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INTRODUCTION

On April 23, 1946, nine tests were comlucted on the hydraulic
governor of Unit No. 2 at Green Mountain Powerpldnt, the gensral
arrangement of which is shown in Figure 1. In testsl to 6, various
loads were rejected by circuit breaker shutdown, solenoid shutdown,and
marmal shutdown. In tests 7 to 9, different settings of the dashpot by-
pass needle valve were used while the turbine was running at symchronous
speed at the no-load gate position. During all of the nine tests a
similtaneous time record was taken of the movement of various parts of
the governor and the pressure and speed changes at the turbine.

The purpose of these tests was to ascertain the waterhammer
pressure and speed changes due to changes in load at the turbine. This

information is of value in the design of future penstocks.

DESCRIPTION OF GOVERNOR OPERATION

A diagrammatic arrangement of the variocus parts of the Wood-
ward Governor tested, is shown in Figure 2.
(1) For normal operation:
The governor head is driven by a synchronous motor at a definite

speed ratio to the turbine speed. An increase in turbine speed will move

the flyballs outward and cause the speeder rod to move downward. The

speeder rod connects through two sets of levers to the pilot wvalve

and will move the pilot wvalve plunger down. The movement of the pilot
valve end the subsequent flow of o0il to the relay valve control plunger
will move the relay valve downe The flow of 0il into the servomotor

cylinder will then move the servomotor piston and cause the gates to move
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in the closing direction in order to return the speed to normal, As the

servomotor closes the gates, the large dashpot plunger moves up a pro-
portional distance since it is connected to the servomotor piston through
the restoring cables For each movement of the large dashpot plunger the
smail plunger is moved a proportional amount in the opposite direction.
I the bypess is set properly, the small dashpot blunger acting on the
upper floating lever will recenter the pilot valve just as the gates
reach the proper position. The dashpot bypass will then permit the small
dashpot plunger to return to its normal central position in unison with
the return of the flyballs to their normal positione

(2) For manual shutdown through the main relay valve:

In order to manually close the gates by means of the main relay
valve, the transfer valve must first be set for manual control of the
main relay valve. Turning the gate limit knob counterclockwise will
then close the gate to any desired setting. The rotation of tho gate
1imit knob acts through links and levers to the gate limit stop arm
which acts on the top of the pilot valve plunger. This will force the
pilot valve plunger down and will cause the relay valve to move down
which will start the gates tc closes

(3) For solenoid shutdown of the turbine gates:

Turbine shutdown with the solenoid can he accomplished either
manually with the solenoid switch or automatically through the safety
overspeed shutdown device. When the solenocid is tripped, the safety
latech is released and the movement. is transferred through levers to force
the pilot velv: down. This movsment will mowve the main relay down and

gtart the gates to closeo




DESCRIPTION OF GOVERNOR TESTS

Table 1 shows the conditions existing at Unit Noe. 2 for the
nine tests:

Table 1

: :1Gate : :Dashpot :Position of
s sposition : sauxilary :dashpot
Test:Load sat load 3 ‘ s bypass :needle valve
No.:rejected :rejection:Method of load rejectionioperative:bypass
H : :
0,450 sCirouit-breaker shutdowns Yes :5/8 turn open
: : :
00450  iCircuit-breaker shutdowm; No  3:5/8 open

1 6,000 kw

2 6,000 kw

H $
0,450 :Solenocid shutdown No :5/8
H
00,445 sManual shutdown

6,000 kw

4
6,000 lav No 315/8

4 08 86 93 o6 ws e e qe

1,000  :Circuit-breaker shutdomm
3 g
0,270 sCircuit-breaker shutdowm: No s 5/ 8

11,400 kw No 15/8

@R 8% 00 95 08 04 00 W 8 ¥ ee

: 3,000 lw
H
8- - - - -
3

8’-:---—

9 e - ==

$
No :5/8
H
Yes :5/8
4
11/8
H H H
*No load gate positicn

H
H
H
14
4
H
3
4
H

During these tests a simltaneous time record was taken of the

following:

(a) Movement of the speeder rod.

(b) Movement of the pilot valve plunger.

(¢) Movement of the main-relay valve plungere

(d) Movement of the large plunger in the compensating dashpote

(e) Movement of the small plunger in the compensating dashpots

(f) Turbine gate position.

(g) Penstock pressure at the turbine gates.

(h) Generator voltage wave at Unit No. 2 (Changes in turbine speed were

taken from this record)




(1) Generator current wave at Unit Noo 2.

(3) vVoltage wave of outside transmission line.

DESCRIPTION OF TEST EQUIPMENT

The time history of the movemont of the various parts of the
governor was obtained by mounting diel gages at appropriate points on the
governor and photographing tho motion of the dials by means of three
motion picture cameras as ghovm in Figure 3. The movement of the turbine
gotes was obtained with an additional motion picture camera by photograph-
ing the gate position indicator which is located on the front panel of
the governor cabinet. Synchronization of all motion picture records was
accomplished by photographing stop watches in the field of view of each
camera and also by photographing the lighting of a signal light at the
start of each tests

. The timoe history of pemstocks pressures wﬁé measured by msans
of a special pressure cell which was designed to record on an element

of an oscillograph. The pressure coll had been previously ealibrated

for 200 and 250 feet of water by means of a mercury columm which is
located in the powerplant.

