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CAUTION NOTICE
j This turbine has been designed to provide safe and reliable service within the designed specifications. It
- is a pressure containing piece of rotating machinery; therefore, good judgement and proper safety

practices to avoid damage to the equipment and surroundings and serious or painfulinjuries, must be
exercised by responsible and qualified personnel.

The responsibility for correct operation, maintenance, and training of personnel is that of the owner
but, the following "DO NOT" and "DO" items are given.

DO NOT! . . . . . . .

1. Attempt to operate ifinstallation is not correct and/or pre-operation (static) safety and control
features have not been checked and verified.

2. Attempt to operate until you have a thorough knowledge of the steam supply and exhaust
system, its associated valves and drain system and the correct procedure for warming through
and draining the system before starting the turbine.

3.' Attempt to operate until you have a thorough knowledge of the function and operation of the
turbine control system, lubrication system, turbine drain and gland seal systems, safety devices
and emergency operational procedures.

4. Attempt to operate, adjust, disassembic the turbine or its associated equipment until you have
a thorough knowledge of the manufacturers instructions.

5. Wear n ckties or loose clothing when standing near couplings or any rotating parts.

6. Remove any inspection covers or guards when the unit is in operation.

7. Open up bearings, oil reservoirs or tube system until unit is sufficiently cooled.
'

8. Use the turbine casing eye bolt for lifting the turbine. Rig suitable slings for lifting.

DO! . . . . . . .

1. Consult the manufacturer should any problems arise or are foreseeable.

2. After starting, test and verify the correct function of the overspeed device (mechanical /
electrical) before putting the unit into service. Refer to the manufacturers instructions for the
correct procedure.

3. After starting and verification of overspeed device, test and verify the correct function of the
governor or control system through its range before putting unit into service. j

4. After starting, check and verify that the lubrication system has sufficient oil and is operating
satisfactorily.

,

5. Avoid personal contact with the turbine casing, valve bodies, drains and steam lines. Serious |
burns may result. Wear protective clothing. j

6. Ensure that the lifting devices used have been regularly tested and have a sufficient safety |

factor for the weight to be lifted. Also ensure that lifting devices are properly secured before
any lifting is done.

7. Ensure all steam and exhaust lines are completely drained and isolated and all turbine drains 1

open before attempting to work on the turbine. l

1

8. Fit spades, blinds or blank flanges of sufficient design to withstand fullline steam pressure in j

the inlet and exhaust lines if the turbine is to be dismantled.

GICN, Rev-0.-72

THE TERRY STEAM TURBINE COMPANY
' '

1DIV s ON OF TERRY CORPORA

a w aBw

.

_ _ _ _ ______ _ _
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INTRODUCTION
-.

This instruction manual has been prepared for the equipment described
on the title page and is intended as an aid to supplement the experience and
ability of qualified personnel in the installation, operation and maintenance of
rotating equipment and its associated auxiliaries and controls.

These instructions do not purport to cover all details nor to provide
for every possible contingency to be met in connection with installation,
operation or maintenance.

Should further information be desired or should particular problems
arise which are not covered sufficiently for the purchaser's purposes, the 4

matter should be referred to The Terry Steam Turbine Company.

Please address any inquiries to the attention of the Service Manager, The
Terry Steam Turbine Company, P.O. Box 1200, Hartford, Connecticut 06101.

CONSULTATION: Our Engineering Department welcomes inquiries
regarding any phase of steam turbine practice, installation, operation, repairs, ,

or changes to meet unexpected conditions.

INSPECTION: Your TERRY equipment can be expected to operate suc-
- cessfully for years without much special attention; however, periodic inspection

-

of vital parts can greatly help in avoiding unscheduled shutdowns. |

If you will write us fully about any trouble or unusual wear, we will be
pleased to offer our help in their solution.

SERVICE: We maintain a force of trained engineers and service repre-
,

sentatives, skilled in turbine work, who are available for installation, inspec- i

tion or repair of TERRY equipment. They can be secured on reasonable notice. |

A charge at a daily or hourly rate while away from our Work s, plus expenses,
with an extra charge for overtime, is made for their' services. We will be :

glad to supply you with our current rates for service.

The proper erection and starting of any turbine or gear is highly im-
po rtant. _ The success of a unit frequently hinges on how it is installed. We
strongly urge that such work be supervised by skilled personnel thoroughly-
familiar with steam turbine work. Unless you have men available with proper

. expe rience and ability, it would be advisable to employ our service representa-
tive s . These men can instruct the operators in the care and handling of the units.

Many companies, especially those operating seve ral TERRY units have
our service representatives make periodic inspection to foreitall trouble and

(
c.i.s.a.i,%..n...o..n

INFORMATl0N ON LYm
..
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to insure the best possible results. Our pe'rsonnel can explain how to operate
TERRY equipment to secure the greatest usefulness and economy, and the
longest life.

When sending for a service representative to make repairs, be sure to
give us the equipment serial number with full particulars as to what is wrong
and what new parts are, or may be, needed. This will enable us to instruct
our personnel for the work required. If possible, have these parts en hand.

If the trouble involves apparatus other than that of Terry manufacture,
such as generators, pumps, blowers, governors, etc. , we recommend that
any such work be done by the manufacturer of this equipment. Our pe rsonnel
are instructed that they must secure authorization from our factory before
undertaking work on any apparatus not manufactured by us.

SHIPMENT - After final completion of test and inspection the oil is drained
from the unit and the reservoir and sumps are cleaned. All exterior machined
and exposed surfaces are coated with a rust preventative. The interior of the

turbine is sprayed through all available openings with a suitable rust preventa-
tive. All tapped pipe connections are plugged and flanged pipe connections are
covered with wood or metal enclosures and all exterior parts of the unit coated

with shop paint or such paints and procedures specified by the buyer.

Turbiner and gears are shipped mounted on skids and enclosed in open
frame work crating as required by the transportation company for domestic
shiprnents. When boxed for export, the unit is packed in a totally enclosed box.

RECEIVING SHIPMENT

Immediately upon receipt of shipment, check the items received against
those shown on the packing list.

Care should be used when opening up a crate for inspection and checking
for damage and shortage. Check the bottom of the crate because some parts,
such as loose piping, trip and throttle valve, coupling halves, coupling guards,
are attached to the bottom of the crate.

Any claims for shortages or damages suffered in transit shall be sub-
mitted by the receiver directly to the carrier and a copy of the report forwarded
to The Terry Steam Turbine Company within ten (10) days after receipt.

STORAGE

On completion of receiving inspection, action must be taken to pro-
tect the equipment if it is not to be installed immediately. The unit should be
kept in its crate and attached to the skid until ready to install on its foundation.

The equipment should at all times be stored in a clean, non-corrosive
atmosphere and protected against loss, weather, damage and foreign materials
such as dust, sand, etc.

O
,, ,,

ci sea. u , u.u.. n ,.o..na
.

.,
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!
:

Indoor storage where constant temperature is maintained at a level
which will prevent condensation is preferred. Should preparation for addi-4

'tional protection be required for adverse conditions or for an extended period
of time it is recommended that The Terry Steam Turbine Company be consulted.

For outdoor storage or in areas with a corrosive atmosphere, addi-
,

tional protection is usually necessary.

The standard preservation procedure applied by Terry is for three (3)
months under indoor storage conditions. |

! NOTE: The purchaser shall be responsible for all expenses related to re-
!turning the unit to original factory condition including the services of a Terry

engineer or service representative.

WARRANTY

Our Standard Warranty Clause is as follows:

"The machinery covered hereby is warranted against defects in design,
materials and workmanship, if properly erected and maintained, for a period
of one year from date of initial operation or 18 months from date of shipment,
whichever is less. The Company will repair or furnish without charge, F.O. B.,

; Works where made, any part or parts of its own manufacture which, within ;

i- the warranty period, are proven to have been defective when shipped, pro-
a vided the Purchaser gives the Company immediate written notice of any such
j alleged defect or defects. No allowance will be granted for any repairs or

'

alterations made by the Purchaser without the Company's written consent.
Equipment and accessories furnished by third parties are warranted only to
the extent of the original manufacturer's warranty to the Company, but in no
event to a greater extent than the Company's warranty of machinery of its own

; manufacture. There are no warranties whic1. extend beyond the description
on the face hereof. No affirmation or representation by the Company or by its
agents or employees by words or action shall constitute a warranty. The Com-

' pany's liability for damages or losses arising from breach of the warranty j
contained herein shall be limited to the foregoing and the Purchaser shall not !
be entitled to recover any incidental or consequential damages therefrom.

1 This warranty shall be construed in accordance with the laws of the State of
,

'1 C onneeticut. "
i

We live up to this fully. If you are obliged to replace a part within the above-

j guarantee period and suspect it to be defective, please return it to us. If
| actually defective, we desire to give you proper credit.

).

