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 PREFACE

Energy is cne of the prercguisites fer rural development in developing countries
while, a%t tne same time, a worldwide scarcity cf the traditional energy resources
of the industrial era is irminent.

Many governments of deviioring couniries have realised the huge potential of hydr-
power, 2 s¢ far restly untappes -enewable energy resource not only in the megawat:
range, but also on a smail scale (1G ~ 10G kW), which seems the most appropriate
for rural village electrification. 1t is mostly cost that has stood in the way ¢-
speedy and large scale developmert of small hydro power potentials., Imported and
sephisticated equipment becemes costlier and costlier and is in most cases neot:
aconomicaily feasible. This applies mostly to hydraulic equipment such as water
turbines, accessories anc governing devices. The case is different for alternsic:
and switchgear which are produced in great number in industrialised countries arc¢
are thercfore relatively ckeap

Experience in hepal shows that it is possible to reduce costs of hydro electric
generation projects vestly by rinimising civil engineering and structural work:
and by producing nydraw: ' equipments in local workshops with simple designs ar
techngiogs.

Nonavailability of a simple mechanical governor has Tong been a major obstacle -
implementing small hydro projects with acceptable standards of safety. The Swius
Rsseziation for Technical Assistance, HELVETAS, in Zurich has sponsored a project
to deveiop a simple governor that would be sufficiently accurate and reliable

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

by Messrs. H. Scheuer, A. Kilchmann and H. Jaeckle at the Institute of Eydraulics
under Prof. Or. B. Chaix of the Swiss Federal University of Technology (ETH) at
Zurich, Switzerland, with the financial assistance of Service Overseas, Stuttgar®.

Field infermation and criteria for design were supplied by Balaju Yantra Shala (F.
Ltd. BYS, MNepal, where a protoiype was built and tested in early 1978. The gover-
nor was designed for operatinc the gate of a Cross Flow Turbine (Banki}, but may
in fact be utilised on the ficw regulator of any turbine. Because of a lack of
other cesigns of simple gevernors and due to successful testing and introcucticr
of this gevernpr in Nepai, it was decided to prepare a instruction manual that re
erable cther crgarisations and individuals to adapt this governor to thkeir own
';needé ar< amprove it further as a contvribution to the design of simple but re-

i1able hydreulic equipment for smrll gicctricity generation units.
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~ For the control of hydraulic turbine used for electricity generation, there are
. ‘basically twe possibilities:

a) load control, where the flow of water through the turbine is kept constant
and where therefore the load has te 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 Toad on the turbine-alternater
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 1imits which, in turn,
rescits in a voltage and frequency of the generator that. remains within a
specified range.

There exist virtually dozens of desigrs of governing devices for flow contrel.
Most are complex, costly, difficult tc manufacture for a not specialised workshop
~and really more accurate than would 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 + 10% max. of rated speed, e.g. rated
~ speed + 10% at no load and rated speed - 10% at full load. This relatively large
" §ﬁegd variation ascertains good stability of the system. Initial experience shows
~ that it may be possible to reduce speed variation to 1 5% and still maintain
" sufficient stability.




2, DESCRIFTION OF THE SYSTEM

A mechanical-hydraulic type of governing system was chosen. The working medium i3
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)

Fiyball assembly {zentrifugal pendulum)
Throttle / pilot valve system

. Lever linkage

cerve cylinder with closing spring
Turtine flow regulater (gate)

. Water supply tine with fiiter

Rotating maszes {flywheel etc.)
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FLYBALL ASSEMBLY

The centrifugal pendulum is directly mounted on the turbine shaft and serves
as a tachometer. The flyball mass will shift a puShrod against a spring de-
pending of turbine speed.
speed)} there is a rerpective position of the flyball-pushrod. This position
may be altered by var)ing the pretension of the flyball assembly spring.
This is used for the adjustment of the nominal speed when the governor is

tuned initially.

Spring adjustment—j | || -
ST W

|

Thus for each turbine speed {within & 10% of rated

‘Turbine shaft

]

Spring
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[
:

Flyballs

— Push rod
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I
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Fig 2 Schematic:Flyball assembly




2.2 THROTTLE / PILOT VALVE SYSTEM

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

the servo cylinder as required by varying Toad 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.

