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A: GENERAL INFORMATION

DHADING MICRO-HYDROPOWER PLANT

1]

Rated Plant Output: 30 kMe

1. Technical specificatiuns:

Turbine?-BY¥S %Z50/CF}
with new cylindrical valve

N B . = 0.26, Hnet =21 m, 460 RPM
Qfax = 300 1/s ‘
Pmax = 43 kW, n. = 0.7
=3

Alternator: MARKON make se]f—excited, self regulated 50 HZ, 1500 RPM,
65 kVA, 2307400 v

Governor: BYS/MWH/P-governor

Servo-cyclinder: # 125 x 200 (stroke)
) BIBUSSDU 125/200 1/32 706
Adapter 1/32 700/023

Thrott]e/coﬁtro]-va]ve: g 18 mm/special design {see enclosure)

Closing spring: BAUMANN NR. 207

: : Outside @ 118 mm, wire § 8 mm
free length 400 mm, compr. length 84 mm
c-rate: 0,37 kaf/mm

’

Flyball assembly: type BYS, directly mounted on turbine shaft
- afp = 0.49 kgf/mm, at 460. RPM (constant)
“Flyball spring: FBS 03, c-rate 0,23 kgf/mm

Outside B 38, wire § 3 mm
Jfree length 90 mm, max. length 210 wm

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

460/1500 RPM, i = 3,26

Flywheel: @ 700 mm, weight approx 120 ka, GD2 approx 20 kg m°
‘ mounted in line with alternator axis {1500 RPM)
and connected with semi-flexible coupling

Switchboard: _ aquipped with ¥, A, &M, kWh, Hz, h meters, on/foff
. switches, excitation switch, phase selector
switch and main line connector switch. Protected
by fuses and overvoltage relay.




\*f/ﬂﬂ\ Filter and supply pipe: . - Basket stralner type filter with sta1nless
Steel gauze
o 2~ Storage tank 100 1 with adjusting valve and
= ’ overflow pipe 40 mm providing a constant head
of 17 m N
- G.I. 2" pipe along penstock 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 8 40 mm (rubber) pipe. Governor
. discharge pipe: P 80 mm x approx 3 m length.
o 2. Plant performance:
(as per commissioning tests 27.5.83) _ .
Qutput: Pel = 34 kW (under full head)
speed deviation: + 10 % at no-load )
’ (static) - 6 %at rated-load (30 kW)
3 - 20 % at full-load =
. Overall p]anf efficiency: 0.58 for: Hn = 21 m %
| - | . Q =.2501/s 3
" . Pek = 30 kW E
3. Transient state tests: . A
* Load rejection: | acting time  transient overspeed
25 % ' 5,2 seconds 9%
50 % 5,5 seconds 13 %
75 % 6 seconds . 23 %
100 % 7 seconds . 26 %
rated no-1oad speed is reached after 20 seconds ‘
Rated load acceptance: 5 seconds ! underspeed 26 %

47 HZ static rated locad speed is redched after 14 seconds.

4. Semsitivity test:

at: required magnitude of load switched to initiate
' governor action

no-load + 0.6 kW

25 ; 1oad 1.5 ki (10 )

50 . load F 1.5 kW

rated-load 2.0 kY {7 )




5. Descrption:
Performance:
The performqnce 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 Joad is achieved w1th 86 % turbine gate opening while at 100 ;4
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 likely

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 s poss1hle with a head reduced by upto
2 meters, i.e. 19 m,

Vb]tage regulation of the alternator is such that veltage remains constant
in the entire range.from no-load to rated'load. Higher/lower voltage occurs
in transient state and at peak lodd 0n1y '

Jdrangient speed deviation occurs durﬁng Short periods of approximately

5 secqnds to the extent-of less than 15 % in normal switching (on or off)

of 50 % of the load or less. In the un11ke1y 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

e 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 Mmits of penstock strength. Faster closure and tHus a Higher pressure
rise may occur at sudden loss 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.

ibservatioe 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.




Operation: _ _

. The procedure ﬁ§ as follows for starting:LE of the plant,
1. Adjusting governor water supply ' ’
2. 0pening 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 Tine.

