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Mzny of the fossil fuel steam turbine speed regulztion and load controls
are dependent upon electro hydraulic closed loop servosystemg for preper
operation. This type of system i1s extremely fast and accurate with
resultant excellent control and speed regulation. The regulation and
control is acconrplished by modulating the Mt of energy (steam) to
the prime mover (turbine). In zddition to the control and regulation
function, these systems also provide a protective function which can
avtomatically trip out the turbine if an overspeed condition occurs.
From the description above one can see that proper performance of the

electrohydraulic servosystem is critical to turbine operation.
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Figura 1 (above) shows a slmple representation of a steam flow peth Ior
a typical fossil fuel unit, Ahead of the turbine are modulating type
threttle and governing valves which are used to control speed and load
by means of closed loop electrohydraulic servosystems. The reheat and
interceptor valves are basic cpen/close type valves which generally are
not czpable of medulatien, _ _
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The control units micro processor receives input from the operator wh

sets perfommance parsmeters that are desired plus input from speed and

loed monitoring transducers. These inputs ave campered and operzted on S
by the micro processor o a continuing basis. A setting for the cpening -
‘of the governor valve is determined and, if ‘different than the present oL
setting, sends a cmmand to the elsctrobydraulic servovalve to flow oll :

to move the steam control valve to the desired position.  This
positioning system is dintersctive and continuing repesiticning the

valves dependent on the load on the system.
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Figure 2 illustrates & typical steam valve servo 1oop. Valve

positiening is the result, of demend signals frem the micro processer

which are compered with actua) position and if different, amplified and
" sent to the servovalve at each stesm valve actuator. The servovelves
control stesm velve position by metering high pressure hydraulic fluid
to the steam valves hydrsulic actuator, Actuel steam valve position is
determined frem the voltage output from a lineer verieble differentiel
transformer (LVDT) sttached to hydrsulic actuztor. The ILVDT produces a
D.C. voltage which is directly proportional to its position. This
signal is fed into the swmetion Junction of the aplifier and copared
ecainst the comnended pesition. Any differences are amlified and fed
to the servevalve to reposition the actustor until desired and actual

positions are the same.
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FIOURE 3. TURBINE STEAM YALVE CONFIGLRATION
FIGURE 3

Juzbine steam valve configuratien, Figure 3, shows the physical
configuration of the steam valves of a typical fossil fuel steam
turbine,

Theze are usuzlly 2 to 4 throttle valves and 4 to 8 governor valves on a
wnit.

255




. 106/24/00

TUE 12:27 FAX 716 835 1803 MO0GG INC ICD

In the control system one of, 1f not the single most critical component,

is the electrical hydraulic servovalve. It is at the interface of the

electrical/electronic portion of the serveloop and the hydraulic portion
of the loop. Onme may think of the electronics as the brains and the

hydrzulics es the rmuscle. "Figure 4 shows the inner construction of a

typical servevelve. The servovalve consists of a pilot stsge and an

output or power stage.
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FIGURE 4
The pilot stage is made up of an electramechanical torgue motor which
receives the electricsl signal =nd a hydraulie stage which converts
gorgue motor motien to controlled hydrauvlic flow. The pilot stage
hydraulic flow i3 used to position the output stage sli&ing spool within
the stationzry sleeve, thus, is sble to control the direction end amount

of hydravlic fluid flow from the servovelve.
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The electrical magnetic torgue motor consists ©f an armeture, coils,
permanent magnets top and bottom pole pieces. The armatvre i3 mounted
on a hallew tubse called a flexure slesve., The flexure slgeve positions
the armsture between the top and bottem pole piece, serves as an
isolztion barrier between the pilot stage hydraulic £low and the
magnetic portion of the torgue motor. Most importantly 1t acts as a
centering spring te maintain the armature in the center of the

polepieces counteracting the decentering forces of the magnetic f£lux

zcting on the apmature. The ends of the armature are suspended in the
flux £ield between the upper and lower pole plece.

coils surround the armature.

