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A: GENERAL INFORMATION

DHADING MICRO-HYDROPOWER PLANT

Rated Plant Output: 30 kWe

1. Technical specifications:

Turbine™-BYS X250/CF1
with new cylindrical valve

. - QS = 0.26, Hnet =21 m, 460 RPM
Qmax = 300 1/s .
Pmax = 43 kW, n. = 0.7
=4

Alternator: MARKAN make self-excited, self regulated 50 HZ, 1500 RPM,
65 kVA, 230/400 V

Governor: BYS/MWH/P-gpvernor

Servo—t&c]inder: £ 125 x 200 (stroke)
. BIBUS/DU 1257200 1/32 706
Adapter 1/32 700/023

Thrott]e/coﬁtro]—va]ve: # 18 mm/special design (see enclosure)

Closing spring: _ BAUMANN NR. 207

: ’ Qutside 2 118 mm, wire @ 8 mm
free length 400 mm, compr. length 84 mm
c-rate: 0,37 kgf/mm

Flyball assembly: type BYS, directly mounted on turbine shaft

I

- Aff = 0.49 kgf/mm, at 460 RPM (constant)
“Flyball spring: FBS 03, c-rate 0,23 kgf/mm

Qutside @ 38, wire § 3 mm
free length 90 mm, max. length 210 mm

_Connecting lever: H = 100 mm {constant)
- K = 130-190 mm (variable)
L = 300-400 mm (variable)
Transmission: 6 x c-section vee-belt drive, sipgle stage

460/1500 RPM, i = 3,26

Flywheel: 8 700 mm, weight approx 120 kg, GD2 approx 20 kg m*
’ mounted in line with alternator axis (1500 RPM)
and connected with semi-flexible coupling

Switchboard: , equipped with V, A, kW, kWh, Hz, h meters, on/off
. switches, excitation switch, phase selector
switch and main line connector switch. Protected
by fuses and overvoltage relay.




Filter and supply pipe: . - Basket stra1ner type filter with sta1n1ess
steel gauze

’ 9~ Storage tank 100 1 with_adjusting valve and
] ' overflow pipe 40 mm providing a constant head
of 17 m

- G.I. 2" pipe along penstoék with stop valve above
the filter, 1" drain valve above the filter and

stop/operat1ng valve (1 1/2") above the governor.
in the power house.

&

Connecting pipe to servo-cylinder and control-
valve flexible § 40 mm (rubber) pipe. Governor
. - discharge pipe: 80 mm x approx 3 m lTength,

2. Plant performance:

“ (as per commissioning tests 27.5.83) .
Output: Pel = 34 kW (under full head)
speed deviation: + 10 % at no-load )
9 (static) - 6 %atrated-load (30 kW)
- 20 % at full-load
- Overall p]anf-efficiency: 0.58 for: Hn = 2''m R
| : . Q =.250 /s z
P Pek,jv30 ki = |
3. Transient state tests: v RS
* Load rejection: | acting time  transient overspeed
25 % "I 5,2 seconds 9 %
50 % : 5,5 seconds 13 %
75 % ; , 6 seconds . 23 %
100 % 7 seconds . 26 %
rated no-load speed is reached after 20 seconds
Rated load acceptance: 5 seconds I underspeed 26 %
47 HZ static rated load speed is reached after 14 seconds.
4. Sensitivity test:
at: required magnitude of load switched to initiate
' governor action
no- load « 0.6 kW
25 % load v 1.5 kW (10 )
50 v load T 1.5 kW
rated-load 2.0 kW (7 )




5. Description:
Performance: o
The performance of the plant, observed during initial testing and during

commissioning of the equipment, is satisfactory but better than specified
by BYS for SHDB.

Static speed deviation is + 10 % at no-load (which is not of any adverse
consequence since no. consumers are connected) and remains within very
acceptable + 4 % in the output range from approx. 10 to 25 kW, while -~

~ deviating to =\6% at rated load.

Rated load is achieved w1th 86 % turbine gate opening while at 100 %
opening: peak power output is 34 kW. »

It is however not advisable to run the plant at peak power output. The

virtue of providing rated lgad at less than full turbine opening is rather
that rated load can be maintained even under reduced head. This is 11ke1y

to occur during operation at rated load for periods of more than one hour
during the dry/irrigation season. In this period, rated load discharge is
Tikely to be higher than forebay inflow, thus slowly draining the storage.
Producing rated power-output of 30 kW is possible with a head reduced by upto
2 meters, i.e. 19 m. ‘ .

