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PREFACE 

Energy is cne of the prerequisites fcr rural development in developing countries 

while, at the sane time, a wor?dwide scarcity cf the traditional energy resources 

of the industrial era is ii-n,inent. 

Kany governments of dei<‘oping ccur,tries have realised the huge potential of hydr, 

power, a sc far rostly untappe? feneb:able energy resource not only in the megawatt 

range, hilt a?so on a small scale (10 - 1OC kW), which seems the most appropriate 

for rural village electrification. It is mostly cost that has stood in the way c- 

speedy and large scale deveTopn!ent of small hydro power potentials. Imported and 

sophisticated equipment beccme s costlier and costlier and is in most cases ncti 

economicaily feasible. This applies mostly to hydraulic equipment such as wate) 

turbines, accessories and governing devices. The case is different for alterntitr, 

and switchgear which are produced in great number in industrialised countries a:-< 

are therefore relatively cheap 

Experience in i;eFlal shows that it is possible to reduce costs of hydro electric 

generation ;JXIjei.tS vastly b!~ rinimising civil engineering and structural works 

and b.y pr,:rj~ci ?g h;trji.ai;Y ,'I: eauipments in local workshops with simple designs ar 

teChtIG~ 3;:, . 

Nonavailability of a simple mechanical governor has long been a major obstacle '. 

implementing small hydr; projects with acceptable standards of safety. The SW'!-; 

Asscriation for Technical Assistance, HELVETAS, in Zurich has sponsored a project 

to develop a simple governor that would be sufficiently accurate and reliable 

and could be manufactured by local workshops in Nepal. The work was undertaken 

by i4essrs. H. Scheuer, A. Kilchmann and Ii. Jaeckle at the Institute of l!ydraulics 

under Prof. Dr. B. Chaix of the Swiss Federal University of Technology (ETH) at 

Zurich, Switzerland, with the financial assistance of Service Overseas, Stuttqar'. 

Field infcrmation and criteria for design were supplied by Balaju Yantra Shala (1, 

Ltd. BYS, Nepal, where a prototype was built and tested in early 1979. The gover- 

nor was designed for operating the gate of a Cross Flow Turbine (Banki), but ma) 

in fact be utilised on the ?cw regulator of any turbine. Because of a lack of 

other ci;sigrs cf simple gcvernors c ?nd dtie to successful testing and introducticr, 

Gf t!l!s cjcternor ?'n Qepal, it was decided to prepare a instruction manual that r'i' 

enable ctner crgarisations and‘individua!; to adapt this governor to tb.eir own 

T;ee.d5 ar::; in:pry;e i; f,:-ther as a ctctriSutiori to the design of simple but re- 
1jJb'e hj$i~~Uf ic eqcjpr.ect fcr STliF?! e-cctricity generation units. 
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1, I~~D~TIoN 

For the control of hydraulic turbine used for electricity generation, there are 

basically two possibilities: 

a) load control, where the flow of water through the turbine is kept constant 

and where therefore the load has to be kept constant within tolerable 

limits. This is achieved today mainly with electronic controllers that 

switch any part of the load not consumed by the regular circuit into a 

ballast circuit thus keeping the total load on the turbine-alternator 

set constant; 

b) flow control, of which the governor described here is an example and where 

the volume of water flowing through the turbine is adjusted depending on 

the load on the turbine-generator set. 

Beth systems keep the. speed of the turbine within tolerable limits which, in turn, 

results in a voltage and frequency of the generator that, remains within a 

specified range. 

There exist virtually dozens of designs of governing devices for flow control. 

Host are complex, costly, difficult to manufacture for a not specialised workshop 

and really more accurate than dould be required for a village electrification 

scheme on a small scale. 

For the sake of simplicity, the governor presented here was designed as 

proportional governor, where each part load on the generator results in a respec- 

tive speed of the turbine, remaining within ;t 10% max. of rated speed, e.g. rated 

speed + 10% at no load and rated speed - 10% at full load. This relatively large 

speed variation ascertains good stability of the system. Initial experience shows 

that it may be possible to,,reduce speed variation to f 5% and still maintain 

sufficient stability. 



2, DESCRIFTION OF- THE SYSTWl 

A mechanical-hydraulic type of governing system was chosen. The working medium is 

water in a open circuit with the working pressure supplied by the head of the tur- 

bine installation. The device consists of the following components : (refer to 

Fig. 1) 

1. Flyball assembly (rentrifugal pendulum) 

2. Throttle / pilot valve system 

3. Lever linkage 

4. Servo cylinder k,ith closing spring 

5. Turbine flow regulator (gate) 

6. k'ater supply iine with filter 

7. Rotating masses (flypiheel etc.) 
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PO= Pressure before throttle 
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/ ,.?g. 1 Schematic of ueneratinq set with aovernor 3 -~ 
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Spring 

FL-WU ASSEMELY 

The centrifugal pendulum is directly mounted on the turbine shaft and serves 

as a tachometer. The flyball mass will shift a pukhrod against a spring de- 

pending of turbine speed. Thus for each turbine speed (within f 105 of rated 

speed} there is a recpect!ve position of the flyball-pushrod. This position 

may be altered by varying the pretension of the flyball assembly spring. - 

This is used for the adjustment of the nominal speed when the governor is 

tuned initially. 

