Superseding 1.B. 6164 Westinghouse Steam Turbines—I.B. 6164 (Rew. 1)

OPERATION

The followlng outllnes a method of starting and puttlng the com-
bined non-condensing, superposed, and feed-heating turblne 1nto service, 1n
which advantage 1s taken of the fact that 1n thls partlcular case there 1s
no steam bypass around the turblne and, therefore, the boller and” the tur-
bilne can be brought up together. Under the clrcumstances, bt 1s possible
to heat the turblne gradually durlng the start and, by combiftilng the opera-
tion of starting the boller and turblne, 1t 1s possible®to ayeld unneces-
sary waste of steam, boller feed water, and time.

An alternative scheme for starting with full(throttle steam pres-
sure 1s also glven, as such a condltlion may arise although' 1t wlll be only
under some unusual plant condition, and the method of sS%arting the boller
and turblne together 1s preferred.

The main turbine 1s designed for steam, Bt 1200 1b. g. 900°F. at

full load, exhaustlng at 200 1b. g. 1nto the statlem header and to the feed-
heatlng turblne. A 200 1b. g. exhaust pressurefnegulator has been supplled
wlth the turblne, desligned to control the malnf{goveérnor positlion to pass the
necessary steam to malntaln exhaust pressurea, This device 1introduces I1m-
portant compllcatlions when supplylng exhaustgteam to a header system which
also recelves steam from bollers having thelr ‘ewn automatlic regulators.
We now understand that 1t 1s the plan 1n thils ¢ase to use the 200 1b. exhaust
regulator only as a pressure limlting dewdce,ywhich means 1t wlll be adjusted
for a pressure above that normally held by he old pollers and the regulator
wlll then be 1noperatlve except 1n an emergency.

The feed heating turblne refelves steam from the 200 1b. g. maln
turblne exhaust, and 1n turn exhausts” Into a deaerating heater at 5 1b. g.
and bleeds non-automatically to am Intermedlate feed heater where ths pres-
sure reaches 60 1b. g. at full 4oad4 Steam to the feed heating turbine 1s
controlled by a speed responslbe governor which, however, 1s also controlled
by a 5 1b. g. pressure regulatorWgonnected to 1ts exhaust.

The maln throttle valve ks a comblnatlon of single-seated, unbal-
anced valves openlng 1n serlest ([ The positlion of the hydraullc operating
plston 1s determlned by shlffinga relay controlled by the hand wheel mounted
on the throttle valve floorstand. As the operating plston rises, 1t first
11fts a small pllot and then picks up the 1lnner, or bypass, steam valve whilch
has about 10% of the arealof %he maln throttle valve and can, therefore, be
1ifted agalnst a steam, pressure difference ten tlmes as great as can the
maln valve. The maximumyavallable 1i1ftlng force 1s determlined by the maximum
0ll pressure that can e establlshed below the valve operating piston with
the auxiliary oll pump in\\service. Thils will be about 75 1b. on a 23 1in.
dlameter Biston and wihl 41ft the maln valve agalnst a maximum of about
150 1b/1in? pressurefd@dfference, or the bypass valve agalnst about 1500 1b/1in?
difference.

Whenf{'the “bypass valve has 11fted a short distance, 1t plcks up the
maln valve but the deslgn proportlions are such that when starting up with
full steam pressurefat the throttle, the turblne wlll be brought to speed
and under governexn/ control before the maln valve opens. In the normal manner
of starting up a turblne, the governor valves are 1nitlally wilde open, but
as operating speed 1s reached they wlll close and the pressure across the
throttle valve dbecomes practlcally equallized, so that the maln valve 1s
normally 41fted when there 1s practlically no unbalance.

