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On Apri l  23, 1946, n ine  t e s t s  were coxducted on .the hydraul io  

governor o f  Unit  Noo 2 at  Green Mountain Ponerpla:ut, t h e  gens ra l  

ataangemerrt of whioh i s  shown i n  Figure lo In t e s t s 1  t o  6, various'  

l oads  were r e j e c t e d  by c i r c u i t  breaker shu tdm,  solenoid  shutdowqand 

manual shutdowno I n  t o s t s  7 t o  9, d i f f e r e n t  s e t t i n g s  of t h e  daehpot by- 

pass needle  va lve  were used while  t h e  t u r b i n e  was ninning a t  synchronous 

speed a t  t h e  no-load g a t e  posi t ion0 During a l l  of t h e  nine tests a 

simultaneous time record  was taken of t h e  movement of varioua parts of 

the govercor and t h e  pressure and sped changes a t  t h e  turb ine0 

The prpose of t h e s e  t e s t s  was t o  a s c e r t a i n  t h e  waterhammar 

p ressu re  and speed changes due t o  changes i n  load a t  t h e  tu rb ine ,  This  

W o r m a t i o n  i s  of va lue  in the des ign  of future penstockso 

~ C R I P P I O N  OF GOVERITOR O ~ T I O N  

A diagr-tic arrangement of t h e  various parts of the Wood- 

ward Governor tested, i s  shown i n  Figure 20 

(1) For normal operat ions 

The gwerncrr head 3.8 d r i v e n  by a synchronous motor a t  a d e f i n i t e  

ape& r a t i o  t;o t h e  t u r b i n e  sped0 A n  i nc rease  i n  tu rb ine  sped w i l l  move 

the f l y b a l l s  outward and cause t h o  speeder  rod t o  move d m r d  The 

speeder rod connects through two sets  of l eve r s  t o  t h e  p i l o t  va lve  

and w i l l  move t h e  p i l o t  va lve  plunger dawn0 The movement of t h o  p i l o t  

valve and t h e  subsequent flaw of o i l  t o  t h e  r e l a y m l v e  c o n t r o l  plunger 

w i l l  move t h e  relay valve down0 The f l m  of o i l  into t h e  servomot;or 

oylinder w i l l  then move t h e  servomotor p i s ton  and cause tho  ga tes  t o  move 





FIGURE 2 



servomot;or closos the ga tes ,  t h o  l a r g e  dashpot plunger moves up a pro- 

por t iona l  d l s t m c e  s inoe  ik i s  connected t o  t h o  servmlotor p i s ton  through 

:..he r e s t o r i n g  cableo  For ench movument of the  l a r g e  dashpot plunger t h e  

small plunger is  moved a proport ional  mount  i n  the  opposi te  directions 

If t h e  bypass i s  s e t  properly, t h e  emall dashpot plunger ac t ing  on t h e  

upper f l o a t i n g  l e v e r  w i l l  r eccn te r  t h e  p i l o t  valve j u s t  as the  g a t e s  

reach .the proper pos i t iono  The dashpot bypass w i l l  then y e m i t  the small 

dashpot p l u q e r  t o  r e t u r n  t o  its normal c e n t r a l  pos i t ion  in uuioon wi th  

t h e  r e t u r n  of t h e  f l y b a l l s  to t h e i r  normal pos i t iono  

(2) For manual shutdown through t h e  main r e l a y  valveo 

In order t o  manually c lose  t h e  ga tes  by means of t h e  main relay 

valve ,  t h e  t r a n ~ f e r  valve must first be s e t  f o r  manual oant ro l  o f  the  

main r e i a y  valve. Turning t h e  gato l5mi.t; h o b  countcrolockrriso w i l l  

t h m  c lose  tho g a t e  t o  any des i red  s e t t i n g *  Tho r o t a t i o n  of t h o  gnte  