Shutting down:
1. Disconnection of the line

2. Slow closure of the governor supply valve {(an/off valve).

Alternatively, the gbvernor supply valve may be closed as a first step.
The Tine 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. H1ghest discharge occurs at no-load speed, lowest discharge
at full-load gpeed: 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 dome best at no-load,
praviding very little overflaw. The overflow pipe must have a sufficiently
large diameter to keep a head increase a# full-load, due to higher overflow
discharge and subsequent pressure build-up, within Timits, The overfiow pipe
pravided is of @ 40 mm and approx. 3 m length. Adjustment of the 2" valve

" between filter anc storage tank 1s an opening of 3 full revolutions opening
from the fully closed position. This positian needs not to be changed, The
hand wheel of this valve has therefore been remgved. 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 c¢leaning, no manipulation of the adjusting and stop valve
near the filter and storage tank is required after initial adjustments as
described. Mormal plant gperation is possible from within the powerhouse.
The following procedure has been found to be convenient:

- Slow 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 f“arii'_r'ﬂl']"

¥

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

- Immediately thereafter, the on/off valve is opened fully. In the process,

speed will 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 we11 within acceptabie
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 bé 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 % overspeqp occurs

for short periods in normal operation.

In the case of governor ma1funct1on,_the system is in principal self-
protecting, i.e. in the case loss of pressure, the turbine is shut down
automaticaliy. ' '

Pressure loss 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 foreion particles (which would indicate
that the filter is not good enough) would cause the governor to malfunction.
Safety is not 1ikely 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 contral-valve, :

Two critical components of the governor system are the closing spring and
the connecting_link hetween 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.




7. Maintenance:

The revision of the governor design was done with the aim of reducing
maintenance requ1rements The result-is a reduction of lubr1cat1ng points
and better protect1on of mov1ng parts against dust and corrosion:

- the contro1 valve pushrod is fully sealed in its hrass bearing from
water with a rubber bellows. A single drop of oil needs to be put into
the lubrication nozzie every few days.

- the f}xga1l assembly is fully sealed and is also provided with a bellows
at the pushrod extension. Grease Tubrication applied initially is
expected to last for-at least 500 cperating hours.

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

- a brass friction d1sk is fitted between the point of the Flyball pushrod
and the control-Tever pressure plate. One drop of 0i1 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 tever 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 s expected that under normal conditions, cleaning has to be done at

_Jeast 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 filter 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 stee!
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 he complete since there is no
long term operating experience. Additional requirements will need to be spect-
fied based on such operating experience.

16 June 1983/ME




.' Part B




: L m ONIOYHT LNV d ¥3M0d0N0 LR - 080U :
. _ \\) - 0SZ/4L  INGHNLAOTISSONI SAS 404 INI0YAIINVESAH |
(g \ | -

mﬂah._oho;.

‘ . Aauuny
-

N A~ ww

TR

Bus Jojonbay _ T
. Jojdopy )




SCHEMATIC OF MWH GOVERNOR HYDRAULICS

“DUADING” MICRQ HYDRO PLANT y HEAD WATER LEVEL i
..n".'.’ o
laa
s
f'
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N -1 e |
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» 5
/ 7
SERVO CYLINDER f;‘
g 125 . = =
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CONTROL VALVE HOUSING pressure gauge Po_[‘j\ § 40 mm
CONTROL VALVE pressure gauge T3
“p 70 piston Py
.\ THROTTLE -@ 18.-mm
e to flyball via control !IE:E" o - -
X i lever RO L2 to turbine gate =
o~ | 3
: | e . discharge pipe PE ¢ 75 mm 32
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W, g T
é‘ — - - (8- - drain
T ¥ TATI WATFR | EYEl ~

wo‘y - 5°2




. DAMPING ARRAMGEMENT FOR

MkH/P-GOVERNOR (SCHEMATIC)

Adjusting valve

Level indicator-w\\i\\
y highest Tevel

i

>

¥ lowest level

ey

! Drain plug

| L

e

*. required container volume:

Servo cylinder Liters
- (approx.)
g / stroke
B80/150 1,0
80/200 1,2
100/150 1.4
100/200 1,8
125150 . 2,0
! —~—
j 125f206—“f—

i3

2.7

‘cap
Filler

]

2G (. &ém,




BYS EQUIPMENT INSTALLED AT DHADING

Control-valve housing

Flybali assemb{y

\

adjustable spring

frame

View of control unit
MUH/P-Governor




Connecting pipe between

servo-cyl., & control vaive . -Servo-cylinder
Flyball Supely pipe
Control-valve Closing spring
. ///Turb1ne gate lever.
/ z
’ ) e . ] ol a ~
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cantrol
unit frame

werad b s of M acveraor fCreos -F low Lacbooe asegnt |y







Pipe adapter with ' ‘ Adapter and thiotllilc
pressure gauge assembly
nipple & plug :
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INSTRUCTIONS
Mechanical Governor

[Ebmponent matching procedurej

Al

Determine characteristics

1.