Spring - 

3 - - .Turbine shaft 

Flyballs 
II 

Push rod 

1 Lever Pivot -I 

Fig. 2 Schematic :Flyball assembly 



THROTTLE / PILOT VALVE SYSTEM 

The principal function of these components is to vary the water pressure in 

the servo cylinder as required by varying load conditions of the turbine. Water, 

under the static head of the installation is brought in a separate pipe to the 

governor; it passes first through the throttle and is discharged into the 

turbine pit through the pilot valve. Between throttle and pilot valve, the 

hydraulic cylinder is connected to the system as indicated in fig. 3. 

Head race level 

PO= Pressure before throttle 

Y= PftSSUre on SQrVO cylinder piston 

‘Pilot valve 
with variable 

Fig. 3 : Schematic of T hrottlebilot valve sys tern 

The pressure P1 may be varied by varying the discharge area A2 in the pilot 

The shape of the pilot valve piston is designed such that the characteristic 

PO/P1 over the stroke of the pilot valve is linear, thus making ii_ possible 

a speed and load defined pressure FI, acting on the servo cylinder if the pi 
valve piston is connected via a lever linkage to the flyball/pushrod. 
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LEVER LINKAGE 

The lever as indicated in Fig. 4 serves to transmit the reaction of the 

flyball assembly when turbine speed changes to the pilot valve piston. The 

flyball spring is attached to the same lever, to counteract the flyball 

effect. As mentioned in para. 2.1, the nominal position of the flyball 

pushrod may be adjtisted by a arrangement of varying the spring tension. 

Another arrangement shown in fig. 4 serves to adjust the position of the 

pilot valve piston in relation to the flyball pushrod position. 

Spring 

?’ 

, 
/' 

I' 
Lever' Fulcrum' 

Fig. 4 : Lever Gnkaae (schematic) 

SERV3 CYLIDER / CLOSING SPRING 

Stroke X1 

working point 

This is the actual pcwer component of the governor that moves the turbine 

regulator as corrmanded by the flyball assembly. Hydraulic forces act in the 

direction of opening the turbine gate only while forces required for closing 

are supplied by a helical compression spring. In the stat'c state, as long 

as no load and therefore no speed changes occur, hydraulic forces in the 

cylinder and spring 

speed (load) defined 

gate position initia 

orces are in balance, keeping the turbine gate in a 

position. It is necessary to be able to adjust the 



As shown in fig. 5, an arrangement is therefore made to vary the 

spring tension. 

To pilot valve Flow regulator of turbine 

Fig. 5: Schematic of servo cvlinderklosina swing arranamen~ 

285 TURBINE FLOW REGULATOR 

The gate of the turbine for which the governor was initially designed, 

has a physical shape as indicated in fig. 5. Any other design of the 

flow regulator is however possible, if the hydraulic forces acting on 

it remain within limits. 8ig forces required to move the gate have a 

direct bearing on the size of servo cylinder and closing spring. With 

a unduly large cylinder, governor action may be intolerably slow. 

26 WATER SUPPLY LINE WITH' FILTER 

In most situations it will be necessary to filter the water that is 

used in the governor. A simple basket strainer type of filter was used 

so far. The basket consisting of very fine meshed stainless steel 

gauze has to be removed manually for cleaning. Any particle of foreign 

matter having a size of over 0.04 mm should be removed from the water 

to avoid abrasion or jamming of the pilot valve. Filter pressure re- 

quired is between 2 and 3 meters. The filtered water is collected in a 

tank of approx. 100 l-t volume from where a 50 mm HDPE pipe brings water 

to the governor. Several stop valves are incorporated in the 

installation to make cleaning of the filter, flushing of the line after 



cleaning and "switching on" of the governor possible. The separate governor 

supply line also prevents shock waves that may occur in the penstock pipe from 

adversely affecting the governor performance. 

From 
inlet 

Flush valve *ON/OFF S$UTCHI' 
(in power housai 

Fig.& Schematic of qovernor ~UDP\Y svsten 

217 ROTATIK MASSES 

In a system using a flow control governor, a flywheel is usually incorporated. 