Voltage fégu1atibn of the alternator 4s such that voltage remains constant
in the entire range.from no-load to rated:load. Higher/lower voltage occurs
in transient state and at peak Todd on]y

Jrangient Speed deviation occurs durwng short periods of approximately
5 sec&nds to the extent:of less than 15 % in normal switching (on or off)
of 50 ¥ of the Toad or less. In the un11ke]y event of rated load rejection
or acceptance, transient speed deviation is in the region of 25 % (specified
"maximum is : 30 %), returning to the Steady state within a maximum of

o 20 seconds. - ] ' -

Governor action is quick but a closing time of about 7 seconds is main-
tained, giving a pressure rise in the penstock ‘of 25 % which is within

design lmits of penstock strength. Faster closure and thus a Righer pressure
rise may occur at sudden Toss of governor supply pressure. This can be
induced by very fast and careless manual closure of the operating valve.

Even in this case, penstock rupture is very unlikely and operators are
instructed to avoid such wrong manipulations..

Observation of the plants performance during the first week after commissioning
(early June, 83} has shown no deviation from the performance data obtainined
during initial testing and commissioning, and no malfunction. Operational load
connected varied from 8 kW to 22 kW, indicating that for the time being full
rated capacity is not yet connected.
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.~ The prdcedure is as follows for starting;ug of the plant.

Ope%axion:

B

1. Adjusting governor water supply

2. Opening on/off valve of the governor supply line in the power house.
3. Switching-on excitation
4

. After steady no-load speed is reached, connection of the line.

Shutting down:

{. Disconnection of the line
2. Slow closure of the governor supply valve (on/off valve).

Alternatively, the gbvernor supply valve may be closed as a first step.
The 1ine will automatically be disconnected at approx. 100 Volts
phase/neutral voltage.

Adjusting water supply:

The water discharge of the governor varies according to the position of the
control-valve. Highest discharge occurs at no-load speed, lowest discharge
at full-load speed: The problem of adjusting the governor water supply
consists thérefore in providing a constant head. To achieve this, the
storage tank must overflow at all times. Adjustment is done best at no-load,
providing very little overflow. The overflow pipe must have a sufficiently
large diameter to keep a head increase at full-load, due to higher overflow
discharge and subsequent pressure build-up, within 11m1ts The overflow pipe
provided is of § 40 mm and approx 3 m length. Adjustment of the 2" valve

‘between filter and storage tank is an opening of 3 full revolutions opening

from the fully closed position. This position needs not to be changed. The
hand wheel of this valve has therefore been removed. The stop valve above
the filter on the other hand is opened fully for operation and is shut-off
for filter cleaning.

Starting up:

Except for filter cleaning, no manipulation of the adjusting and stop valve
near the filter and storage tank is required after initial adjustments as
described. Normal plant operation is possible from within the powerhouse.
The following procedure has been found to be convenient:

- Slew opening of the on/off valve by approx. one revolution of the valve
handle. Pressure in the servo-cylinder builds up and the turbine gate
starts opening,

H

- While the generating set is speeding up, the excitation push button 1is
pressed down until excitation is on, as soon as speed and therefore voltage
reach a sufficiently high level.

- Immediately thereafter, the on/off valve is opened fully. In the process,
speed w11l go up to above no-load speed (transient) and will return to
no-load speed.




- The line may now be connected by the main switch.

Shutting down:

The equipment takes care of full-load rejection well’ within acceptable
limits of speed increase. Irrespective of the load connected, shutting
down is effected by:

- Disconnection of the Tine by operating the main switch
- Slow closure of the on/dff valve.

The plant comes to a standstill without the need for a brake and without
the need to close the penstock gate valve.

A1l manipulations described may conveniently be done by a single operator.

. Plant safety:

Tests and operation so far have shown that in normal operation, no dangerous
conditions occur. Permissible overspeed for the alternator is 40 % as
specified by the manufacturer, while not more than 26 % overspegp occurs

for short periods in normal operation.