The bypass valve wlll not pass sufflclent steam to bring the tur-
blne tomspecd 1n case the throttle steam pressure 1s far below normal;
therefore, to start with reduced throttle pressure, as 1s planned 1n this
casegmit) 1s necessary to arrange to partly close the governor valves at
low,speed 1n order to open the maln throttle valve fully.
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Operation

The governor on the maln turblne, as well as that on the _gfeed
heating turblne, 1s equlpped wilth a manually controlled valve to permit
bullding up an oll pressure on the governor operatlng relay and clese/the
Inlet valves at any deslired speed. On the feed heatling turblne governor
thls valve 1s of the needle type, bullt 1nto the governor houslng slnce
accurate ad justment of thls governor at I1ntermedlate positlons 1s pot re-
qulred. On the maln turblne thils valve 1s external to the governor and 1s
a hlgh grade spring loaded oll pressure regulating valve. THe_pressure
held by thils valve 1s easily ad justed by setting the springl léading for a
value corresponding to any deslred governor posltlon at any speed. This
valve 1s described 1in detall in I.B. Leaflet 6337.

In addition, each governor has a wlde range speed changer so
that normal speed responslve control may be obtalned ffem “@bout two-thirds
to full speed. The speed changer on the maln turblne governor can be ad-
justed elther manually or by remote electrlcal controlW%y, Adhe feed heating
turblne governor has only manual control of 1ts spe€dychanger.

A turning gear 1s provided for revolving the rotors during shut-
down perlods. It should be used contlnuously durlng,short shutdowns and
for a sufficlent time after shuttling down for, long perlods to permit the
turblne to cool to approximately 300°F. The turnlng gear may be stopped
for a few minutes only, 1f necessary, after short@rolling perlods, but
contlnuous rolllng 1s preferred. A motor @miwenyoll pump 1s provided for
lubrication durilng rolling perlods. The turning gear should always be
used for a sufflclent time before startingito Tmsure the turblne rotors
belng straight.

STARTING TURBINE ANDgBOILER TOGETHER

Prlor to starting 1n the fiellowlng manner, 1t 1s assumed that:

(a) The turning gear with 1€s motor driven lubricating pump 1s in
service.

(b) The ventlilating steam @me between the turbine cylinder and the
Inlet side of the throttle¥valve 1s closed.

(¢) The motor driven oidl pump supplylng the hydrogen shaft seals 1s
in operatlon andythe, generator caslng 1s charged wilth hydrogen.
Complete 1nstructfens“covering the operatlon and control of the
hydrogen cooling(system 1s gilven in I.B. 5878-A.

(d) The boller hasébeen 'started and steam pressure has been bullt
up to 100 - 1259 1b. g. at the turblne throttle.

(1) Start the sfleam driven auxiliary oll pump and see that 1t 1s
under proper control of 1ts pressure regulator which operates
from fhe,bearing oll pressure. When the steam driven auxlllary
oll pump esgablishes pressure 1In the system, both turblne gover-
nors should open wlde.

(2) Shut down the motor driven oll pump which has been furnishing
lubrication whlle operating on the turning gear.

(3) Open all cylinder and steam header drains, making sure that the
gteam header 1s free of water. These dralns are to be closed

ater on after having established reasonable steam flow and e,

pressure In the turbine and having evidence that there 1s no
further condensatlon.




(12)

Operation

Open the 8 in. manually controlled atmospheric exhaust 1iné™from
the feed heatlng turbine.

Opsn the gate valve 1n the 200 1b. exhaust llne and also the valve
in the steam llne to the 60 1b. feed heater. (Both of these lines
are protected against reverse flow of steam by check valve®.)

Check that the hydraullc closing piston on the 200 Ab.meheck valve
1s 1n position to permlt thils valve to open whengthesfturbine ex-
haust pressure has been bullt up. In order to establif8h pressure
in the overspeed tripplng system and to permlt thks check valve
closling mechanlsm to assume the position corresponding to open
valve, 1t wlll be necessary to engage, but not, T'ift, the throttle
operatling mechanlism by turning the hand wheel aW%gllght amount 1in
the openlng position. In other words, the throttle hand wheel

can be turned 1n the closlng direction a slightwamount beyond the
polnt corresponding to throttle closed. Thls“moves the operating
relay beyond the positlon corresponding to%the 11imlt of stroke of
the operating pilston, and the oll supplied, towthe tripping system
passes through the relay opening without building up much pressure.

The exhaust pressure regulator on theWmaln turblne governor 1s to
be set for a pressure 10 to 15 1b._higher“than the normal 200 1b.
exhaust header pressure. After once™settlng, 1t should not be
necessary to change 1ts adjustment, “Eor the 1nltlal start, the
regulator willl be checked to see that It remalns at the 1imit of
its stroke callling for more steam.