The totality of rotating mass consists then of the,following parts : turbine 

rotor, transmission components such as pulleys and belts or gears of a gear 

box, flywheel, coupling and rotor of the alternator. The value of these ro- 

tating masses may be expressed as the GD2 in units of kg m2 usually reduced to 

the shaft with highest speed, e.g. all masses revolving at lower speed have to 

be multiplied by the inverse speed ratio and may then be added to the masses 

revolving at highest speed (usually 1500 RPM): 

If a turbine set to work at a certain load, is suddenly relieved to no-load 

or part-load, or is inversely‘ loaded from part-load to full-load, the governor 

cannot in an instant move the flow regulator to the new position called for by 

the change of load, because the piston of the servo-cylinder moves with a 

definite velocity and requires a definite time to travelagiven stroke. A 

transitory state accurs, during which the power generated by the turbine rotor 

is higher (or lower in the case of load increase) than the output of the alter- 

nator. The surplus (deficiency) energy is taken up (supplied) by the revolving 

masses of the set which are being accelerated (retarded). Momentarily the set 

acquires higher (lower) speed which is later brought to a defined value by the 

governor. The maximum deviation from the initial speed is depending on the 

percentage of load being switched, the totality of rotating masses inherent in 



the set and the characteristics of the governor. For the s&e permissible. 

maximum speed deviation, a set of higher output requires a bigger rotating 

mass'.and values of GD2 for the rotating mass of 1 - 1,5 kg m2'YkW have been 

found to be acceptable in tests with this simple governor. 

The flywheel effect is lessened by such factors as high head and relatively 

long lengths of penstock, because in such cases pressure changes may be con- 

siderable. Calculati'ons for the required fl,ywhecl effect (GD2) become rather 

complex and exceed the scope of this manual. The serious reader may refer to 

relevant literature on hydraulic turbines such as "Water Power Engineering" 

by H.K. Barrows, published by McGraw Hill, p. 549 ff. 

3, DETERMINING CHARACTERISTIC CURVES OF THE SYSTEH AND ITS COIJIPONEMTS 

Characteristics of flyball assembly, throttle/pilot valve system and flow regu- 

lator forces are interdependent and have to be matched to get a functioning governor. 

In order to be able to select such standard elements as hydraulic cylinders, tension 

spring (flybayl) and compression spring (gate closure), these characteristic curves 

have to be worked out. 

3,1 FLYBALL ASSEMBLY FUSHROD FORCES 

A force/stroke diagramme is drawn first of forces on the pushrod due to the 

flyball effect (centrifugal forces.). This may be done by measuring the 

forces at various pushrod positions at constant speed. Ideally, 3 curves 

are established at rated speed (N), N + 10% (max. speed) and N - 107: (min. 

speed). The relation of pushrod forces and speed may be expressed by the 

equation Fp=m.r.w2 

where Fp is the force on the pushrod, m is the rotating mass, r is the radius 

of rotation and w2 is the angular velocity squared; by measuring the character- 

istic curve of the flyball pushrod assembly at any speed, curves for other 

speeds may be extrapolated since m and r remain identical at identical push - 

rod positions. To get a speed-defined position of the flyball pushrod, a 

spring has to counteract the flyball forces. To determine the c-value of 

this spring, the point of full load (N - 10%) is connected with the point 

of no load (N + 10%) in the characteristic diagramme of the flyball assembly 



as shown in fig. 7. The spring characteristic so determined has still to be 

corrected for the lever ratio between flyball assembly and spring, as will be 

shown later on. 

WN) 
Force on 
pushrod 

fx2 

Speed 

+ 
/ N+lO% 

I 
T 

1 
I 

F x 1 -:- 

N - iO’/. 

I 
--;----L-- i 

1 Full load position Xl 
-I- - X(mm! 

No load position X2 Pushrorl positionlstrokei 

Spring characteristic C's 
(Fx2-Fxll N :- 
(X2 - X1 ) mm 

Fig.7: Characteristic diqramme of fl~ball pushod 
The speed/stroke diagramme may now be drawn with the uncorrected c-value of 

the spring as shown in fig. 8, with pushrod positions taken from fig. 7. 

Speed 

N . 10% 

N (rated 
speed) 1 

N - 10% i 

-C -F--J----- ._.. -_- ---.- --~... 1 
I= ull load No load 

*Pushrod position (str 04~. 

Fig.8:Fbball assemble iweed /stroke diawamm,p,2 
;. ,1‘4 .“\a ,_i,.__, ._... k..!Y,, ; )Ci.._,‘?, ..< >- j_,_ I_ .,., .: .., _.. _- 



These are optimally measured on a turbine under operation at various gate 

positions. The characteristic curve needs to be regular although not linear. 