,

f

4
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TERRY TURBINE DATA
SVEcu R ATE O PE R ATING

OPERATING CONDITIONS NORSE Pow E R RE E D R P 4 u mPmR E D RANGE R.P.N. l

3 00 M 4l
'

RATED

NORWAL
k

q OVERLOAD

450oini CRITICAL SPEED aru *2aa CRIT: CAL SPEED R Pu. TRipSPEED R,,

STEAM CONDITIONS i

NOR R 5_ P5iG M o ,TT.
l

Ax,iMir. PliG FTT. iN,iNit. PliG rTTtNLET5TEAu

P 5 t J Mw4= *F T T, ulN. E PSIG/isuse 'FTT,ExwAu17SitAu NORu. l _ P5 G amme 'FTT.=Ax. 3
STEAM % S S _,1,G,ExH. M3 41

'

.,TT,L8,H ,,HRSTE AM R ATE GUAR ANTEE PotNT HP

FULL LOAD EXHAUST TEMP. FTT. MAX. CA5ING PRESS. PSIG, SENTINEL RELIE F Y ALVE SETTING PSIG

EXTRACT 10N C ADutS$10N O MON RETURN V ALVE C EXTR ACTION Flow CONTROLLED C UNCONTROLLEDO

' ' * * ' ' ' " ' '5'' lll FOR RELIEF VALVE $1IING
NORMAL MAX: THROTTLE Flow LB/HR

08 MiM U M ATSTEAM PSIG EXHAUST *FTT
*

MAXIMUM MAX: Flow TO CONDEN5ER L8/HR e lN Hg

CONSTRUCTION FEATURES

FR Auf DESIGN ATION TYPE MORIZONTAL E VERTICAL C CAllNG SPLIT: . HORIZONTAL VERllCAL O
ESTE Au PLO*: NELICAL (5OLID WHEEL) h AXf AL (8L ADED)O NuuSER OF wHEtt5

STAGES: PRE SS. COMPOUND (R ATE AU) C VELOCITY CouPOUND (CURTIS)O el AoEs: Two Row O THREE R0w 0

00 TOR CONSTRUCTION, GUILT.UP E 50Lt0 0
STEAM CHESTU STEAM RINGC JET 5E N0ZZLE BLOCKO REv CHA=8ER50 R ATE Au (N0 ;ET5 0R N0ZZ.iO

JETS OR N0ZZLE GROUP P051710NS. 'E 2 R $N 45 3R 45 7% 8 5 $N iam 110120 220 540
N O. JE T5/?seeee45 D e4EODI AME T E R 5_

J NO. N0ZZLE GR OUP5 NO. lN E ACH GROUP

NNNAND VALVES - LOW STEamC P ART LOAD (ECOM)C OVERLOADO Aur o. v A LvE 5 0 POliTiON

JET 5. HAND VALVES AND N0ZZLE GROUPS POSITIONS ARE MUMBERED IN A CLOCKwt1E DIRECTION STARTING JUST BELow THE CASING
Ott80NTAL JOINT AT THE RIGHT M AND SIDE W"EN F ACING THE STE AM RING OR STE AM CHEST FR04 THE TUR$1NE HIGH press. END.

00T ATION F ACING CCUPLING ENDS Cw O C C w M CAsi GSuPPORTir00T M PEDiSTAL O CENTERtiME O

THRUST TYPE _b bMkb)hbBE ARING5 'R OTORb . R AOlAL TYPE

LUBRIC ATIone . RING OtLEDE FORCEO FEED O CIRCULATING O FRO - TuR8 NE E GEAR C BY OTHERS C

OVERSPEEP TRIP: . MECH ANICAL E DISC TYPE $ PIN TYPE C ELECTRiCALC HYDRAULIC O

TRIP VALvt SUTTERFLv O BALL 0 TRIP AND THROTTLE D

TRIP AND THROTTLE VALVE: . NOME C OPE R ATE;. AIR C MOTOR O HYDR AULIC MANUALE
MECMANiCALE HYDR AULICO 50 TEN 0iDO AiRO EXH. PRESSD =ANU4tm =ANup. Omhl

~

VRIP -

INTER!T AGE GLAND SE AL5 . CAR $0N C LA BY RINTH C

END GL AND SE ALS . CARSON E LABYRINTH C Nor GOVERNOR END No COUPLING END

GL AND SE AL SYSTEM . PRESSURE LE AK.0FF E VACUUM CONDENSING C

TUR8tNE CONNECTIONS SIZ E RATING FLAM"E P ACE POSITION

INLET bh bh gM

EIN A UST b . Oo*M FF M Rciwg Cos,ha$
f rTR ACTION

AD ul5510N

b00VERNOR TY PE:. WECHANICAL E HYDR AULIC O ELECTRICAL C AIR HEAD C NEMA CLASS

COVERNOR V ALVES . 5 INGLE N MULT40 NO SUTTERFLY C SY OTHERS C

oCTUAT10N . DIRECT b INDIRECT N REMOTE SERVO C OIL RELAY b

GOVERNOR MANUF ACTURE R MMD MODEL h*k
j COUPLING SUPPLIED SY . TERRY O OTHER5 $ HIGH SPEED C TYPE Low SPEED D TveE

-

8 ASE TYPE:. 80X C PLATE C *l* SEAM C 50LEPLATE5 C UNDER TUR8INE C

UNDER TUR$lNE AND GEAR O uMDeR TURBINE AND DRIVEN EQUIPMENT O i=e ir S MM%
CEIGNTS AND Dlut h510NS: SEE OugLIMg pgAwlM(

R8 NE SERIAL NO.NOTE * WHEN APPLICABLE TO CRDEg. .

0170. SECT 2. REY: 0 72
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DESIGN
THE TERRY STEAM TURBINE COMPA,NY I I

DATA 5 '
LAMBERTON, RO. WINDSOR. CONNECTICUT U.S.A. 6

1'^) Design Data No. Page
-.

qV $UBJ ECT: Total
Peges 1

* '
AIIDIABIE PIFIIC EMI:S AND }D1ENTS - NzPA STANDARDS

1) The total resultant force and the total resultant moment Inlet Size 4 " (a)
..

i= posed on the turbine at any connection must not exceed
the following: Lth. Size 8 , (b)

d F=A-M
3 A inlet 2,000 (c)

F = resultant force in pounds beluding pressure forces
where unrestrained expansion joints are used at the A exh 4006 (d)
connection.

M = resultant =o=ent in pound-feat.
.

2) The ec=bined resultants of the forces and mc=ents on the
inlet and exhaust connections recolved at the centerlines
of the exhaust connection must not exceed either of the
follcwing two conditions:

A) !c = B - He B= 3b (e)
2

# m Fe = Corbined resultant of inlet and exhaust forces
in P*"=d

Me = Ccnbined resultant of inlet and exhaust moments .

and =o=ents resulting fro = forces in pound-feet.

B) "'he components of these resultants shall not exceed: Fx = M 7 (f)
Fy = Ill8 (g)

Coordinate System
Fs = _M (h)

x - parallel to turbine shaft
Mr = '2."2. 3 (, (1)

i y - vertical
My = 111 B (j)

= - horizontal and at right ansles to turbine
shaft Ms = lil6 (k)

|
'"he above is a si=plified and abbreviated version of IEMA
Standards S:211970 and 221970 Section 7.06.

.

Tuasts Tus G. S -2. Tuaans Nu:enR ~3%B4Ae"

M
R.S. C 12./s / 7 3 iarTzmzranza sr_

V %
Prepored By- r, N ala. Date issued: 5/16/72 Design Dato No.-

Sucerseces issue Dated: r:V - >Routeng - Engin. Stds. List Page 1 of #

September 26, 1973 NEW P SECTION 18-P-45
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THE TERRY STEAM TURBINE COMPANY, HARTFORD, C ONN. , U.S. A.
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SECTION XXII

SLIDING FOOT - GOVERNOR END PEDESTAL
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To provide for axial expanston of the casing, a sliding support is used under
the governor and pedestal. Two steel blocks (C) are bolted or welded to the
baseplate pads, as indicated. They serve as guides for the pedestal and prevent
lateral movement. The two sides of the pedestal are machined where they are
in contact with the guide blocks. The pedestal is held to the baseplate by means
of hold-down bolts (A) in such a manner that it is pe rmitted to slide between
the two guide blocks. The hold-down bolt (A) is tightened down until it bears
up against the shoulder at (B). Washer (D) is so made that a small clearance is
left at (E). The hold-down bolt is smaller in diameter than the hole in the pedestal.

The design, it will be seen, prevents the pedestal from lifting, but allows it

to move axially a small amount. when the turbine casing expands or contracts,
the pedestal therefore is free to move in the direction by the arrow (F).

If the pedestal were bolted down tight, heavy stresses would be set up in
the turbine casing, which would result in the bearing, shaft, etc. , being thrown
out of alignment.
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INSTALLATION

%)
| Foundation

The foundation is one of the most influential factors where ove rall
reliability of a unit is concerned. A foundation must maintain alignment

i under all normal and abnormal conditions. This includes the way the founda-

tion is supported on the soil and/or superstructure, equal deflections of all
. columns under load, soil settling and soil resonances, the rmal distortion,
piping forces, vacuum pull or pressure forces in expansion joints.

;

The foundation must minimize vibration by being as heavy as possible1

and non-resonant. It is important that the turbine be isolated f rom external
; vibration by providing an air gap filled with mastic sealer all round the slab

and mat.'

Provision in design must be adequate when a turbine unit is carried
on steel work or other structure, as applied to foundations in soil. In the
same manne r. it must be so supported that alignment cannot be disturbed.
Structure must be stiff enough to prevent yielding or sprincing. The addition
of a substantial concrete mat will minimize vibration. It is essential that

! no part of the foundation or structure is resonant within the ope rating speed
range of the machine.

,

[ Vibration transmissions may be from the unit to the surroundings or
j - vice-versa, and it may be agg ravated by resonance at transmission f re-

quencies,. piping, stairways and ducts may also transmit vibration, which
should be prevented by proper isolation.

Certified general outline drawings are furnished with each order.
These drawings include dimensions for locating anchor bolts, weight of each
assembly and general information needed for determining foundation size

,

and thicknes s.

a. A generous factor of safety should be used when determining founda-
tion thickness. The foundation length and width should extend at least 6"
(six inches) beyond the anchor bolts.

Anchor bolts must be positioned accurately and provided with sleeves'

(Fig.1 and 3). The sleeve bore diameter should be approximately twice the-

bolt diameter, but should provide not less than }" clea rance all round the bolt. '

a

!

.i
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INSTALLATION (Continued)

Carefully constructed templates are required to hold bolts and
sleeves in position while foundation is cast.

Templates are usually made of wood and secured to the foundation
fo rms . Skilled craftsmen should be able to set anchor bolts to a tolerance
of 1/8" by locating and drilling the holes in the templates after they have
been secured to the braced forms.

The anchor bolts should be threaded at both ends and of sufficient
length to extend one and a half to twice the bolt diameter above the top of
the securing holes in the base of sole plate.

The lower end of each bolt passes through an anchor plate and is
secured by a nut and welded f Fig.1).

