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WESTINGHOUSE TURBINES

FOR
MECHANICAL DRIVE - TYPE AMD.

(WITH SPECIAL GOVERNCR)

GENERAL DESCRIPTION

The Westinghouse steam turbine of the mechaniealldPfive type con-
slsts of a slngle wheel wlth blades mounted upon 1ts perlphery as shown 1n
Flgure 2. The steam chest 1s bolted to the cylinder base and conducts the
steam to the comblned nozzle block and chamber which 18 bolted to 1t. The
steam expands 1n the nozzle, transforming the heat energy /nto that of
veloclty. Having reached its maximum veloclty at the“mouth of the nozzle
the steam 1mplnges upon the blades, whlich causes them to move forward, thus
revolving the turblne wheel. By the rotation of gthe“wheel the heat energy
of the steam 1s transformed 1lnto work at the turbineycoupling.

The veloclty of the steam at the noZzle mouth 1s much greater than
that of the blades so that after passing ghrough)the blades from the nozzle
it becomes advantageous to collect the steam in 4 reversing chamber "5"
which re-directs the steam agalnst the wheel™a, second time thereby addlng the
energy of another pass through the blades,to, the turblne shaft before the
steam escapes 1nto the exhaust.

TURBINE SUPPORT

The entlre turblne unilt #1s, supported on two arms cast lntegrally
wilth the cylinder base, one on elther slde at the horlzontal jolnt. These
arms are bolted to supportingfmembers which are 1n turn bolted to the bed-
plate.

With the cylinderjsupported at the centerlline, 1t 1s free to ex-
pand upward or downward whilefthe shaft remalns 1n 1ts original position.
The posltion of the coupldngy, therefore, does not change in golng from hot
to cold, and vice versa, wWilth the result that misallignment troubles are
brought to a minimum.

TURBINE CASING

The turblne casling 1s spllt horlzontally, wilth the steam and ex-
haust connectionshattached to the base, so that only the gland plplng must
be disconnectedgto Rra@lse the cyllnder cover. 1In ralsing the cyllnder cover
1t should be 11fte@ stralight up to clear the turblne rotor. Before re-
placling, scrapeWth€ jolnts clean and make up wlth shellac. Be sure to pull
the jolnt déwn tight before the shellac hardens.

ROTATING ELEMENT

The rotating element conslsts of a shaft carrylng the rotor,
supported by two ring olled bearings. The rotor 1s pressed on and keyed to
the shaftf"11" by the key "23" and 1s held from axlal movement by nuts "17"
(Fig. 2) which in turn are locked by lock washer "22",

One end of the shaft supports the coupling. The automatic trip
and the governor are supported on the other end of the shaft overhanglng the
governor end bearing. The governor hub contalns the automatlic stop device.
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NOZZILES AND REVERSING CHAMBERS o

The nozzle block "1" and the reversing chamber "S" are located in
the cylinder base. When assembling the turbine or checking the adjustments,
the rotor should be set centrally between the nozzle and the reversing
chamber. The thrust bearing should then be adjusted to hold the rotor in
this position axially. The nozzle "1" is bolted to the steam chest dedy
"71". The reversing chamber "5" is bolted to the cylinder base "3"[ 4The
reversing chamber should be flush with the nozzle block and in sueh a,po6si-
tion as to catch all steam emerging from the blades.

BEARINGS

The bearings are of the single o0il ring, horizontally\split,
babbitted type. The one next to the coupling is known as thejcoupling end
bearing, and the one next to the governor is known as thef thrust bearing (or
governor end bearing). Both are of the same general typ&, th€& only differ-
ence being that the thrust bearing has the ends babbiti#ed amd grooved for
0il passage, thus serving as a combined radial and thrustybearing. The
thrust collars "25" are secured to the shaft by belng“ thrgaded on the split
screw "26" and bear against the ends of the thrust ‘bearifig to hold the rotor
in its correct axial position. The axial clearance o end play) of this
thrust bearing should be between .005 and .008 of @npinch. This clearance
can be varied by adjusting the thrust collarsW25"yon the thrust screw "26".
It is essential that these clearances be set properly in order to obtain the
best results.