For an irregular characteristic where the same operating force is required at 

different openings, this simple governing system would not work properly and 

such a flow regulator would have to be redesigned. Fig. 9 gives an idea how 

a gate characteristic may look like. 

Opertting 
force 

Fig. 

-2 0 
+3 

_ Closed 0 
I 

&pen 
Stroke on pushrod 

,9 : Diaqramm of fiow reahtori forces 

If a turbine gate is reliably selfclosing and rather linear in characteristic, 

it is possible to make a design without closing spring. In such a case, the 

servo cylinder would work against the forces of the gate when load changes 

occur and forces would balance against each other under constant load condi- 

tions. In al1 other cases, a closing spring is required and the spring 

characteristic is imposed on the gate characteristic, resulting in the 

required servo cylinder characteristic curve as illustrated in fig. 10. 

However, dimensioning of servo cylinder diameter and spring will still have 

to wait till the pilot valve is designed. .. '_ 



I 

Opel = full load 

I 

iopsning 
LFg -gate 

Fig.10: Flow requlator forces diaarz.nme 
3,3 DESIGN OF THROTTLE / PILOT VALVE SYSTEM 

With presstire available in the system (PO) given and an assumed orifice dia- 

meter (Ao) of the throttle , the shape of the pilot valve piston - slit (Al) 

may be calculated to get the desired characteristic curve. 

90 Al 

----A 

PO Pl 

d 

p2 

Equation of continuity : 

I 



This furcticn is dra*>:n in fig. li (see page 15) which may be used as an aid 

in sift calcu:at?ons. Yhe system has a certain leakage which shall be treated 

like an additional oporiing of the pilct valve. An increase of the still 

possible ratio PI/P, mL) 2.1 be achieved by increasing the orifice diameter of the 

thrsttle. 

For tne desi.gn of the Lilot valve piston, we select now a stroke by which the 

piston sl-ou?d mrive between "no load" and "full load" of the set, of say 72 mm. 

Also, we have to decide on the minimelm and maximum pressure ratio in the 
respective end positions of the piston. Values of 0,3 and 0,7 at no load and 

full ioa;! respectively have proven very satisfactory in our tests. Between 

there values the pressure ratic curve should be linear e.g. 10,7 - 0,3! ---p---- = 0,";:; 

of strcke as shcti" in fig. 12. 

* 0.5 i 
.- 
';; 
L 0.5 i 
al 1 
s 0.4 P 7 

In I 
a4 - _.- -- ct 0.3 -;-. 

/ 
3.2 + 

I 
0.1 ;- 

-&-+-+. 
3 6 9j_ 12 ,2tm 18 2/ 24 27 30 (mm) Stroke X1 

Fig.12 Characteristic curve for throttle / Dilot valve syste; , 
Assuming a throttle orir‘ice diameter of 18 mn, the width of slits may now be 

calculated in a tabu?ar form, according to the formula PI/P, = 1 

or b:: using the diagramme in fSg. 11 (page 15). ~AI/AG)~ + 1 
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The increment of discharge area (AA) has to be divided by the stroke increment 

3 m) to get the discharge arc (2a). We execute the piston with two iden- 

tical slits, arranged symme~trically on the piston. The value of 2a has there- 

fore to be divided by 2 and of this arc, the chord (c) is calculated. The 

biggest possible discharge arc is limited by the piston.housing and is 140° 

in cur design as indicated in fig. 13. C then is the width of the slit at this 

p0ir.t of the pisttn. Values of c are then plotted into the diagramme in fig. 1: 

This diasrami;>e is later used to find the required cutting depth for the 

respective cutter diameter in fabricating the piston slit. For practical pur- 

poses the first portion of the curve is simplified as shown with a dotted line. 
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Fig. 1l:Diagramme:Pressure ratio as a function of area ratic 
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4, SELECTING SERYO CYLINDER, CLOSING SPRING, FLmALG!&Piffi AND LEVER FWro 

OF LINKAGE 

All these components may conveniently be chosen by using a set of calculation 

forms for each installation. In 'order to reduce the number of standard com- 

ponents such as cylinders and springs for different design parameters, the 

design stroke of the pilot valve and the lever ratio 

the flyball assembly and pilot valve may be varied. 

to design the governor components for heads from 10 

three different sizes of servo cylinder, three closi 

c-values and also three different flyball springs. 

n of the linkage between 

This makes it possible 

to 40 meters, using only 

ng springs with different 

411, SELECTION OF CYLINDER DIPMETER 

Table II may be used for-a tentative selection of the cylinders diarneter. 

This table is based on experience with the gate design as described in para. 

2.5. Other designs may require different cylinders and the table silould 

therefore ser*Je as a quide only. 