H_e_ad race level

Fo= Pressure before throttie
Pyz Pressure on servo cylinder piston

]
I

-

oe

o £

Zs -

s Pilot valve

52 with variable

wn o discharge area Ay
= _

PaeO
‘ Water discharge

Throtlle with
* cross sectional area Ag

B s
ervo cylinder J Drain ot leak

past piston

Fig.3:Schematic of Throttle/pilot valve system

The pressure P1 may be varied by varying the discharge area A2 in the pilot valve.
The shape of the pilot valve piston is designed such that the characteristic of

} Po/Py over the stroke of the pilot valve is 1inear, thus making it possible to get
Ca .s_peed and Toad defined pressure Pl,' acting on the servo cylinder if the pilot

' .va]ve piston is connected via a lever linkage to the flyball/pushrod.




2.3 LEVER LINKAGE

The Tever as indicated in Fig. 4 serves to transmit the reaction of the
flybalil assembly when turbine speed changes to the pilot valve piston. The
flybail spring is attached to the same lever, to counteract the fiyball
effect. As mentioned in para. 2.1, *the nominal position of the flyball
pushrad may be adjusted by a arrangement of varying the spring tension,
Another arrangement shown in fig. 4 serves to adjust the position of the
pilet valve piston in relation to the flyball pushrod position.

- Spring Flyball assembly Pilot valve
i | IStrokeX b I Stroke Xy

7 ,//"T
Lever’ Fulcrum

}Adjustment
I Vot pilot valve
working point

Fig. 4: Lever linkage (schematic)

2.4 SERVO CYLINDER / CLOSING SPRING

This is the actual power component of the governor that moves the turbine
regulator as cormanded by the flyball assembly. Hydraulic forces act in the
direction of opening the turbine gate only while forces required for closing
are supplied by & helical compression spring. In the static state, as long
as no load and therefore no speed changes occur, hydraulic forces in the
cylinder and spring forces are in balance, keeping the turbine gate in a
speed (Joad) defined position. It is necessary to be able to adjust the
. gate position initially.
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As shown in fig. 5, an arrangement is therefore made to vary the
spring tension.

Water supply —# :.I"' Adjusting nut

/ 1‘:\‘“. u I i"';“'.".‘

Servo sylinderJ ” Closing springl ~-w—

To pilot valve Flow regulator of turbine

Fig. 5 Schematic of servo cylinder/closing spring ar 1ent

2,5 TURBINE FLOW REGULATOR

The gate of the turbine for which the goverﬁor 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. Big forces regquired 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 siow.

2.6 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 stee)
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 1t volume from where a 50 mm HDPE pipe brings water
to the governor. Several stop valves are incorporated in the
instaliation to make cleaning of the filter, flushing of the line after

-5
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cleaning and "switching on" of the governor possible. The separate governor
supply 1ine also prevents shock waves that may occur in the penstock pipe from
adversely affecting the governor performance.

Over tiow

From penstock near Filter _ Stop volve
«d{lo p vaive B \: To governor
W=

Flush valve *ON/OFF SWITCH"
(in power house;}

Fig.6: Schematic of governor supply systemn
2.7 ROTATING 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 pulieys 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 GDZ in units of kg me usually reduced to
the shaft with highest speed, e.g. all masses revolving at Tower speed have to
be muitiplied by the inverse speed ratio and may then be added to the masses
revalving 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 reguires a definite time to travel-agiven 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-
rator. The surplus (defic%ency) energy is taken up (supplied) by the revelving
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, tne totality of rotatihg masses inherent in

/2
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the set and the characteristics of the governor. For the séme permissible:
maximum speed dcviation, a set of higher output requires a bigger rotating
mass and values of 60° for the rotating mass of 1 - 15 kg m2/kW have been
found to be acceptable in tests with this simple governor.

. The flywhec] 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. Calculations for the required flywhee) effect (GDZ) become rather
complex and exceed the scope of this manual. The serious reader may refer to
retevant Titerature on hydraulic turbines such as “Water Power Engineering”
by H.K. Barrows, published by McGraw Rill, p. 549 ff.

3, Determiniing CHARACTERISTIC CURVES OF THE SysTEM AND ITS (OMPONENTS

Characteristics of flyball assembif, 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 c¢ylinders, tensicn

spring (flyball) and compressicn spring (gate closure), these characteristic curves
have to be werked out.