Flow regulator forces (gate characteristic) including length of

. gaté pushrod stroke between no-load and full-load (use form B1)
. Flyball -characteristic by using form B2 and B3

3.- Throttle/control-valve characteristic by using form B4

4, Available working pressure PU by using form BS

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

(use form B7, B8 as d worksheet)

1.
2.

Calculate effective cross-sectional piston area

Calculate available piston force at no-load and full-load points
of gate (i.e. at P{/Py ='0,3 and 0,7 reSpect1ve1y) Draw piston
characteristic on form B6

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

required ¢losing spring forces .

. Ca]cu]ate.c3osing spring characteristic

: Select most suitable spring from the available range

1.
2.
3.

Determine working points of spring at no-load/full-lcad
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

s L N —

. Calculate lever length K

. Select suitable flyball. spring

. Caleulate lever length L.

. Calculate amplification factor for flyball. forces

. Calculate flyball spring deflection at wokk1ng points

: Closing the control loop

1

. Fill in design data {form B9)
2.

Oraw component characteristics in quadrant diagram (form B10)




-y

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 furbine 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
catculated. ! .

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

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

The calculating sheet B7 is then used to determine control-valve working
points and the setting of the closing spring. Subsequently, lever Tengths
and setting of the flyball spring are calculated. A)1 data abtained 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 rdns, to obtain specified governor performance. Once this is achieved
(by using the tuning procedure), adjusted values are entered in the respective
calumn 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 dene in the actual installation but at the
BYS test plant only. Due to a new gate desiqn and a lack of appropriate
measuring instruments, practically no forces could be weasured. The gate
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 01, deviations
are considerable, leading té deviations in other components of the system.

47
g7,

g
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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-load on the other hand, apparent closing force of the
gate is higher than assumed. The required piston force is therefore higher
than calculated (132 kgf instead of 122.8 kgf}.

¢} Closing spring setting:
#The closing spring is to counteract the total of apening forces. The
. corrective calculation of required spring setting, 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 actuaj adjustment. 1

d) Control-valve working range:

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

load and full-load, indicating that a11 other deviations so far have been
correctly understood.

e) Flyball/connecting Jever: '
The working range of the control-valve was increased, wreqmmng greater
control-valve pisten travel. The flyball pushrod travel is increased in
proportion. The corrective calculation (form BBa) shows that this results

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

Effective flyball forces deviate considerably from design calculations—as~.
could be derived from actual fiyball-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 dome by initially adjusting all components to the

-values -resultting 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
suyitable in attaining good governor performance. A1) 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.




=

' ' 18 74
Fom : B1 | Insfal/afbn&. Mading ...
F [k9f] : , turhine Jy‘m CFUX 250 ..
: .‘S:rglé?;nq - | | | Hnet - Zim.. i g

120 | 140 | %o | 0 &

I forces aried From
f qdjust, en’{:r’rs . Fg

9 _ |
100 — -' L
(-) i _ | | cheacked h)f/éff-

L Date: 2.6, 43
in'Gperiing TLOW REGULATOR (GATE) FORCES
dlrechm * define and mark no-bad , full lead posifions




Form: B2

instcilation: .b‘hadjb.g. -
checked by: . K2 .. . ..
babe: .. 13.5.83/46.63

'ff? [kgﬂ |

Bl _ s 3194 |
T a3 DNz 1 s06 pem
~ap ik
o8 A e NPSP T 483 RPH.
. -
26 P - /7L'/ /‘{;a/'ﬁl | L0 RPH
2‘,‘- . ///l/‘;///:;.,,;/ '1_,1 ‘L -s-ﬁ ) L"Ej. QRH
e - L . . - .
S22 M /' _ - :
90" )/‘/A":/%"lp 1 ;/‘f( N-16% +—— u{& RPH_ |
8 /:‘/-*”7/—" 40 A I .
i M8 _434;;,, ) .;#?Lf N-Do% — 270 RPH
2’ L _
i _.Pf BB o 'r design= ¢'= 33218 405
12 / L .
0 & l
LT |
s J=404 =
b ' |
o L da‘:fgn. 5.8 pon ‘|
' 1
2 .
' 1 i | - ' | . :
LH 5 JI; -4'; 2o 28 -go [mm]

Stroke. X

actual  stokd24 mm.
(O ~-34 ki)

CENTR IBUGHL PENNILUM CHARACTERISTIC ,

» establish chacade:rahc for apazde: N, N+5% , N+40%, N-sh, N-t7
¢ calculate rate ¢! of imaginary flyball spring |




: Instalation: . . Dhadmy e

, cha:kedby: /71~
date: ... 6.6.8%, . .