GLANDS

The leakage of steam at thedpoints®where the rotor shaft passes ‘“‘
through the cylinder is prevented by€glafids of the conventional carbon ring e
type. The gland case is split horigontally to facilitate dismantling and
assembling.

The carbon rings are made Anwpthree segments to insure a good fit
on the shaft and the ends are fitted so that a radial clearance of approxi-
mately .003 exists between the [carbon and the shaft when cold. It is essen-
tial that the joints of the®ends, ofl the segments be perfectly square and
radial to prevent leakage atgthese points. Each ring is carried in a sepa-
rate groove and is held around the shaft by a garter spring which holds the
ends of the segments tigh#ldy “Bogether. The ring is prevented from rotating
by a key "16" in the casingWwhich engages a slot in the carbon ring. If the
gland is dismantled, itfis important to re-assemble the segments in the same
position as found originally.

When fittimgdéthe packing rings, every precaution must be taken to
see that they are“free o mcve radially in their individual grooves. If the
rings are tight'in the grooves, they will wear rapidly and in extreme cases
may injure the shaft.” The axial clearance necessary to insure this freedom
of movement isWapPproximately .0l17 inch.

A leak-off 1is provided between the two outer rings to prevent the
leakage of steam rast the outer ring to the atmosphere.

AUTOMATIC STOP GOVERNOR

The function of the automatic stop governor is to automatically
shut ¢down)ythe turbine if the speed increases to approximately 10% above
normaly, It consists of a plunger (or weight) "50" which is set in the ::>
goveraor hub, perpendicular to the rotor axis. This weight is placed with
iTeycenter of gravity slightly off-set so that the centrifugal force exerts
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an unbalanced force tending to throw it outward. Normally, it is Held, In
its inner position by the compression spring "52" and retainer "U4GU.

If the speed increases to the tripping point (approximately 10%
above normal), the centrifugal force of the weight overcomes the compression
of the spring and the weight flies outward and strikes the trip léVer "53".
Movement of this lever disengages the latch plates "S4'" andg®¥55". When the
rod latch plate "S55" is released by the trip lever, the,compression spring
"60" slides the rod inward, which, acting through the pimy'57)and governor
lever "61", closes the governor valve "63", thus shutting Off the flow of
steam to the turbine.

This trip can be reset by hand when the welght“Peturns to its
inner position, which occurs when the speed returnsy,to mormal or slightly
below. It can be reset by pulling outward on theghafddlever (which is at-
tached to the governor lever "61") until the trip lever plate "S4" again
engages the latch plate "55" on the rod "59" as™%o hold this rod in its
running position.

‘'The turbine should be overspeededyoccasionally to check the speed
at which the weight flies out and disengages™dthe trip rod. When the driven
apparatus, to which the turbine is confieeted, 1s such that the load cannot
be removed, it may be found difficult (Om e¥en impossible) to increase the
speed to 10% above normal. In such ca8es %t is advisable to disconnect the
driven apparatus when running the overspeed test. In order to increase the
gpeed, gradually pull outward on theVlower end of the lever 61" and at the
same time push inward on the govermor emd cover 41", The speed should be
watched carefully so that it doesfn@tigo much above 10% overspeed.

The trip lever "S53 projects outward through the housing and forms
a convenient hand trip. By mer€ly striking this lever, the trip rod latch
is released and the governor valve closes instantly, thus shutting down the
turbine.

Ad justment

In order to dncr€ase the tripping speed, insert thin liners or
washers "51" {.005 te, 010 inch thick) between the spring retainer "49" and
the end of the sprimg ¥52" so as to increase the spring compression.

In order, togdecrease the tripping speed, remove liners from be-
tween the retainer “and the spring. In case there are no liners, grind the
end of the spring squarely, just enough to obtain the desired decrease in
compression.

