTüENTS OF EIffiTRO¡ITC GOVTRNORS

ransducer Assem

Distributi¡e Valve
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Speed
Transducer

Generator
Sen¡o-
System
& Gate

ELectro-
Hydraulic
Transdr¡cer

Regulation

F]GIIRI 2"ó

U,ECTRONTC GOVMNOR BLOCK DTAGRAM

2. b" l+ ûigit,al Governor

The applicaticn of mj¡ri computer for speed control and generatíon control

of a generating unil has been studied and publlshed 8o 9 1n the llteratureo

T:r this scheme the hearb of the system becomes a mi:ri computer rrlth

essociated inprrt/output devices and software pro$Iamso The speed error

control signal is processed ín the mjni computer and through a digitaI to

analogue converter the control signal is appl-ied to electro-hydraulic trans-

ducer. Most of the govemor gain adJustments can be made by changing input

data for the softllare programc The remaining part' of the digital governor

is identical to other types already described" Cornpared to other typest

the digital governor has advantages which j:rclude the abillty to i-:ncorporate

adjustments to governor paralneters r,¡ith the minjrm¡m of hardv¡are modifications

and prowicles j¡rcreased operator j¡rformation display" Drgital governor block

diagram is gíven in Figure 2.J'
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3. SPE"ED CONTROI, CHÂIìACTMITSTTCS OF BIÍLB TUR,BTNES

3.r Generaf-

The bulb type unit i-s a horizontal shaft iurbine generator housed j¡ the
water flow stream and i¡ it,s present form is the result of more than 50
years of contj¡uous Cevel-olNrent towards a design for a Ioi¿ head machjne
v¡ith minimu¡n overall dlmensions and cost" One of the major contributions
to this develo¡rnent has been by Alsthom-N*yrr1pic? of France, vdth desi.gn
work goi¡g on sj-nce 1923 and prociuction since lgi3" fuobably the best
Ìsxor'm i¡rstallafli.on is that of Ranee E-"tuarïr i¡r Northwestern France.
This Ís a ticlal tÐr¡ier scheme, built because of an earlier enerry crisÍs
Ín late 1.950s" Thís developarent eontains 2/i Alst.horn*trTeyrpÍc iC MI,J unit s.
Alsthom-Neyrpic unit sizes have novr j¡rcreasecl to 5¿l MI,l, eight of v¡hich

are to be installed at the Rock Island P1¿Lnt on the Columbia River in
l,,Iashington, USA"

Sovie¿ llnicn hes also been very active i.n lhe development and manufacturing
of bulb type uni.ls since early siviies, In L963 they produceci theÍr first
unit of 20 Mv{ capacity, These vre::e fol-lor,,'ed j:r 196? by l+5 MV u¡rits for
the Saratov Station on i:he Vo1ga Ri-'¡ur7 and sj¡ce 1969 a series of 2?- lM
rnits have been produced iri USSR"

Tn f\¡rther attempts to reduce the size and costs, the.slraight flori
turbine with generator mounted on the rim of the nrnner blade tlps was

developed. The scheme has proved to be practícal only for smalÌ unj-ts.
hesent-ly j¡ ser'¡ice a:ld planneci used of bulb unÍts are shor^¡n i¡r Tab1e7

Number 1.
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Country

Austria
BelgÍum

Canada

France

Germany

Hungary

India
ftaly
Japan

Korea

Norvtay

Roumanla

Spairl

Sudan

Sn¡eden

Sv¡itzerl-and

USA

USSR

Yugoslavi-a

TABLE 1

BULB UNTTS OVER 1.0 MhI

Commissioned
0r

CIe Order

2l+

l+

6

91

55

4
'7

1

t6
6

t

2

3

10

9

B

58

9

Planned

25

l+

1

9

9

TOTTAL

Total

2l+

l+

31-

95

55

l+

7

1

t6
6

¿

9

11

3

10

9

11

58

9

365



Operati¡rg Peatu{es; of E:lb Tfpe Units

it

In order to realize the benefits of bulb turbi¡re the
generator stator is minjmized. This results j¡ much

H than for a comparable verticaf- unit and results i.n

time constant T ,a

!5.

diameter of the
smal-ler rotor i¡lerLía
a smal-l acceleratíon

a)

The r¡ater passage of bulb turbines is hydro dynamically zuperior to
vertical units. The latter having spiral cases and right angle change

of direcùion j¡rto the draft tube. In bulb units higher velocities can

be tolerated and lead to high values of water starting time Tr, This

departure of water starting time To, from vertical r:nits results ín:

Degradatign o{ Cfveryrl*¡Itro]

Tirere is degradat ion of speed control vrhen operating the unit
isolated from the system but when unít is synchronized to the

system, speed control is no problem as long as effective
excitation control is mai¡taj¡red. llithout automatic voltage
regulatíonr pole slipping is possible.

High ovglspeed on lgad R$lggb:þn

Unit will reach higher overspeed on load reJection and this is due

to large h¡ater starting time T". The gate timfng cannot be reduced

very much because this wiLl rezuIt i¡r uater hammer and separation

of water columnr Ðd high fncrease in water presstre on the lntake
side. That is why these units are desi-gned for higher overspeed on

load reJectLon.

Erlb unlts at Jenpeg are deslgned for sustaj¡ed runaway speed and no

j¡rtake headgates are provided, Tr,¡o sets of steel sioplogs for two

i:rtakes are provided, one for no¡rnal unwaterlng and one for emergency use

j¡¡ the event of the r.ricket gates faiJ.lrrg to close.

b)
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The br¡lb r¡nits, lihere applíeabIe, have a rn¡mber of advantages over con-

ventional vertical Kaplan units and result in an overall economical

powerhouse designr zuch ast

a) High specific output (smal-I dlameter rur:ner)

b) Inrproved cavitatlon characterlstics
c) fmproved draft tube efficiencY
d) Slmpllfled powerhouse desi-gn

Some of the typical data for Jerpeg units is glven bel-ot¡l

I,lechanlcal Starting Tjme consfant T* 1.8 seconds

I'later Starting Tjme constant T* Ào9 seconds

Gate Timing 10 seconds

B1ade ûpøring TÍme 20 seeonds

Blade Closing Time 1-{O seconds

Maxjmum overspeed on full load reJection
under rated conditions with normal
governor operaLion ßq"

ft 1s estjmated that the water surroundj¡g the rutner tends to increase

the effective mechanical starting tjme constant T*. For Jenpeg unlts

this j¡rcrease is considered to be j¡ the order of 0.8 seconds, thus

j¡creasing the total mechanical startj¡rg time T,n to 2.6 seconds"

3.3 Bulb Î.æe-Ulrits at JenPeg

The Jenpeg Generatj¡g Sbation is located sane 32O miles north of Winnipeg

and is a part of lhe Lake llj¡uripeg Regulation ProJect, the main purpose

of rvhich is to regulate water levels and outflot+s of Lake Wj¡mipeg which

fOrms a large reserwoir for the Nelson River. The head at Jenpeg varies

from 16 feet to 40"6 feetn The operati'g range for bulb turbines has

been selectecl from t6 to 35 feeL and the rated head is 2l+ feeL' For net

heads j¡ excess of 35 feet the units will be shut dol¡n.
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Because of the variation in head and the duration of time the units will
opprate at heads other than ratedr it v¡as considered necessary to use

Kap1an units. I,{hile the cost of the bulb units is somevrhat higher than

for the vertical type units, the overall cost of the powerhouse is some

15% Lovter for the butb type units. The bulb unit selected for Jenpeg

has a nomi¡ra] rating 28 MlJr 0.9 pov¡er factor leading and is supplied by

USSR?t10t12.

Each unit consists of a horizontal Kap1an turbine driving the generator

and forms the maJor part of the bulb. The governort excitation systemt

generator bus duct, }ubrication systemr generator cooling water a¡d bus

duct j¡stallation are the other sub-systems associated vrith the bul-b

¡nit" Some of the pertinent data for Jenpeg Stationrs bulb units is as

follows:

General Data

No. of turbj¡re generator urits
Type of ueits
Spacing in polerhouse

Diameter of bul-b

Length

Turbi-ne and_ Generator

Rated Head

Maxjmum @eratíng Head

Minjmum ûperating Head

Tr¡rbine O¡P¡t at Rated Head

Maximum OutPut

Rated Discharge

h,¡nner Diameter

No. of Blades

No. of t'licket Gates

6

Kaplan (variable
62 ft"
3I fL.
77 fL (overall)

Data

2h fL.
35 fL.
16 ft,
28,90O kW

32,000 kti

1J rPOO cfs
2l+"61+ fi-.
l+

1.6

pitch propeller)



Ttrbi¡e and Ger¡erator

Rating
Voltage

Synchronous Reactance

Transient Reaclance

Sub-lransient React enc e

Cooling

Rated Speed

Runar,ray Speed - On Cam,

Iù:nar+ay Speed - Off Cam.