Open the valves 1n the gland sfgeam, leakoff llnes from the mailn
turbine.

Ad just the load or steam flow/ 'limit valve on the maln turbilne
governor to close thls goversor about half -way.

Open the maln throttle valve,a small amount sufficlent to admit
steam to ralse the turbinenrotor speed above that previously

held by the turning gear./ Thilis small steam flow should pass from
the malin turblne exhaust @drectly through the feed heatlng turbilne
and out to atmospherd thrpugh the 8 in. line, absorbing only a
small guantity of @€hisysteam 1n the feed heater. The main turbine
exhaust pressure whlIgbe far below that exlsting 1n the header on
the far side of the, check valve.

The turnlng gear® showld automatilically dlsengage when the rotor
speed 1s 1ncreasSedgand 1ts motor may be shut down after 1t has
been found that), the engaglng lever is properly latched out of
gear. The vadwe ™n the oll supply lline to the turning gear should
then be closedf to avold unnecessary heatlng and churning of the
0ll whichywould /otherwlse fall onto the coupling.

Gradually epen® the throttle valve and 1n the meantlime close down
on thelimadn governor by ralsling the pressure held by the governor
regulating valve, malntaining a slow rolling speed of about 200
rpm. As the governor valves are closed and the throttle 1n the
meantime opened, 1t willl finally be found that further opening

of the throttle valve 1s in-effectlve and control 1s entirely
on,the governor valve. When thils condition has been reached, the
maln throttle valve should then be opened wide.

After rolling at 200 rpm for about twenty minutes and checkilng
the“shaft wlith the 1ndicators provided for the purpose and finding
the rotors to be stralght, the maln turblne exhaust pressure should
be’ gradually ralsed. This 1s done by gradually 1increasing the
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See
Also
Par.
17 a

(17a)

Operation

pressure on the feed heat turblne governor operating relay b{
openling the needle valve 1n the governor housing. The madm “tur-
bine exhaust pressure should be ralsed to the normal value of

200 1b. g. over a perlod of not less than twenty minutes,Wmean-
time keeplng the proper rolling speed by manipulation of the
spring loaded position valve on the maln governor. Obviously,
full exhaust pressure cannot be attalned untll the throttile pres-
sure has 1ncreased to something 1like 300 1b. g. At _the end of
thls operatlon, the maln governor valve wlll be opéngto a posi-
tion determlned by the throttle pressure exlsting ‘at the time.

If the throttle pressure 1s only about 300 1b. the €overnor
valves wlll presumably be practically wlde opengs, Ify 1n the pro-
cess of bringing up the exhaust pressure 1n thds/way, the main
valves are open wlde before 200 1b. exhaust 1is"dttained, 1t will
be necessary to.further 1lncrease the exhaust only as the throttle
pressure 1lncreases, leaving the maln 1nlet @alves wlde open.

When 200 1b. g. exhaust pressure 1s reachg€d,gathe exhaust header
check valve should open to pass steam 1nto,the low pressure sys-
tem, and by thls time the feed heating surbine governor will be
closed or practilcally closed.

Close the feed heatling turblne govermér, 1f 1t 1s not already 1n
that position, by further 1increasing pressure supplled by the
needle valve. Sufficlent ventllatlfgmsSteam wlll be suppliled to
thils turblne, slnce the primary,lnlet valve 1s adjusted so that
1t w1l not close entlirely when fhe governor reaches the end of
1ts stroke.

The 8 in. atmospheric relief from the feed heating turbine ex-
haust may now be at least partly|closed; 1t should not be en-
tirely closed 1n case thlg™ralses the exhaust pressure too high
for the 11quild seal on the deaerating heater. If 1t cannot be
closed entlirely at thils "tdme, due to 1nsufficlent feed water
passing through the deserating heater to absorb the steam, 1t
may be closed further and®finally entirely as the speed of the
turblne 1s 1increased apdithe steam flow correspondling 1increased.