In the case of governor malfunction, the system is in principal self-

protecting, i.e. in the case loss of pressure, the turbine is shut down
automatically. ' '

Pressure 1oss can have the following causes:
- lack of water supply due to insufficient filter discharge due to blockage.
- rupture or leak of flexible (rubber) pipes

While the former may occur in case of operator‘s negligence, the latter is
most unlikely.

Jamming of the control-valve, due to foreign particles (which would indicate
that the filter is not good enough), would cause the governor to malfunction.
Safety is not likely to be endangered 'since'at overspeed the flyball assembly
develops forces in the range between 20 - 30 kgf. These are very likely to
move a st uck control-valve.

Two critical components of the governor system are the closing spring and
the connecting_link between the operating lever and the control-valve (turn-
buckle). If one of these components should break, serious damage to the
alternator may occur. However, breakage of the closing spring can be ruled
out as a possibility. Removal by force of the ball joint/turn buckle is
basically possible. This would have to be considered a serious, act of
sabotage. ~




/- . Maintenance:

The revision of the governor design was done with the aim of reducing
maintenance requirements. The result-is a reduction of Tubricating points
and better protection of moving parts against dust and corrosion:

- the contro] valve pushrod is fully sealed in its brass bearing from
water with a rubber belTows. A single drop of o0il needs to be put into
the lubrication nozzle every few days.

- the fiyball assembly is fully sealed and is also provided with a bellows
at the pushrod extension. Grease lubrication applied initially is
expected to last for at Jeast 500 operating hours.

- the control-lever bearing consists of two permanently greased ball
bearings and is sealed with a rubber cap.

- a brass friction disk.is fitted between the point of the flyball pushrod
and the control-Tever pressure plate. One drop of oil must be applied
daily at the point of contact of friction disk and pressure plate. Care
must be taken not to remove the friction disk from its correct position.

- the bearing at the turbine gate lever to which the servo-cylinder is
connected, is provided with a grease nipple to wh1ch grease must be
applied occasionally by grease-gun,

- the same applies for the bearings of the turbine gate.

- proper attention must be paid to the condition of the governor filter.
It is expected that under normal conditions, cleaning has to be done at

. least weekly. However, during and after heavy rains, more frequent
cleaning is necessary due to heavy particle load of the water.

Procedure:

- closure of main valve above the filter

- -removal of filter basket by removing the f11ter 1id

- draining of the filter housing by removing the drain-screw at the
bottom

- cleaning of the filter basket by brushing its outside ‘with a steel
brush and subsequent flushing

- flushing out of the filter housing ;

- replacing drain-screw, filter basket and 1id : *

- re-opening of the main supply-valve.

Maintenance requirements specified here can not be complete since there is no
long term operating experience. Additional requirements will need to be speci-
fied based on such operating experience.

16 June 1983/ME
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SUPPLY PIPE @ 2" G.I.

SCHEMATIC OF MWH GOVERNOR HYDRAULICS
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DAMPING ARRANGEMENT FOR

MWH/P-GOVERNOR (SCHEMATIC) ///
/'/!
/
Adjusting valve
Container*
Air vent
Level indicator b ‘cap
y highest Tevel _“\\ _ ql ! Filler
= N _Hi

s

1 o

Y lowest Tevel

f
! Drain plug '

N
\

A

v

*.required container volume:

Servo cylinder Liters

- (approx.)
g / stroke
80/150 - 1,0
80/200 1,2
100/150 1,4 o
100/200 1,8 ST
125/150 . | 2,0 ,
| 1257200 — 2,7 |

Za‘aﬂ.ggy”@g
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BYS EQUIPMENT INSTALLED AT DHADING

Control-valve housing

Flyba11\assemb1y adjustable spring

frame

View of control unit . | f\\\\\\\\wi\\ .

MWH/P-Governor ' Control Tever




Connecting pipe between

servo-cyl. & control valve . . -Servo-cylinder
Flyball supply pipe
Control-valve Closing spring
: ////Turb1ne gate lever-
/ ,,
\. S ¥ .

control
unit frame

eral b oview of AWM governor/Crose-Flow turbine asoenbly







)

Adapter and thiottile
assembly

Pipe adapter with
pressure gauge
nipple & plug
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1.
Mechanical Governor

14 - -

INSTRUCTIONS

[ Component matching procedure;|

-

I
I |

A:

B:

Determine characteristics

1.

2.
3.
4.