The general arrangement 'of generator

is shown Ín Figure 3.1,

18.

Data

28 MW, 31.1 l{V.A 0.t power factor
Å.16 l(V

0.84 pu

o,32 w
O.2Ì¡ pa

Demi¡eralized l,later (notor & Stator)
62.I rpn
1ÀO rpn

1!2 rp:r

and turbi¡i"lO to form the bulb unit

Cro.çs. section o/ Jcr4teg hulb tttrbíne generaror. Key ro nuntbers: l: stator,2: tvic.ket gute assentbl¡,;3: runner víth movcable /l¡iales,,l: rrrnner chontbe,
and dralt tube,5: bulb on concrete pier,6: gc¡terator rotor aild stator, T:
tttai¡ttt¡tttnce access tube,8: thrtt.rt hearings, g; btarings o/ brtlb ttnit.

FTGURE 3.,l"

GÐ,IEAAL ABRANGII{NN' OF BULB TUNBINE AND GtsTM.ATOR

lo)
l'lÍl
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3.L. Cgvernor System Jpl: :lgpe,g Units

The governors are the electric h¡rd¡¿¿1ic type with adjustable temporary

droop and derivative gain characteristics. The governor system for
Jenpeg uníts Ís required to control t,he speed of 1or+ j¡erbia units,
Hydraulic torque fl-uctuations of buJ.b turbi:res give rise to fast speed

fluctuations ruhich governi:rg system rmrst control for stable operation of
the unit. The controlh¡rg functions are achieved by electrical circuits
which j¡ turn control the output of a suitable transducer and through

few stages of hydraulic amplification operate the main serr¡ornotors. A

brief rerrier'¡ of the governor equipnent for Jenpeg units is given belott:

Speed -!gq-qin8

The speed signal is derived from the AC generator mor¡nLed on the

main generator shaft and is connected to the dead band der¡-ice"

Derivative Term

The signal from the dead band device is applied to the input of
operational amplifier through nC derivative circuit. The derivative
tj-rne const¿nt T- is adjust,able j¡r this module.

n

Pe_rga¡rsll ancì Temporq,ry ft"oop

The signal from derivative term module ís applied to error signal

amplifier along r'rith speed adJust signal" Permanenl and t,emporary

droop signals are also proui-ded as input to the error signal amp-

U-fÍer and are derived as shotun jn the Figure 3.2" hovision is
al-so made to transfer settj¡gs from no-load to on-load operation

dependent upon ûr auxiliary cont,act of the generalor breaker.

Permanent and temporary droop settings provide negative feedback

across the high gai:r error signal amplifier and determi¡e the for-

ward proporbíonal- gail of the governor system'
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Pov¡er funpl-ifier

I

The outpr:t of error signal amplifier is further anrplified to raise
the porver'level of the sígnal sufficiently to operate the coils of
the electro-hydraulic transduceru Fower amplifíer (SSa) ¿so
accepbs as in¡nrt signals from load adJust device and gate feedback

transducero Âmplified output is applied to the transducer coll
l¡here it is converted into mechanieal outputn

Transducer and Hydraulic Amplifier

Transducer consists of rilg shaped permanent magnet and spring sus-

pended coil arranged in the gap, I'lhen power amplifler outpr:t signal
is applied to the coil, it moves upward or do¡¡nward depending upon

the direction of current f1ow, the distance being proporbional- to
the level of the signal-o When cojl- is de-energized it is held i¡r¡

the middle position by springs, The coil movement leads to piston
plirnger¡ s upward or dov¡nv¡ard displacement.

hovision is made for governor operation r:nder manual or automatic

control. Gr manual controlr the output from electrical circuits of
the governor is discorurected and the tr¿nsducer output signaJ- has

no effect on the movement of the piston plunger"

BIqdS and Gate Distrlluti¡g _t/_alves

Separate dist¡ibuting valves are provided for blacle and gate dis-
placements" Þovision is made for control of gate valve plunger

through gate limit shaft lever on manual and automatic control'
Bl-ade valve plunger is controlled by blade control mechanisrn

manually or by three dimensionaf (3n) cam automatically' Movement

of the gate dístributing valve plunger disturbs the force balance

on sen¡omotor piston by directing the pressure oil to one side of
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the gate se¡womotor. Upon gate mor¡ement the restoring shaft

rotates and lur:rs 3D cam, thus tÌisplacing blade dlstributing valr.e

plunger to control the oil- flor¿ to the opening or closing side of
the bl-ade 'serryomotoro The blade servomotor positions the blades at

a neÌ.¡ angle in compliance v¡ith gate-b1ade relationship for the given

, head. Fip¡rles 3.3(a) awl 'i.3(b) represent the detailed and

simplified block diagram of Jenpeg gor.rernor system.

PermanenJ, _Maßn-e!_ GeneraSot

As the gale and blade displacement take placer the unít speed

changes and is fed back to the speed sensor by Il'fG outpr:t. ÏT4G is
driven by Lhe unit shaft and provicìes AC voltage to the goverrlor

speed sensor, tachomete:: and the overspeed protection relay"

The governor potrer ilppIy units are also fed by H'fG output. At

and above BUf" rat ed speed the }}JG output is applied to the governor

circuits and povler supply units.

In additlon to Lhe above the follol*ing addlLional- control mechanisms of
governor system for bulb type units are necessary and a brlef description

of their fi¡nctions Ís also provided.

3"1+.1 åtart-Sþp [esþanislr

To start the unil, starting solenoid j.s energized uhich remo',¡es the

sprj-ng held latch thereby releasing the plunger upward under a

spring force thus permitting the wicket gates to openn I'ihen

starblng procedrrre is completed, the starting solenoid is de-

energized. To stop Lhe uníto shutdolun solenoid is energized v¡hich

displaces the plunger dol;rrt+ard ruhere it is latched by a spring

loacled latch. Oil pressure is supplied to the upper side of the

piston rezultilg j¡r a dotrnward movement to fully close the ricket
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gateso l,l'nen the gales are fulIy closed and the r:nit has come to
ful} siop, shutclor'rn solenoid is de.-energized, Itlormally the djs-
t,ributing valve pl-unger is slightly dispiaced for closing from the
centred position thus directilg oiI ¡rressrr::e to produce an

additional force to keep the gates c'l osed"

Speed Iq-Load Mechanis:ni

This mechanisrn is used Lo set the vricket gat,es at startl¡g Bate
openirg ancì limits the r.ricket gates from openÍng more than star*,i16
ga'ue openi-ng" This is achjeved by a solenoici r,¡hich is called speed

no-Ioad solenoid. The speed no-load solenoici Ís energizeC at unít
star-b arrd. limiLs the gate opening 'bo starting gate opening, tr'lheir

t,he generaior is synchronized to the system the speed no-IoaC
mecharrj-sm is de*energized thus allor+ing the viicl<el gates ^Lo open up

Lo 1@^

This rnechanj-sr arso prov-ides contact,s of limit, sr¡itches for control
a.ncl anm:nciation"

Gate and Blade Control Mechanism

For ma-xi;num turbine effíciency under various heads the correct
relaiionship between the turbine gate positj-ons and blade angles

should be maj:ntained" To achieve prcper relationshíp betrveen blade
angles end gate positìons, a tlrree dj¡ensional carn has been designed

on basis of experj-mental curves to provicleoptirnrun turbine
efficiency at any gat,e openfug and head.

Due to load changesu gate mo.¡ement takes place and through t,he re-
storing shaft mechanisin and addÍtional. mechaeical linkagesthe 3Ð cam

is rotatecl to displace a plunger lo control the oi] flor¡ to the

opening or closing side of the blade angle ser-vomotor v,'hích
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positions the blades at a nevr angle according to gate-b1ade

relationship for a gíven head, Blade ser¡r'omotor restorj¡g
connections recentre the displaced prungers thereby stoppíng the
movement of blade seromotor.