Anchor plates can be either standard cast iron, washers or flat
steel plates. They should have a diameter or side dimension of approxi-
mately twice to two and a half times the outside diameter of the sleeves.

Note:

1. The templates must be rigid enough to prevent bolts from shifting
while the concrete is being poured.

2. After concrete has been poured and before it has hardened, recheck
the position of the anchor bolts.

3. Allow 1}" gap above the top of the foundation surface for grouting
under the edge of base or sole plates.

Leveling

Sufficient parallel machined bearing plates or chock blocks should
be placed beneath soleplates or base, along the sides and ends, to distribute
the load evenly.

It is essential that they are leveled before the sole plates or base
are placed in position. For leveling use an optical method, or a level of

very high quality with a ground calibrated dial. Obtain an accurate condition
of level lengthwise and cros swise.

TERRY STEAM TURBINE COMPANY
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INSTALLATION (Continued)
OV- Only stainless steel shims should be used to adjust height of sole

plates or base to align turbine and driven equipment (Figs. 1 & 2). Allow-

ances must be made for the turbine horizontal centerline rise due to thermal
expansion relative to that of the driven equipment. (See Section 4 - Align-
ment. )

Note: Shims supplied under turbine feet or flexplate supports are
not for initial installation alignment, but for final alignment after a " hot run"
check. (See Section 4 - Alignment. )

In an installation involving a gear drive between the driver and driven
unit, installation procedure should be to align the driver and driven unit to
the gea r to achieve minimum e rror. (See Section 4 - Alignment. )

Where units are attached to a common base and are so installed,

wedges or jacking bolts can be used to initially adjust alignment (Fig. 2).

G routing

The anchor bolts are used for hold down only. The grouting resists

side thrust, end thrust, and compensates for the irregularities between
foundation and base, thus preventing turbine and driven unit or units from,

L shifting.

Therefore, it is absolutely essential that the top of the foundation and
metal surface of the base or sole plates that are to be in contact with the grout
be thoroughly clean.

All loose dirt and debris must be removed and anchor bolt sleeves
cleaned out. Any oil or grease will impair the bonding of the grout and

must be removed.

The foundation surfaces should be roughened by chipping and washed
repeatedly with liberal quantities of clean wate r, so that conc rete is damp
when the grout is poured. Placing of the grout can be done from the sides,
and through access holes in the top of base.

Note:

1. Use only "non-sh rink" or " epoxy" g rout.

TERRY STEAM TURBINE COMPANY
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INSTALIATION (Continued)

2. It is necessary to vent each recess in a box type base to allow air
to escape. A stiff wire or suitable rod will help release entrapped
air by puddling. and will also ensure that the grout is distributed

thoroughly and in contact with the inside surfaces completely.
Finish Gush to access holes.

3. The metal pa rts of base which will be unavoidably in contact with

the grout can be lightly covered with grease to make the clean-up
job easier.

4. Allow g routing to set before tightening anchor bolts. After tightening,

check alignment to make sure it has not changed.

5. Do not connect piping to turbine until alignment and grouting are

completed.

Special Note: Liftinq

1. Before lifting heavy equipment, be certain that weights listed on certi-
fied drawing s are within the capacity of the crane or hoist. Lift
smoothly and avoid twisting and shock damage. Adjust cable or chain
lengths to lift squa rely. Use wooden block pads, etc. , to prevent
cables or chains from damaging pipe work or turbine parts.

2. Where turbines are mounted on a base and are equipped with a sliding
expansion foot on the bearing pedestal at the governor or high pressure
end of the lower half casing. the sliding foot is secured to the base
by two bolts, one on each side within the guide blocks. These bolts
are not designed to take the weight of lifting the assembly from the
turbine only or to stand any seve re shock. Chock washers are fitted

under bolt heads to secure pedestal foot from movement during ship-
me nt. Do not remcve until unit is installed.

Inlet and Exhaust Piping

The piping system should be designed with sufficient inhe rent flexi-

bility to take care of thermal expansion without c reating excessive forces
at the flanges.

On both inlet and exhaust pipes, a suitable support (adjustable spring
loaded) should be installed directly under vertical risers near the turbine

and above horizontal pipe runs, and then adjusted for best possible alignment

TERRY STEAM TURBINE COMPANY

G.I. INST, Sect. 3 Rev. 0 73
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INSTALLATION (Continued)
f~h,

O of flanges when hot. This will insure that most of the forces resulting from
expansion and stresses due to dead weight will not be placed on the turbine
flan ge s.

IMPORTANT! The pipine must be so arranged and so supported that no
excessive stress can be transmitted to the turbine, eithe r due to the weight
of the pipe or to its expansion and cont raction. All piping must be within
the limits of the allowable forces and moments in accordance with the appli-
cable NEMA standards publication. The only exception being when allowable
forces and moments are included on a ce rtified outline drawing for a parti-
cular project.

Piping Strain

The net effect of piping strain on a machine reduces reliability by:

1. Causing misalignment and consequent vibration.

2. Causing case distortion and consequent vibration, rubs, case leakage
and possible cracking.

- 3. Causing foundation or base deflection, which may result in misalign-
- ment, case distortions and consequent vibrations or rubs.

Excessive piping strain may be the result of:

1. Thermal expansion and contraction of the pipe, boiler, and machine.
This indicates faulty pipe design. Expansion joints or loops may have
to be installed. ..

2. Improper pipe support. F requent problems arise f rom indiscriminate
use of rod hangers finstead of spring hangers), anchors, and other non-
elastic restraints and supports. To correct this, disconnect piping at
both ends and support on spring hangers, except where anchors or

,
restraints are required by the pipe design.

Inlet Piping

Pipe sizes should be large enough to maintain rated steam pressure
at the turbine inlet flange unde r maximum load conditions,

f
TERRY STEAM TURBINE COMPANYG,
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INSTALLATION (Continued)

In determining pipe size, proper allowance should be made for pres-
sure drop due to long sections of pipe, elbows, valves or other fittings
between the boiler and the turbine.

If wet or saturated steam is used, it is very important that the piping

be arranged so that condensate cannot be carried over into the turbine. A
steam separator of the proper size, with a trap of ample capacity, should
be installed before the turbine inlet. If the turbine is fed from a main header
under no circumstances should the pipe be taken from the side or bottom of
the header. It should, in all cases, be fed from the top. All horizontal runs

must be sloped in diteiction of steam flow, with drains at the low points.

The importance of protecting the turbine against slugs of water cannot
be ove r-emphasized. We are not concerned with the " wetness" of the steam,
but with condensate, which is separated out as water. The harmful effects
of water are:

1 Rapid erosion of blading and valves.

2. In the case of wheels with inserted blades, the danger is present

of the hamme r-blow effect of the water tearing out the blades and
wrecking the rotor.

3. Governing is adversely affected.

4. Rotor may be permanently distorted and/or turbine may be wrecked.

5. Danger of thrust bearing failure and consequent destruction of turbine.

Exhaust Piping

On each installation the length of run, elbows, valves and other fittings
in the pipe must be considered and all factors which may cause excessive
back pressure on non-condensing turbines or reduced vacuum on condensing
turbines, and the final decision on piping size made accordingly. On non-
condensing turbines, back pressure higher than that for which the turbine
was designed will cause reduction of power and increase of steam consump-
tion. It may also cause gland leakage and, in entreme cases, can rupture

the turbine casing. On condensing turbines decrease of vacuum will have
an even greate r effect on capacity and economy.

TERRY STEAM TURBINE COMPANY
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INSTALLATION (Continued)
,

: -

The exhaust pipe must be installed and tnchored so that no excessive'

i stress can be put on the turbine from either thi weicht of the pipe or its
expansion and contraction. Where such arrancement cannot be made with'

certainty the provision of an expansion joint nea r the turbine can be useful
in low pressure lines and is usually required on large pipe sizes. The use

I of an expansion joint does not of itself avoid undue stress. It is not as
flexible as rnany people 9ssume and when installed it must be properly
aligned and not indiscriminately e xposed to shear or torsion. In a majority
of applications the axial thrust c rea cd on :he c ros s-sectional area of the
largest bellows, by internal pressure, must bt ri et ricted by the use of tie;

i rods. They are most effective when the expansion joint is used in shear,
instead of tension or compression. When used in either a vacuum or a pres
sure line, the tie rods have to be arranged accordingly. They are useless
where a joint moves under tension and compression as they by-pase the joint
and transmit pipe forces direct to the turbinc. Provision must be made to4

i anchor the piping in such a manner that excessive forces will not be trans-
mitted to the turbine during shutdown and operational running. (See NEMA.

| standards in this section. ) As on inlet lines. connection to a header must
j be made at the top--never from the bottom or the side, and great care must

be taken to avoid draining water back into the tu rbine. All horizontal runsi
'

j must be sloped.
i

Full-Flow Relief Valve

An atmosphe ric full-finw relief s al e es part of the exhaust piping,

; which is external to the turbine and it must be installed in the exhaust piping

between the turbine exhaust connection and the first shutoff valve in the
; exhaust system to protect the turbine casing and internal parts against

] excessive steam pressure.

a

j The valve must be sized to pas s the maximum steam flow, to the
atmosphere, that'will pass throuch the turbine nozzles under rated initial
steam conditions.

This valve is not to be confused with the sentinal relief valve installed
|

on the turbine casing to cive audible and visual warninc of excessive exhaust
| pressure only,
f

The full-flow relief valve should start to open at the sentinal relief

valve setting and be fully open with the additional rise in pressure not to
exceed ten i10) per cent (NEMA Standards Cnde). The sentinal relief valve
will then give a visual and audible indication when the full-flow relief valve'

,

starts to open.

-

TERRY STEAM TURBINE COMPANY
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INSTALLATION (Continued)

Check Valve

Where a turbine exhausts or bleeds steam into anothe r system and
a check valve is installed to provide containment of reverse flow to the
turbine, adequate bracing must be installed to absorb any forces created
by water hammer occurring in the exhaust line downstream and acting on
the check valve.