Flow regulator forces (gate characteristic) including length of

. gate pushrod stroke between no-load and full-load (use form B1)

Flyball -characteristic by using form B2 and B3
Throttle/control-valve characteristic by using form B4

Available working pressure PO by using form B5

Select servo-cylinder diameter (Fig. 21, page 28)

(use form B7, B8 as a worksheet)

1.
2.

Ca]cu1ate effective cross-sectional piston area

Calculate available piston force at no-1oad and full-load points
of gate (i.e. at Py/Py ='0,3 and 0,7 respectively). Draw piston
characteristic on form B6 ‘ v

. Add up gate, servo-piston and friction fdrces to determine

required closing spring forces .

. Calculate closing spring characteristic

: - Select most suitablé spring from the available range

1.
2.
3.

Determine working points of spring at no-load/full-load
Calculate spring loading at full-load

Correct piston force Fp, required and determine new value
for full-load point of Control-valve as well as stroke z

D: Match flyball stroke length (17 mm) with control-valve
stroke z, and flyball-pushrod forces with flyball spring

1.

[Ga NN = ¥S R AV

Calculate lever length K

. Select suitable flyball.spring :
. Calculate lever length L.
. Calculate amplification factor for flyball. forces

. Calculate flyball spring deflection at woﬁking points

: Closing the control loop

1.
2.

Fill in design data (form B9)

Draw component characteristics in quadrant diagram (form B10)
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2. EXPLANATORY COMMENTS

The component matching procedure with working diagrams B1 - B6 are used’
together with calculating sheets B7 & B8 to determine theoretically correct
governor adjustments. The turbine gate characteristic and the flyball.
characteristic have to be measured to start with. Flyball pushrod forces

are easily determined by operating the flyball assembly on a lathe machine

at constant speed. Pushrod forces are measured in different positions by
measuring the deflection of a spring (with knownc-rate) which keeps the

pushrod in the desired position. If this is repeated for a number of different
constant speeds, the characteristic for any other desired speed may be
calculated. ‘ g

The gate characteristics must be measured under actual operating conditions,
i.e. in the actual installation. The throttle/control-valve characteristics
has been determined by the design of the control valve piston previously.

It is now sensible to verify this by actual measurements at site, because
manufacturing inaccuracies will have an influence. With the data obtained
for the control-valve, graph B5 and subsequently graph B6 may also be com-
pleted.

The calculating sheet B7 is then used to determine control-valve working
points and the setting of the closing spring. Subsequently, lever lengths
and setting of the flyball spring are calculated. All data obtained are
entered in form B9 which is used for executing governor adjustments.

Corrections of these preliminary settings have most 1ikely to be done during
trial rudns, to obtain specified governor performance. Once this is achieved
(by using the tuning procedure), adjusted values are entered in the respective
column in form B9. The entire control-loop diagram can then be drawn in form
B10. For full understanding of the interaction between the governor components, —~
it is essential to find out the reasons for deviations of adjusted settings
from désign values. In case of such deviations, one or more of the initially
assumed component characteristics must have been inaccurate or wrong.

Deviations of initially assumed characteristics from actual characteristics
(which were derived from the final control-loop) are shown in the matching
procedure for “Dhading". Reasons are explained in the following:

a) Gate forces:
Initial measurements were not done in the actual installation but at the
BYS test plant only. Due to & new gate desiqn and a lack of appropriate
measuring instruments, practically no forces could be measured. The qate
was consequently wrongly assumed to be hydraulically balanced. From the
setting of the closing spring and the positions of the control valve,
actually occuring forces could be derived. As shown on graph B1, deviations
are considerable, leading to, deviations in other components of the system.

L

e
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b) Pistion forces:

Due to the apparent opening forces at no-load, the actually required

piston force at .this point is much smaller (20 kgf instead of the calculated
52,5 kgf). At full-Toad on the other hand, apparent c1os1ng force of the
gate is higher than assumed. The required piston force is therefore higher
than calculated (132 kgf instead of 122.8 kgf).

c) Closing spring setting:
+The closing spring is to counteract the total of opening forces. The
- corrective calculation of required spring sett1ng, by using values of
the apparent gate forces (form 7a) yields a required deflection of 162 mm,
while the actually adjusted value is 160 mm. Spring deflection is higher

than calculated initially 298 mm according to the corrective calculation
and equal to the actual adjustment. )

d) Control-valve working range:
Due to the greater difference between required piston forcesat no-load |
and full-load points, the working range of the control-valve needs to be
greater than as per the initial design caTculations. The results of
corrective calculations (form B7a) agree with actual working points at no-

load and full-lead, indicating that 311 other deviations so far have been
correctly understood.

e) Flyball/connecting lever:

The working range of the control-valve was 1ncreased,vrequ1r1ng greater
control-valve piston travel. The flyball pushrod travel is increased in
proportion. The corrective calculation (form B8a) shows that this results

in practically the equal Tever length K, which agrees with the actual
adjustment.