Effect of Head on 3D Cam Fbsition

PosÍtion of 30 cam is adJusted according to variatlons j¡ head.

th:is control of 3D cam position ca¡ be manual or automatic. T:1

automatic mode of operation, upcn change of head, a signal is
generated j¡ the governor which upon amplification moves the 3D cam

through a motor and gear arraJr,gement to a predetermi¡ed pos-
itíon for the new headu The movement of 3D cam rotates a feedback
potentiometer and a feedback signal ís appl-ied to the amplifier in
the governor cubicle.

This mechenisn also modifies the value of starbing gate openlng in
accordance t+ith head deviation and protects the unit from overload
by ljnritilrg the val-ue of mexjmum gate opening rthen head j¡rcreases.

This is achieved by the rvedge r.rj-th tno profiles and being moved by

3D camo The upper profile li¡nits the maxjmum opening and lhe l-ov¡er

profiJ-e l-jmits the starbing opening at a given head. Startilg gate

opening decreases on high head and increases on lolr head.

hog.ramEd Closi¡g Mechanig

The purpose of the programrned closing isr

i) To provide blade angle control at tnit starb and shutdov¡n"

ii) To provide progratnned closilg of the wicket gates and

tilting of the blades at l-oad reJection.

Programmed closing is energised when blade tilt solenola (ffS) 1s

energizedo As a result r¡icket gates are closed to a predeterrnÍned
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and pre-adjusted Élate opening and blade angl-e is changed to the

blade angle adjusted for unit starbing.

liJhen w'icket gates are closed, energizi-:rg and de-energizing the

blade tilt, solenoid does not effect the v¡'icket gates but the blade

angle on1y. Trio speed sr.ritches are prov-ided to control BTS during

r:nit starb, stop and at load rejectionn

A si-ngle 1j¡re schematic of Jenpeg governor system v¡hich shot'rs the

relationship of the above mentioned mechanisms is given in Figure 3"1+,

The effect of these mechanisms upon the speed characterfstics of the

units is presented in the following Chapter.
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4"1-

l+. FÏELD TESTS ÀIVD RËTJLTS

General

hevious chapters describe the governor equipnent for hydraulic turbines
and this chapter deals r.¡ith field tests neeessary to make governor adJust-
ments for proper operatíon of the bulb type units under different lcad
conditÍons, The test results obtai¡red durÍ-ng field tests are also
discussed" Thes;e tests i¡clude off ljne and on Ii-ne operation and adJust-
ments r¡hen the unit is der,¡atered. Governor response to srnall disturbences
at speed no-l-oad and t'¡hen s¡mchronized to the system are reported. The

operation and effect of various adjustments on speed control of the unit
duri-:eg load rejection tests are also presentedn

l+,2 Unit Starb on Governor Control

iJhen unit start is i¡ritiat"d 7t11 the uni.t start solenoid and blade biIt,
solenoid (grs) are energized. The gate opening limiter moves Lo ra(fl.

and the unit gates open to a start,j¡g gate opening position. The re*
stori¡g corurectlons recentre gate opening prunger through restoring
cabler welght, eccentric levers, etc. B1ades are set at the starting
angle by blade tilt solenoid and the control of blade angle is IOFT C.ÂJ4r

r:ntil the unit reaches 5Ø. raLed speed"

The r:nit accel erates and aL 5Ø" rated speed a speed svritch de-energizes
blade tllt sorenoicl' At the same tj.me the control of brade angle is
transferred to rON CAM! and blade angle changes to a predetermined gate

and blade characteristics" O'rce the predetermined reIat,Íonship of gate-
bl-ade control is reached, the restoring connections recentre the bl-ade

servomotot' plunger"

ùrce the speed ¡'eaches Sfl' of ratecl speeci,

placed in operation a¡rd aL 70C$ rated speed

under governor control and r+ickel gates are

opening" Then the u¡iit ce.¡r be manually or

1,he goveirror círcuíts are

the vricket gates are Flaced
posi"tloned at speed no-load

autornatically s¡mchronized to
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the system and upon generator breaker closing¡ speed no-load solenoid is
de-energized and gate openlng li¡rit dependent upon speed no-load
mechanism is removed permitting the gates to open up to |Oq".

Figures 4.1 (a) to 4.t (e) shor.r the gate openíng

position during unit start for various value,c of

l{here: Permanent speed droop

Temporary speed droop

Damping tjrne cons+"ant

Acceleration time constant

and

D
P

blacie angle

Btr Td and Trr.

B=p

Bt

T
d

Tn

l+.3 Governor.&esf,onse to Sma1l Stg>_Disturbance at Speed No-load

trce utÍt start has been succe.ssfuJ-ly completed the next test is to
check the governor response and make adjustments to temporary and

permenent droop, acceleration llme and damping t,ime constant. The gate

and speed Lraces'r,;ere recorcìed for various va_l_ues of B_, 8,, T, and Tp' L" d n
and are shor^¡n in Fi¡¡-rre-., 1+"2 (a) to /r"2 (d). lt ca¡ bà seen from

Figure l+.2 lhat the adjustmen'L of T' value can either make governor

response da,mped or osciflatoryn

The effeci of differenl values of Br, Td, BO and T. on speed end gate

curves j-s also presenlerì 1n Appendix C, The cal-ibration cur-¡es for
these gain adjustments along r.¡ith a basic governor block diagram are

also included"

The simulation of load rejection at speed no-load is carried out to
determine the resp'onse of lhe unit follor+ing l-oad rejection r+hen s¡m-

chronÍzed to the syslem. Figure 4"2 (d) is such a -cÍnulation caried
out ¿rt s¡reed no*'Ioad" The gate, speed a¡d blade angle rvere recorderÌ
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L.h

and are shor'flx in Figure 4.2 (d). The successfur completion of these
Çests and adJustment of governon parameters means that the unit is
ready for synchronization to the system.

CI: Li¡re Respogse to Load Comma¡d Si.grals

Once the governor response ís checked, the unit can be s¡rnchronized to
the system" The response of the unít to load command signal is deter-
mi¡ed by generatirg a load cormnand signal by adjusting the load adjust
settero The gate openilg and blade angle traces recorded duri-ng varj-ous
modes of operation, defined belovr, are presented in Figures L+,3 (a) to
4'3 (e).

i) unit sta¡t up to speed no-road, synchronizi-ng and loading

ii) Load changes irn Jy', sLeps

iii) Sl-or.¡ unj:rterrupted loading and unloadilg

i.t) Fast uninterrupted loading and unloading

Figure 4'3 (a) shows the gate position and blade angl-e traces obtai:red
for unit start to speed no-loadu s¡rnchronization and unit loading. Gate
position and blade angl-e traces recorded duri.:rg 51, l.oaa step increases
and decreases are shov¿n in Figure 4.3 (b) and 4.3 (c). Gate position
and blade angle obtained during unj¡terrupted slol,r and fast loading and
unloading of the unit are given in Figures l+.3 (a) and l+,3 ("). These
tesls will j¡dicate if there are any oscillations at a parbicular gate
opening r,¿hich may require a change in goverrror adjustments"

Governor Opela_tion During Load Rgjsqtion

The speed of the unit increases followlng load reJecüion, a si6par
ro¡ver speed is generated in electrical part of the governor and is

l+.5













applied to the transducer cojL to close r+icket gates.

lJhen unit speed reaches 7151" of rated, blade til-t soLenoid is energized.

and progranrsned closing mechanism fi¡nctions to bri-ng unit speed Lo l1¡fo,
l{icket gates are closed to a position equal to or less than the start
openÍ:lg gate position" The contror of wicket gates from electro-
hJ.draulic transducer is di-sconnected aL IIJí" speed and upon energizi¡g
the blade tilt solenoid, the blade tilt mechanism operates and adJusts
the blade angle to starting angle and is lorov¡n as blades are IOFF CAMI"

The v;icket gates and starting blade angle remai¡ held until the unit
deccelerates to the rated speed at v¡hich time blade tilt solenoid is
de-energizedo The unit speed control Ís transferrecl over to governor
through electro-hydraulic transducer and v¡icket gaie changes to speed

no-load opening posftion and blade tiÌt mechanÍsm is released so thal
blade angle control is placed tChT CAl,lr.

l+o5"! Hard Shutdom

This is a type of load reJection when the load is disconnected from the
u¡rit and this renrlts j¡ turbl¡e wicket gates closing to zero and the
bl-ade angle moves to starting angle" The unit overspeeds first then
speed decreases and the ur¡it comes to complete stop. Hard shutdov¡n takes
places for a fauLt Ì{ithi-r¡ the r¡nit, for example:

i) excitatj.on system faults

ii) generator faul-ts

iii) governor faults

i'rr) prirne mover faults

Under these condltions the uni-t is shutdov¡n by the goverrror. If for
søne reason the goverîor fails to close the w"icket gates and shutdown
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l+.5.1nI

the unitr the rurit speed will j¡crease and overspeed protection operates
to bring dov¡r the head gates. At Jenpeg Generating Station there are no
head gates provided for overspeed protection of the unft,. The r¡nit is
designed to sustain runaway speed for a few hours which r,ritl be required
to place the stop logs Ín the j¡take passage. .At Jenpeg the hard shut-
dov,'tÌ ca.n take place under the follovring two conditions:

a) The governor closes the nicket gates and brings the unit speed to
Z€fOr

b) The ernergency valve operates and cl-oses the v¡tcket gates and by-
passes the governor actuator.