Auxiliary Piping

When indicated on the certified drawings, water cooling is required
and inlet pipes must be provided with valves for regulating. Never install
valves in outlet pipes! Outlet pipes must be so arranged that they cannot
in any manner become obstructed. Only clean, cool water should be used.
Cooling water piping should be sized to suit the connections on the cooler.
The amount of cooling water will vary, depending on the tempe rature of the
water, steam tempe ratures, etc. With forced feed lubrication, the flow of
water should be adjusted to maintain an oil temperature leaving the bearings
not to exceed 165 F. , and an inlet temperature not unde r 100 F. When so
indicated on the certified outline drawing, air coolers are provided to main-
tain a specified bearing oil temperature. The coolers are designed to keep
the oil outlet temperature below 140 F.

Every turbine is provided with one or more drain outlets. These

should be piped up with suitable open atmospheric drain lines and shutoff
valves provided. These drain lines must be left open when the turbine is
idle to prevent accumulation of condensate in the turbine which will result
in corrosion and rapid deterioration of internal parts. Make sure that no
condensate can be pulled into the turbine through drain lines under any

conditions.

If subject to freezing temperatures, water must not be allowed to
stand in cooling coils or pockets in the case, steam chest or valves.

Oil Piping 8e Gland Piping

Instructions are provided in the Lubrication, Steam Seal and Drain

System sections in this manual.

TERRY STEAM TURBINE COMPANY

G.I. INST. Sect. 3 Rev. 0 73
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INSTALLATION (Continued)

j Cleaning of Steam Piping

The Terry Steam Turbine Company has found from experience over
many years, with different customers, that it is very important to clean

steam piping and headers, especially with new installations, before a steam
turbine is put into operation.

There have been cases where steam lines have not been cleaned at
all, with the idea that strict inspection for cleanliness during installation

would be sufficient.

This has proven unsatisfactory since very small particles of steel,
welding slag and large quantities of oxide scale have been blown into the
turbine through the small strainer holes of the turbine governor or stop valve.

From experience it has been found most satisfactory to blow-down
steam lines with steam, using a cycle of heating, blowing and cooling, and
this method is recommended by The Terry Steam Turbine Company.

The procedure suggested by Terry Steam is not mandatory. The
purchaser is at liberty to employ other accepted proven methods.

O IN EITHER CASE, IT MUST BE CLEARLY UNDERSTOOD, THAT IT[d\ IS THE PURCHASER'S RESPONSIBILITY TO SUPPLY STF AM FREE OF
FOREIGN MATERIAL TO THE INLET OF THE TURBINE CONNECTIONS,

Suggested Blowdown Procedure

Dur to the variations in different installations of the length, configura-
tion, number of stop valves, and sizes of steam piping, it is not intended or
possible to give a detailed procedure.

The purchaser must plan and make proper arrangements to achieve
maximum cleaning of piping. The blowdown cycle consists of warming
through steam lines initially then, maximum design pressure for the piping
is built up in the boiler and released quickly through the stop valve to blow
th rough the steam line. Blowing should be stopped before boiler pressure
drops to 100 psig or the minimum pressure recommended by the boiler
manufactu re r.

Boiler pressure is then built up again, during which time the steam
line should be cooled enough and the cycle can be repeated.

[ '\ TERRY STEAM TURBINE COMPANY
'-

G.I. INST. Sect. 3 Rev. 0 73
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INSTALLATION (Continued)

The cycle should be repeated from four to six times. The use of
targets installed in the steam path are recommended as they give a good
indication as to the cleanness of the line. Targets should have a highly

polished finish and be re-polished after each blowdown check.

To achieve maximum cleaning during the blowing cycle, the blow-

piping should be sized large enough to obtain the maximum mass velocity
head that can be developed during full load ope ration of the turbine.

The blow pipe should be piped outside of the building where the blow-
down steam and particles will not injure personnel or damage equipment.
It should also be of the same design rating of the steam line being blown
down.

The purchaser must decide as to whether the steam line should be

blown down by sections, stop valve to stop valve or direct f rom boile r stop
valve, according to the system layout and bearing in mind that the maximum
velocity must be maintained to achieve maximum cleaning.

On completion of the blowdown of steam piping with steam or other
methods of cleaning, it is recommended that a fine mesh screen be assembled

over the permanent coarse straine r of the turbine stop valve. This is re-
moved after initial spin testing and operational checks of turbine up to full
load ope ration.

The fine mesh screen must be never considered as a substitute for
a thorough pipe cleaning job.

NOTE: When cleaning steam piping, it must be disconnected from the inlet
to the turbine or the turbine stop valve.

Suggest mesh size No. 40 (.0165") for fine mesh strainer.

Expansion Joints - IMPORTANT . . . READ CAREFULLY

WARNING - Do not pe rmit cinde rs or othe r foreign mate rial to
become lodged between the equalizing rings and the corrugations.

Expansion joints 5" and smaller in size are shipped with two spacing
blocks between the equalizing rings. These must be removed before pipe
spacers between the equalizing rings. These should not be removed until
joint is set in place in the line, but must be removed before the joint is
permitted to function.

TERRY STEAM TURBINE COMPANY

G.I. INST. Sect. 3 Rev. 0 73
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INSTALLATION (Continued)
'

Flanged expansion joints having internal sleeves require a soft4

-' gasket between the face of the joint and the back of the sleeve face as well
as a gasket between the sleeve and the companion flange. Those joints
should be installed so that the flow is in the inner sleeve.

The universal type of expansion joint has two or four heavy limit
rods which divide the movement equally between both expansion joints.
Each of these rods have four split spacing collars under the nut. Those
maintain the proper overall length and should only be removed after the
joint is bolted in place.

WARNING

GASKETS CONTAINING CARBON OR GRAPHITE SHOULD NOT
BE USED IN CONTACT WITH STAINLESS STEEL. SEVERE
CORROSION MAY RESULT. ANY DARK GASKETS MAY CON-
TAIN GRAPHITE; CONSULT GASKET MANUFACTURER
TO BE SURE.

(~\
\ )
E.__

(^') TERRY STEAM TURBINE COMPANY
'
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NOTE: When using Jack bolts or wedges to establish alignment before
grouting they should be backed off or removed after the grout
has set and the anchor bolts should be tightened.
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INSTALLATION (Continued)

O
This page is included as a location reference for the following

extract as taken from the National Electrical Manufacturers Association
(NEMA) Standards Publication No. SM21-1970, for which due credit is
acknowledged.

It is included in this Instruction Manual as a guide for the Minimum

Requirements of installation, except that, where allowable forces and
moments are shown on ce rtified outline drawings, pipe loads are to be

kept within those limits shown.

O
.

TERRY STEAM TUR8INE COMPANY

G.I. INST. Sect. 3 Rev. 0 73
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O
Part 7

STEAM PIPING STSTEMS CONNECTED TO
MECH A NIC AL-DRIVE STEAM _ TURBIN ES

SM 22-7.01 IN T RO DU C.TIO N SM 22-7.03 FORCES DUE TO
STE AM PRESSURE -

The first consideration in designing any piping These are most commonly associated with low-
i system is to keep the stresses in the pipe within the pressure and vacuum lines where expansion joints

. limits of the estabushed rules of national codes such are often used to provide flexibility. If an expansion,

i as the ASME "Boller Code." the American National joint is improperly used, it may cause a pipe re-
Standard * Code for Pressure Piping " and any local action greater than the one which it is supposed to
codes that may be appucable. In general, the juris- eliminate. An expansion joint will cause an axial
dictice of such authorities stops at the turbine intet thrust equal to the area of the largest corrugation
and exhaust connections or other openings on the times the internal pressure. The force necessary to

I machine to which external piping systems connect. compress or elongate an expansion joint can be
quite large, and either of these forces may be greater

When a piping system is connected to a steam than the Umits for the exhaust flange. In order to
I turbine there are additional limitations, and it is have the lowest reaction. It is best to avoid atsorbing

the purpose here to discuss and define these limita- pipe line expansion by axial compression or elon-
tions as an aid to the purchaser in designing such gation. If it is found that expansion joints or loops,
systems. etc., are required. it is essential that they be

Authorized Engineering Information 11-13-1969. properly located and installed.

SM 22 7.02 THE PIPING PROBLEM A5 Figure 7 1 shows an expansion joint in a pressure

C]/
/ APPLIED TO TURBINES une. The axial thrust from the expansion joint tends

to separate the turbine and the elbow. To prevent
| Steam turbines have beenvery carefully designed this, the elbow must have an anchor to keep it from

to provide for expansion and at the same time, moving. The turbine must also absorb this thrust
maintain close alignment between the rotating and and, in doing so becomes an anchor. This force on
stationary parts. The provisions for expansion of the turbine case may be greater than can be allowed.
the casing and maintenance of close clearances In general, this method should be discouraged.
necessarily limits the forces that can be applied to
the turbine by the piping connected to it. Pipe re-
actions. if of sufficient magnitude, will result in Figure 7 2 shows the same piping anangement
misa!!gnment of the turbine sufficient to cause tough as Figure 71 except for the addition of tie rods on
operation and serious mechanical damage. the expansion joint. The tie rods limit the elon-

gation of the joint and take the axial thrust created
In order to keep the strains due to forces and by the internal pressure so it is not transmitted to

bending moments on the turbine connections, in- the turbine flange. The tie rods eliminate any axial
ciuding the weight of the pipe, within allowable flexibility but the joint is still flexible in shear,
limits the piping system design should be such that that is, the flanges may move in parallel planes,
restraints and freedom of movement match the re- The location of this type of jointin the pipingshould
quirements of the turbine. Pipe forces which seem besuch that movementof the pipe putsthe expansion
small may lead to large moments at the connections joint in shear instead of tension or compression.
to the turbine and to very large forces at the turbine
supports. Under torne conditions other piping con-
nections may require checking. Figure 7 3 is an arrangement frequently used,

having tie rods as indicated for noncondensing
The stresses in a piping system under operating operation. This arrangement will prevent any thrust

conditions can be grouped into three classes: stresses due to internal pressure from being transmitted to
due to steam pressure. stresses due to thermal ex- the exhaust flange and retains the axial flexibility

L pansion, and stresses due to dead weight. of the joint. It may be used for either vacuum or
Authorised Engineering Information 11 13 1969. pressureservice (by suitable arrangementof tie rods).
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Figure 7-4 shows a suggested anangement for a excessive. Figure 7-4 provides the necessary flext-
condensing turbine with an up exhatst. Due to the bility to take care of thermal expansion without
large exhaust pipe size normally encountered on imposing a lifting force on the turbine. The ex-
condensing turbines, the exhaust piping will be rela- pansloc joint is in shear which is the preferred use.
tively stiff. and an expansion joint must be used at The relatively small vertical expansion will com-
some point to take care of thermal expanilon. An press one joint and elongate the other which causes
unrestricted expansion joint placed at the exhaust a small reaction only and will be well within the
flange of the turbine will exert an upward or lifting turbine flange limits.
force on the turbine flange which in many cases is Authcrized Engineering Information 11-13-1969,
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SM 22 7.04 EFFECT OF TEMPERATURE SM 22-7.05 STRESSES DUE TO.