As the throttle pressmureydncreases gradually, the speed willl also
Increase. By the combifatlion of Increasling throttle pressure

and by adjustmen® offythe maln governor regulating valve, the speed
may be brought tognermal under a varlety of conditions. For in-
stance, as the thrott¥e pressure lncreases, the governor regulat-

Ing valve may bbe adyjusted to gradually close the 1inlet valves until

only the two primary valves are open, In which case full speed
should be reaghed, when the throttle pressure has lncreased to ap-
proximately 600 1b. g. and thils will require a steam flow of ap-
proximately 1509000 1b/h. The governor should assume control at
3600 rpm and A f) 1t does not do so, the speed changer should be

ad justedqyuntllithe governor cuts 1in, then the governor regulat-
ing vaizveshould be backed off 1n order to glve the speed respon-
slve glement™of the governor full range of control.

As an dltefnate to the procedure outlined in paragraph (17), it
1s possible to bring the turblne to speed at consliderably lower
throttle pressure, but at the same time requilring greater steam
flow. JIf, 1n acceleratlng the rotor above the slow rolling
speed, the governor valves are opened up to the polnt of opening
the bypass, (the governor may already be 1n thils position as
neted In paragraph 13) the speed will increase with increase in
throtltle pressure and full speed should be reached with about
550 to 375 1b. at the throttle, requlring approximately 250,000
1b/h steam flow. If this 1s more convenlent than the procedure
of paragraph 17, 1t may be followed, there belng no preference
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as far as the turbine 1s concerned. If done 1n accordangce“widsth
paragraph 17a, normal speed wlll be reached with practigallyg full
open governor valves 1nstead of only partial open valves),.

At about 2800 rpm, turn on the sealing water to the spindle glands.
Synchronlize.

To cut 1n the feed heatlng turbilne governor after synchronizing,
back off the feed heatlng turblne governor speed, changer and at

the same time gradually close the regulating needle valve, ad-
justing the speed changer, however, to keep the)gevernor closed
untll the needle valve has been entlrely closed; then gradually
advance the speed changer to 1ts full load MWmit¥position. The

5 1b. g. exhaust pressure regulator, after, proper adjustment,

willl assuwne control and will prevent actualWepéning of the governor
beyond the positlion required to give 5 1p.8g. exhaust pressure with
whatever waterflow there may be throughathe deaeratlng heater.

The load may be allowed to bulld up ag the throttle pressure 1n-
creases, leaving the maln governor,in®fflxed posltion, or the speed
changer on the maln governor may be‘advanced to open the valves
further and pass more steam at flxedythrottle pressure. If the
turbine 1s brought to speed and{8ymchronized with practically

full open maln governor valves andyvery low throttle pressure, the
speed changer need not be furthgr adjusted, as the load wlll come
up to full load as the throttle’ pregsure Increases. At this time
the load control 1s on the speed, changer, the speclal governor
regulating valves are out ofgaectlon, and the feed heatlng turbilne
1s 1n normal control.

Open the ventllating stgam line connecting the 1nlet side of the
throttle valve to the prlma8ry nozzle bowl In the maln cylinder.

See that the oll drlvenm,hy@rogen seal pump 1ls operatlng prouperly,
In which case the moton driven seal pump should have automatically
shut down when the speed/of the turblne reached a polnt where
sufficlent oll wasgsupplled to the oll turbine.

NORMAL SHUTDOWN

Other than for“am gmergency shutdown, 1t 1s assumed that the boller

and the turblne willl bgfbrought down together, 1n whilch case the followlng
program may be followed tojladvantage:

(1)

Reduce the¢ boiler rating gradually, allowlng the throttle pressure
to decreasel. /If thls 1s done wilth steam 1nlet valves 1n thelr
full load@,poeltlion, the turblne output wlll drop to zero at about
375 ¥b.,g.Whrottle pressure and about 250,000 Ib/h steam flow.

When“the generator load has dropped to zero, dilisconnect the gen-
erator fyrom the lilne.

Close the ventllating steam line from the throttle inlet to the
turbine cylinder.

Continue to lower the throttle pressure, but from this point on
the’ decrease should be made as rapldly as practicable, the tur-
bine speed meantime decreasing.