1-imit knob acks -t;hrough links and l e v e r s  .to t h e  ga te  l i m i t  s t o p  arm 

which a c t s  on t h e  t o p  of the pi1ot:valve plungero This will f o r c e  t h e  

p i l o t  valve plunger dwrn and w i l l  cause the  r o l a y  valve t o  move down 

which will  start t ho  gatos t o  close0 

(3)  For solenoid shutdown of t h e  tu rb ino 'ga tes r  

Turbine shutdown w i t h  tho  solonoid can be accomplished e i t h e r  

manually wi th  tho solenoid switch o r  automatical ly through tho  s a f e t y  

overspeed shutdown device. Then the  solonoid i s  t r ipped,  t h e  s a f e t y  

latch i s  re leased ard Yne rnovernent.is t r ans fe r red  through levoras t o  fo rce  

t h e  p i l o t  va1v.i down, This movsmcnt w i l l  move the  main r e l a y  down and 

start; t h e  gates t o  c loseo  



Table 1 s l lm t he  oonditions exis t ing a t  Unit No. 2 f o r  the 

nine t e s t e r  

Table 1 

. a Gate : :Dashpot a Posit ion of 
I :position : :a\rxilary :dashpot 

Test :Load tat load : tbypass :needla valve 
I?o Q :re jeoted :re jectjon:Bdethod of load r e  jeotiont operative rbypass . . a : : 
1 : 6,000 kw : Oe450 scirouit-breaker shutd-r Yea :5/8 turn open 

2 L r r : 
2 r 6,000 kw s 00450 *Circuit-breaker shutdaffnr No :5/8 %urn open 

r t t : : 
3 r 6,000 kas 2 0.450 :Solenoid shutdown t No :6/8 tuPn open 

: I t t 8 
4 r 6,000 los : 00M5 :Manual s h u t d m  t No :6/8 t u r n  o p  

I . 8 . . 
6 :11,400 kw : lo0W  circuit-breaker e h u t d m :  No r5/8 turn open 

I 1 t t : 
6 t 3,000 kw : 0.270 rcircuit-breaker shutdown: No t5/8 turn open 

t I t : : 
7 r ~ 0 0 4 ~ *  : - - - - - - - - - - -  . - -r No t5/8 t u r n o p  

: . t 1 t 
8 1 - - - - - r ~ 0 0 4 5 a  r - - - - - - - - - - a -  - r  as r 5/8 turn open 

t I t t t 
g 1 - - - - - : 0 0 @ 6 +  : - - o w - - - - - - - - .  . Yes :1/8t tvnopen 

t I : s r 
*No load gate posit ion 

During these t e s t s  a sixultaneous t i n e  record was taken of the  

following : 

(a)  Movement of t h e  speeder rod. 

(b) Moveanent of the p i lo t . va lve  plunger. 

(o) Mement  of t h e  main,-relay valve plunger. 

(d) Movement of t h e  large plunger i n  the  oompensating dtMhpota 

(e) Movement of t h e  small plunger in t he  compensating dashpot. 

( f )  Turbine gate position. 

(g) Bnstock pressure a t  the  turbine gates. 

(h) Generator voltage navo a t  Unit lo. 2 ( ~ h a n ~ e s  i n  turbine speed were 

taken from this record) 



(i) Generator cu r ren t  wave a t  Unit Noo 2. 

(j) Voltage wnve of ou t s ide  t ransmiss ion  l i n e o  

DESCRIFTI ON OF TEST EQIJI F?dENT 

The t i m e  h i s t o r y  of t h e  movmont of the va r ious  pnr t s  of t h e  

governor was obtainad by mounting d i a l  &ages at appropr i a t e  poin ts  an t h o  

governor art6 photographin& tilo motion of t h e  d i a l s  by means of three 

motion p i c t u r e  cameras a s  shorn1 i n  Figure 30 The movmcnt of t h e  tu rb ine  

gn'ces was obtailwd with a n  a d s i t i o n a l  motion p i c t u r o  camera by photograph- 

ing t h o  g a b  p o s i t i o n  ind ica to r  which i s  loca ted  on t h e  f r o n t  p m o l  of 

t h e  governor cabinet .  Symchroniza-tion of a l l  motion p i c t u r e  records  w ~ e  

accomplishecl by photoq,re.phing s t o p  watches i n  tho  f i e l d  of view of eaoh 

amera and a l s o  by ?hotographing t h e  l i g h t i n g  of a s i g r ~ l  l ight ;  a t  t h o  

start of each t e s t a  
3 .  

Tho t ima hiskory o f  penstocks pressures was measured by mans 

of a s p e c i a l  pressure  ce l l  which was designed t o  record  on an element 

of an osc i l log rapho  Z'he pressure c o l l  had been praoiously aKi.ibrated 

f o r  200 and 250 feet of water fiy means of a mercury columnvrbd.ch is  

loca ted  i n  the powerplant. 