EX P AN SION S ON PIPING DE AD WEIGHT
SYSTEMS

The dead weight of the piping should be entirely
If a pipe is connected to some point as A in supported by pipe hangers or supports. There are

Figure 7 5 and has the configuration shown by the basically two types of supporu. rigid and spring.
soud line, it will assume the position shown by the Rigid supports are necessary when an unrestricted
dash uns when heated to a higher temperature, pro- expansion joint is used. Rigid suppora may be used
viding no restraint is offered by point B. to umit the movement of a une to prevent excessive

deflection at any point. A rigid support is not satis-
factory where thermal expansion may cause the pipe

If both poinu A and B.are rigtJ pains which to move away from the support.
will not move. the pipe w111 assume the shape shown'

by the dash line in Figure 7-6 when heated.
On the two types of rigid supports shown in

Figure 7-10 the rise of the turbine case due .to
The stresses may be reduced by using expaaston temperature would uit the base elbow from the

loops such as shown in Figures 7-7 and 7 8. When support so the turbine would have to support the
the piping does not have to be confined to one plane, weight of the pipe. The expansion of the vertical
torsional flexibility may be effectively used to run of pipe would relieve the pipe hanger of la load
reduce stresses. Prestressing the pipe in the cold so the turbinewould again have to support the weight

condition or " cold springing * may also be used to of the pipe.
reduce the stresses in operation. These principles
may be used in combination to produce a design
with flexibinty enough to keep the stresses, forces

( and moments within the permissible umits in both
the bot and cold conditions.

The piping system should be designed with suf-
ficient inherent flexibiuty to take care of thermal
expansion. The amount of piping can often be re-
duced by the use of * cold springing * to reduce or
climinate stresses due to thermal expansion. This is
done by cutting the pipe short by a predetermined ////////
amount and then forcing it into place during in-
stallation as illustrated in Figure 19. Forces and
inomenu in the hot condition are thus reduced below
the values they would have if the system were not I
cold-sprung. Points A and C are the points to be
connected by a piping system and A X and AY
are the respective expinstons.

In the case of welded connections. It is necessary
to bend the pipe by putting a moment on it when
connecting it to point C to make the weld prepars-
tions parallel, as well as just pulling B up to C. If [ [
this is not done, a momentwill exist in the hot con-

#
dition, and only a partial cold springing job results.
Wherever possible. It is wise to facilitate assembly /
by locating field welds at points of minimum gggf

- moment. Points D and E are such points.
Authorized Engineering Information 11 13 1969. ygg.1 1o
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If an expansion joint with restraining tie rods is Spring hangers or supports are bcst suited to carry
used, either a rigid pipe hanger or a base elbow with the dead weight when there is thermal expansion to
a sliding or rolling contact surface may be used as be considered. The movement of the pipe will change
shown in Figure 7-11. the spring tension or con 1pression a small amount

and the hanger loading a small amount but will not
remove the load from the hanger. The published

///////// manuals on pipe design provide information on
hanger spacing to give proper support. In addition to
this. It may be found necessary to add additional

f supports or move existingsupports if resonant vibration
appears in the piping.

A spring support should not be used to oppose the
thrust of an expansion joint as, when the pressure is
removed from the line the spring support will exert
a force the same as the expansion joint only in the

/ /-{M
opposite direction.

Authorized Engineering Information 6-3-1956< ")-

!![!//!! SM 22-7.06 ALLOW ABLE FORCES
AND MOMENTS ON

Fig. 7- 11 MECH ANIC AL-DRIVE
STE AM TURBINES

OThe forces and moments acting on mechanical-
drive steam turbines due to the steam inlet. ex-
traction and exhaust connections are limited by the

When the thrust due to an expansion joint is less following rules:
than the exhaust flange limits and no restraining tie
rods are used, the pipe must have an anchor as
shown in Figure 7-10. Since this condition rarely 1 The total resultant force and total resultant
exists. It is better to use one of the preferred ar- moment imposed on the turbine at any con-
rangements such as shown in Figure 711 and elim- nection must not exceed the following:
inate as much pipe reaction as possible rather than
just stay within the limits.

500 D - M
F =

3

(
F - Resultant force (pounds), including

pressure forces where unrestrained
expansion joints are used at the con-
nection except on vertical exhausts
covered under item 3

M - Resultant moment (pound feet)./ / -M.
D - Pipe size of the connection (!.P.S.)

/ ////////
in inches up to d inches in diameter.
Forsizes greater than this, use a value
of D equal to (16 + !.P.S.) Inches.

Fig. 7-1; 3
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2 The combined resultants of the forces and vt"T**'v

moments of the inlet. extraction ind ex-
"haust connections, resolved at the center- ment amt to
"'' * * " * * ' ' " ' "

lines of the exhaust connection must not /

exceed the following two conditions: /
!

/

a. These resultants must not exceed: r, /h

'

250 De - Me /
'

F = u r je ,,
* / p*,' r - *sanu tu

______________ 1
,,

Fe - Combined resultant of inlet. "r, |
tu*ema snartwe

extraction and exhaust forces. |
pounds. |

1

Me - Combined resultant of inlet, i

extraction and exhaust momenu a

and momenu resulting from 2 |

forces, pound feet. ,

'

De - Diameter (in inches) of a cir-
cular opening equal to the total
areas of the inlet, extraction

3. For irstallation of turbines witn a verticaland exhaust openings up to a
valae of 9 inches in diameter. exhaust and an unrestrained expansion joint

-- s
at the exhaust, an additional amount of( ') For values beyond this, use a

\ value of D equal to force caused by pressure loading ta allowed.
e (The additional force referred to is perpen-

(18 + Equivalent Diameter) inches. dicular to the face of the exhaust flange and

3 central.) For this type of application, cal-
culate the vertical force component on the
exhaust connection, excluding pressure

b. The components of thcse resultants shall loading. and compare with value cf 1/6 the
not exceed: pressure loading on the exhaust. Use the

E" * " " **I "*
Fy = 125 De My = 125 De cwem a enam c ucctim M maWg
Tz = 100 De M = 125 De c cu u m hems 1 aM 2
Fx = 50 De Mx = 250 De

'* * "
FI Vertical component of Fe.-

the exhaust is allowed in addition to the-

F2 Horizontal component of Fe values established by the foregoing up to a-

at right angles to turbine shaft. maximum value of vertical force (pounds)

Horizontal component of Fe on the exhaustconnectim(including pressureFx -

parallel to turbine shaft. Loading) of 151/2 times the exhaust area
(square inches).

Mx - Component of Me in a vertical
plane at right angles to turbine 4 These values of allowable force and moment
shaft. pertain to the turbine structure only. They

y- Component of Me in a hort- do not pertain to the forcea and moments inM

zontal plane. the connecting piping, flange and (14nge
bolting which should not exceed the allow-

Component of Mc in a vertical able stress as defined by applicable codes| j M -

. plane parallel to the turbine and regulatory bodies.
shaft. Authorized Engineering Information 6 3 1956
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SECTION 4

TURBINE SET UP AND ALIGNMENT

TURBINE INSTALLATION

Should be undertaken by a skilled mechanic who is thorouchly familiar
with proper procedures commonly used to set up and align turbo machinery.
We strongly recommend supervision by a TERRY SERVICE REPRESENTATIVE.

GENERAL

The importance of correct alignment of the turbine ani driven equip-
ment cannot be over-emphasized. Time and care devoted to ensurine the
best possible installation will result in more reliable operation and reduced
mainte nanc e.

The objective is to obtain and retain the best possible alignment be-
tween the turbine and driven equipment under normal operating conditions.

Cold alignment figures are based on theoretical calculations and must
be confirmed by a " HOT CHECK" carried out as quickly as possible after an
operational run of sufficient length to ensure that full operational tempera-
tures are reached throughout the unit.

FACTORS FOR CONSIDERATION

1. Installation

Accurate alignment starts here!

~ Foundation, grouting, hold down bolting and shimming must be properly
carried out. Unit bases, however substantial may distort during transporta-

tion and handling. Whether turbine and driven unit are mounted separately
or on a common base, they must be installed with sole plate level and properly
aligned before grouting. Remember that shims under unit feet are intended
primarily for final adjustment after " hot check" and not for initial alignment.

" Soft" legs - Turbine feet must not be stressed. particularly when
integral with casing or support pedestal castings. Before starting alignment
set a dial indicator at each foot vertically and loosen hold down bolts. De-
flections should be only a few mils and approximately equal. (e. g. , if 3 leg s
show 6 mils and the fourth 16 mils, add 10 mil shim to fourth leg.) Always

add equal number of shims to pairs of feet after that.