When making these adjustments, it is important to place the liners
between, the ret@iner "49" and the spring and not between the spring and the
collapfon, the end of the weight "50". Before making any change in the
liners, fhe weight should be examined to see that it works freely in the
housingfandf'is not stuck by dirt or excessive wear. The linkage should be
inspecte@fto see that all parts work freely. The linkage pins should
receive a few drops of oill occasionally to prevent rust and consequent
sticking.

GOVERNOR

The governor is of the horizontal weight, centrifugal type, in
which the centrifugal force of the weights is opposed by the compression
force of the governor springs. This same principle has been used for many
years but the detail construction of this governor differs materially from
older types.

(13



Westinghouse Turbines for Mechanical Drive

Referring to Figure 2, the governor hub "29" is a tight fit on ::3
the rotor shaft and 1s further secured to the shaft by the auto stop gover-
nor weight retainer. This hub carries the weight fulcrum blocks "30" which
support the governor weights "34". Each weight "34" is made in a.single
plece and has machined on it the knife edge about which it pivots and a
knife edge seat which works against the knife edge on the strut "31". The
other knife edge on the strut works against the strut seat "33". Aldmof
these knife edges and seats are properly hardened to withstand the gezm¥wice
to which they are subjected.

With the machine at rest, the governor weights are hedd,®n theilr
inner position by the force exerted by the compression springs W'36"." These
springs are secured to the shaft at the outer end and exert a“)foreée which 1is
transmitted to the toe of each governor weight through the sgpring seat "45",
the bearing retainer sleeve "37", the inner race of the ball%bearing "35",
the strut seat "33" and the struts "31".

As the speed of the turbine increases, the gewerner weights move
outward due to the increased centrifugal force and, begingafulcrumed on the
blocks "30", this movement compresses the governor{sprifigs and moves the
ball bearin% "35" outward. As the speed decreases,\the 8pring force moves
the sleeve "'37" and adjacent parts inward with ghe weights moving inward a
corresponding amount. Therefore, the axial positlomgof the ball bearing
"35" varies with the speed. 1In order to transmét his governor movemant to
the governor valve, which controls the steam inlet, ‘the sleeve "40" 1is
threaded in the bearing housling so as to clamp, thé“outer race of the ball
bearing. The outer end of the sleeve 1s comnected to the governor lever by
the pin "W4", thus completing the linkage.f The ball bearing carries any
thrust which may be exerted by the steamyvalve and transmits the governor Aﬂ&k
movement with a minimum of friction. gThe governor lever is fulcrumed so

that outward movement of the governorfjwedghts closes the steam valve while -
inward movement of the weights open§, them.
Lubrication

The governor ball beardng(ig lubricated by oill placed in the
sleeve "40". The end cap "41" ghoudd be removed and the housing filled up
to the level at which 1t overflows jpast the inner ring which holds the end
cap snap spring. A good gradefof turbine oil should be used. Periodically
(say once a week or once a month® depending on the nature of the service)
the 01l lever should be ché€cked and more oil added if the level is not up to
the overflow point.
To Dismantle Governor

1. Remove the(lgévérnor lever "61" by removing the nut "63", pin "57"
and pinWU4RY, J(Note that the spacer "43" is loose and will fall
out whien the pin is removed).

2. Remowef thefbearing and governor cover '32".

3. Loosen the set screw and unscrew the sleeve "40".

4, Mark4the nut "39" and the shaft, and count the number of threads
exposed so the nut can be tightened to the same point when re-
assembled.

5ehloosen the nut "39" until all compression of springs "38" is re-
lieved. Note: 1In somz cases the inner spring is omitted. ::,
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6. As the springs "38" become loose, 1lift out the governor ts
"34", As soon as the weights are removed the struts "31" must be
removed to insure their not being lost. These weights "34",
struts "31" and the hub "29" should be marked so they cé&n always
be assembled in their original positions.