The hydraulic portion of the pilot stege consists of a dual no2zle and
flepper and two orifices. The hydwaulic network is a two amm, four

elemant hydraulic bridge. Two elements sre passive (inlet orifice} and

two are active (nozzles/flapper). The flapper, rigldly attached to the

ricooint of the torque motor ammature passes between the two nozzles.
T™is creates the two active or variable orifices betwsen the two nozzle
tips and the flapper. The fluid between the two nozzles and the two
inlet orifice is appiied to the ends of the spool (See Figuze 5). This
forms 2 hydesulic bridge network and by varying the nozzle/flapper
orifices we are able to control fiuid flow to the end of the spool and,

thus, control spool motion.

The power or output stage is a conventionel four way sliding spool

design. Output flow from the valve is proportienal ¢o spool positien.

A centilevered feedback spring fixed to the flapper engages a slot in
the center of the spool. Displacement of the spool deflects the
feedback spring which creates a force on the armature and flapper

assembly.
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In the nevtral position the flapper inposes an equal restruction to flow
t?ﬁrough both nozzles and there is no flow or differentisl pressure to
cavse spool displacemant. On electrical imput signel 4induces 2
megnetic cherge in the moter armature and czuses a deflection of the
armeture and flapper towerds cme of the two nozzles., This action

produces
and resvlits in spool displacement.

a differentis) pressure from one end of the spocl 4o the other

The spool displacement causes a counteracting force In the feedback
spring to oppose the original input signal force in the feedback spring
the flzpper returns to neutral position and the differential pressure

across the spool goes to zero, The spool will remain in its new

pesition until the electrical signal is changed. In essence, the torque
generated by the electriecal input is counter belanced by the torcque
generated by spool motion rimes feedoack wire spring (F} times the
moment aon length (L}. Torque is force (F) times length (L) {TewFL),

The performance recuirement of the servosystem is such that the power
stage spocl bushing assenbly hes to be different than what is normally
eypected of a standard type flow control velve. The servovalve spool is
expected to be ble to zespond with 2 change of output flow with the
slightest change in input signal. This means that the spool flow lands
sre peither overlapped or undexlzpped bot are crivieally lzpped such
that the edoes of the externsl bushing and internal spool arxe critically
lapped, coincident to esch other within twenty or thirty millionths of
en inch (.5 to .75 micrens). Thus, when the valve is in the zero flow
position, the slightest spool motion will direct flow to the cylinders
to correct any mispositiening or drift. Fiqure 6 is a sketch of &

eritieally lapped spool/bushing assembly.
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FIGURE 8
SPOOL / BUSHIKG AS3EMBLY

Acain, the nature of the closed loop electre hydraulic servosystem
pleces demands for guick respense, fast reaction to changes on the
overall system. This means that the hydraulic system has to be a closed
canter system with the required operating pressure always present to the
servovelve. This 2llews the servevalve ¢o react instently to any change
with a contrelled smount of hydraulie f£fluld in order to correct any

mispositioning or varimtiens in the load on the generater.

This also means thet there is a constant flow of hydraulic fluid from a
high pressure to a low pressure (from pump to tank) through the two
hydraulic sections of the servovalve. There iz a censtant flow of
hydraulic £fluid through the pilot stage and through the pbwer stage when
. ¢the valve is at the zero flow conditlen. This flow of hydraulic fluid
iz energy supplied by the hydranlic system purp and dissipated across
the servovalve without doing eny useful work., It is completely wasted
energy and is the penalty or cost of fast accurate controls. No one

ever said that servosystems were efficlent.
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Beczuse of existing operating conditions it was felt that phosphate
esters or chlorinated hydrocexbon fluids coentaining small amounts of
phosphate esters were sulted for steam turbine epplications. These
fluids are adeguete with regard to fire. resistence, hest <transfer
properties, bulk rodules, oxidation and thermal stability, foaming and
‘eir entrainment characteristics toxicological properties lubricity and
fllterability. Their low temperature viscosity and rust pro‘éection
properties are metters of concern for steam turbine applications, Both
of these types of fluids have been used to lubricaste boiler feed pump
drives .and gas turbines.. . Because of -their -hydrolytic- oxidation -and -
thermal stebility, the chlorinated hydrocarbon type wes chosen initially
for turbine electrohydraulic control evaluation.