Effective flyball forces deviate considerably from design calculations—as-
could be derived from actual flyball-spring deflection. The reason for this
are hydraulic forces of the control-valve piston which connteract flyball
forces and which were neglected initially. Form B3 shows this correction

and the length for lever L is recalculated on form B8a. According to this
calculation. L should be equal to 382 mm whereas the actual adjustment is

378 mm. This seems to be a slight adjusting error but is apparently of no
consequence.

Tuning of the governor was done by initially adjusting all components to the
values resulting from design calculations. A first trial run showed quickly,
that performance was erratic and that corrective adjustments had to be done.
The cause was soon traced to forces apparently existing in the turbine gate.
Since no accurate measurements were possible, a series of assumptions were

made. The entire desing matching procedure was done and redone with each new
assumption until satisfactory performance was achieved.
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It may be concluded that the entire matching procedure proved to be
suitable in attaining good governor performance. A1l deviations of actual
adjustments from initial design adjustments can be understood and correc-
tive calculations, give results which agree with actual final adjustments.
It is important, however, te point out that the approach in correcting
adjustments must be systematic and coherent, at all times backed by the
respective calculations with formulae given.




Form : R

R

in closing

S

=

4
Insfalla}/bn<;\. Dhading ..
turbine fype CEUX250

Hhet s Zim

/

100,

N
el
- 4—|-+-;-1—l-?—¢-#—o—-i-
120 | 140 | 160 | 0 foo
- stroke Y [mm]
arived
's; en’Cf;’? fg

7 ~—— no-load | fulby open——et -
%0
100 : ' -
=) 4 S chacked by #X .
. \ N '-3./ L S g
in'opening TLOW REGQULATOR (GATE) FORCES Pate: %64

direr;hon

* define and mark no-load | full lead positions




instalation: . Dhading. .. . ..

chesked by: . 2 .. .
‘bater .. 13.5.82/46.63

4o
38
e T
E 1319
TR I 1343 N N7+ 506 RPH
o I B 7
58 2 e NP5 T 482 RPH.
4-71 1
ot PAPZP = LSt - 432 Pk
e N ’—/ /‘ — I R - .
o T TP A L L ves aen
PR P L= amin N
"_1,(’ M8 .47,‘/, B 1L~ IN-PO% — 2370 RPH
i /,1
% y B - lr design=]> c’= LB 05
12 ' / el [ . ' '
10 el |
8 =40 |
b ‘ -]
" N desy A ppn ’l
|
2 l - ‘
. | | | ‘ ; ‘ ‘ ;
H"‘WZ’?*’J‘"‘H* RPN

Stroke X

actual  strokd21! mm
(O ~34% ki)

CENTRIBUGAL PENDULUM CHARACTERISTIC, f

» establish cMmk:éHc for spezds: N, N+5% , N+40%, N-st, N-t7
e calculate. rate c! of imaginary ({lyball spring




Form: B3 ) i
| Installation: . . Dhadmj S
| checked by: . fef. . .
bate: ... 6.6.L%. . .
|- _N*‘T ————
S - . S S ) /
S0
" /
8 4 L /| vy v
26 | /%L o |
24 4 |
22 59(- _hyz’mu/z‘c fon:gs
In the conirel- pies,
20 reducivg by barll
/8 e-ﬁpé-_cr;»&c»‘ua//y
r'ac?w ng/h
n L =g
10 __ | | -
: L
2 ‘ | ot
n I
2
L
T rrrerrrerere 1 ;l‘ll;;;;lf»
: 5 o s oo’ [ lz's‘ 3l [mm]
!__f S+roke@lmm Stroke. X

FLYRALL SPRING TORCE /STROKE DIAGRAM .