3.1 FLYRALL ASSEMBLY PUSHROD 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 - 10% (min.

speed}. The relaticn of pushred forces and speed may be expressed by the

equation Fp=m.r. we

where Fp is the force on the pushrod, m is the rotating mass, r is the radius
of rotation and w® is the angular velecity squared; by measuring the character-
istic curve of the flyball pushrod assembly at any speed, curves for cther
speeds may be extrapolated since m and r remain identical at identical push -
roc positions. To get a speed-defined position of the flyball pushrod, a
spring has to countéract 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 Toad (N + 10%) in the characteristic diagramme of the flyball assembly

0




-10 -

as shown in fig. 7. The spring characteristi¢ so determined has still to be
correctad for the lever ratio between flyball assembly and spring, as will be
shown later on.

Fx{N) A Speed
Force on +
pushrod I '

1

N+ 10%,
sz = e —— e e ——— e .

Spring tharacteristic: ¢,/ I N

1
1

g/

|
|
|
! — N- 0%
1 e ——
Fxy .. "‘fé_"#—_———_— i
i | |
E b I
: 1 1, B X {mm}
b Fullload position X No toad position X 2 Pushro< position{stroi«:

(Fx9-Fx4) _ N
{Xz -X1 y mm

Spring characteristic C'=

Fig.7:Characteristic diagramme of flyball 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 |
T

N * 10’/. 7

|

i

|

Niroted + |
speed) I[
[

|

|

T

N-10% -
!
| !

Full load No load

- Fig.8:Fly-ball assembly:speed /stroke diagramme,,

- Pushrod position (stioie
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2 OPERATING FORCES ON FLOW REGULATOR

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 opeéating 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 Vook tike.

L @-@ :Acceptable
(E)&(E):Not

(:) Acceptable

Opercling ‘
force

Closed @ ﬁen

Stroke on pushrod

Fig.S: Diagramm of flow regulator forces

If a turbine gate is reliably selfclosing and rather Tinear in characteristic,
it is possible to make a design without closing spring. In such a case, the
servo cylinder weuld work against the forces of the gate when load changes
occur and forces would balance against each other under constant load condi-
tions. In all 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 scrve cylinder diameter and spring will still have
to wait ti1] the pilot valye is designed.
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Forces . ‘

3,3 DESIGN OF THROTTLE / PILOT VALVE SYSTEM

Fig.10: Flow_regulator forces diagra nme

Py A
|

Equation of continuity :

mny be simplified under the condition of o< g
~~ limited to P2 =0{drain), thys :

=

|
i
|
Full toad ,

|
} No load]
- 1

o '-(:.:losihg} Closing spring-Fs
. 2
8
2 Fs +Fg=0Opening forces
required of servo cylinder
{
J
|
Open =full load
0- 78 E — -
_ i &y ! Push rod stroke
(opening} ' i S
Fg —gale

wWith pressure available in the system (Po) given and an assumed orifice dia-
meter (Ao} of the throttle, the shape of the pilet valve piston - slit (Al)
may be calculated to get the desired characteristic curve.

'

l, Stroke of piston |

| \ Aoocu‘/zfql'_kﬁg A1o<|‘f2_&.]{_PZ.

oy and

-
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““This furction is drawn in fig. 11 {see page 15) which may be used as an aid

in s1it calculations. The system has a certain leakage which shall be treated
Tike an additional cpening of the pilet valve. An increase of the still
possible ratio P1/Py may be achieved by increasing the orifice diameter of the
throttle,

For the design of the pilot valve piston, we select now a stroke by which the
pisten should move between "no load” and "full lead" of the set, ¢f say 12 mm.
Also, we have to cecide on the winimum and maximum pressure ratio in the
respective end positions of the piston. Values of 0,3 and 0,7 at no load and
full 1oad respectively have proven very satisfactory in our tests. Between

these values the pressure ratic curve should be linear e.g. (0,7 - 0,3} _ G053
- o T Gl

of <trcke as showr in Tig. 12,

0 A
P
Ve

3
N8
0.7

06

ratio

05

o
5 04
w
"
¥ 0l
o,
22
01
s
; I 1 A S o 1 i ! I 1 >|"""" -
' 3 6 9 L2 T £ A1 B 27 30 (mm) Stroke X,
- 12mm