Initisl test on prototype systems using a chlorinated hydrocerbon fluid
as a hydraulic fluid as & redium was very successful, Then disaster
struck. The f£luid broke down ferming hydrated iron oxide. Milliens of
particles, epproxivately 1 micron in size, would be generated in the
system which would plug filters and silt up servovalve spools until they
could not be moved under any eonditions. '

Eventuelly the decision wes made to convert all hydraulic systems over
to phesphate ester bzsed fluids aad a2gein the indtial results were very
satisfactory. Filter plugging =and spool/bushing friction was
eliminated, but after eight weeks of operation the servovalve leakege
rete started to increase, This increase in leakage continued and
eventually became so large that the lezkage rete exceeded the pump
capacity and the entire control system had to be shut dowm. This
leakage in a operstional system can be cbserved by measuring the pum

motor currant.
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The total system lesksce and power loss 2cross the sszvovalve are kert
to a minimum by use of small orifices and clearances in the pilet stace
hydreulic bridge network and by maintaining closely fit diametrical
clearance bstween the sliding spool &nd the stationary bushing plus
always maintaining a slight overlep on the spool flow .edges in
. relationship to the bushing flow edges. These concerng for maintaining
the non-useful flow through the servovalve to an zbsolute minimum plus
other system reguirement such as pressure gain and response dictate the
design requirements for the power stage bushing/spool asserbly.

Again to re-anphasize the critical nature of the power stace
spool/bushing desien, I would like to point out thet the output flow of
a servovalve is typleally stated 2t a pressure drep of 500 psi across
ezch of the flow metering orifices. 7Thus, flows up to 15 GM can be
obtained with an effective orifice dismeter of .17 inch. That is a
great deal of flow, =zpproximately 60 in?'/ sec. through a very swall hole,

We can do this beceuse the pressure drop is very high,

=

phen the use of electrohydravlic servesystems for comtrol ©f & steanm
tuzbine speed governing system were first thought of {n the esrly to mid
fifvdes, az great deal of time was spent in considerztion of the proper
hydraulic fluid, The first and mest netural consideration wes to use
mineral based hydraulie fluid, but this was gquickly disczrded because of
the threat of serious fire if a pressure 'hydxaulic line were to braszk or
a pin hole leak develop with the hydraulic oil being ignited by a hot

steamiine or other heat sources,

Use of waterbase fluids were also considered early in the procram but
were discarded due to concerns zbout the zbility to meintain the proper
watezr mix concentration over a longrime span,

280




@o11

- 10/24/00 TUE 12:28 FAX 716 8355 1803 MOOG INC ICD

It. wes determined by inspection of the affected servovalves that the
spool bushing metering edges were being srtzched and mererial wzs being
removed allow:?:zg‘ leaksge flow across the bushing/speol essenbly from
high pressure to drain, This leakage flow could be 25 great as the
rated flow of the sexvovalve. Figure below shows the edges affected,

sy

FIGURE 6
SPOOL / BUSHING EDGCE REMOVAL

All the possible mechanisms for edge removel were considered,  Hard

particle erosion, cavitarion damage, eletro-chemical corrosion darage
and improper material, But, none of these mechanisms could camletely

explain what was oceurring.

The ressocn for this erosion wes dlagnosed 23 being zssocizted with the
chemistry of the fluid, 2lthough the exact mechenism was not knewn at
that time. Therefore, a continuous by-pass filtrstion system, involving
the use of fuller's earth filter media, was adapted to centinuvally
zhsorb any active chemlce) species in the fluid., This filter system

proved to be 100% effective.
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Several controlled tests were run where the system leakazge rate was
monizored while & fuller'’s earth filtration system wes added or removed
from the systems. The leakace rate increased when the fuller's ezrth
filrretion was removed and stopped increasing when the  £iltration
system was sdded back to the system. Thus, confirming that a fuller’s