Form: Bl e
' (Conbral-

T b e (pr=)
o S v

lnsfallaﬁbnr b%adlh{( o

thottle. diameler: | ¢ A% wia,
contiol - alve, deak?n'- SpéEC.... .

checked by'. et
Date. AR5, [275. 82, ..

— — — Yheorehcal chargobqsp,

O § .

ac/ua/ ,’Dé.rformance
| characteris b,

# Poinig meaadez/

0.6_4

054

Jox 3

0.2_

0.41_34

—
—
—

actual 4;SA mm

/\

THROTTLE / CONTROL-VALYE CHARA CTE/Q/ST/C\

REAARRERRY nie
20 25 30 [mm]
. shoke =

s,
-
. v

~

e




Form’ . L;B 5

Tl hdles

é}éo&g

'_'_';A,-FP(J _____'f.,_,,,, o
~P°-+~ ._ s

/ns'ha"a'hon Dha din g ..

Thm#fe ¢
mm‘d w(ve 4 f

« = usle e

[

SRR g &
R . b ,. }
. !

:f‘f“ Ta 95“' -

sufply P.,selag 7%

! i

L T
Lo IR R T

® POWﬂ’S measanza(

4

!

{

R

Y

!
02 03 04

)
05 06 O0F 08 09 1 B[P,

AVAILABLE WORKING PRESSURE Pu/

= P (5'/@ (Pfee)

Mo

Po static = /?M

wlet af zero flow).




Form: B6

F. (of]
 inclosing
direction

(+)r ]
1004

—

901

-

304

-4

?u&:s:o:... Vg&,sm_ R I

Serve |1mm‘+03 Q- -ANm\WG
eff. piston area HMELS Bysiak) 471

03 0% 05 06 07 08 09 1
| * |
ﬁ\w

M/r

S

chacked by AL
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checked by: H& \
dabe . 22.5 .42 |Installation : .bhadlné}.

> SERVO-CYLINDER
= 1. Effechve pisten T
Q =] cross-sachonal ama: Ap = (D™ d)?? _
oy AP = -_/_/.SJ _éS_ (;4“‘-2 ..
/Po’ N |
S 2. Available. pisten
| fore: at no-lead: By = POI'O.B'AP
! . -
Y Ty = 08903 434565 =524
‘T§: ;I at fu/l-/oad-‘ %, = B 07 "Ap
J
S oo = Q9407 Ap. 12 = 1294
0. ) :
(Form BS5) . PrlPo '
K | 3. Accumu/afed forces,: ® @ “
e [ | no-load ° l full- load
T .' - gm‘e (‘form BO,' FS"(:‘L"-) + & | % .
Total of axumulated e F _ 2.« !
7 forces & (h the opew'mci Lerve-pison P - ! ‘ - 429, &
(- Y direchon. Counter- friction F — A0 kp =+ A0 kp
baftancfna ‘Sprlnt, forces f
are. dog‘mﬁ_dimcﬁon(})_ Reg uired c/os:nﬁ ‘ o
. ’ ,3:3”9 FOFCQ‘S - 541.,5 i - 4%%44
L'oéd 4. C/osinc'? gpn'n? charctenshe
* I ) 57
- —+Fgo i' Cc- m{e c = _BZ;BL_ = //// 4;2654.5;,‘_‘ _(?1_42 C e
e, (©)CLOSING SPRING o
AT =p “selected spring: c =  O.37..
i ; o+ b4 WOrk{nq ponts of spring: N
! i ) + ’ F
—  inibial deflection (at ro-load ) Vi = o= 1%4%3 .,
L . deflerttion ol ful-load : Vi= vty = . 2833 s
7] o ) 2. Spring load{an at full-load point: .
: | K, = v, ¢ = 2833 0574 ..
Fe Fsz = J04.8 dof
2 <0 A ?; , - T
: | 3. Correction of pisten force Tp,: ,
: ! "Fp.l= ¥r+FsZ= 40kp+8'+”/m*g Cee T
(Form BG) Pi/fi = Corrcted value o{ P4 / P= 0.66 .