7. Take the nut "39" all the way off. Then the "38" gleeve
and bearing parts can easily be taken off the the shaft.

Note: In rare instances i1t may be necessary emove the strut
retainer "33"; however, in order to do thisiit top screws "47"

must first be removed.
To Assemble Governor

1. If the strut retainer "33" has been o install it together
with the stop screws "47".

2. Assemble on the end of the sha
bearing housing "36", the bear
"46" and the spring seat "45".

following order: The
"35", the sleeve "37", the ring

start the nut "39".

W

Then assemble the springs

Install the struts "31", placeéwthe weights "34" in position and

push inward on the spri hold them. Note: To see if these

parts operate properly 38 inward on the governor spring, and

at the same time pu ight outward. Release the weight

suddenly, st m in pressure on the spring. If the weight
)

=

snaps back f 1 is correct. If a rub occurs, it can be
felt. Repeat t st for the other weight, and then for both
weights.

5. Tighten the nu ""the same amount as originally found.

6. Install the e "4O" and lock it with the set screw.

L 4
7. Install grnor lever "61".
Adjustment &

Bef ng any change in the governor setting, be sure that the
governor valve,is set correctly according to instructions under "Governor
Valve ™.

rmal speed maintained by the governor is determined by the
compre8si the springs "38" and can be adjusted by means of the nut "39".
increase the speed, tighten the nut "39".
To decrease the speed, loosen the nut "39".

One complete turn of the nut "39" will change the speed approxi-
atelg 70 rpm.

GOVERNOR VALVE

The steam chest "71" which encloses the governor valve is located
below and to one side of the governor and is bolted and doweled to the cyl-
inder base.

~r
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The governor valve "69" is of the double seated, balanced poppet
type and operates within the cage "70". The valve 1s pilnned to the“stém
"62" which 1s gulded by the cage at the inner end, and by the bushings "66"
and "67" at the outer end. The spool and nut on the end of the stem engage
a yoke on the governor lever so that the valve "69" opens and clos€s in
response to movements of the governor. The valve stem sprimg "65" tends to
elimlnate lost motlon between the valve and lever by constantly) exerting a
force 1n one direction. It also serves to prevent splnnlng offthe valve.

The bushings "66" and "67" serve also to reddceWo a minimum the
leakage of steam along the stem. A leak-off connectlom Ads/provided between
the two bushings so any steam which does leak past the, Inmer one can be led
to a polnt where 1t will not be objectlonable. Nogother, form of stem pack-
Ing 1s used and excesslive leakage should be correctedyby 1lnstalling new
bushings. In 1nstalling these bushlings they shouldWbe pressed 1nto the
cover and reamed 1n place. The surface of the 8tem must be kept smooth and
free of galled spots, palnt, rust and dirt. AfAy bInding or stickling of this
stem will cause unstable governor action.

Valve Adjustment

The valve travel (or 11ft) i1sWwer§aMmportant and should never be
more than 13/32 inch. In order to chéék thls setting, remove the nut "63"
and push the valve stem inward (by hand)juntil the valve 1s on 1ts seat.
Then measure the distance from the c6ntacting face of the spool "64" to the
contactling surface of the governorghever. In order to change the settlng,
remove the cotter piln and screw the/speol "64" inward or outward to give the
correct valve travel. As stagéd@ above, thls travel should never be more
than 13/32 inch and may be 1less,/ depending on the steam condlitlons. Each
unit 1s tested and the valveWGtravel set correctly before shipment. There-
fore, 1t 1s recommended thag, the travel be checked on each new machine when
first recelved, and thils travel recorded 1n a permanent record. Then at any
future time, the travel canbe Sset at the original factory filgure.