Each of these conditlons r,rill rezult in dlfferent gate, blade angre and

speed characterÍstics.

Governor Control and Protection

Whenever the unlt is required to be shutdovnr due to a fault, the generator
breaker wilJ- open by protection and a Load reJection will take p1ace. As

the unlt speed Lncreases, the speed error slgnal wlll operate 'bhrough the
transdr¡cer to close the r,ricket gateso Ls the speed lncreases Lo LrJ$,
t,he brade tilt solenoid w:iIl energ'ize, whleh in turn vrllr close the
wicket gates to a position selected for the prograruned cJ-osirg" The bl-ade

angle also changes to the starblng angle" The gates r.¡ill- elose at the
maxjmum rate of gate closing determined by the gate tirning adþstment.
Thls is the no¡mal operation of the goverrror during hard shutdor+n for
vertÍcal t¡rpe units. At Jenpeg GeneratÍng statfon this mode of
operation for the govennor j-s not used due to possible water hammer

problems on the tailrace side of the unlt. It ls thor.r.ght that water
hammer wlIl occur lf the ¡d-cket gates close at, the maxlnn¡m rate because

the r¡ater ff-ow vrlll be sudder¡.Ly stopped. Therefore no-load rejectlon



lt6'

tests (hard shutdovm) under govemor

avoid counter thmst on the bear:í:rgn

the uniL to zero speed fs used u'hich

4.5,!"2 nlerggr¡qy$ets_glos,ine_gelvq

control have bem carried out to
A rnodi-fled mecha:rLsn to shutdov¡n

is explalned 1n the nexb sectlonn

Normally the ønergency gate closi.ng valve l¡tl-1 be used if there is a

failure j¡ the actuator. It i.s jntended lo close the vd-cket gates ¡rnder

thÍs condjtion' the actuator failure is sensed by n'ronítoring the
posltÍon of the dlstributing val-.re ¡'¡he¡r the unit speecl lncreases to l15fi"
Upon fallure of the actuator the e-flergency gate closing valve is
energized and governor oil- unde¡'pres$rre is ùirectly applied to the
closi.:eg side of the gate selvomotor" Tt¡e rr'j-cket gates are cl-c¡sed and

the unit 1s bmught dor^¡n to zero speed, this is sjmjl-ar to head gates
trip c'n conventl.c¡na1 verblcal type turbj-ne uni-ts" Fiead gates rdl1 drop
if the unit speed reaches the overspeed trip setting" T:r most cases

this +¡ilL happen only 1f the go'vemor did not operate comectly'. Â

number of operati-ons of emergenüy gate closing valve aL ?fl", SØ, lsf,
and loof vricket gate opening lvere carried out. The u¡it speed, gaüe

opening eurd blade angle recorded during these tests ar.e reported in
.Apperrclix D"

Grce the emergency gate cJ-osing valve Ís energized, the r¡icket gates

close at a lov¡er gate closing rate to a pre-adþst,ed gate opening
normally )@o, v.,hen prograffmed closing mechanisrn takes ovoro This prog-
ramrned closing mechanism ls. dlfferent from the one v¡hich is energized
by the blade tilt solenoid and r+as explai¡ed in section 3.Lo5, The

ernergency progÌanrned closing slows the rate of gate closlng thereby
reducirg the possibility of v¡ater hamrnero

Figure /o.4 (a) shor+s the speed resÞonse follovring a hard shutdor,rr by lhe
use of the emergency gate closÍ.mg valve from 7 , 1lo, 28 and 30.8 mW out-
put levels.
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sPmD RËPoNSE CHARACTERISI'ICS rÐR ?, 14r 28 At{D 30.8 Ml{ LOAD
RE.IMTIG'I (MNP SHUTDOIdN) BT B{ENOTNCT S,IDE VALYE OPTRATICS.I
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l+.5 "2 Soft Shutdorvn

This is the type of load rejection r.¡hen the l-oad is discoru:ected from
the r¡rit and this results i¡ o.¡erspeed and the r¡nit speed returns to
rated value under governor control. The r:nit speed does not drop to
zero folloraing loss of load. This may be the rezult of a fault on the
transmission netnork j¡terconnecting the unit to the porrer system or alty
other operatlon which isolates the unít frorn the system. For all these
faults it is i¡tended to keep the unit running and speed is brought dovnt
to speed no-load under governor control. These conditions are sÍmuLaùeci
by opening the generator breaker and gate openingo bLade angle and unit
speed is recorded and are shor,¡r in Figures t+.5 (a) to 4"5 (d). It can
be seen that the response is a fi:nction of various gaín setting and
adþstment of varj-ous rnecha¡rísm. Load reJections vrere carried out at
25fi, 5UÃ, 75fi and 10@ load valueso The results are reviev¡ed to check
the maxjmum overspeed value and the speed response v¡hether it is stabLe
follovriag each load reJectiono A nurnber of adJustments vrere made to
gail val-ues and other mechanj-sms j¡r the gor"rer:nor and seríes of l_oad

reJections tests vJere carried outn These test rezults are given in
Appendix E.

A brief outlj¡le of various adjustments of these mechanisms is given heren

l+"5 12.7 Governor Control. rn'ith Speed No-Load Solenoig

Normally speed no-load solenoid li;nits the maxjmum gate openilg rvhen the
unit 1s not synchronized to the system. Ilnder this condition the speed

no-Ioad soÌenoid is energized and this is controrled by an auxilÍary
contact of the generator breaker. In most cases generator breaker opens
ar¡d load reJection takes place and the generator speed is brought dovnr

to rated speed under goverrìor control. The effect of adJustment of gate
opening urìiit by speed no-l-oad solenoid on the speed response of the
rurit 1s also studled and ls reporbed in Appendlx E.



f ¡i

i;;:i
:T:
t-

!:¡:Lg:
:::trr :'

: r::
t:

ÊÊÈzog
H8ËÊ{:)
f-ì E
Fl q2
C5

4Eoa f¡l cDøA- SBtr\ ÈT¡ H
açt-I EH
H <Þ
g Ê:f¡i Þ. <'3û

FË
F*o Éf40
E:{ h
c5

f:

:TI

+-'-r-'- -
1 ---
I'i :,:
I.---
1:: :'

l--.]-t": l:

i rj,;

l::i

t::::
L:=:t.--.
E:=:

r-::'r:t:;: ; l:t -_ :'

l=

-- 
'f

t:ta:

t.

Hr

f,;+f
i+

:-

ã

J

+,-

¡¡
F

Tii

r.Ë

È:ri.

:Å

;{

i l --_''i7'
:lt¡1

(:

+!i

T¡I
::il

l-.

*-:-1.

:L:+

-- rt-ï.

-ri-

l

i:i=

f:{:];
ifr"t

-r-l

\:i;:.1:.t::

1--

Ei:.
-lr

,*

ã\-i;,1
::

f¡l

..j'-f--

:+

---t

È+j ,

=l

Ti;

:=

rö

I;F:::

t:

:=:j::

=:1.::::li

;+:;

::IT
:tir

t:1

'--- i-

.=::j:a:.:
--'-+-.- .
:::: l_: ::

:ì:::-lj.!-:j

:::: i ::i l

:i;Ì:::;:
--,1 -..-.. !-+-.---.