(6)

(12)
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Operaiion

Back off on both governor speed changers to keep both govepmors
active. In the case of the feed heating turbine this means that
by manipulation of the speed changer the 5 1b. g. exhaust pressure
regulator can be kept 1n control down to about two-thirds speed.
In the case of the main turbine we recommend that the speed
changer be backed off sufficlently to keep the bypass steam chest
valve from opening in order to avoild changing the condition of
heating in the turbine cylinder. By handling the speedmchangers
in this way, both governors remain active down toy aboeut/two-thirds
speed.

If the feed heating turbine exhaust 1s not watched/ carefully, the
liquid seal on the deaerating heater may blow, ,due to Insufficient
water passing through this heater to absorb the“exhaust steam, and
the governor getting out of control of the pressure regulator at
low speed. This can be avoided by opening the €#in. atmospheric
line from the feed heat turbine exhaust when the speed 1s dropped
to about two-thirds normal.

Shut off the gland water supply at about{ 2800 rpm.

The turbine can be brought to shutdowmybyp.continued lowering of the
throttle pressure, after which the, throttle valve must be clossd
promptly.

As the speed decreases, see that thegpauxiliary oil pump cuts in
properly as the lubricating oll pressure drops.

See that the motor driven hydrogenypshaft seal pump cuts in auto-
matically as the oil driven pump/slews down.

As soon as the turbine hagi stopped and the throttle valve has
been tripped, start the moter driven auxiliary oil pump, shut

down the steam driven pumpy, and engage and start up the turning
gear. .

Close the 200 1lb. header gate valve.
Open the cylinder drafins.

STARTING WETHWGFULL THROTTLE PRESSURE

The comments regarding the general features of the turbine gilven

In the beginning apply equall¥yyMell here, and need not be repeated. Under
the particular conditionsfof €his installation, 1t 1is expected that start-
ing with full throttle pressure will not be required until superposition
is extended 1in the plantgpwhen it may become necessary to start with steam
not only at full pressfiré But also at any temperature up to 900° F.

For suchffa start it is assumed that conditions are as stated pre-

viously in paragréph#® (a), (b), (c), and (d) for a low pressure start, and
that the throttleysteam pressure is approximately 1200 1b. g.

Same as bringing boliler and turbine up together, paragraph 1.
Samejas bringing boiler and turbine up together, paragraph 2.
Same, as bringing boiler and turbine up together, paragraph 3.

Same as bringing boiler and turbine up together, paragraph 4.
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After rolling at 200 rpm for about thirtyg mipttes and checklng
the shaft wilth the 1ndicators provided forwthe purpose and
finding the rotors to be stralight, the ma%n turbine exhaust
pressure should be gradually raised. “Fhis 1s done by gradually
increasing the pressure on the feed gneatWturbine governor op-
erating relay by opening the needle valwe 1in the governor
housing. The maln turbine exhaust pressure should be raised

to the normal value of 200 1lb. g\ ower a period of about

twenty minutes, meantime keeplng the proper slow-rolling speed
by further opening of the thr'ottlemwvalve.

Same as bringing boiler and tunbine together, paragraph 14,
Same as bringing boller and turbine up together, paragraph 15.
Same as bringing boiler and/turbine up together, paragraph 16.
After operating a few miputes at 200 rpm with 200 1b. g. exhaust
pressure, gradually open the throttle valve to accelerate at
the rate of about 10Q,rpmyper minute to normal speed, where the
governor should assume “gontrol. If it does not, the speed
changer should be adjusted until it does.

Back off the sprimg Yoead on the main governor position regu-
lating valve so @s tg9 take this valve entlrely out of the

range of action, andeglve the speed governor control over full
governor travefl.

Same as bringingWboiler and turbine up together, paragraph 18.
Same as brAnging boller and turbine up together, paragraph 19.
Same as gbmingling boller and turblne up together, paragraph 20.
Increasetlead by adjustment of the speed changer. This should
be [doneWin steps of about 5000 Kw load increase at filve minute
infergfals. The feed heatling turbine governor 1s now 1in normal
operatidg ad justment, under the control of the 5 1b. g. pressure
regulator over 1ts full range of travel.

Same as bringling boiler and turbine up together, paragraph 22.

Same as bringing boller and turbine up together, paragraph 23.
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