CY:INDER 

PISTON 0 

Q 50 

0 60 

0 80 

0 100 ' 

0 125 

0 160 

-- 

PRESSURE HEAD(m) 

10 20 30 10 50 60 70 80 

m 

I 

t 
1 
4 
I 

TABLE II : Tentative selection of piston diameter 
If the pressure in the servo cylinder is measured in an actual installation, 

we find that the full static head is equiva?ent to PO in the cylinder only 

at fully closed pilot valve position (Pl/Pcr = 1). 



fraction 

of the static head is available as the actual cylinder pressure PO. 

This is shown in fig. 15, where the actual value of PO is plotted as a 

function of the pressure ratio PI/P,. The diagramme is again based on 

actual measurements and may have to be corrected for a specific pilot valve 

design and for other pressure heads. 

0.6 -j- 1 I 1 ! --L--+--4, --+---4---t+, 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 l PI/PO 

Fig.15 : Available pressure PO along piston stroke 
Testing condition Hg 11 m throttle ti 18mm 

Using form MEG 1 - 92 as attached, rre may now calculate the cylinder 

forces available at the respective ratio of Pi/P, by multiplying the 

static pressure head by the effective factor of PO and finally multiplying 

these values with the effective cross sectional area of the selected servo 

cylinder. 

(Please refer to design examples in annex I and II.) 

” 
., ,.,I (_ ,,:_ ,- . _ 
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4,2 SELECTION OF CLOSING SPRING 

Still using form MEG 1 - 02 we calculate now a tentative c-value of the 

closing spring by substracting the cylinder force at Pi/P, = 0,3 from the 

respective value at Pi/P, = O,7 and by dividing the..result by the full 

stroke on the gate pushrod from no-load to full load; as shown in the 

examples, we then simply choose the nearest standard spring. 

4,3 DETERHINIP;G REQUIRZD STROKE ti OF THE PILOT VALVE 

Continuing on form MEG 1 - 02 on the left side, we determine now the 

required closing spring forces at no-load (position Pi/P, = 0,3) by adding 

up cylinder forces in this position with turbine gate forces and friction 

inherent in the system (gate forces : + if in opening direction, - if in 

closing direction). 

To find the required ratio of Pi/PO at full load, we continue on the right 

side cf the same form by adding the force differential of the closing spr-irc 

between stroke 0 and full stroke to the value Fnl found before,plus gate 

forces and friction (attention : since we are now investigating the forces 

re;lGirec! tc open, the signs for gate forces change, e.g. closing forces + 

and cpenirg forces -1. With the value found for Ffl, we then find the value 

of Pi/F, by interpolation from the table of servo cylinder forces. The strcl 

required to reach the value of Fl/P, at ful.l-load so determined may now be 

-found in the diagramme as shown in examples in annex I and II/3. 

414 FLY-BALL SPRING/LEVER-LINYSGE DESIGN 

For these calculations we use the centrifugal pendulum characteristic curves 

from form KEG 1 - 04 (annex I and 11/4) where pushrod forces for full/load 

speed may be found at 3 mn stroke and no-load forces at 21 mm stroke. On 

form MEG 1 - 05 these forces should be entered in the column for a speed 

deviation of -r; 10% and also for + 7% since we will first try to achieve 

the latter. 

The pilot valve stroke x ! is known from previous calculations and the lever 

length lx may be calculated to get this troke by the formula given. We then 

choose ofie of the three flyball spring (FBS 01 - 03) and calculate the sprint 



lever length lx' by the given formula for both cases 2 10% and + 7% speed 

deviation. If the result for lx' is outside the possible adjustment range, 

we repeat the procedure with one of the other springs. Finally, we ascer- 

tain that the calculated maximum. spring deflection is permissible and 

repeat the calculating pt-OcedJW again with another.spring, if this is not 

the case. b!ith this then, all the governor components are determined. 

5, FWSICAL DESIGN #ASPECTS OF THE GOVERNOR 

Although the design of the governor is rather simple, it is evident that manufac- 

turing tolerances will affect performance and trouble-free operation over a long 

time period. Wear will certainly play its role and it can safely be assumed 

that certain improvements will have to be made as experience with the operation 

of the existing design might show. 

5,1 ~LYEJLL ASSWELY 

The fly!&: ~SS&..l~ i: ,112.d q- e from mild steel except for bearing pins that 

shouid be hardened. The pushrod is provided with a deep grove ball-bearing 

and is prevented from rotating by the lever linkage that fits into the slot 

at the pusnrod end. The actual flyweights are bolted to their respective 

arms by l/4 ' bolt and nut;these connections shall have to be prevented from 

is mounted directly on the turbine shaft. loosening. The whole assembly 

5,2 THROTTLE PI LOT VALVE SYSTEN 

Function : water flows through 

there through the holes in the 

the control slits out of the p 

the throttle into the cylinder and from 

end cap and the p ilot valve piston through 

ilot valve housing. 