//%L

1
o '

1% hydradlic forces
Cin #ae: conkup/- pichn

reducing { fyball
required Spring ' fampg
e fhere fore. ‘rodcan

||||||||

L L

25 ab [mm]

- Streke. X

stro ke@l M

FLYBALL SRIMG FORCE /STROKE DIAGRAH




Form: B4 |
' (Conbeel
{Thekle) Py lfi’-‘:';) (Pz'O)
v

Installation: -..bhadl}lﬂ. o

thotle diameler: & 12w,
conitsol - valve. des‘qn'. SpeC.. ..

checked] by'. Hcé'.‘ e
Date:. A5 [275. 82, ..

—— —~ Yheorebcal chargobqsh,

actua/ performarce
| Charqcreris ke,

$ ponis measued

actual vf;. 5 mm__

:
E
St
\3\\ .
ii_iiiiipiiiiiiiiiiiii-iiiiii%' -
5 10 15 - |20 25 30 [mm]

shoke =

L p—r

r~

THROTTLE | CONTROL-VALVE CHARACTERISTY \\\

-
O

”\




o

S
o\

B\

J__*_l Db | C ) Poroob o :
ke 682 L L | qoenoeil .0 AF
~E)V 5 | S ’ . i -
ISR N I I I PO iR
ST, I O O I R R R B
R ! . ) _ L |
. r v / - ] :
: - / * - [
- “———t —/ '

=t — U
04 02 03 04 05 06 0F 08 09 14 P/P,

AVAILABLE WORKING PRESSURE Py’

Po= Py (PP P static = 1¢m7
z () e (meastire af serio-cylinder
| S et at zero flow).




Form: Bé6

F.laf

in closing
direction

(+)

oo I

R

installation: ... Dhadfina, ... |-

See - piston @- \_N®\WU

elf- piston aren HE45 @Amwf A7?m
Lurs

02 03 O%

,“ ﬁlbf act

fal

05 06 O
| BIR

to.._. )

SERVO- PISTON FORCES , Fp _ | o
| checked by : AL

ate: €6 .83




P
checked by: f&
bole.: 27.5 .82, |installation: . bhading
SERVO-CYLINDER

1. Effechie piston

ead
E—ieaé’_ _

L+

crose-sochonal aeq: Ap = (D-d?) _ZTF _
Ap = _ A5, 68 C—L*-*tz :

2. Available. pisten
porce atno-lead: By = %}'O=3'AF
| B, = 003 D MG =B
ot full-load: B, = B’ - 07 - As

i = o = 09407 Ap 1.2 = 1294
(Form BS) ‘ PR '
’ 1 3. Accumu/m’ed forces: . o e
S I no-load Fu!?:)bad -
e ekt s T e
Total of qaumufa@ cervo-piston - _ So.c L 426, 4
forces & in the apeung \ P ’

(Y drechon. Counler- friction | Fr — A0 kp + ADkp
bd!'.anc.fmj 'Sprinc’ forces h_

are. n closing difection ). Reguired closing

spring forces: ts - 545 i - A1,

L’céd 4, Cfosfnc? spn}r«? charicten she.

-1 |

i |
Fsa | C- rale: ¢ = FS?‘_ Fer . = {#4‘73654 =052

@aosmesppme T

-—0-: DefIEd'ion

Va

—»WMM |
Ly

™y “sclected spring: ¢ = 0,37,

] 1. Work[nq pomts of Spﬁnq_:

L initial deflection (at ro-load ): Vi = Lcs__‘f': 1872 puey
| defleltion ol full-load ¢ V= vty = 2833 s
2. Spring loading ot full-load point:
o F2 = Vyoc = 2833.0272 .
Foo = J04.8 &f
2 . Correction of pisten {‘orr:a Tr,:
Fp, = Fr+ Faz = 40kp+ &+ M088 L

1208 kc“f

(Form BG)

Pi[Poi = CoOrmecled value Or P*/Po = 0.66




Pa{Fo

form: BYa bale.: 4.6.82. Ins'l'allahon .Dhadmg"
I .ssnvacnmoen

N I 1. %’ecfwe pisten - o T

Q= . cress-sechonal anea: Ap = (Di‘d)zﬁ'"

S Ap = ___.