TERRY STEAM TURBINE COMPANY
GISA Section 4

4-1
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TURBINE SET UP AND ALIGNMENT (Continued)

Pipe Stresses - Any stresses imposed by pipework must be removed
from the turbine at cold installation and are always a potential cause of mis-
alignment when the unit is hot. Inlet and exhaust flange bolts must enter
without forcing or springing of pipes. Dial indicators, to read vertical and
horizontal movement, should be located at inlet and exhaust flanges and coup-
ling when connecting pipework. At cold assembly any movement indicates
pipe stress which must be corrected. If bolt hole alignment is good, look
for misalignment between flange faces or uneven torque of bolting. During
warm up, dial indicators will reveal stresses caused by thermal expansion
of pipework, particularly if any movement is in the horizontal plane.

2. Thermal Expansion (turbine)

Thermal expansion and contraction must be considered. The turbine

may rise at the horizontal centerline and axial expansion of the casing and
shaft will occur. Axial clearance between the turbine and driven equipment
shafts should be in accordance with the coupling manufacturer's recommenda-
tions and should be measured with both units against their active thrust faces.
Allowances for any axial expansion of the shafts should be included in the gap.

3. The rmal Expansion (driven equipment)

Anticipated movement of the driven equipment should be obtained from
the manufacturer and due allowances made during alignment.

4. Rise Due to Bearine Oil Film

When running the turbine shaft will rise approximately half the journal
bearing diametrical clearance due to the lubricating oil film.

5. Vacuum Effect

On condensing units a vacuum " pull" of approximately .005 inches to
.010 inches may be recorded at the turbine exhaust flange.

6. C ouplin e s

Correct installation of couplings is vital to proper ope ration of the
unit and great ca re must be exe rcised at assembly. Hubs are normally an
interference fit to the turbine shaft and naust be heated in an oil bath for
a s s e mbly. Excessive run out or eccentricity must be avoided and may be
caused by damage to journals or bore, faulty tapers, badly fitted keys,
wear or poor assembly.

TERRY STEAM TURBINE COMPANY
GISA Section 4

4-2



TURBINE SET UP AND ALIGNMENT (Continued)

High speed couplings are balanced and match marked on all com-<

ponents for correct assembly. The coupling manufacture r's recommenda-_/

tion for misalignment limits and coupling gap must be followed.

Alignment of a flexible coupling should be made to the same degree of
accuracy as for a rigid coupling. As c oupling hubs are frequently used for
checking alignment, great care should be taken to avoid bruising or distortion
of the hubs which would result in erroneous readings.

ALIGNMENT CHECKING PROCEDURE

Preferred Method

The preferred method is by the use of a dial indicator securely fastened
to one coupling hub and arranged to indicate on the matching hub. Me a su re -
ments should be taken with the machine rotors held against their active thrust
faces to prevent axial movement while recording indicator readings.

(a) To Check Hub Runout

1. Set dial indicator to read on face of one hub and rotate that
hub only. Runout is the difference between the minimum
and maximum indicator readings.

t

k> 2. Reposition dial indicator to read on outside diameter of hub-

and rotate hub. Runout is half the differer.ce between the
maximum and minimum indicator reading.

3. Remove dial indicator bracket from one hub and secure to
othe r . Repeat steps 1 and 2. Record readings.

Positions of maximum runout must be marked on coupling before

alignment check and allowances made while checking.

Excessive runout should be corrected by re-installing hubs or
by renewal.

(b) To Check Angular Misalignment

Set dial indicator to read on face of one hub. B otate both hubs
together noting indicator readings at vertical and horizontal posi-
tions to check for vertical and horizontal angular face alignment.

The face misalignment is the actual difference between two read-
ings taken at points 180 apa rt.

TERRY STEAM TUR8tNE COMPANY

] GISA Section 4

-

4-3

IFORMATION ONLY



_ _ _ _ _ _ _ _ _ _ _ _ _

TURBINE SET UP AND ALIGNMENT (C ontinued)

Not e s: Face alignment may be checked using an internal micrometer
whe re space pe rmits.

Turbine cases which do not have centerline support tend to expand
vertically slightly more at the steam inlet end than at the cooler

exhaust end. For this reason coupling faces of these units are
normally aligned with a gap .002 inches greater at the top than
that at the bottom. For centerline supported cases coupling faces
should be parallel.

(c) To Check Parallel Offset A ngnment

Set dial indicator to read on the outside diamete r of one hub.
Rotate both hubs togethe r to check for vertical and horizontal

centerline offset. Misalignment is one half the diffe rence of

the total indicator readings taken at points 180 a pa rt.

After consideration of all factors, if one shaft (A) is expected to
rise above the other shaft (B), at normal operating temperatures,
set shaft (A) lowe r than shaft (B) by the amount of the calculated
horizontal centerline rise.

Remove dial indicator bracket from one hub and secure to the
othe r. Repeat procedures (a) and (b).

" HOT CHECK" after operational temperatures are reached.

Note: If both couplings cannot be rotated togethe r, rotate the coupling
to which the dial indicator bracket is secured. Be certain that
angular alignment is correct, before final check of parallel offset
alignment, when using this method. Particular care is also necessary
in making allowances for coupling run out.

Hot Check - Make HOT CHECK when maximum operating temperatures
are achieved. The purpose of a HOT CHECK is to confirm the cold alignment
s e tting s . If initial calculations, installation and alignment are properly
carried out, hot check will show the units to be in proper alignment. Should
the hot check reveal movement which differs largely from that anticipated,
FIND THE CAUSE! Re-check calculations. Check security of units. Look
for excessive pipe stresses or faulty supports. If necessary break hot pipe-
work flanges and check alignment of boltholes and flange faces. If provision
for casing expansion is by sliding foot, check clearances at foot guide blocks
and hold down bolts. If dowels are removed to establish cold alignment, do
not re-dowel until hot check is completed.

TERRY STEAM TURBINE COMPANY
GISA Section 4
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TURBINE SET UP AND ALIGNMENT (Continued)
,

-( ) Hot check must be made quickly, before cooling causes false readings.
%.d

Once established, accurate alignment must be maintained by proper
care. Record all readings, re-check periodically and immediately in the
event of increased vibration, noise of bea ring wear. Vibration analysis

equipment is invaluable for periodic checks of the operating condition.

MEASURING AllGNMENT
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Alternate Method - Alignment

For some close coupled units it may be impractical to use either a
dial indicator or micrometer. In these circumstances feeler gauges or pre-
cision taper wedges may be used to measure angular misalignment. Parallel
offset may be gauged by use of a straight edge and feeler gauces. (See
following diagrams)

TERRY STEAM TURBINE COMPANY
GISA Section 4
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TURBINE SET UP AND ALIGNMENT (Continued)

MEASURING ALIGNMENT

Alternate Method

The tools required are straight edge, a finished steel wedge and a
thickness gauge. If no wedge is available, the thickness gauge may be used
in a similar manner. A dial indicator can also be used to measure alignment.

Remember, when using a dial indicator, that the actual misalignment is one-

half of the full indicator reading.

If the couplings are perfectly true on both the face and the outside diame-
ter, and they are of the same diameter, the measurement of alignment is ve ry
simple. When the unit is in exact alignment, the wedge will show the distance
between the coupling faces to be the same at all points, and a straight edge will
lie squarely across the rims of both havles in the horizontal plane. See Fig. 1
and 2. If the faces are out of parallel, the wedge will show it. If one coupling

half is higher than the other, the amount may be determined by the straight edge
and feelers. Allowances for heat can be made in this manner. See Fig. 3. If

the couplings are not perfectly true and of the same diameter, proper allowance
must be made. For example, let us try a case as follows: With the turbine
standing and coupling disconnected, and both rotors against their thrust surfaces,

insert the wedge between faces at the top of the coupling and scratch a line on
the wedge. Without moving the coupling, insert the wedge between faces at the
bottom and sc ratch anothe r line. Let us suppose there is a 1/8" distance be-
tween the lines, and the wedge enters furthe r at the top of the coupling. It
would then appear as though the coupling were open at the top. See Fig. 5.
Now revolve both coupling halves one-half turn and obtain two lines on the
wedge as before. If these lines are 1/8" apart and indicate the coupling to be
open at the bottom, the unit is in line, but the coupling halves are running out
slightly at the faces, and no further alignment is necessary. See Figs. 4, 5 & 6.
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ATS _S~~: TveE E- DiERGExCv GoveRx0R.n
$ FILE SECTION DRAWING NO. c_ssso-

G 7 ITEM TERRY M ATE RI AL NO.
,V I

NO~ NAME OF PART PI ECE TERRY PER
W N O. SPEC TYPE GRADE UNIT

IS DIERGENCY HEAD LEVER PIN

$ 30 DtERG. f, GOV. VALVE BODY

49 COVERNOR DISC *

7S PUSH TRIP LEVER PIN

O 76 EMERG. TAPPET SPRING PIN
Z

SI DIERG. TAPPET SPRING BOLTg

3 82 BALL SOCKET 22 1/2
O

83 EMERGENCY HEAD LEVER

84 EMERGENCY TAPPET

85 DIERGENCY TAPPET NUT

86 PUSH TRIP LEVER
,

87 EMERGENCY HEAD BRACKET

88 D!ERGENCY TAPPET SPRING'

89. EMERGENCY WEIGHT SCREW

90 EMERGENCY WEIGHT STOP PIN

91 EMERGENCY GOVERNOR WEIGHT

92 EMERGENCY WEIGHT SPRING

93 DIERGENCY SPRING SEAT

94 D1ERGENCY ADJUSTING SCREW

9S EMERGENCY SPRING ADJ. STUD

96 PACKING FILLER PIECE (%$ .k<,

97 EMERGENCY VALVE PACKING . aff ' ,h;ha*

98 PACKING FOLLOWER , , v" i h
99 EMERGENCY VAL. PACKING NUT' \ i

100 E!!ERGENCY VAL. STUFF. BOX |
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~l DA RTS _ S~: TYPE nE" EneRcENCy coven:;oR

$ FILE SECTION DRAWING NO.'

c-.scao

U ITEM TERRY M ATE RI AL ^

I NAME OF PART PIECE TERRY"O*W N O, SPEC TYPE GRADE
gnu 7

102 BUTTERFLY VALVE

103 1/4" x 7/8" SET SCREWc.
E
e 104 EMERGENCY VALVE BRACKET '

105 RING BEARING SCRE11

0 106 EttERGENCY RESETTING LEVER
Z

107 5/16" x l 1/4" SET SCRE11
0
3 108 S/16"-18 NUT
Q

109 EMERGENCY TRIP RING

110 TRIP RING EXTENSION

111 #2 P 611 TAPER PIN

112 1/S" x 1" COTTER PIN

113 BUTTERFLY VALVE SPINDLE -

114 EMERGENCY SPRING ADJ. PLAT I -

115 EMERGENCY VALVE SPRIT'G

116 EMERCENCY TRIP RING INSET

5/16" x 3/4" FILL HD.117 MACHINE SCREW
.