. (Form B6) Palfo

corrective cza/c G/ 1S

checked by: mé_

Lom Bra bate.: 4682 |Installation: ..Dh.a.dmg
P, (B) SERVO-CYLINDER
AL 4. Eﬂac/we pls{on T
= cress-sachional aea: Ap = (D-d )Z_/L
o Ap = __. _
B 2. A vai’/dﬁ/e. pister _
LT o nobead: By, = Rtk
aata from feem BAO = 20 gl "P/g?..a 12
. al full-lead: %, = -Mtqﬂs:
e A P/
L B2 = . 1232 &5£2 Tns 0?1
" (Form Bs) T R
:_‘* L A - 2 Accumu/afea' /’OFC& p ® B
= mhbi& TR ; . ,,' Co . "¢ .no- -icad full~load -
ot . e BA),Fy (2 40 |+ 2
.___ToiaLo@ m:umula%ed 4 e “orm ) 3 ) _ <
—Tforces s in4he spening Serve- -piston Fp - 20 - 432
,__<-)dlr2d‘1on Counler- feHior Fr 40—kt 4o=kp
—t balancnna Speing forces
' arc A dos\ncl dlrec’non(f) Required clssin : ‘ :
, 3:2’”3 forCQS'-' E| s - 60 k?f’ — //'/Oé?F -
_ Lood 4. Closing spnrq chapiclenshic. : |
. f y :
-—41Fsr - .| C- mfe C = B?;FSJ_ = //0‘60 = 6.3,37 o
] CLOSING SPRING 7 EE
L A "’Qe!ec%ed Spring: cC = .
l 1. Workfnj ponts of Splilnti: -
inikial deflection (at ro-load): vy = —ﬂ %; 15 /aL
1 deflection o full-load : Vo= v,+y = . 298 pim. .
2. Spring loading at ful-lsad - point: |

Fs, = vV, & 298.6.3%7 _

3. Cerrection of pz'sbﬁrfon:'a_' Tp,:
Fp, = F +Fsz.= ?21<qf-+f(0£'5f_--.
: 132 45f.
-*Comfcfed value. of H/Po = 07 ..

L remded A ®a)
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Form: B8 checkediby-._étc?__. —
Date: . 2.£.83. | Inskll
(corth fomB) | - aiion: - Bhadiing ...
PR, e
f"\ = conlwvl-alve sloke: 2 = | 8.5 mm.
[ : .
S MATCHING WITH FLYBALL - -
I trok | | o
(formBH) - ke 2 1, LQVQ.F'IZVWI)H/\ K:

ring ¥l : Control- - K= = ‘
f?"wd- f/ e s Rel00, X =55 10155 182,
ot }%{orc sz Wit K00, x=B5 K = o = 182,

| ] - 400*-] 2. Select f_}ybqll Spn'ng:
L Caxording 1o {lyball spaa:l)
R - +ype gelected " ?f:, 032, S
TETRE -_-,:::,;gg;‘ o edrake O 23 kg{/mm
Eu é E é?: § === L8, Calculafe IeVér ]eanq L
: 3 el el iy ol il ook p B i '
e pagete | L=VEEE where: ok of imagioary
. - _ ' spring (fron formB2) -
Note: if L calaulated is T ¢ = rate of spring mkﬂ(
. near mintmum o — *—,—'——'-——_-';“ﬂ o 8~ e
T maximiom of tposc‘u(; k= QA3 38 11
length, cheose different ¢. 9}’)7£//‘LCQ’LIOH ,ﬁac/&f Vbr {/yba/ forces:
i
gl \ RCERCEE
{% W,_,"‘l\‘ e 1:..__5__ = %—%2—-"‘047—
B L 1 - .
- {s m
o b Cafcu(afe \cl\/bdu Sprma, defkd'uan
i full- load s wy = Lffie  B02pmm,
- s at no-lead: wWo = 1_,_{{__ 3.3 L
NeelS e o
I wWa is near W max | S4-
leet a different Spring,
March 83 (me
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Correctve ablculatons

Table [T, page 26

Form : B8g checked by -#eL. |
v Date: .. .83 _ . |Inshkllation: --Dhadirng___.,
- (cont. fom BS) '
Pl |
'*\ =p conkol-valve shoke: 2 = M,S mu
|
03— =N (D) MATCHING WITH FLYBALL
r
+r
(formB; Shoke . Lever'levm'ylrh K: 5
K = H-x
ring vafvehd | =3 oo |
%{;‘;’L“bﬁs jk%fo:;aei S’rvohi = with: H°=100,X=21, | K = - = 182,4, Iy
! 0] 2. Selecfz fiyball spring :
L "——"' Caaording fo {lyball spead)
I — = +)/pe gelected - FRE O
= :‘1‘1::7_:’7 :'Z'.T:L meme -_&':_;A. C_‘ PG"Q ) Co 0 2% . |
" IBAEIREE s
o :M: o fom .:;Ez E ;_5": 3, Calculate l@VQr !ean/\ L A o
s | w2l L 0 o
L= VKQC' ~ Where: ¢= n:ﬁea{xmaﬂmary