The time history of the voltage wave and current wave at Unit
Noo 2 and the voltage wave of the outside line were measured by means of

separato elements on the osciilograph. The time history of the speed

changes of Unit No. 2 was obtained by computation from the voltage-wave

rezordo



View of interior of governor cabinet during test of Unit No. 2,
Green Mountain Power Plant.

FIGURE 3




RESULTS BASED ON GOVERNOR TESTS

The time history of the movement of the warious parts of the

governor, turbine gates and the pressure and speed changes at the turbine

are shown in Figures 4 to 11 for tests 1 to 8, inclysives For the no-load
condition of tests 7 and 8 with the deshpot needle-valve bypass, 5/8 turn
open, the governor hunting was severe. For the no~load condition of test
9, with the dashpot needle-valve b&pass. L/8 turn open, the gate position
remained steady at 0.045 gate and there was no appreciable movement of

the pilot valve, relay valve, dashpot plungers, or change in turbine

spesd or penstock pressure. - The governor hunting condition with the
dashpot needle-valve bypass. 5/8 turn open. does not represent a mal-
function of the governor but is a normal condition which can ccour whene

ever the dashpot compensation is reduced too muche

DRAFT-TUBE SURGE TESTS

After the completion of the tests described above, a series

of testes were conducted to measure the magnitude and frequency of draft-
tube surges at various gate openings. For thgae tests a tima‘history of
the pressure chenges immediately below the turbine rummer was measured by
means of an element of the oscillograph and the pressure cell which had
been modified to give greater sensitivity, Simltaneously a time record
of the current and voltage at Unit Noo 2 was also recorded on separate
alements of the oscillograph. The conclusions based on the results of

these tests are included in the following paragraphe

CONCLUSTIONS
Tﬁe following conclusions may be reached as a result of these

tosts:
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(a) Esseniially linear gate closures can be obtained from any gate
positione

(b) The sensitivity of the flyball governor head is such that the

main relay valve is opened wide for sudden load changes of one-fourth

full load or less,

(6) The windage, friction, and open-circuit core losses in the unit
tested are estimated at 425 kilowatts at the normal speed of 2E7 rpme

(d) The estimated time for a unit to coast to a stop from normal
speed of 257 rpm is 6 minutese

(e) The incremse in pressure due to waterhammer caused by governor
minting is 30 feet of water when the turbine is operating under a gross
head of 197.3 feets

(f) The dreft tube surge amplitude at 0.49 gate varies from mimus
12.3 feet to plus 9.3 feet. This gate opening gave the maximum power
cwingse

(g) The draft-tube surge freguency at 00,49 gate is about 64 cycles
per minutes

(h) The excess pressures and speed rise caused by the rejection of

various loads are as follows:




Table IXI

Maximm
ocomputed
pressure
baged on
linear
gate
closure

Maximm
measured
pressure
at turbine
inoluding

H
H Maximum
H

b3

:

Ioad rejected : waterhammer

3

H

3

:

3

measured
speed rise
in perocent
of normal
speead

Computed
increase in
pressure
due to

wa terhammer

3,000 kw 34 feet 10
6,000 kw
(2 tests)
6,000 kw
(solenoid shutdowns
6,000 kw 235 feet
(manual shutdown)
11,500 kw 230 feet
3 - i

“No speed rise for these tests as the unit remained in synchronism with
the rest of the system,

226,242 feet : 230 foet : 41 feet 28, =9

231 feet 233 feet : 44 feet Ox

235 feet : 45 feet

3
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3
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]
217 feet t 223 feot
H
:
3
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H
1

232 feet : 43 feet 65
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$
4
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)]
H
H
4
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(1) The voltage rise at Unit No. 2 upon the rejection of full load is
1643 percent of the normal generator voltage.

(j) Por small load changes such as ocour under normal operation the
relay velve makes only small movements from its normal position midway
betwesn the stops and the governmor operates in precisely the same way
as it would 1f the relay valve stops were removed. Thpre would, there=-
fore, be no gain in governor abllity under normal oconditions if the stops
were reset to permit faster operation under abnormgl or emergency condie

tions of load additions or rejections.

BASIC DATA
Léngth of l6=foot O~inch diameter conorete lined tunnel = 151 feet.
Length of 18=foot O=inch diameter concrete lined tumnel = 569 feet.
Length of 102~inch diameter stesel penstock = 844 feet.

Length of 84-inch diameter steel penstock = 49 feet.

»




Weve travel time (I¢Q5'= 0,452 seooﬁdso

Reservoir elevation during bests =,7886s9 foete
Tailwater surface elevation during tests = 7689.6 feet.
Gross head on the Turbine = 197.5 feot,

Mumber of generating units in powerplant, 2.

Speed of generator turbine unit % 257 rpm.

Normal generator vcltage = 6,900 voltss

WRZ of generator = 2,000,000 1b. ftozo

WR2 of turbine = 80,000 1be. ftozq

Governor set for closure from full gate to zero gate in 13

seconds during tests.
Gonerstor rated at 12,000 kva.
Generator manufacturer -~ Allis Chalmers Corporatione
Turbine rated at 15,000 hp, for net head of 185 feseto
. Turbine manufacturer « Newport News Shipbuilding and Dry Dock
Company.
Hydraulic turbine data is shown in Figure 12,
Governor manufacturer - Woodward.Governor Companyo
Governor designed for maximum rate of closure from full gate

to zero gate in 4 secondso
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