Fig.12: Characteristic curve for throttle / pilot valve syste:

Assuming a throttle crifice diameter of 18 mm, the width of s1its may now be
calcuiated in a tabular form, according to the formula Py/P, = 1
or by uzing the dizgramme in fig. 11 (page 15}. (Ri7h)e + 1




ilised stroke 1Z2mm
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-._.Thé. increment of discharge area (aA) has to be divided by the stroke increment
" {s = 3 m) to get the discharge arc (2a). We execute the piston with two iden-

tical slits, arranged symmetrically 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 possibie discharge arc  is limited by the piston.housing and is 140°
in cur design as irdicated in fig. 13. C then is the width of the slit at this
noint of the pistin. Values of c are then plotted into the diagramme in fig. -
This diegrame is later used to find the required cutting depth for the
respective cutter diametar in fabricating the piston slit. For practical pur-
poses the first portion of the curve is simplified as shown with a dotted lire.

10XS5=30 il\-lousing

o4
[N

n
1
3

Piston

— TR

o

A\

F1g.13: Discharge_slit of pilot valve piston
Tab{eI=Calculatior) table for slit width:A1=254.47mm2 (#18)
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SeLEcTING SErve CYLINDER, CLosing SPRING, FLYBALL-SPRING AND LEVER RaTio
. OF LINKkaGE

A1} 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 ration of the linkage between
the flyball assembly and pilet valve may be varied. This makes it possible
to design the governor components for heads from 10 to 40 meters, using only
three different sizes of servo cylinder, three closing springs with different
c-values and also three different fliyball springs.

4,], SELECTION OF CYLINDER DIAMETER

Table II may be used for.a tentative selection of the cylinders diameter,
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 snould
therefore serve as a guide only.

CYLINDER PRESSURE HEAD{m)
PISTON ¢ W 20 30 40 S0 6 70 80

50

60

80
100
125
160

& € & @9 € =

TABLE 1l : 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 equivalent to Po in the cylinder only
at fully ciosed pilot valve position {P1/Po = 1).
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“In a1l other positions, represented by values of Py/Pg, only a fraction
of the static head is available as the actual cylinder pressure P,.

This is shown in fig. 15, where the actual value of P, is plotted as a
function of the pressure ratio Py/P,. The diagramme is again based on
actual measurements and may have to be corrected for a specific pilot valve
design and for cther pressure heads.

0.5*17

0.5 T |

I l ! | !
J 3 g } { } J }

-
01 02 03 04 05 06 07 08 09 1 P /PO

Fig.15 Available pressure Py_along piston stroke
Testing condition Hg" 11m throttle ¢ 18mm

Using form MEG 1 - 02 as attached, we may now calculate the cylinder
forces available at the respective ratio of P1/Pg by multiplying the
static pressure head by the effective factor of P, and finally multiplying
these values with the effective cross sectional area of the selected servo
cylinder.

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

20
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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 Py/Pq = 0,3 from the
respective value at P1/Po = 0,7 and by dividing the result by the full
stroke on the gate pushred from no-Toad to full load; as shown in the

'examp1es, we then simply choose the nearest standard spring.

4,3 DETERMINING REQUIRZD STROKE X1 OF THE PILOT VALVE

b4

Continuing on form MEG 1 - 0Z on the left side, we determine now the
reguired clesing spring forces at no-load {position Py/Py = 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 reguired ratio of P1/Py at full load, we continue orn the right
side ¢f the same form by adding the force differential of the closing sprira
betweer: stroke C and full stroke to the value Fn! found before plus gate
forces and frictior (attention : since we are now investigating the forces
required tc open, the signs for gate forces change, e.g. closing forces +

andé cpenirg forces -). ¥With the value found for Ff1, we then find the value
of P1/P, Ly interpolation from the table of servo cylinder forces. The strol:
required to reach the value of Py/P, at full-load so determined may now be
‘found in the diagramme as shown in examples in annex 1 and I11/3.