2."'Ava¢"?a’lb/e. DIstorn .

ECT odno-lead: By = Beficrade

aata from feem BAO: B, = | 20 {5t "P/g,aa 12

A at full- lead: %, ='a%=sﬁ=;4=p=-

L ‘ Foo = 132 t522 Mhz 031

Ll o.F Pf(Po .
—- (Form B5)
,_:_ . S %, Accumuqued {’arces ED o . -
et o . v no-leed full~bbad -
s_.r_ '-. B SR 3. ' i.e B" ,F 4 0 _-+_ - 22
._._JoiaLo{-' mcumu!cﬂed , 32 (fo: ) FS ( ) _ . 430
—**Fate.s sin Mofzmwi ervs-piston P 20 -

= )dired-'.on Lounler- Frictorr———it—— A —kp—ro—ctiep
—~balancing - speing forces .
TTare w cloging ditection(¥). | Requiredt clssin : s |

- - e.:"T”ﬂ Forces, T/ - C0&if | = MO kgf -

Load |
_:.--{T-'s'z.' 1 Cc-male: ¢ = —Bli_ /{{O_éo .O,j’)?.-
________ n,(©) CLOSING SPRING 7

- se.{ec+ed Spring

Correative mdcq/a ,;L.@ns

c:hec:ked by Ml

b Clos;hc? spnﬁ? charcienshc.

1. Norkfnj ponfs of Qpﬁncj:

. F |':'1.
initial deflection (at ro-lpad): v 21__ __‘Bi.-.f?g)..f%_
deflection al fullload V7_= Vity = .. 298 pims, .

2. Kpring loadfncz, at full-lsad point:
Fs: = v, = 298.03% ... .
Fso =. 0K
3. Correction of pisten force’ Fpy: |
Fpa= T +Fse= 22kgf+1Q&f . . . .
o 132 dof.

=P Corrected value. Of P!/Po = Ot%/ .

Fpy = ..

L]

RV W o P




 Toble [, page 26

Note: if L calaxla’:ad s

. naar mintmum ar
Maximiam of cosetble
length, choose different

- Qprm%

L--=.VK2¢‘C ‘ where c'= rzrleof

, speing (from formB) -
C = rafe of sp-:m] salecko{

20
Form: B8 lchecked by: - 4. .
— Date: . 2.6.82. | Installation: - Rhading . ..
(cortd. fom BE) ' _ had}ns' )
R"% . - . . o —_
-h\ b conlvl-ialve sloke: 2 = | 8.5 mm .
| - .
oar=1-N. . |® uATcHiNG WiTH FLyBaLL
(formB4) ohe 4 Lege_.r'!ew'r’fh K:H
Spring Flyball ot w7 K= 2 100155
gé:gis jr\%{mzﬁ: sholtt! with: H=100,x=45,5 -K = 3=
KA o pp 2. Select ﬂyball Spiing :
- L . Laaomling to {lyball spaad)
R ——— o +)vpe se.leci“ed F5. 03, Lo
FEFESISmal . ctnae o oRs “sf/mm
S EE[AE 12 EEE ] | 3. calcalate tever Ierq#h Lt .

TR s e

. Brplifrcaton Pad&f for ihéal forces:

nd

({‘r- L) -(frK)=

f Wa is neac Wpaax, Se-
124"‘ Qa dlﬂ'@reygf %Prunci

- . 182,

™ea L. L L.

5 - 23
_ - _ L= K - ._4338 __Q,g?
{5 —J'}E:I |] L
b | boiGaludake Qlyball spring deflechon:
______ N l ‘-.-_.. _ at fuff._ (aad Wy = -Lfﬁi 3@ 2’”@
. }""\ ab no- load:  wa _ i_éffi= ¢3.9
ot fs ! _ o
VRVIE L L ‘

March 83 [me




{

Eorrectve N Lefeatrips

Form : B8g checkedd by, 4L | _
_ Date: .tk .82 _ . | Inskalation: .Dhadimg-....
- (contd. from BS) |
S |
*\\\ - conkol-valve shoke: 2= | 4,5 mu
1
R RN (®) MATCHING WITH FLYBALL
i
(farmBl:) Shoke2 . 4, LeVe.r‘fB'w:?H/\ KH . .
— X -

%fng 753 et th ‘ o © OX 182,64
lood: o : ith: H= ox:= = = 1826 m
55 gy e v w02t T~ B 2t