118 EMERGENCY CONNECTING ROD

119 BALL ROD END

121 EMERGENCY ADJ. SCREW NUT

|

REV Retyned N.L. 11/13/75', REV ',
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The Terry governor valve is a bushing type consisting of three units - a
governor valve body, a valve cage and a valve.

There are several styles and materials used, depending on the particular
installation; however, the method of installation and removal described in this ;

Section applies to all styles. '

The governor valve and cage are machined and ground as a unit and should be
replaced as a unit.

The valve and cage can be removed from the valve body without disturbing
the steam pipe connections. A strainer is installed on the valve cage to help
prevent pieces of metal or other foreign matter from entering the turbine.
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REV.0VING TFE GOVERNCR VALVE & CAGE Remove the governor lever and then the
parts installed on the valve stem. Note the position of the valve stem seats,
etc., on the stem so that the original positions may be re-established at assem-
bly.

Icosen the valve bonnet nuts. Slide the valve bonr.et off the valve body,
taking care not to bend the valve stem.

C'nce the bonnet has been removed, the valve and stem can be removed.

A packing ring is installed in the recess at the top of the cage. The!

O ' rW e e SW/-
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packing ring is compressed by a spigot on the valve bonnet. This serves as
'a seal and to hold the cage in position by compression.

Once the valve has been re=oved, the cage can be removed by means of a
puller of some sort placed behind the upper seat.

ASSEMBLING THE GOVERNGR VALVE & CAGE From the drawing (Fig. 7) note
that the valve cage seats at the bottom of a recess in the valve body. The
valve body has a machined seat at this point to insure a tight joint be-
tween the valve cage and the valve body. Do not use a gasket between these
faces. A coating of suitable sealing compound is sufficient to make this
joint tight.

The method in which the governor valve and cage should be assembled
is as follows:

1. Make certain that the cage and body faces are free from
burrs and dirt, and check the seating of the cage in the body. If neces-
sary, lap the cage into the body until a good seating surface is obtained
in the valve body. Cover both faces with a coating of Copaltite or other
suitable sealing compound, and install the cage in the valve body with one
of the cage posts centered in the steam inlet.

2. Insert the packing ring in the recess in the valve cage.

3. Install the valve stem with T-head and cushioning spring in
the valve. (On 3/4" or 1" valves, the valve stem screws into the swivel on
the valve and is locked in place by a hex. nut).

4. Install the governcr valve in the valve cage. Do not asse=-
ble the valve with the valve bonnet as there is danger of cramping the valve
and da= aging the seats.

5 Install the valve bonnet. At the same time, assemble loose-
ly any valve stem parts which cannot be installed after the bonnet is in
place. Take care not to bend the valve stem when sliding the bonnet into
position. The bonnet nuts should be tightened evenly so that the spacing
between the bonnet and the body is even all the way around. If the bonnet
is cocked, the governor will be affected adversely. hhen a new packing
ring has been installed, the valve bonnet nuts should be checked for
tightness after the turbine has run for one hour and a further check made
from time to time.

6. Re-pack the valve stem stuffing box.

7. Return all valve stem parts to their original positions, and
set the governor valve travel (see below).

VAL 7E STEM PACKING The valve stem stuffing box should be packed with
suitable packing. Too tight or harti packing may cause the valve stem to
stick, resulting in a hunting or surging condition. Crane #187-I packing
is installed at the factory en all steel turbines (251# - 5210 F. or above).

O
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CHECKING THE VALVE SETTING The valve setting is very important for safety.p
Q Correct valve travel is stamped on the turbine nameplate. The valve opening

should not exceed the maximum travel given on this nameplate. A double seated
valve should open 1/8 of its diameter. For a V-ported or piston type valve, an
additional 1/8" should be allowed. On turbines with Woodward governors, refer
to the Governor Log.

The valve opening is measured when the turbine is not running. First, close
the valve manually until it seats and make a mark on the stem at the stuffing
box nut. Then open the valve as far as the governor mechanism will allow. The
distance between the mark and the stuffing box nut is the valve opening. This
opening will be increased by the wear of any part of the governor mechanism and
should be occasionally checked and corrected if necessary. Refer to the Section
covering the governor for the proper method of adjusting valve travel for the
type of governor installed.

THE GOVER'ICR VALVE SPRING is for the purpose of keeping a constant load in
one direction on the governor mechanism to avoid lost motion. This spring should
not be used to raise the speed of the turbine.

DETECTION OF LEAK A small leak can be repaired easily, but if not proper-
ly stopped, it will get rapidly worse and become difficult to stop, and be a
possible source of serious trouble. An easy way to test valve tightness is to
close the valve by hand while the turbine is running. If the speed drops quick-
ly, the valve is tight. Some indications of the valve's leaking are:

1. Speed runs up at light load with valve apmrently closed.

2. Thrust bearing or ball holder heats or shows wear. This is be-
cause the governor presses very hard on the valve in effort to shut off steam.

3. Turbine is shut down by the emergency governor tripping out on
light loads. This =ay be caused by other things, but the valve should always
be checked.

If a valve leaks, the first thing to do, of course, is to stop the leak by
re-grinding or re-seating the valve. If the valve has apparently not given as
long service as should be expected, the cause of rapid wear should be found and
removed. Some common causes are:

1. The turbine runs much of the time at light load. This will always
increase the valve wear. Secure a smaller valve if your load conditions will al-
low. Write us fully as to the heaviest load you must carry, the ring pressure re-
quired to carry it, the actual steam pressure available at the throttle and actual
exhaust pressure, and we will advise you if it is possible to use a s:: aller valve.

2. Wet steam is destructive to all valves which are required to throt-
tle steam. It has been well establiahed that there may be water even in super-
heated steam pipes, particularly towards the end of the lines and at times of light
load. For especially severe conditions a valve of menel metal and stainless steel
seats or similar material can be provided at an extra cost. While high in first

C
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cost, valves of special metals are most economical where conditions are such
as to cause rapid wear.

3 There are sometimes corrosive agents in the steam which will
attack brass, monel metal, or machined surfaces of cast iron and steel.

If a valve is re-ground sufficiently often to keep deep scores from
feming, the life of the valve will be much greater.
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The overspeed governor is designed so that, at a given speed, a blow is
transmitted to a suitable trigger, tappet spring or tappet ball to release a
spring loaded butterfly valve or some other tripping mechanism. This governor
is usually set at the factory to operate at about 5 percent above the maamum
no load speed.

b' N A-Dner. Cov. Wgt.
B-Emer. Wgt. Screw

6])
c C-Emer. Wgt. Stop Pin

'

D-Emer. Wgt. Spring0
--- E-Emer. Adj. Screwg_

- - - - ..na w
_

F-Check Nut
f l G-Emer. Disc@

M
--

F

O

I

,

Fig. 8 |

OPERATION The overspeed tripping device is mounted on the back of the
main governor disc (G), Fig. 8. The weight (A) pivots about weight senw
(B) and is limited in =ovement by stop pin (C). When the required sped is
reached, centrifugal force overcomes the force of spring (D) and the weight
(A) swings outward, striking a trigger, tappet spring, or ball which, in
turn, trips a mechanism to close the overspeed trip valve.

The speed adjust =ent is made by screw (E) which controls the compression of
spring (D). The screw is locked by a nut (F). Raising or lowering the trip
speed is accomplished by increasing or decreasing the spring force by means
of screw (E). No changes in trip speed should be attempted by changing the
trigger or tappet setting.

TRIP VALVE This may be a butterfly or clapper type valve oprated
dinctly thmugh the linkage or a trip and throttle type which would nom. ally
be actuated by means of an oil pressure trip mechanism.

/
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For turbine.e having the tappt spring arrangement, refer to Fig.10.
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Read instructions carefully, making sure you understand any special
features and the functions of all parts.

Remove refuse, dirt and loose tools not required for operation from
the turbine and its inanediate vicinity.

Wipe off all slushing compound and all dust fmm the entire unit and
make sure that all working parts are clean.

Flush out the bearings liberally with kerosene or flushing oil. Also
flush any oil piping, gear cases or oil reservoirs.

If the turbine has been standing for any appreciable period or has
been subjected to dirt or water, we recommend that the carbon packing rings
be renoved and cleaned and that the shaft and gland cases be thoroughly
cleaned at the contact surfaces.

Clean the driven machine in accordance with the manufacturer's in-
structions.

O Fill the main bearings and any other oil reservoirs, coolers, filters
or gear cases. Note filling marks on the gauge glasses. The oil level1

should not be allowed to drop below this level. Use a good grade of tur-
bine oil. See Section VI.

When an oil cup is provided for the governor thrust bearing, fill with
the same oil as used in the main bearings. When a grease cup is provided,
use a light grease.

I

( If the coupling is of the lubricated type, fill with lubricant as per

j manufacturer's instructions.

Iook the turbine over thoroughly before starting.