...t

.{

-.-l
t¡:l

a
o\-t



50.

.; ¡ lJ;ii, I rr.,r , r. - ¡.:..r.È

.l+r+l-J.¡r,.- ¡..,, I....1...
i+Ê-a' l--- I ..*+*-+*l
. i J ¡ l.,. r L t., ¡,. ', ¡. ¡,,1., ¡

:i::!::: ii:: li::: i:l ::r:l::l

: : : : i : : : :J.:: : : I : : : : | : :: : : : : : :1 : : : ; I ::t : | ; :: :i : ; ; : l;: : : J :: ; : I l; : : :

....1..'|i,..t... 1.'. ¡....1....¡r,; l'.'.1.''.{'-.';,.,,¡.,.:
''_ti 

!d-_ I i r .], I L.rr+r-tt.È.{¡H4rrrr.

:nÈ!ËEifì : : I i :: :I : : ::i : : : I : : : i : : :: | : : : : I : : :' l "'; ""' 1. "'

;:::t:::ll;i::l
::::i:::: l:::::.'..1..-.1r.-..
+
;ll:il;:l11iì:il:::lr i: l:::l l

iilüIlili:Ililiilïri:i

fi

F.TGIRE A.5 (b)

GATE oPnIING, SPEEÐ AM BLADE AI{GLE RmoRDED
FOR 21 M!{ LO¡.D REIECTICN SOFT SHUTDO}IN
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FrGunB 4,5 (c)

GAÎE oPm¡ING, SPEED .AND BTADE AIIGLE RtroRDrD

FOR 26 M'I{ IOAD R&IWTTßI SOFT SHIJTDOI(IN
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GATE OPITüING ÂTID SPEED TRACB RæORDED
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l+.5n2.2 Govenror control. nithout speed No-Loa{ solenoid

rn few cases the generator breaker may not open although the road has
been removed from the r¡nit. This can be as a result of a disturbance on
the system which rezults 1n the openlng of transmission 1j¡e breaker at
the far e¡rd of the l-ine. Under this condition the speed no-Ioad solenoj-d
rernains de*energized and rezults in no umit for gate openi¡g due to
speed no-load solenoidn This conditlon is simulated rvhile carryilg load
reJection tests a¡rd its effect on speed response is determi¡ed, Test
results are reported i¡ .å,ppendix E"

l+. 5.2"3 Fosrammed gl_oe.irrß ControÅ

This mechanism has quite an effect upon the speed response of the unlt
following a }osd reJection. Elade tílt solsroid controls the operatj-on
of this mechanismo The blade tiLt solenoid 1s energized whsrever the
unit speed 1¡creases to lt5fi-I2Ø and de-energlzes r¿hen the unlt speeci

drops between 94 ætd roul. This is the time duration r,¡hen the prog-
rammed closing control effects the speed response of the unit, r¡Ihen

blade tilt solenoid is energized the programmed. closlng mechanign r¡ill
close the wieket gates to a pre-adJusted gate opening ancl blade angle le
changed to blade angle adjus',,ed for r¡nit starting" The effect of prcg-
rammed cÌosing mechanisn depends upon the forlovrlng adJustments:

i) tlnit speed when programmed closi'g mechanisrn begins

ii) unit speed when progranmed closing mechanisrn stops

íil) Starblng blade angle 1n degrees

i") hogrannned closing gate opening

A number of load reJectlons were earried out for various adJustments of
progrsjnmed closi-ng meêhanis¡n ar¡d the test results obtained are reporbed
1n.A'ppendj-x E" It can be seen that r,¡hen urit speed drops to rated speed,



54"

t+'6

blade t1}t solenoid ls de-energized, the speed ls controlled by governor
by uslng speed error signaln The wicket gates are not at speed no-load
position and blade angle control is transferred to rcf,rl cA¡,fr "

Normgl tlnit .Ðutdo]E

For normal operation, the operator should be able to start, synchronize
and load the unit" This has beer covered i¡r the earlier sections" Grce
the r¡nit is carryilg load and is required to be shutdolvir by the operator
either f¡rcm relote or local control, the operator initíates the shutdov¡n

and the following sequence of events take placee

i) unloading seJ-s¡m is energÍzed to crose the r+'icket gates to the
speed no-load gate opening,

ii) t{t¡en the ruri'b output drops to zeroo the rrnJ-oading selsyn is de-
energfzed.

iii) The generator circuit breal(er opens at approximately no-Load ald
the shutdorcn solenoid ís energlzed, thus causing the wicket gates
to ftrlly close through the operatlon of mechanical mechanis¡n Í¡
the actuator.

i.',') At approrirnately J$ gaile openi:rg the blades are set to the
starting blade angle.

The unit comes to complete sbop and is now ready to be süarbed and

qmchronized to the system and to pick up loadn

It should be noted here that the operation of the unit governor ùrrilg
normal shutdor+n 1n:itiated by the operator is quite differsrt compared

to either hard shutdov¡r or soft shutdoi'¡n discussed i¡ the earh-er
sections.
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5. COIVCI,USJTONS

A general reviev¡ of speed control of generators dri-ven b¡,, hidraul_ic turbi¡res
and the use of various t;'pe-e of governor equiprnent has been earried out. The
sig,ificant differences betv¡een various types of governors have been ctiscussed.
The proper operation of govetnors in a povrer syslern is quite i'nportant, The
necessary tests to check the perfor:mance of the unit and acljustments of various
parameter-' anri. their effect on speed response of the unit are reportedo

The speed rise follor-ring a load rejection of bulb type horizontal r¡nits ís higher
than vertical- type units" This is due to low l¡ertla of the generator and tur-
bine combined. Therefore governoï aclJustments are made to linit o.,¡erspeed and
to achfeve sbable response when speed is returning to rated speedo .Âlthough
ühe gate tj¡ne a¡rd blade ùime adJustmsrts determj¡e the maxj¡rum rate of gate and
blade angle ciranges and has a most sig¡rtficant effect upon the speed respon.se of
the unit,, these adjustments are mad.e r,¡hen ttre unit 1s de-t¡atered. The acijustment
of tønporary droopr peIrrranellt droop, dashpot time constant and acceleration tj,rne
constant are made during governor response tests at speed no-loado 'lhese adjust-
ments can be charrged even r,¡hen the unit j.s on Ij:re, Generally these adJustments
are made at speed no-l-oad.

Tt has been shour¡ that the follol,rilg adJustmerits also effect the speed response
of the unit, under stud¡¡:

i) The speed setting va-'lue at which blade tilt sol-enoid picks up and drops
out" This in turn initiates prCIgrafiüned ciosi_ng meehar-risn.

ü) Starti:ng blade angle i^n degrees"

111) Gate positlon setti-ng for progr€mmecl closing,

iv) Speed no-load (start,ing) gate openìag lj$il.

v) Gate posi.tion switch settir¡g rihen spcect no*load solenold fs energlzed.
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A series of fiel-d test rezults were obtai¡ed for various combinations of these

settingsl It can be seen that a very jqdieious fleld test pnrgran is neeessary

to determine the optimum settings for al.l these adjustments to obtain satis-
factory speed response. Drring these tests a number of other parameters are

also recorded to check the effect of operation of the unit upon these parametersn

For example, shafl run outts, water pressure dor,n:stream and upstream, beari-:rg

nur outss, excitatÍon system parameters, etco

The effect of various galn values and oüher adþstments upon the speed response

of the unit follovrlng load rejection have beer¡ reported j:r the prev-ious chapters"

The mosL ser¡sitÍve gai-n adþstment is found lo be acceleration time constant Tr"

A larger value of T' results in a¡ oscil-Iatory responsec Ternporary droop B,

and dashpot tjme constant TO are adJusted to provide a damped responseo The

effeet of additional adJustments avallable as listed preuiously ls al-so quite
signiflcant as can be seen from load reJection test resuLts. the fmporLanee of
field test prograrn for proper adþstment of governor system has best demonstrated"

A f\rrlher work can be carried out by a'computer sj¡n¡lation of this problem to
determj¡e the governor settings for a desired speed response and rezults cdn-

pared w:ith field data. The effect of varlous cqnbj¡rations of gaf:r settings on

the speed response of the r:nit can also be studied by comprter sj¡m¡lation. The

difference between field test results and comprrter sjrrul-ation study results can

also be analyzed,

The prrpose of this proJect report as outli¡ed earlier has beer completed and a

scope for furLher work has been included, T.t has been demonstrated that a

series of tests are necessary to arrive at a fj¡al set of adjustme¡rts to achieve

a desired speed response of bulb type units r,¡hen subjected to zudden load
changes"
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APPEND]Ï A