FLY-BALL SPRING/LEVER-LINKAGE DESIGN

For these calculations we use the centrifugal pendulum characteristic curves
from form MEG 1 - 04 (annex I and 1I/4) where pushrod forces for full/lead
speed may be found at 3 mm 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 + 10% and also for ¢+ 7% since we will first try to achieve

the latter,

 The pilot valve stroke x1 is known from previous calculations and the lever
~ Tength 1x may be calculated to get this troke by the formula given. We then
choose orie of the three flyball spring (FES 01 - 03} and calculate the sprinc




5.1

5.2
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'lever length 1x! by the given formwla for both cases + 10% and + 7% speed

deviation. 1f the result for 1x! 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 calculaiing procedure again with another . spring, if this is not
the case. With thic then, all the governor components are determined.

5. PHvsicaL DesiGN AsPECTS OF THE GOVERNOR

Although the design of the covernor 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 eiperience with the operation
of the existing design might show.

FLYEALL ASSEMBLY

The fiybai’l assently is mede from mild steel except for bearing pins that
shouid be hardened. The pushrod is provided with a deep grove ball=bearing
and is prevented frcm rotating by the lever linkage that fits into the slot
at the pusnrod end. The actual flyweights are bolted to their respective
arms by 1/4 " bolt and nut;these connections shall have to be prevented from

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

THROTTLE PILOT VALVE SYSTEM

Function : water flows through the throttle into the cylinder and from
there through the holes in the end cap and the pilot valve piston through
the control slits cut of the pilot valve housing.

All parts in contact with water should be made from corrosion free materials.
Since the cylinder end plate is made from aluminium, we have chosen aluminium
for the parts that connect directly to the cylinder. At the entrance to the
tylinder 2 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 & nozzle is screwed to which the flexible plastic
inlet pipe ic connected. At the cylinder outlet side an identical rozzle i<
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5.4

”fgcrewed direct]y 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. 0,1 mm. The piston pushrod
is pressed into the pistorn central bore and secured with a set screw. The
whole assembly is fitted into the pilot valve assembly chamber welded up fro-
steel sheet with O-rings as a seal at both ends. In order to provide a
s)ight negative pressure for easy waler 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 two slots exactly in a vertical position and there fixed with a pir.

LEVER LINKAGE

To connect the lever to the pilot valve pushrod without any play, a length
of flat spring steel of C,5 mm thickness is used. This provides for slack
free transmission of the Tever movement despite the radial movement of the
lever as opposed to the Tinear movement of the pushrod.

The pivot point of the lever is fitted with a brass bush that fits clearance
free ante its bearing 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.

GOVERMNOR FRAME AND BASE

The frame of the governor consﬁsts of a angle reinforced plate that accomo-
dates the pilot valve charber, and the adjustable spring take-up plate.
Beres 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 hase consists of another plate that is fitted directly
to the turbine frame. By providing longitudinal slots in the base and with
latera) slots in the frame, it becomes possible to adjust the relative
position of the whcle frame assembly in relation to the flyball assembly for
adjusting the designed lever ratio of the 1inkage bar. The relative height
_and alignment of this lever may be adjusted by three sets of belts and nuts
that conrect the frame to the base.




5.5 THE HYDRAULIC CYLINGER ASSEMBLY
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e have been using pneumatic cylinders made from stainless %eel 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 bellows 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 threading the cylinder pushrod into the internal thread at the end of

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

provided for to held 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-

6‘1.1

6.1.2

6.1.3

1.1
1.2
1.3
1.4

ded, so that the air can be bled initially.
6. Govertion TUNING

€.1 evatic ancusTMenTs {(in running condition)

Heid lever linkage with flyball-pushred at postion of full load

(2% mm siroke}.

Adjust pilot-valve to designed Py/P, ratio, measurement by pressure
gauges.

Adjust closing spring at full loading of turbine to reach full load speed
(N - 74 ev. 10%},

or alternatively

hold Tever Tinkage at position of no load (flyball pushrod stroke 3 rm).
Adjust piiot-valve to pressure ratic Py/Py = 0,3.
Adjust closing spring to get a no load speed of N + 7% (10%).

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

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

b) vary lever Tength 1x to increase or decrease pilot valve piston stroke
to increase and decrease speed respectively.

24



6.2.4

6.2.5

Adjust design Tever'Tength 1x*, re-do 1.3
Adjust spring tension to reach no load speed (at no-load).
Check speed at full load,if incorrect, vary 1x'.

If system 15 instable under varying load conditions, increase speed
deviation by increasing 1x' and decreasing flyball spring tension.