' K H='D0—4 ‘2 Selec.fv fiyball Spr ng:
L . Cacrordlnﬂ to {lyball spaad)
- > type selected: ¥R O | |
- :'-;':-:F_'-r;r ET“—i.-h _;;“:.._.-—:'E-;-' C_I mfe ) 0123 . ,,: I_ Ce ‘::..r
:2 ::'1”55-5 3 Calculate Ievﬁrfenq%f_ | éé -
N AR FREHAE N .
- = K- c” o L
Toble [T, page 26 L= ——  Wwhere: ¢’= mk of tmaginary

spring (from form B2)

Note: if L caleulated =
neAr minirum ar

raximum of peseible

length, choose different

Sprlan

e {s —*ELW

{vox

{

Note: fe

i wa is neac Wpax, <e.-
vet a dlfFaranf gPrmrj

m ¢ = rcﬂe of spring selecleo.
L= u*lm*=382 Mg

Q. Qmp/;AcaAOn ,éade-f ?Cor {/yézz;}’ force s

(fs L) - (fr k) =
P- K 42,3
L. 278

5. Galeulate £ty bell Spr‘lnc?, deflechon :

OHg

at full ~load: we = i f o %55 128w
R e o
at ns~load: Wa = !if;fh—: e T SRLT e
March 83 { me



DESIGN DATA: Symbol Design Ad_iuS*ed torm: B9
vaiue value ——
Shatic head for gqovemor: H At Atm
Seqvp-cylinder @ @ A2S mm - Installation :
> ~ eff. pision area Ap | UeLSem? ... Dhaofm
- pisten {fore: at no-oad Fpi | 825 kaf| .2 4gf.
-~ = :af ful-lad Fpa | 422.8. kgf| 132 43¢
Gote {omes: at ns-lead Fgo | &L gff T 4040
full~ load Fge | h & kaff 122.4]
Gate pushred sioke y | B& . pm| . .— ..
Closing 2pring: aleulated rale| s’ | Q4GS ki . 037
- rate of Sﬂl@al-ed sprig| ~C ﬂ.-%?lgﬁ/m T |
~ deflechon ot "wo-lead Vi | 4% mom | 160 | = 592 kaf
. ful~lead V2 | BAR .mm| . Z?Emm o
-5prmcj baqu at ful- load ’ "F_:,Q.. A4 & I | M0, 2 kgf
f anirol valve : ‘Co{ié.: o= LBPRG. L LT L
- P[P at no-load - 103 612 .
- piston pesition at no-load | 21 | 125 .mm| . 49 vus
| = PfPo al tull-load - Ooab. . |_.C03RT..
~ pston position at full-lead | 22 | & .pm| . FE s
~ piston warkn'ng stroke Z | . &S . m| A5 s
Flyball : rated speed N | .80 reM o
cpeed deviahanl AN | £ 10 % | 212 %
=~ lower speed limit Nmin| . U _R&li‘t L SAC
~ upper speed limit Nuwar . 5Q RoM| . S0
- pushed force at Wi fa | A Sdof | QL.
T o e | 2npgt| 2ra
- mie oF imaginar}’_ G,p.n'n.:i | oet f;@,‘g_k:ﬂh. wovs
- pushrod workwng skoke X N 45 5mm | .21 .
Flyball gpring: rate. | € | Q23 lffe| - T ..
- = deflection at no-load wa | &4 .. Tam _332‘5(,&:4 Cecked by‘. .
N at (ull-load | w2 | 300 | . 725 s
Lever- hnkage : H 4:30 e — pet
- lever K | 482. . v . 783 o bale#.6 43
- lever L | 388.. mm . 378 2n
Sprina amplificabion factor| 1 | O.47. 0.4 .




4 -

r o Y14 4F lea) -
@ Turbine gate . 3 kv ¢ | @ Servo-cylinder
_==== 00—k A
Legend: . L===77T 30

////// _ ' qo | { ’f?.(b
F : piston {orce rai@ed 'Oad3DkW\ A | |

|
|
Z : conbrol-pision stoke. o ' | - S ‘ g?('\f‘g‘//l- .‘ 80 $400 .

x ¢ fiypall pusheed sioke TS
b s qyball v foree S
Yy : turbine opening 15 | '

R

T+ 15

:_.!:anf Dmgrhmi/Cbntrol l;ﬁ o i
[risfaﬂqflon Dhaqu' - . R o I 1 28 :
checked byt g, . Dale: 34:,83 Flyball X, ® lnml (2) Control-valve