The most commonly used terms durlng the stud.y of governor systems are defj¡ed

and a mebhod to determj¡re some of the pârameters are presented under the

follor,ring headlngs:

i) Glossary of Terms

ii) Restoring Ratio

iii) Tønporary Droop and Dashpot Constant

i.r) Cafcul-atlon of Water Starting Tirne

v) Measurement of TemPorary DruoP

vi) Calcu.1-at ion of l4echanlcal Startl¡g Time

y1i) Calculatlon of Change of Speed D¡e to Load ReJection
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(i) GlgQÞAry*oi_!rnyÞ

1. Acceleration * Rate of change of speed with respect t,o time; usually
expressed in terms of percent per second"

2o Co.mpen-sgtign - A modification of the gate rnotion jritrodueed to prevent

overLravel of the gates a¡d thus produce stabilíty. Compensation 1n a
governor produces transient (tempo:'ary) speed droop"

3" Dead Band - Total- magnitude of the sustaÍned speed change wj,thi¡ l.rhich

there ls no resultilg measurable change j-n the position of the turbi¡e
gates"

l+o Hturti¡rg - A rhythmic variation of speed t,¡hich can be ellmi¡ated by

blocking the go'.'ernor r,rith load gate ljmit but uhich vá11 re-appear
when control i.s returned to t,he governoro

5. lsocll_olgys{gjlj¡.tant. Speed - Speci:Îi.cal1y bhe same average speed

regardless of load.

6o hjme Ffover - rl device v,'hich converts enerry in its natural state into
mechanical or eLectrj.cal pol{erc

7. Sqrsitivitf, - The smallest speed ehange for r+'hich the governor will make

a change of energr medium"

Bo Spee_{Regulatioq - A decrease j:r speed as the load is picked up by the
prime rnover from no load to fuJ.l load rvithout manually changing speed
settllg. ft nray be expressed in rpm or percent.age, or may be shor.¡n
graphically as a cu;.v'e relating sl.ea{v state outprlt to speed.,

9. StabÍ]itf, - The capabill'"y of the gol.rernor system to position the gates

so that mstained oscillations of turbine speed or output are not produceC
by the Bovernor system during operation urder zustained load demand or
follolring a change to a nev¡ sustained load demand. Forced oscillations of
the governor system introduced to reårce friction are excluded,
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10. Load Feedback - The feedback of a signal linearly proportional to
generator output.

LL. Speed Signa1 Generator-S.=,:9"G. - .A device driven by the generator shaft
r¿hj-ch prûùrces a voltage pulse whose frequency is proporbional to unit
speedn

LZ. L.V.D.T. - A feedback transducer for the pilot senro dlsplacement and

is a l-ow rnoltage displ-acement transducer.

73. IrggedUggl - Any device v¡hich changes the electrical sígnal to a

correspondilg mechanical position.

1À, Speed Senso,r - Converts the voltage pulse from the S.S.G. j¡rto an

electrical error signal using lhe unit speed adjustment as a¡ adJustable
reference.

t5. Spe.ed Refel"ence - The speed setling v¡hich the speed sensor refers to in
determi¡ring an off-qpeed condition.

76. Hydraulic Amplifier - Increases the hydraulic po\.rêrc

77. Joj¡tt Load Equalization - Each unit under joint control operation r^rilI
automatically assume an equal share of load to maj:rtajn the station
generation as set by the master station rnegar,ratt control r,¡ithj¡r the
available capacity of the unit regardless of:

a) Changes i¡ net head

b) Restriction of vrater flor+s

c) The addition or subtraction of independently operated or
participating units from the system

18. Hydraulic Trbijrg - A hycìraulic turbj¡e is a prime mover consisti:rg
essentially of a n-mner connected to a shaft, a mechanism for controlling
the quantity of r.rater, and v¡ater passages t,o and from the rullrrêr¡
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Ig. Iurbj4g.Cl_asseå - I,fodern hydraulic turbj-nes are divided i-nto three classes:

a)

b)

Tmrnrlse 1\¡rbine+

jets discharging
of the rurlner r a

and a discharge
kinetic fom"

- Ân impulse turbine 1s one havjJrg one or more free

into an eereateC spâce and impingilg on the buckets
means of controllÍng the rate of faow, a housìlg

passageo The water zupplies energ'y to the runner in

c)

Rea"ctioJr 1\¡rbi*g - A reaction turb'ine is one havj¡g a ttater supply

case, a mechenism for controllj¡g the quantity of v¡ater and for
¿istiibuting it equally over the entire runner j¡take n *9 a draft
tube. The vJater iuppties enerry to the runner partly l¡ kiletic
and partly i:r pressure fortn. There are three principal types of
reactlon turbi¡es as follov¡s¡

i) Francis Turbi:re

if ) /ldjustable-Blade Propeller Turbine (faplan)

iÍi) Fjxed-Blade kopeller Trubi¡re

E:ÞJlps--Units - A buLb turbine is a horizontal l{aplan located i¡r

the v¡ater flow stream" the turbines end generators have horiz,ontal-
shaft arrangement and the bulb is completely zubmerged i¡t t¡ater.
The vricket gate and n:nner chambers are exposed to the turbile pit
to enable ihe removal of turbine com¡:onents v¡jthout disturbj¡g the
generator" A passage vJay betlr'een the tr*o ends of the bulb ls pro-
úi¿ea through Lhe supporting pedestal" The water passage is hydro
dynamlcally superlor to verti.cal u¡rits because of no spiral- cases
and change of direction of water passageo

20,

2:ru Gate Lock - A device to lock the rrlcket gates i-n a given position w1ih

sufflcler¡t strength to resist the fuJ-l foree of the servomoLor"

l/,ø Cushion Devi ce - A nÌeans of retarcìirrg the rale of move¡nenL of the servo-

the closed position.motor piston near

Relief VaÌve - A valve r¡hích autOmatically relieves excessíve preszure ì¡
system"

sþSE - A closed suPPlY Pas-cage

turbi¡e case or from the forebaY if
extenrling from the sr¡rge tank to the

a lcurge tank is not used'

aa

the gorrernlng
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2l+. $ccumulator - A reser¡oir containi¡g oi1 and air tmder pressure for use i¡
the governinþ system.

25" Sump Ta¡& - Â reservoir for the elchaust oil fron governing systemo

26. Shutlþrvl3 Me-chanisms - A device for shutti-ng d.ov.n'r the turbj¡re by remote
control.

a) ComPlete Shgtlowr, SoIgro:LSl - Closes the gates r¡hen one or more Dro-
tective devices function"

b) fartigl=-:gtrutdgl.n solenqid - tloses the gates to a predetermj¡ed
opening uhen one or more protective devices firnction.

c) Reset Mechan'ism - A devfce to reset or.rerease the shutdor¡n
mechanf srn.

d) Automatlc Starb-Stop - A device by means of v¡hich the unit may be

sta¡ted and stopped by remote control.

27" Ballhead - A speed-sensitive element producing a mechanical movemenl,

v¡hich is a function of the change in speed.

a) Etyballs o.r Flws,ighlg - t{eights mounted i¡r such a manner as to
form a rotati-:ng pendulum lvhich is sensitive to speed change.

28" Relay Va1ye_o{_Di_stlibuti¡rg Valr¡g - A valve positioned by a servomotor

controlled by the piJ-ot vplve. It controls the flow of oil or other
medla, which, in turnr operates the turbj¡re-flov¡ control mechanism.

a) *op_"_ - .Adjustable blocks lr'hlch lfunit the dlstrlbuting valve traveL
and so delermj:res the mj¡¡jrm¡m goveryror tjme or the most rapid rate
at v¡hich the governor servomotor piston can travel" Stops are
designated as openilg or closi-:rg stops dependilg on r,¡hether they
IÍnit the opening or closi:rg time"
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29.

30.

Pilot Valve - A snall valve actuated by lol force level sígnals and

designed to handle a relatively sna1l flow of oil. It responds to the
mechanical movements of the governor head and, by controlU¡g the movernent
of the val-ve servomotor, controls the movement of the distributirg va1ve.