If system is ctable at all loading points but is not acting (insensitive)
at small load changes, decrease speed deviation by decreasing 1x' and
increasing pre-temsion of spring. '
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DESIGN PARAMETERS FOR GOVERNOR

Gross heod (H.totai):
Governor head (Hg): 26, 55

Turbire speed:

m

_532C __RPM

Stroke onregulator shaft: . _ 8% _spys7_

Ttaosang . Ne 355
-" .

S>> _m,Filterhead (HF)}

.Hydraulic cylinder:

Stroke required 1 Y {mm): _
® of piston [ piston rod {em):
Eftective piston area: Ap{cm2):

Order speafication :

2.Turbine gate operation:

L opaemr
_-f@_-/_;%f_{.ﬁ -
LT ] Gt

Ribusi St _ .

Pilot valve characteristic

PyPo— [025(03 |[035{0¢ [0S [035 |06 |065]07 o075
Ettecti. factor of Py, 020 | 0.2¢ | 0,28 [ 032 | 042 | 047 {052 | 057 | 062 | 068 |
Pressur avoileble | i :
width PQ =2LER0E 022 (44 |03 (685 A 1425 (136|451 | Loy 460
force available w_j'th;} 1
Ap=_ 42 lrw= |25 104|347 40 |523188/9| L5 211} 312/ 8%. %
. . _ ) Fo 7-Fal F3.2-3¢ { _, -, choose nearest
3 v! . r i‘ :—_--_-—-_ = ‘= =ol‘:i: .
.Ti‘"ltaf ve closing spring ;electlon | Y : C m:.““—"stunduru spring
= Spec (5 -C% 1 ¢ 2 0wld Nl /. AF sCYapurd, Q4 = 28,4 _K4f

Required counter force of spring{lociose)
in no-load position (P4 j/ Ry 0.3)

Force cyl. pushrod o2
Force inherent ingate{:); _ = F ____
+ Friction Y, (= J—
Fnl (spring force} total : _ _ 32,4 kgt

Required force of cyl. pushrod in full toac
position {to open)

[ Y I 33 .1
AF 8.4
Force inherent in gate(s): * _3
+Friction =

F 1! {force cyLpushrod * . -

3. Selection of throttle #/pilot valve stroke :

®throttie = _4& _ ___mm  Stroke Xy:_ ___ __ 429 __ mm
| Designer___ M=, . _ . __ Oate_ 4.7/ -
'MECHANICAL GOVEROR MEG - toexore 11/ 1

E£n 1=



]
P, /Px 5 L
1 "('—%)24-\
\
b
Throttle & ——m 22 20 18 16 ST
Xy Ay P/ Pga "
{mm) {mm1) N

0 5 w8 | 097 | 09 | 0,2 | 08

5 113 0,92 0,89 0,84 0,76 0,65
6 127 0,90 0,8 0,80 0,71 0,60
/ 140 0,88 0,83 0,77 0,67 0,55
8 154 0,8 0,81 0,73 0,63 0,50
9 167 0,84 0,781 0,70 | 0,59 0,4
0 181 (0,82 0,75 0,66 0,55 0,42
11 194 0,7 0,72 0,63 0,52 0.3
12 208 0,77 0,7C 0,60 0,48 0,%
: 223 0,74 0,60 0,57 0,45 0,32
14 3 0,72 0,63 0,53 0,41 0,29
15 25 0,69 0,60 0,50 0,39 0,27
B 273 0,56 0,57 0,46 0,35 0,24
17 255 0,63 0,53 0,43 0,32 0,22
18 30 0,60 0,50 0,40 0,29 0,20
19 338 0,% 0,46 0,% 0,26 0,17
20 303 0,52 0,43 0,33 0,23 0,15
21 39 0,49 | 0,39 0,30 0,21 0,13
2 428 0,44 0.3 0,26 0,18 0,1
23 467 0,40 0,31 0,23 0,16 0,10
24 506 0,% 0,28 0,20 0,14 0,08
5 532 0,28 0,2 0,16 0,10 0,06
30 1109 0,11 0,07 0,06 0,03 0,02

=——{>SELECTION OF THROTTLE /[ PILOT VALVE COMBINATION
~ MECHANICAL GOVERNOR MEG 1
o _ Annexure 11 / 2
Form.- MEG 1 - 00
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F 4 &