It will be noped (that the valve and seats form 1llne contacts and
not surface contacts. [Thefefore, thils valve cannot be '"ground-in'" to stop
leakage. Leakage 18 ,exeess8live 1f, upon belng trilpped by the auto stop
governor, the valvegpenmlits enough steam to enter the turblne to prevent 1ts
comlng to rest wlthout Icad. If 1t should be found necessary to re-seat the
valve, the followlng procedure should be followed (refer to Figure 1):-
Chuck the valve eagedn a lathe with a compound slide rest and center the
cage so that 1t#s axls runs true. Remove sufficlent metal from the face "C"
at an angle of %50/ until a clean surface 1s obtalned. Do not 1increase the
bore "E" becgdU®e any lncrease 1n thls dlameter willl uribalance the valve.
Mount thg vals¥e [between lathe centers and remove sufflclent metal from the
face "J!' %o obtfiln a clean surface and then machine surface "A" at an angle
of 450funtiMall markings are removed. Do not decrease the diameter "F" be-
causel any decrease 1n thls dlameter wlll unbalance the valve. Insert the
valve @i thé cage and determine whether "A" makes contact with "B" and "D"
with "C"Wg#'Machine sufficient metal off "A" 1f "A" and "B" are contacting;
or off "C" 1f "C" and "D" are contacting until "A" and "B" are 1n contact at
the same time that "C" and "D" are 1n contact. A plece of thin paper placed
between the valve and seats whlle the valve 1s turned a 1llttle willl help to
determine where the metal 1s to be removed. If the above condltlons are
fulflilled, the valve wlll be balanced for pressure and glve good service.
Any grinding-in, however 1llttle, willl cause an unbalanced conditlon. When
remcving the cage, the steam chest should be heated by turning steam 1into
it, and the cage cooled by 1lce or water (preferably 1ce). The cage can then
easlly be bumped out of the steam chest. Llkewlse, the steam chest should be
heated when installing the cage 1n order to avold galllng the press fit.
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CARE OF THE TURBINE O o
1. Keep machine clean. Q
2. Keep bearing reservoirs well filled with good quality, clean oil.

4
3. Keep governor sleeve fillled to the proper lever with good ality,
clean oil.

4. Wash out bearing cavities with kerosene and refill wit;~8\8~ oil
every three or four months.

5. If steam 1s contaminated with boiler compound or sl lean
off governor valve stem as often as necessary to kee working
freely.

6. The automatic stop should be tripped occasionadly see that it

is in working order.
INSPECTION @

A thorough inspection of all parts of_the ine should be made
once a year, renewlng such parts as may show u If heavy wear of
any part 1s evidenced, the cause of the wear ascertalned 1f
possible, and in any case replacement of the uld be made before
failure, as this will be cheaper than a futu sh down.

CAUSES FOR
GOVERNOR H '

1. Too great a travel of gove
2. Sticking of governor valve in bushings.
3. Sticking of governor sp%

4, Bent valve stem. Q

5. Broken governor we‘x fe edge.
6. Distorted or b &ernor iinkage.
T &' spring.

Weakening of 0
‘ CAUSES FOR FAILURE OF

TURBINE TO COME UP TO SPEED

1. Low boil ssure.
2. Ste ne logged.
3. Nozzle roat plugged by foreign matter,
4, Goverpor speed set too low.
oo small valve travel or valve stem binding.

et steam.
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CAUSES FOR VIBRATION 0

1. Misalignment or worn coupling.

2. Steam and exhaust pipe straining turbine. L

3. Bent shaft. %

4. Coupling running out of true. \

5. Governor running out of true. @

6. Bearings badly worn. 0

REPAIR PARTS
The 11st of parts shown on the foll ages are made up for

your convenlence in ordering repair parts r a spare part, give the
serial number of turbine, and name and n r he part desired. Due to
the necessity of avoiding interruption in e, 1t 1s well to carry a
number of spare parts on hand. Carry u stock will also avold a de-

lay in shipment at a time when parts a needed.

We recommend that the foll are parts be carried for each
machine:

1 - Set of bearings. @
1 - Governor thrust b .
1 - Governor valve a\e.

1 - Set of gland pa .