Dashpot - f¡rtroduced

produce the desired

j¡r the cornpensati-ng mechanism jn such a manner as to
stabilizj¡g effect.

3!. Se¡vomotor - A hydraul-ic cylinder and piston assembly controlled by the
pilol, val-r,'e (acti-ng through the val-ve servomotor) and usually act,ing on
the energy medium control.

32. Actuator - HydrauJ-ic part of the go.,'ernor that acts on a remote ser-v'o-

motorn

))o Governor Head Drive - The meêrrs used to rotate the gor.ernor head.

Ifechanical Drive - May be either lhrough belts or gearilg,

Eteclric4 Drive_ - May be either through potential transformers in
the driven generator leads, or through an j¡rdependent generaLor
v¡hich is coupled to the mai-:r generator shaft and connected electric-
aÌIy to a motor driven governor headn

at)4. F.estorj¡¡g $echa.Ir:Lgn - Those elements which transmi'L the servomotor move-

ment to the governor mechani-sm to establish proportionality betr+een the
se¡vomotor and the governor mechanism movements.

2C))ç Compensatilrg I'le.çh3Irisrn - l"fodifies the gate movement to prevent overtravel,
thus producing stability" Tt slov¡s dor,m and stops the correcting gate
movsnent before lhe speed has returned to riormal.

36. Manua1 ControÌ - The means whereby the turbj:re-fIow control mechani sm

manually and independent of the goverrror control,may be operated

g"-ersJee.d 9rÈtch - Operated aL a predetermi¡ed overspeed of the unit to
close lhe turbjne gates and/or to sourd an a'l am"

a)

b)

37.
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(ii) RBSTORT}IG RATTO

The pilqt valve is uncentred byl ,

(i) speed rod mechanism

(ii) change in speed sotti-ng

(iii-) goverrror dashpot aclion

(f") speed droop mechanism

This rnovement of the pilot va1.¡e is amplified as a mo\rement of the distril'ut,ing
v^l ve" Restoring ratio equals the ampl.ification of the movernent of pilot valve
to resrrlt i¡t a movement of distrj-buti:rg val-'re. Mechanical restorilg ratio is
shorvn in Figure .A 1.

Physically it is e feedl'racl< across the dlstrlbuting valve and pilot vaIve, ft
is no¡mally referred to 30sL or 20sl- ratio, The ratio of 30t1 neâns vrhen pilot
valve moves 0o01't, the distributi-ng valve moves 30 X 0.01n = 0o3o0r ¿nd tþen the
pi.lot valve is cent,red. This centrÍ:rg, of the pilot valve is caused by a

mechanical linkage called Restoring ratio arm v¡hich has adjustmentso

Speed
Adjust

H4ß
¡jr-gna-E

Gate

"t-:LIOt v alve Distributitg
Valve

Servomotor

Restori:rg

l.{echanica]-
Restorilg RaLio

Temporary SPeed
Ðroop & DamPi-ng

@
I spped ûroop [-- 

-

FIGT]RE IT 1

GOVM}IOR BLOCK DTAGRAÞÍææ
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(iii) Tu.{FoR.ARy rR0op f ¡¡ru DAS}Ìru]' Tr1.ü Îd

Ternporary droop is defined as per uni-t change irì speed frcm zero gate to f\rll-
gate vrith dashpot needl-e valve fully closed.

ldith small values of telnporary droop tl:e machj¡re becomes unst.able and oscillates
about an average speed r+hich is unacceptable operatlng conciition,

The unit becomes o^uite stable if lhe goverrrcr with large lemporary droop and r.rith
large dashpot tjme constant i.s used. Tenrporary droop effect slovrly cì.ecreases

r.rit,h tine depenclent upon the setting of the dashpot needJ-e r¡elve.

Typícal val-ues of temporary Croop are 0.2 to 0.8 pu.

$pical dashpot tjme constants are ?-4A seconds"
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(i") cll,cullTrcntt oF l't.ÂT'm. STARTTNG TII,IE Tw

It is calculated by taki-ng a num.erical j¡rtegration over the entire length of the
h'ater passsge. Thus it can be defined as T = 1 tl_rd a E6,

Where: L = Incremental- section of l','ater passege in ft"
V = VelocÍt)' of r¡ater v¡ithj¡ that section in ft/sec.
g = Acceleration of gravity ín f|fsec2.
h = head in ft.

T-" is imporbant because it has a direct effect on the stabi-lity of the hydraulic
td

system.

For plants j:r service the T, is effected by head and water velocity" The effect
of head on T__ value can be derived as follovrs¡

w

1T' Jh
t1' = Êi'l-

F- ITw Jh

Norma11y T_- j.s i¡ tl¡e order of 0. J Lo 6.0 seconds.'lú

For pl-ants with surge tanks, the calculation of T* is carried out from surge tank
to the draft tube.

Surge tank acts l-jle a temporary Forebay and has no effect on T, value"

eryplg: To, = Å-"9 sec at 26t net head, L.e" ?"3 meters for Jenpeg Units,

For machj¡es r¡ith shorb j¡take, an approxi¡ate value of T-- is
w

given by T-- = 3Ð/H second.s.

lJhere: D = Diameter of the n¡nner i¡r feet
H = Head i:r feet
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(*,) þrEASuRq4Err oF Tn{ponatrr Dnoop 6

Run the unit at speed no load r.rith gove¡nor in ser'\¡.ice.

Disconnect speed no load solenoid.

Depress gate openi¡rg by gate limit to decrease speed by O.1O per unit, i.e.
1Ø" llhen the unit speed is stabilized, close the dashpot needle valve and

record gate posi-tion. Rs¡ove governor l-imit, the w'icket gates w1l1 suddenly

open to a gate opening depending upon temporary droop settiag" Read maximum

gate opening.

The temporary droop 6 = Á. N
A.õ'

Where: áN - 0.1O pu¡ i.ê, 10f speed change

^G 
= 0.554,35 = O"2 pür i. e. 2Oy'" gate openirg change

Itleasured temporary droop 6,n = g:lq = On5 pu, i.en 5O/"
õ.Tö

It is assumed i¡r this method t,hat, the unit speed does not change appreciably

drring the gate transient. ff 6* it not correct value, then the compensatiag

crank or the ratio of the upper floating lever or both are adjusted and the

test is repeated until the correct value is obtai¡red. l{tren the lever has been

changed by repi:rnj:rg in another hole the distributing valve must be recentred.

orce the measu¡ed tempo¡ary droop (6r) is knov¡n, the temporary droop for
analysis or computer simul-ation can be cal-culated as follows¡
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6 t.*po""ry droop = 6, (t - SNL gale openi:rg)

say srIL gate opening = o.35 Fl¡ i"e" 35/" lJhere sl{L = speed no load

6 = l*{r-0.35)
= o" 5(0"65)

= 0"325 t rr i, e. 32"5y'"

lrfhen v¡ater starbj¡rg tirne T" and mechanical starti-ng tlme T, are lqxoltlr the
(^

temporary droopr 0 = 2.5 Tw

r-
m
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(vr) cu,crnaTrc[,t 0F MECHANICAI STARTING TTME Tm

Mechanical starfíng time may be defj¡ed as the time j¡ seconds required to bring

the machj¡e from zero speed to rated speed r¿'ith rated toryue applied.

T," = w3 x (+2r2 x ro-j seconds
1"61 X HP

Where, V¡R2 = Moment of j¡rertia of generator rotor and turbj¡le runner
Ín Ib ft2

R}}f = Rated speed of the machi¡re

HP = Rated horsepouer of turbi¡e

In stability studles i¡teria time constant H is used and is given by subst ituting
KW for HP and dividlng T,o by 2.