Note: if L cakulated =

near mintmum or
maximum of qossible
length cheose different
.qﬁrima

I’(s —*EEW—L] J

Note'fs

]F W1 ig neac Wma)( <s~

\264 a dlg'ar@/\f' %Prnnc]

spring (fron, form B2)

N ' c = rcrle of spring selecled.
L= ‘/—2—525*=382 Mg

¢ Ampl/ficaton ,éacz/ef for {/yba// forces:

( x”s L) (f-K) =
[ = K 483 = OUR ey

5. Galeulate fiyball spring deflechon :

S | | IR

L ' =78 T -

at fu(/ ~load: wy = %ﬂ‘l = 0—%822 _//.2145@4#7. .
at ns~load: wa = I—Z{{l= ?_:12,5:?."_ SGELT iy
March 83 [ me




Symbo) Desiqn

| —

DESIGN DATA: Adjusted | Form: B9
value value
Static head {or governor: H LA | At
Sevp-cvlinder @ ALD mm - Installation :
.- ef. piston area Ap | HseScrd ... | Dhading |
- piston fore: at nodoad Fp1 | &2.5 kaf 20.&‘5?.]1.’.
~ ~ =~ :atful-lad Fpa | 422.8. kaf| 1324z
Gale fores: at ns-lead Fgo | 8 Igf| T 404
full~ (oad Fgx | R &k #224(
Gate pushrod  stoke Yy | 2 _mm| ...
Closing 2pring: calculated rale| xc’ QS Kffmm . 01 37,
role. of selected sprivg xC | L.22Ugfoen| ..o |
-~ deflechon of Tne-lead Vi |"44F . mm | 16O mun| = 592 kaf
- X b {u' lead | Vo | B3 mm]| . Z?gmm ,,,,,
~Spring badmﬁ at {ul-load | Tz | 4048 kf| MO, 2 kgf
- CQniroI valve : go‘da‘: = :.SPQC.... — ..
- P1[Po at no-load - 1 0.3 .12 .
- piston pesition at no-lead | 24 | 145 . mm T s
| = P4{Po a full-load - O, . | 0321.
~ pton position at tull-load | 22 | 2. .mm| . 75 o
~ piston working sfroke 2 | . &S5 mm| 4.5 i
Flyball : rated speed N | .40 RPM  4g0
- gpeed deviabon| AN | £ 10 Y% | 2 2%,
= lower speed limit Numin| . &% _ReM| . S7C
- uppec speed lmit Nway . 5Q6 ReM| . S06
- pushed force at Nnim fra | M &daf | QL.
- v ab Nwas | ff2 | 3L2gf| 279
- mie of inmaginary epring. el SiOA M| 40
= pushred workma shaoke X | 15.5mm | .21.nm
Fiyball gpring: rate C | Q23 bff . .=
- deflection at no-load wa | &4 omm) Sty Chocked b\/
- " at {ull-load Wz | .30 pm| . 15 mm
Lever- inkage : H | 400 rm — o
- lever K | 482. . mm . 783 mm Dale K62
- lever L 388 . mn 378 mun
gprina amplification factor| 1 | 0.%47. 0.948. .




_J__egand: .=

F : pisten force ot | \
z : conhol-pision stoke ‘ - 9?('\"‘9’//"[~
X ¢ {lyball pushred skoke o 1 |
fe : fivball -

o

L 5
s S ¢ — .
: oo ‘_--=-# - __7-‘* L
! - = = . ’
¥ ", / - "
- = +10 —
1 g (\{\9/ =

- ' f + 15—

R T T s S S o : e 4 20

'/_-‘.Cgpntrol Loop
Dhadum;}f“

| in sfai aﬁon

cheakedbyw

Date: 3 (o.g

é S Aa//

@ Control - valve.