In the event a becomes necessary to return any part of this
equipment to the South{ Philadelphia Works, it should be tagged with the
sender's name and ad and serial number of the unit and shipped by
freight, express or el post to:

1 ouse Electric & Manufacturing Company
South Philadelphia Works
O Essington, Pa.
L 4
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LIST OF PARTS

No. Name of Part

1 Turbine Nozzle Block
2 Turbine Nozzle Block Cover
3 Turbine Cylinder Base
! Turbine Reversing Chamber Cover
5 Turbine Reversing Chamber
6  Turbine Bearing %In Halves) (Coupling End)
7 Turbine Bearing Bracket (Coupling End)
8  Turbine Bearing Bracket 011 Gauge With Drain Cock
S Turblne Bearing 0iling Ring
“ 10 Turbine Bearing Bracket 011 Seal Ring (In HalwesY (Coupling End)
11 Turbine Rotor Shaft
12 Turblne Bearing Bracket Cover
13 Turbine Bearing Bracket Cover Sight Hole Plug
14 Turbine Cylinder Gland Case (Complete)
- 15 Turbine Cylinder Gland Packing Ring (Cemplete)
- 16 Turbine Cylinder Gland Packing Ring Stop
17 Turblne Rotor Nut
18 Turbine Rotor
19 Turbine Rotor Blade
20 Turbine Rotor Blade Pin
2l Turbine Cylinder Cover
22 Turbine Rotor Shaft Lock Washer
23 Turbine Rotor Shaft Key
* 24  Turbine Bearing Bracket011) Seal’ Ring (In Halves) (Governor End)
25 Turbine Rotor Shaft Thrust/Collar
26 Turbine Rotor Shaft Thrust Screw
27  Turbine Bearing (In Halwes)y (Governor End)
28  Turbine Bearing Bracket (Governor End)
29 Turbine Governor Hub
~ 30  Turblne Governor Welght Fulcrum Block
~ 31 Turbine Governor Welgh® Strut
32  Turbine Bearing Bracket Cover (Governor End)
X 33 Turbine GovernofyWedght Strut Seat and Retalner (Complete)
>.34%  Turbine Govergor Weight :
X 35 Turbine Gowvernor Thrust Bearing
36 Turbine Govérnor ‘Thrust Bearing Housing
w37 Turbine Governor Thrust Bearlng Retalner Sleeve
38 Turbine Govermor Spring
39 Turbine_Governor Spring Adj. Nut
40 Turbingé Goyernor Sleeve
41  TurbinedGovernor End Cover
42 Tdrblne Governor Lever Fulcrum Pin Spacer
43 TurbineWGovernor Lever Fulcrum Pin Spacer Ring
4y Turbine Governor Lever Fulcrum Pin
45 Turbine Governor Spring Seat
46 Turbine Governor Thrust Bearing Retalner Ring
47 Turbine Governor Stop Stud
48  Turbine Auto Stop Governor Retainer Lock
49 Turbine Auto Stop Governor Retalner
50 Turbine Auto Stép Governor Welght
51 Turbine Auto Stop Governor Spring Adjusting Liners
52 Turbine Auto Stop Governor Spring
53 Turbine Auto Stop Governor Trip Lever
54 Turbine Auto Stop Governor Trip Lever Latch Plate
55 Turbine Auto Stop Governor Lever Rod Latch Plate
56 Turbine Auto Stop Governor Lever Rod Collar

15
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Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
Turbine
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LIST OF PARTS - Continued

Name of Par

t

Auto Stop Governor
Auto Stop Governor
Auto Stop Governor
Auto Stop Governor
Governor Lever

Lever
Lever
Lever
Lever

Governor Valve
Governor Valve
Governor Valve

Stem
Stem Nut
Stem Spool

Governor Valve

Steam Chest Body Co
Governor Valve

ver

R
>

N
S

S
o
&

L 4

16

Rod Fulecrum Pin
Rod Clevis

D
Rod Spring\

r)
ner)

Stem Spring
Steam Chest Body Cover Bushi
Steam Chest Body Cover Bushing

O

Governor Valve Cage
Steam Chest Body @







MEMORANDUM




MEMORANDUM