The t ime h i s t o r y  of t h e  voltago wave m d  c u r r e n t  mvo a+ Unit 

Noo 2 and t h e  voltaglo wave of t h e  outs ide  l i n e  were moasured by moons of 

sopara to  elernerits on t h e  asci'ilograph. Tho tima h i s t o r y  of t h o  speed 

changes of Unit No 2 was obtained by oclmpubation fruin t h e  voltage-wave 

record 



View of in ter ior  of governox cabinet during t e s t  of Unit N o .  2 ,  
Green Mountain Power Plant.  

-8- FIGURE 3 



RESULTS EASED ON GOVERNOR TESTS 

m e  t h e  history of t he  movement of t he  various par ts  of the  

gavernor, turbine gates  and the  presswe and speed changes a t  t h e  turbine 

are shown i n  Figures 4 t o  11 for  t e s t s  1 t o  8, inclusive. For the no-load 

oondition of t e s t a  7 and 8 w i t h  the deshpot needle-valve bypass, 5/8 turn 

own, the governor hunting was sewre .  For the  no-load condition of t e s t  

9, with t h e  dashpot, needle-valve bypass. 1/8 turn open, t he  gate gosikion 

remained steady a t  0,045 gate and there  ptaer no appreciable m o m e n t  of 

the  p i lo t  valve, re lay valve, dashpot plungers, or change in  turbine 

a p e d  o r  penstock pressure. The governor hunting condition with t h e  

dashpot needle-valve bypass, 518 turn open. does not represent a d- 

f m t i o n  of the governor but is  a normal condition which oan ocow when- 

m e r  the  dashpot compensation is reduced too much. 

. 
DFWT-TUBE SURGE FSTS - 

After We amplet ion of the  t e s t s  described above, a se r i e s  

o f  t e s t s  were conducted t o  measure the  magnitude and frequency of dr&- 

tube surges a t  various gate openings. For theae t e s t s  a time h is tory  of 

the pressure ohangee immediately below t h e  turbine runner wae measured by ' 

means of an element of the oso!.llograph and the pressure o e l l  which had 

been modified t o  give greater sensi t ivi ty .  Biolultaneoualy a t h e  reoord 

o f  the c u m e ~ t  and voltage a t  Unit Noc 2 was a l so  reaorded on separate 

elements of %he ssci1log:raph. T h e  conclusions based on the  resu l t s  of 

these t e s t s  are included, in the  following paragraph. 

The following oonclusions mtyr be reached as a re su l t  of these 

t e a t s  a 



TIME IN S E C O N D S  
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FIGURE I t  



(a) Essent"ral1y l i n e a r  ga te  c losures  can b e  obtained from any gate 

pos iti one 

(b) The s e n s i t i v i t y  of  t h e  f l y b a l l  governor head is  suoh t h a t  t he  

main r e l a y  valve  is  opened wide f o r  sudden load changes of one-fourth 

full load or l e s s o  

(o 1 The w i d a g e ,  f r i o t i o n ,  and open-circuit  core l o s s e s  i n  t h e  uni t  

t e s t ed  aro estimated at  425 ki lowat ts  a t  t 5 e  normal speed of 257 rpmo 

(d) The estimated time f o r  a u n i t  t o  c o a s t  t o  a s t o p  from normal 

apesd of 257 rpn. i s  6 minutes= 

( e )  The increase  i n  pressure due t o  waterhamner caused by governor 

hunting is  30 f e e t  of water  when t h e  .turbine is operat ing under a gross 

head of  19721 fee t0  

(f) The d r a f t  tube  surge amplitude a t  0,49 g a t e  varies from minus 

12*3 f e e t  t o  pltls g03 f e e t o  This g a t e  opaning gave t h e  maximum p m e r  

w i n g s  a 

The draft- tube surge frequency a t  0049 gate  i s  a b m t  64 cycles  

per minuteo 

(h) The excess pressures and speed r i s e  caused by t h e  r e j e c t i o n  of  

various loads a r e  as f o l l m :  



t r ~ l n n n m  r 1 

: Maximum r oomputed a r Maximum 
r measured 1 pressure s Computed t measured 

b : pressure : based on t inorease i n  r speed rise 
z a t  turbine r linear z pressure 1 in peroent 
: irmluding r ga t s  r due t o  : of n o ~ m ~ 1  

h Load re jec ted  t m t e r b m e r  r closure t waterhammar t speed 
t r I 

3,000 kw r 217 f e e t  r 223 f e e t  r 34 f e e t  r 10 
t 2 t 

6,000 kw r 226,242 f e e t  t 230 f o e t  r 41 f e e t  s 28, 29 
(2 .bests) I I 