All parts in contact with water should be made from corrosion free maier?als. 

Since the cylinder end plate is made from aluminium, we have chosen aluminiurr 

for the parts that connect directly to the cylinder. At the entrance to the 

cylinder a bush is screwed-in that takes up the actual throttle. Different 

throttle diameters may therefore be used simply by exchanging this bush. On 

top of the throttle bush a nozzle is screwed to which the flexible plastic 

inlet pipe is connected. At the cylinder outlet side an identical nozzle is 
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screwed directly into the endplate for the connecting flexible pipe to the 

pilot valve inlet. 

The pilot valve assembly is made entirely from brass with a gap between the 

housing inner diameter and the piston of approx. O,!. mm. The piston pushrod 

is pressed into the Fiston central bore and secured with a set screw<. Tk 

whole assembly is fitted into the pilot valve assembly chamber welded up froir 

steel sheet with O-rings as a seal at both ends. In order to provide a 

slfght negative pressure for easy water escape, this chamber is provided 

with a drain pipe at the bottom that reaches just below the tail race level 

(drafttube effect). It is important that the pilot valve housing is mounted 

with the too slots exactly in a vertical position and there fixed with a pir. 

53 LEVER LINKAGE 

To connect the lever to the pilot valve pushrod without any play, a length 

of flat spring steel of 0,5 TTUII thickness is used. This provides for slack 

free transmission of the lever movement despite the radial movement of the 

lever as opposed to the linear movement of the pushrod. 

The pivot point of the lever is fitted with a brass bush that fits clearance 

free onto Zts beariclg pin. Care must however be taken to keep friction to 

a minimum. At the spring end of the lever, a slot is provided that permits 

to vary the spring lever length. 

5,4 KWERN3R FRNE AND BASE 

The ft-ame of the governor consists of a angle reinforced plate that accomo- 

dates the pilot va?ve chamber, and the adjustable spring take-up plate. 

Bores in the chamber, the height of the bearing pin support and its bore and 

the slots in the bottom of the frame are all machined after welding up the 

frame to provide for accuracy of alignment and the relative positions of 

bores and slots. The base consists of another plate that is fitted directly 

to the turbine frame. By providing longitudinal slots in the base and with 

lateral slots in the frame, it becomes possible to adjust the relative 

position of the whole frame assembly in relation to the flyball assembly for 

adjusting the designed lever ratio of the linkage bar. The relative height 

.and alignment of thi: lever may be adjusted by three sets of bolts and nuts 

that connect the frame to 'the base. 



1.2 Adjust piiot-valve to pressure ratio Pi/PO = 0,3. 

1.3 Adjust closing spring to get a no load speed of N + 7% (10% i. 

1.4 Check either no-load or full load speed (N - 7% ev. 10%) 

a) vary closing spring tension and/or pilot valve position slightly to 
optimise speed; re-check 1.1; 

5,5 THE HYDRAUiIC CYLINDER ASSEVBLY 

WC have been using pneumatic cylinders made from stainless steel and with 

aluminium endplates. The cylinder is rear trunion mounted to a cylinder 

support to allow for the slight up and down movement imposed by the gate 

pushrod. For the same reason, a flexible rubber beilows is fixed to the 

gate pushrod and the bellows holder on the turbine. This bellows serves 

to prevent water leakage from the turbine. 

The connection between cylinder pushrod and gate pushrod finally is made 

by threadir;g the cylinder pushrod into the internal thread at the end of 

the gate pushrod. Closing spring take-up bushes with suitable dimensions arc 

provided for to hold the spring in place. At the gate pushrod side, a 

adjusting nut is provided on the threaded part of the gate pushrod, to make 

the adjustment of the tension of the closing spring possible. 

On the top of the cylinder end plate, a air.bleeding screw should be provi- 

ded, so that the air can be bled initially. 

6, GOVER!iOR TUMNG 

E,l STATIC ADJDST.~E~~TS (in running condition) 

6.1.1 Hold lever linkage with flyball-pushrod at postion of full load 

(2; mm stroke). 

6.1.2 Adjust pilot-valve to designed Pi/P, ratio;measurement by pressure 

. gauges. 

6.1.3 Adjust closing spring at full loading of turbine to reach full load speed 

(N - 7: ev. 10X), . 

or alternatively 

1.1 hold lever linkage at position of no load (flyball pushrod stroke 3 mn). 

b) vary lever length lx to increase or decrease pilot valve piston stroke 
to increase and decrease speed respectively. 
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62 IIYNAM~C ADJUSF,ENT 

6.2.1 Adjust design lever length lx', re-do 1.3 

6.2.2 Adjust spring tension to reach no load speed (at no-load). 

6.2.3 Check speed at,full load,if incorrect, vary lx'. 

6.2.4 If system is instable under varying load conditions, increase speed 

deviation by increasing lx' and decreasing flyball spring tension. 