747)4/75 /}79’
7/

PILOT VALVE :PV-01

—— ~ N
- 42 fg mm o \\ N
~
R e T e e R B S
S 0 15 20 25 30 Stroke

Xy(mm}
- CHARACTERISTIC CURVES FOR DIFFERENT IHROTTJ_,_E_

'MECHANICALGOVERNOR MEG 1

MEG 1-0) Aﬂnexgre II./3.- 25




”‘7"/7;;;43);57:

-per charactenstlc
' {MODIFIED PROTOTYPE)

 standard stroke 18 mm

2L0 —

— 220 =

9Turbine speaad (RPM)

t—

(mm)

-
20 22 Stroke Xy

b it et o i a4 e

Annexure

11 /7 4

g



in Pilot valv
= orce Fs - Force®=0
$  Deflection;x’ Force: Fx Stroke x,

Stroke : x =18

f Pivot

295-125 [0 tne80mm

!
-
I I

GET a0y T [FsIx’ =Fxelx]

DATA “Turbine speed:NT= £3C> RPM

Xz o_ 42,9 mm

| 18.80 _ {2 &>
I T raadiey - G T WL

lx=

L=b> |ever length tx/: (Fx from diagramm : MEG! -04)

Hns1tv% ‘An:?'/.
=> Spring _; e €2 O, 4F_ | Spring:__ C: O, 17
nmax 582 RPM-- Fmax: 27,5 kpl nmax: _.S-‘éa,;i‘_ RPM-=Fmax: 2. 2kp

nmin #77 RPM-=Fmin 73,% kpl nmin:. $73_RPM-==Fmin: 7%, 2 ko

NFx - 43,4 wp LFx:_ (6.1 kp

Iy’ ;\!&Fz.lx.lxj
Co.

X4

[%'s VL—‘&———L—“ r;’?{j’é‘; 4 :_42?3 £_-mm Ix:: V& [ 1 Jﬁ:gﬂ.r @ : ;:?_5; .:'.\ mn_.

=> Spring deflection A x':

Max. deflection ot no locd:

Dy ERBE e 2| Dy Bl 727

Pretension at full toad:
. FAN"Y -_F"E?(;u =21§2ch .ﬂ;;é" ;f;f_.mm JAVE % 3.4 mm
I :--:"D:esiéner_,'_____/ﬁ__ o Date :

MECHANICAL GOVERNOR MEG 1

£61.-05.

Annexure 11 /56 7Zp




Pﬁrdmeters acc.to. form MEG 1~ (v

Spring constant ; :

LOAD [NA

| .
AF KA

——-L—-—....__———_--—-—"l\

I
l "
: —3 DEFLECTION (mm)
!
)
ke R4 | ~
;‘S_lio e. =210 e P J:l_ s o
;_* _________ L~ 162
|
|
N il
Nactive < 1= 'éfﬁ v
E o
% et |
' — "
i
: Spring
LIPS cse o TRAMMANY
i

. | ki, Ne (372
-l-l NN '

— e e e e e e

| Designer:  _ ___ 2 . Dete: _ £, %, 5

_ MECHANICAL GOVERNOR MEG1/CF 1

Annexure Il / 6 3]




Item brdw_ing Na.| - Specification
1 End cap PV1-01 Brass rod 3%2"
2 1 Pi'_.é.tofn 16 PV1-02 Brass rod 3"
172 | 1 |Ppiston 18 PV1-03 Brass rod 3't ALTER NATIVE
.2 1 Piston 20 PV1-04 Brass rod 3‘)
;
3 i 1 Piston housing Pv1-08 Brass rod 32"
A 1 Push rod PV1-06 Brass ro_d- /s
| 5 1 iniet nozzie PVi-07 Brass rod 3¥2"
6 ‘1 Flange PV1-08 M.S Plate t10mm
7 1 Threaded Flange | PV1-08 M.5.Plate 10mm
8 2 Set Screw | —-=- - M4 X10,CIN 815
q 1 Orring L 64.5X3
10 1 O-ring - —_——— 746X 3
11 1 Governor base —_———-
12 4 Hexhead bolt _———— w Yex1
13 2 Rubber gasket | PV1-09 05X® 70X 79

| Part tist

MECHANICAL GOVERNOR

MEG1/PV1-00.0

Baiat- 03¢
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2 NOS
. RUBBER 0.5 THICK
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