6,000 ktR t 231 f e e t  : 233 f e e t  : 44 f e e t  t 0* 
(solenoid s h u M d t  a . r 

6 oOOO kw : 235 f e e t  : 235 f e e t  t 46 f e e t  : 0* 
(manual shutdown) : I I : 

11,500 h r 230 f e e t  1 232 f e e t  r 43 fee* t 66 
I : r I 

*No speed r i s e  for these  t e s t s  as t h e  un i t  remained in synchronism with 
t he  r e s t  of tho syst-e 

(i) The voltage r i s e  a t  Unit Noo 2 upon the re jec t ion  of f u l l  load l a  

16.3 peroent of t h e  normal generator voltage, 

( 3 )  For mall load changes such as ocour under nowal  operation the  

rolay valve makes only small movements from i ts  normal posit ion midway 

between the stops hind the  governor operates in precisely  tho same way 

as it would i f  the r e l ay  valve stops were removed. Thwe would, there- 

fore,  be no gain i n  governor ab i l i ky  under normal oonditions i f  t h e  stops 

were r e s e t  t o  permit faster operation under abnormal or mergenay oondi- 

t ions  of load addit ions or rejections.  

Length of 16-foot 0-imh diameter aonarete lined tunnel = 151 f e d .  

Length of 18-foot 0-inch diameter concrete l ined tunnel - 569 feet, 

Length of 102-inch diameter sf;sel penstoak 844 feet .  

Length of 84-inah diameter s t e e l  penstock - 4 9  fee t .  
a 



. , 

Reservoir e l e v a t i o n  during tes t s  'p788609 fo&o 

Tailwater su r faoa  elevat50n during t e s t s  - 7689 06 f wt * 

Groas bead on t h o  turbine 19703 f eoto  

Mumbor of genera t ing  u n i t s  i n  paverplant,  2 a  

Speed of gonerator  turbine u n i t  7' 257 rpmo 

Normal gonerator vol tage  a 6,900 v o l t s  

2 
VR2 of gonerator  = 2,000,000 1b0 f t o  0 

2 
llm2 of t u r b i n e  = 00.000 ib. f t ~  9 

Governor s e t  f o r  c losure  from full g a t e  t o  zero gate in 13 

seconds during t e s t s o  

Gonerutor r a t e d  at 12,000 k ~ a n  

Generator i rmufacturor  - A l l i s  Chalmers Corporationo 

Turhirle r a t e d  at 15,OOi) hp, f o r  n e t  head of 185 f e e t o  

Turbine manufacturer Nowport N m  Shipbuilding and D r y  Do& 

CCJmpanyo 

Hydraulic t u r b i n e  data is shown i n  F'iil;ure 120 

Govo.mor m u f  act.urer - moodward. Gwornor Companyo 

Favernor designed f o r  maximum r a t e  of closure from f u l l  ga te  

The fo l lowing  personnel a s s i s t e d  i n  the  conduct of those t o s t s :  

Charles W o  Thorns and Robart Ho K e m i c h  of the Engineering and G ~ Q -  

l o g i o a l  Control ancl Research Division, F'rnnk W o  Taylor of t h e  Technical 

Engineering Analysis Sect ign ,  Goneral En@:ieoring Division, and John Yo 

Qec of Regional Office No, 7 0  

20 





maohinist end bfr. Handy, pipefitter a t  Green Mountain Powerplant a l s o  ooa- 
, 

tributed valuable assistance in the conduct of  the tests. 

The following prsonnel from the Technical Engineering Analysis 

Seotion, Ganeral Engineering Division,.assisted in the analysis o f  test 

data and computationst Robort E. Glover, Ed. Fa Ward, W. C. Moxrtgamary, 

R. Saxton, C. L. Canner, C. C. Crawford, and F, W. Taylor. 