6.2.5 If system is stable at all loading points but is not acting (insensitive) 

at small lozd changes, decrease speed deviation by decreasing lx' and 

increasing ix-e-tension of spring, 



Fo 7- Fo3 
Tenta!ive closing sprir?g selection : - Y 

T t,lezFL+choose nearfst 
- standard spring 

‘“C”-~PQC~~IC.~I_~~~-~,~~~-~~~-~ A F = C-Y=&~J~-~-~- 3.5.9 -.k@ -_ 
Required counter force of spring(tociose) Required force of cyl. pushrod in full load 

in neload position ( Pi,/@ 0.3) posit ion [to open) 

force cyl. pushrod : ____ ~&j--- Fnl . 

Force inherent ingate(zl~,=-3---,, AF -.....'. 

+ Friction *--- 40--__ Force inherent in gate( 

Fni (spring force) total +Friction 

p fl (farce cyi.pushrod 

=+Pl/PG(at fullload)-:~.L?~--- __ ._ _ .- -i=--. 

- 

3. SeLection of throt:le P/pilot valve stroke ; 
0 throttle L. ___ _ __ - -lr& _.___ mm. Stroke X1 = _.... __ _ __ J_Zr EL _. .mm -. 

Designer ~~~~-.-.--_.--.----.__ Date-d%~. _ _ ._ 

IECi-lANlCAL GOVEROR MEG -1 
Annexure II / i 

am.; MCr, 1yg.q i;j,,-“>_- 
(Zb I 

,.7, *,“:. ,. .,: ..‘- 



Xl 

(mm) 

0 

5 
G 
7 
8 
9 

10 
11 
12 
13 
14 
J5 
15 
1.7 
1.8 
19 
20 
2: 
22 
23 
24 
25 
30 

--- 

.-- 
Throttle 0 - 22 20 18 16 

4 

(mm2 1 
PI’PC 

14 

‘-1 

“‘2, 

58 0,98 0,97 0,95 0,92 0;88" 

113 032 0,89 0,84 CL76 0,65 
127 030 6% oJ30 0,71 cm 
140 OB 0,83 OJ7 0,67 0,55 
WI 036 0,81 oJ3 CL63 050 
967 O,M 0,78 -. 0,70 0,59 0,46 
181 0182 02 0,66 0,55 0,112 
194 OA 0472 0,63 0,52 0,39 
2c8 on 0,70 oi60 o,a 03 
223 0,74 oh6 03 0,45 0,32 
.I39 0,72 0,63 0,53 0,41 O,B 
254 Oh9 oh0 0s 039 @,27 
273 036 0,57 0,46 035 0,24 
293 Oh3 @,53 0,43 022 02 
313 MO OS0 OAJ 029 0,2c! 
338 026 O,% 03 03 0,17 
363 0,52 0,43 03 0,23 0,s 
389 0,49 03 '0,x) 02l 0,13 
428 0,44 0,s 026 0,18 OJ 
467 OJ.40 0,31 0,23 0,16 0,lO 
506 02% 0,28 02J 0,14 o,[#: 
592 03 022 0,16 OJO o,Gd 

1109 Ml O,O7 m 0,03 0,02 

====+SELECTIUN OF THROTTLE / PILOT VALVE COMBINATION 
I 

IECHANICAL GOVERNOR MEG 1 
Annexure 11 / 2 

arm - hdEcJ 1 - 00 z.7 ,*?;,~*i,,,,.,-,,,-. *,:, ,.i,-_.Y"r_ j_,.~ .,,,,, t .,-,.,, ~~," ..s., Sdll, i ,...,.., .TIC*. ,.‘ __ . . .,,. ‘ .-- .,.,. \, ,.,_,.. . . I > / s. 



3 * I 
i 
1 

T 
’ i 

i 

+- -f---+--. 1. t - ..- -1 --t----+-.--4-.. 1 1 I I 
s . lb I f -+- * 

.- 15 20 25 30 Stroke 
X1 (mm! 

CHARACTERISTIC CURVES FiIR DIFFERENT THROTTLE 

IKHA’NICALGOVERNOR MEG 1 



, ̂  I _ * ‘, : : 
\ Pendulum characterj s a. 