‘earth filtratien system could control the mechanism of the servovalve

wear,

This spool/bushing, orifice erosion wes not limited to Just turbine

controls systems but affected and affects any hydraulic system that uses
phosphate ester based fluid as a hydravlic media. This ipcludes
comrereizl aireraft which vse a specialized phosphate ester fluid with a
viscosity improver sdded. Commercisl aircraft use phosphste ester fluid
beceuse of thelr fire retardent characteristic. 7The commercial alrecraft
industry was having a grest deal of problems with increased leskege with
resultant loss of system contrel. This wes determined to be a very
serious problem by Boeing Aircraft , thus, a full fledged investigation
by the Boeing Science Resesrch laborastories, Seattle, Washington was
initiated. The results of this exhaustive investigation has been
published and titled "Corrosion of Servo Valves by an Electrockinetic
Stream Current” authored by T. R. Beck, D. W. Mahaffey =snd J.H. Olsen,
dated Seprember 1969, In essence, T. A. Beck, et al, stated the
mechanism that eroded 211 orifices within the hydraulie system was "a
current £low normal to the wall produced by the generation of electrical
streaming curzent J4n an accelerating fluid flow and causes

electrochemicel corrosion damage of the metal”,

‘They go on to further state thzt the damsge is & consequence of a chain
of events that may be elimineted by breeking the chain at any one of its
links., The use of fuller's earth filters is an effective method of
bieaki.ng the chain of events because fuller's earth filters rewove the
products of hydrolysis which generate the current within the fluid.
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2lmost immedistely wpon the decislon to use phosphate ester fluids in
turbine controls systems, it was found that serious material removal
problems were encountered that would affect the sbllity of the system to
perform its function. This was in the esrly sixtles, Although the
mechanism thet czused this problem was not identified, it wes determined
"that this problem could be controlled by using a continuous by-pass
filtration system thet incorporated a fuller's earth filter. Ilater in
the lste sixties the mechanism “"wall current generated by an electron
stresming current in an accelerating fluid flow . cause electrochemnicsl
corrosion camage of the orifice edges wes the most of prablem. Again it
wes identified that use of fuller's earth filters would prevent the

action frem occurring.

7t hes 21so been noted that the resistivity of the phosphzte ester fluid
{8 reduced when the fluid is in a condition to react with orifice edges.
Thus, it chould be possible to identify fluids that bhave the
eepabilities of eroding metering orifice edges by monitoring the
resistivity of the fluids, ‘ "

Sadly, today because so much of the original work on turbine contreol wes
done twenry to thirty years ago, we continue to see evidence of unit
that are operating on phosphate ester fluids being retumned to the
manufacturer for refurbishment with extreme cases of material erosion.

1t epears tht the originel information on the effects of phosphate ester
£luids were not passed onto today's users.

Ses Figure 7 and Figure 8 for exsmples of the conditon of xecently
rerurned units. Note the great emount of erosion of the spool/bushing

metering edges.
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The dameged metering edg?s on the spool
and on the bushing interior.
1X

1and No. 1 (above)
showing damage on the right edge.
SEM 100%

The spool metering
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The czuse for the badly damzged control system corponents are well

understood =3 stated sbove. The elimination of the daraging mechanism

ig zlso understood and ezsily implemented. Also, great strides have
heen rade in filter media from what wes availasble in the early sixties
to what is sveilzble today. Todey we can pasily and cost effectively
cbtain filter media that can remove hard perticle particulate down to .5
micron. Also, the adsorbent filter media has improved, In many Cases
activated alumina has proven to be more effective than fuller's earth 23

a media for removal of acid and products of hydrolysis from phosphate

ester fluids.

Tr must be understood that erosive damage to turbine control . components

is of serious concemn because of the potential for the loss of control
which will result in an cutzge. But it is important to note that the
potential erosive conditions of phosphate ester fluids can be essily
controlled by using a continuous filtration scheme thet incorporztes a
fuller's ezrth or activated alumina filter. Use of a continmucus
filtration system with the adsorbent filter media will eliminate the

possibility of control component derage and system outage.
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