H = wn2x1nru)2x10-6
1.ó1 X 1.34 X Kl'l /

x*

H = o,23L x lt¡n2 x (nru)2 x 10-6 seconds

KW

T_ value for Jenpeg Unit is 1,8 secondsn
m

N E ó2.07 RPM

Ì{R2 - 28,/+oo r-b ft2

Grtput = 28.9 M[*l

lyplcaJ. values of T,n are L to 10 secondso
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(vi1) -cALCUrÂIroN- 0r qHANGB pL OVrEÐjtErJp pUE T0 !04!_ 44)_11_0,T-rqry

AW * 
"g_ 

AtãF"
rrhere N = rrumber of generators supplfjng systeft

ãî^t

H = Inertia conslant of one generator on 1CO [,fVA
base (1 p¡r.= 1OO t{VA) Únits t{l,I*Secy''ff{

Pa = Accelerating povrer afLer the disturbånce j¡l pu on
LOO MVA base

AI,l = P.TJ"change in frequency (tZO tf radiams per second base)

At = Change fn tjme j¡¡ seeonds

.Al{ = Pa&

^t 
2lü{

a,Ì'l fur the limit beconres dw

dw = 1 df = Pa (filHz)ãr õãr ffi
or Pa = 2H df:r mãî-

Thus, by measurj¡g glr the p.u,polrer and per unlt overload can be connputed'
dt

Suppose the nraxjmrm frequency occurs at 4 seconds and we want to 1j¡nit
t,his frequency to 6l+ Hz to prevent tripping.

AW = 6/, -óCI = 1 = 0.o66Jpu*zö*- 
ry

AW- Pa at
ãffi

A.0667 = F"g X l+, 'r;here at = { seconds
ffi

Pa=2HNX0"06ó7

lf the load reduction ís lrror^m, ioeo aceeleratJ-ng pwer then the change
il overspeed can be calcul-ated by applicatíon of the same equation as
shorun above*
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ÀTW
ry PI g[, T]l¡oRl',lATIO]l FOLGOVEAI{OR SPEÛ rqlc ATIoN

The three term governor shal-I provide for proportional, integral and

derivative modes of control as d,efi¡red- In the follo'*Í:rg eo'uation'

y = (Ba + B, + Bds)(c-x-V) t(r)
r

Where:

Y = relatíve servomotor stroke deviation

C = relative conrnand signal' deviat'ion

X = relative generator speed deviation

B = Permanent sPeed drooP
p

B, = ProPortional gain

Bi = Integral gai:r

BO = Derivative gain '

All on a per unit basis and Ff"\ represents the transfer
\b/

characleristics of the remainlng amplifyi:rg, stabiliziLng

and hydraulic netrvorks a¡d S is the Laplace @erator'

Adjustable devices should be calibrated directly il1 terrns of B"r Bt

andBorespectivelyandeachshallbej¡dividuallyandirrdependly

ad just able.

Also B" = KL T*

T.-trl

D -Y T"i-'2-m r;
ÌJherel K1r þ are constant'

T,o = Mechanical- Starting Time

k"=rilli".:Ï:fT"TÏl""rarion or rhe soveïnor equatlon is siven

il Figure B 1"

. . :.. .,.a : . .. ... ::.:..r.;t :1l::..:.:.:-:,.:.t:".t 1..'.-



GüIERNOR EQUATTON r = (Ba * li " nus)(c-x-uo") o(.)r

FIGURE B 1 BLocK DIAGRAM P,IPRESBTTATT0N OF C.ovEmOR EQUATTCôI
\ì
\^,
o
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APPEISÐTX C

Governor.response test results obtained,for various gain (Bou Bt, Td, t )

values are given i:r Rlgures C 1 (a) to C 1 (h).

lll¡ere ¡ B_ - Pe¡manent speed droop
P

Bt = lemporåty speed droop
T¿ E DashPot time constant
T_ o Accelerat,ion time constantn

The calÍbratlon charts of these parameters and a basic goverrror signal flow
diagram are also j¡rcluded as shown in Elgure C 2 and. Elgure C 3.
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APPENDIX D

The load reJectlon test results under Cifferent condltions of governor para.-

meters were obtained.

The gate openingr blade angle and speed traces were recorded during load
reJection (Hara shutdown of 7¡ Lt+t zrj 28 and 30.8 MW values)and are
reported here.

1) Tabl-e D 1 and Figure D 1 (a) cover ? lf¡l load reJectÍon hard shutdown.

11) Table D 2 and Flgure D 2 (a) to D 2 (e) cover 14 mt load reJection
hard shutdown.

iii) Tabre D I and Flgure l 3 (a) to D 3 (c) cover 21 t4l^l load reJectton
hard shutdown.

iu) Table D 4 and Figure n t (a) to D 4 (c) cover 28 Ì,fÞl load reJection
hard shutdor¡n.

v) Table D ! and Figure n : (a) cover 30.8 M{ Ioad rejectlon hard
shutdor^nr.
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LOAD REJECTION TESTS
TABLE D 1

PERM.
.ANEM
DROOP

BP

(POS)

TEMPO
.RARY
DROOP

B1

( POs)

x*x

Y' 
-NO 

LOAD VALUES
}+ X 

-ON LINE VALUES
HWL-FOREBAY WATER LEVEL
TWL- TAILRACE WATER LEVEL
SNL- SPEED NO LOAD

REMARKS

HAP'D

SHUÎDO!{N
ry

Energency
Val-ve
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LOAD REJECTION TESTS, TABLE D 2

TEMPO.
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Br
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x tfrr

X _NO LOAD VALUES
ì+ r -ON LINE VALUES
HWL-FOREBAY WATER LEVEL
TWL_ TAILRACE WATER LEVEL
SNL- SPEED NO LOAD

TEMPO.-
-RARY
DROOP
TIME
CONST
( POS)

xxx

.TIVE
TIME
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T¡
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FTGLIFE D z (a)
14 I'{l'I IOAD IEJECTION HÀP.D SHUTDOUN

Frcuffi D 2 (b)
1i* I*I I.OAD N:JECTTON HARÐ SHUIDOUT
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LOAD REJECT¡ON TESTS
TABLE D 3

GROS!
HEAD
FT

TEMPO
.RARY
DROOP

B1

(POs)

X X}t

Þ _NO LOAD VALUES
ì+1( -oN LINE VALUES
HWL-FOREBAY WATER LEVEL
ÏWL_ TAILRACE WATER LEVEL
SNL- SPEED NO LOAD

TEMPO.-
.RARY
DROOP
TIME
CONST
( POS)

XXN

REMARKS
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VALTE
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FrcuRE n 3 (c)
21 Mhr IOAD ÌìBJECTI0N HAR¡ SHUTDOtn't
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Frcunn ¡ 4 (a)
28 M['I IOAD REJBCTION HARD SHUTÐ]¡N
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PERM-
-ANEM
DROOP
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xxx
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-NO 

LOAD VALUES
X X 

-ON LINE VALUES
HWL_FOREBAY WATER LEVEL
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TIME
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FTGURE n ¡ (a)
30.8 MI¡l IOAD REJECTION HARD SHUTDOI{IN



APPMDTX E

The load reJection test results uncler different condltions of governor parameters

were obtai¡red"

The gate openingr blade angle and speed traces were recorded durj¡rg load rejection
6f 7r 1'l*r 2t, 28 and 30.8 ¡4141 values and the tesL resrlts are reporLed hereo

i) Tabl-eE1 andFiguresEl (a)toE1 (e) cover?Ml.iloadrejection soft
shutdot¡no

i1) Table E 2 and Figures E 2 (a) Lo E 2 (¡) cover 14 þftl load reJection soft
shutdown.

iii) Tabl-e E 3 and Figures E J (a) to n 3 (e) cover 21 MtI load reJection soft
shutdorm"

i.r) Table E 4 and Flgures E t (a) to E lr (c) cover 28 MÌ{ load reJectlon soft
shutdoun,

v) Tab1e E 5 and Figure n ¡ (a) .ot"t', 30"8 MI,l load rejection soft shutd.own.

rrf) Rlgures E 6 (a) to E 6 (c) cover the comparison of speed, gate opening and

blade angle obtained for load rejections of f, 1l+, 2L and 28 MW soft shut-
dornn and 28 I{1{ hard shutdorrno
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TABLE E 1

ERM.
\NEN
ìooF
Bp

POS)

TEMFO.
.RARY
DROOP

B1

(Pos)

x xlr

É 
-NO 

LOAD VALUES
X X 

-ON LINE VALUES
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TABLE E2
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5

7OI+.
I
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TEMPO-
.RARY
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El
( POS)

X XX.
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X _NO LOAD VALUES
*jß _ON LINE VALUES
HWL-FOREBAY WATER LEVEL
TWL_ TAILRACE WATER LEVEL
SNL-SPEED NO LOAD
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3
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REMARKS

MWÌT{OR
CONTROL
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Ã
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2(

e/e
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5

0.05

4.0

tQ50

2050
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e/q
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L550
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Soft
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