JV 

28 

26 
/ 

‘ 

I. 
[ 
I 

2 i -I- -+ I i +~~-.++-; - _._., I ~ bi[+zwf7:i--;tl-i if i 
16 

t+-l--~-i -++--w 
18 20 

/ 

;’ I 
22 Fro$)e x1 1 

t 

AL GOVERNOR MEG 1 
L . Annexure II / 4 

I. d 



I 
I &! r95.425+ - !w ‘Wmm. .__ 

I 
_ 

I-- IX’ .-_. _. --.__..-__ . - .___ ____ 

[2h5- 320) 
-....-pl 

I= s-lx’ = Fxelx 

flv-Y, 
Force: Fx 

DATA 4.1rbine speed:NT- S’ZQ-RPM 

4.+ Lever lev~th ix’: (Fx from diagramm ; MEG1 -01,) 

Al-l~lC% 

3 Spring : ------- - c = - LL1 F- - 

n max :,C6-3- RPM + Fmax:3’&=-k p 

A FX = ____ -+‘Z&- kp 

1 

=3 spring deflection Ax,: 

OI n ~7% 

Spring : -------- C=- 0, f % -. -.. 

nmax:-&&-RPM+Fmax: W: 33kp 

nmin :-%!?$- RPM+Fmin :!yr2. k~ 

Max. deflection at no load: 

Protension at hll ioad: 
I 

~~~~ Fmin~lx&,4~4#I.G;, 3z 1 
- I. 1%~. c 

mm 
-2g,3 ,~,,;a - ----i -- AXi: w$:..- __ __ __ -%T.3._emm 

-. .- -- 

Designer-. _ - -Je- _- -_ _ _ _ _ Date ,,‘,-..-- - __ _ -- e? 77 

IECHANICAL GOVERNOR MEG 1 
i+$&J " 0s li.., _ _._ 

Annexure II / 5 sb 
_I (AC, ?&, t,,,r( ," ~. \,) -. _. ~_ -i _ ,_ 



Name of installatiorr--- _ - InmG!Yl;r 7 _ _ _ ._ _ __ _ _ Pr$qo _~ Tp:q-‘-.~ 

w-.-.0 w--. 

Pnramctws ace. to. form MEG l- 01: 

spring constant : :-+L- G. .G. i_Vmm 

(mm) 

Designer :- _ ---&a-- -___. __ 

XHANiCAL GOVERNOR MEG 1/ CF 1 
Annexure II/6 31 



-1 i f 
Piston housing PVl-05 Brass rod 3’/2” 

- -.-__I_--- 

PVl-06 Brass rod 3/L” 
___(.- - -___---.- 

PVl-07 Brass rod 3’12” 
-.----- 

6 i 1 1 Flange / Pvl-08 M.S Plate 1Omm 

I ~~ 
.____ 

M.S.Plate 1Omm 

-em-- M4XlO.DIN 915 

61.5X3 

74.5 x 3 
- 

11 1 Governor base -- - - 

12 4 i Hex.heud bolt ---- W 3/8 X 1 y 
1 

13 2 Rubber yasket PVl-09 05X470X79 

Part list 



'IL01 VALVE ASSEMBLY 
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I 

NO 1 
BRASS ROD + 3’/2’ 

:Nt)CAP PVI-01 
3 



14 

-- 07 , L 

CmvdS AllVW3&b~ S310H S 07 



! SPACED 

j6UMACHINE’I TO c#167 
AFTER CUTTING SIDTSr 

i 

I 

I 

i 

SCALE I:1 

?ISTON 18 I; PVI-03 

ulit.. I$tm!~,~...& ‘ ,, 
3 

__ :_ 
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cn 
c4 (3 

T- 
N 

i- -L..- 

I 
--- +--i, 

I 
i I 

;&-- 64 M 

’ 
_ 64lMACHINED TO +6 7 

AFTEF? CU-ING Sm 

PACED 

. 
, 

1 
1 
I 

SCALE 1:~ i 

PVI 04 



. 

I 
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183 

POS- L 

1 NO 

BRASS ROD 

! 
I i 
i 
f 8 
i 

SCALE I:1 
7 
f 

X-SH ROD _ ,_ I PVI- 06 .~ _,,- ,: 37 .,-,.. ._ . ., ..- .a;,-&AsCL?-ah- 



POS-5 
1 NO 
BRASS ROE + 3’/2” 

~ N-‘J&T N OZZLE. 
SCALE I:1 I 

PVl- 07 ’ .’ ‘, .‘.!, 40 Miiirua.^.Y;r.*.r.LA_IL. . . . . -. := ..I : ‘, (,.. ,,, ., i ,, * ,,. , I . . . ,! - --- - -- 
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POS-6 
1 NO 
M.S. PL.ATE 

--k--L- 
POS-7 

1 NO 
M- S. PLATE 
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: :: 8; 
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POS-I 3 

2 NOS 

RUB BER q.5 THICK 

&BBER GASKET 
_) ,) . ..~.'?. ,_" ;, ", 