(a) Examine carefully for parts broken or bent in handling.
(b) Be sure alignment is correct (See Section III).|

| (c) If water cooling is supplied, check water connections.
(d) Work the governor valve by hand to be sure it works freely.

|

! STARTING Having prepared the turbine for starting, open the drain
l valves to remove the condensate and open the exhaust valve slowly. Next,

( open the steam throttle valve slightly and allow the turbine to wam up.
When condensate stops flowing from the drain lines, close the drain valves
except for a small opening to allow condensate, which may accumulate, to
escape during the starting period.

.n en ne- n b |,,,f%(1 t

O * * ' ; <- "'
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Open the throttle valve sufficiently to start the turbine rota-
ting; then close the throttle valve enough to maintain a slow speed or
a speed which will maintain some oil pressure if provided with pres-
sure lubrication. Remove the inspection caps over the oil rings and
make sure that the oil rings (when used) are turning.

On turbines where oil relay govemors are provided, the oil pres-
sure will lift the governor valve and release the starting latch at
less than half speed.

1

Watch all bearings carefully. Undue heating on the first run may !

|be due to dirt or faulty alignment.

If the turbine is operating condensing, do not turn on gland seal
until after the unit is turning over slowly.

Open the throttle valve gradually to increase the speed, checking
the speed frequently with a speed indicator; and as the turbine ap-
proaches full speed, the govemor should come into action smoothly and
partially close the govemor valve to control the speed. When the
governor apparently has control, continue to open the throttle valve
slowly. This should not increase the speed. Now, fully open the
throttle valve, and the turbine is ready for load.

The operation -f the trip valve and the emergency governor should
be tested. (See Section II).

GENERAL NOTES Installations vary considerably with respect to
special features; therefore, the preceeding instructions are of a
general nature. If you feel that certain points are not suf ficiently
covered, step by step instructions for your specific unit will be fur-
nished en request.

In an emergency, a TERRY solid wheel turbine can be brought up to
speed in a few seconds. Bladed wheel turbines take longer, depending
on size, speed, number of stages and the limitations of the driven ma-
chine. A quick start is made easier by keeping the turbine well
drained and all parts in working condition.

Centinuous, trouble-free operation with minimum attention to
wearing parts is influenced by the condition of the steam and of the
lubricating oil.

The ideal steam is free of moisture arxi other erosive and cor-
rosive agents. Clean lubricating oil of the correct type, kept in
proper condition, is essential.

Notes on the proper care of various parts will be found under
suitable headings in this manual.

HAND 7ALVES For best economy, always keep as many hand valves

' O
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O- closed as the load conditions will allow. The hand valves are tagged to
indicate their function. Hand valves should be kept fully open or fully
closed.

Iow steam hand valves (L.S.) should be closed when operating at nor-
mal steam conditions and should be opened only if necessary to obtain out-
put at lower steam conditions than normal.

Overload hand valves (OL) should be closed whenever possible and opened
only if load conditions require.

Partial load hand valves (P.L.) should be normally open and closed
whenever load conditions pennit for most economical operation.

O
'

|

|

|
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A steam turbine has relatively few moving parts; and, if it is properly in-
stalled and maintained, many years of dependable service with very few problems
can be expected. No mechanical equipment, however, is imune to difficulty, and
this Section has been prepared as a guide to the various problems which might
arise as well as their possible causes and remedies. ;

!
'

PROBLEM CAUSE RDEDY

Turbine will * Insufficient The operator should be familiar with the
not carry nunber of hand proper use of hand valves and nake sure the )
the load valves open correct combinations of hard valves are

open for the various loads.
]

Fx * load too great If the load cannot be reduced, consult our

tt for turbine Engineering Department - a turbine can us-
d 4 rating ually be re-nozzled for a reasonable in-cE

j! $ crease in power.
* oE
IeEO %7" * Iow steam pres- Make sure the steam line is not too small,
3 @.Y sure at throttle, or pressure drop through the valves and
3*7 or exhaust pres- fittings in the line too great. Check steam
"E* sure too high pressure at the throttle under maM=n= load

R," conditions and minimum boiler pressure. j

g {$ Check back pressure at exhaust flange. If
o, E conditions cannot be corrected, the turbine2 ,

e can usually be re-nozzled to suit the ac- I

tual service conditicns. Consult our En-
~

gineering Department for details.
I ec

i a$ $
*

g * Nozzles Open the turbine and check the nozzles.i

| 7mg plugged or Clean or replace the nozzles as required.
Yeg damaged

3 :s "
3EY ** Steam Clean the strainer and check the source
"E$ strainer is of the foreign material.

8* obstructed-

| E eg
5 {m ** Governor valve A double-seated governor valve should open
* ** does not open at least 1/8 of the valve diameter when
E far enough the turbine is not running. See Page VII-3.
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PRCSLEM CAUSE REMEDY

Turbine will Buckets worn On TERRY solid wheels, the wheel
not carry excessively should be replaced when the buckets
the load show more than h" erosion. On bladed
(Continued) wheels reblade or replace the wheel

when blades are worn 1/16" to 3/32".

Excessive Too many hand Too many open hand valves allow more
Steam valves open steam than necessary to pass through
Consumption the steam ring.

It may cause poor governor valve
control, since it forces the valve
to operate too close to the seat.
Check for the correct combination of
hand valves. e

Nozzles and This affects the efficiency of the
wheel worn turbine adversely. The nozzles and/
or damaged or turbine wheel should be replaced

or repaired at the earliest possible
opportunity.

Internal steam This should be corrected promptly.
leakage Check and replace the diaphragm pack-

ing rings or repair leaking joints as
soon as possible.

* Vibration Misalignment Check the alignment when the turbine
a with driven is hot. If the turbine drives a I

. E .1 shaft coupled gear, and the gears run to- I

e E E " 'E E . gather at the top, allow for the
E28E**E pinion running in the top of its
U"".!E3hO bearing when under load. See sepa-

E " $ c. s. O rate Section in this manual on align-e
#Ec# d ment.e
Y>SS'E*stsetww
S ,E d {o .8 3 82 'y 2 5 Unbalance Remove any foreigh matter which might5e

have collected on the wheel. Make
*T# 5. O sure the turbine is thoroughly

.5 "g""Ee!

se.{ZwgT*
'

drained during shutdown periods ine ,,

order to prevent uneven rust forma-
.e $ 5 5E tions. Bad vibration might also be

~ 3 3'$.f 2 caused by the loss of some blades or
h Y *o E E T g shrouding. Replace or repair thed

y *"*" wheel in this case.-
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PSDBIDi CAUSE REMEDY
'

Vibration Rubbing Correct the axial position of the rotor.

(Continued) Repair or replace the thrust bearirg as re-
quired. Make sure that the driven machine
cannot thrust against the tuttine shaft.

Eent shaft The shaft should be replaced if runout at
the bearing journals exceeds .0005"F.I.R.
(Full Indicator Reading), and at the glands
and coupling end .001" F.I.R. On single
stage machines, loosen the wheel nuts to
see if runout is affected. Warped wheel
nuts can create runout. A bent shaft may
also be caused by hot bearings (see " Bear-
ing, Heating and Wear"), tight packing
glands (see " Glands Fitted too Tightly"),
or mechanical damage. Check the complete
rotor. Runout at the extreme governor end
of the shaft can be corrected by striking
the high spot sharply with a soft hamer
until runout is reduced to less than .001"
F.I.R. (Insert an arbor in the end of the
shaft if turbine has flyball governor).

O
Icose wheels This is extremely unusual, but may be caused

by a runaway. Replace the wheel, and also
the shaft if necessary.

Wom coupling Replace the coupling. Be sure that lubri-
cated couplings are kept well lubricated
per the manufacturer's recor:nendations.

Bearings wom Replace worn bearings. Re-babbiting is
excessively NOT recommended, since possible distortion

of bearing shell in rebabbiting process
will prevent re-machining the bearing so
that the bore and 0.D. are concentric.

Bearings loose Uncomon, but may be caused by excessive vi-
in bridges bration for a prolonged period. Contact

the factory for recommendations on the best
method of correction for the particular tur-
bine involved.

O INF0i? MAT!0N ONU, , ,,
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PROBIEN CAUSE RDEDY

Vibration Glands fitted Tight carbon rings may cause vibra-
(Continued) too tightly tion and overheating. Tight labyrihth

rings will da= age the turbine shaft.
Carbon rings should be replaced.

,

Excessive Broken or Replace with new carbon rings. The
Gland badly worn carbon rings should have a slight
Imakage carbon rings clearance on the turbine shaft t en

the unit is cold, since carbon ex-
pands much less than steel when
heated.

Carbon rings The carbon rings should be free to
fouled by dirt, float axially, and the downstream
or scale car- face of the carbon rings must seat
ried over by perfectly against the smooth, true
steam and clean surface in the gland

case.

Gland drain Be sure that the gland leak-off
line not line cannot trap water and cause
freely open back pressure.

Excessive back Packing cases are designed for a
pressure predetermined back pressure. Ex-

cessive back pressure causes leak-
age, which is a common cause of
water in the lubricating oil. Cor-
rect back pressure accordir4 to
design conditions.

Excessive com- hhen replacing the carbon rings, use
pound in the joint seal compound carefully. Ex-
carbon rings cessive compound may foul the carbon

rings and the surfaces against which
they float.

S earing, Use of improper Oil must be clean and of the proper
Heating and oil viscosity. Refer to the Section on
Wear Lubrication in this manual.

THE STEAM TURBINE CO. Hantrono con
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PROBIZM CAUSE RD!EDY

3 earing, Water coolers This may cause a breakdown of the oil. It
Heating & provided not also will cause the thmst bearing and
Wear used; cooling main bearings to overheat excessively.
(Continued) water too hot Each unit may have different cooling water

requirements. Oil should leave the cooler
at not less than 1100 F. in forced feed
units, with the cooling water adjusted to
give the proper temperature to the oil.

|
1

Water in the oil This may be the result of gland leakage,
cooler leakage, or cendensation from the
atmosphere. To minimize condensation from
the atmosphere, shut off water from the
oil cooler after shutting the unit down.
This sho21d be done as soon as the turbine ,

'casing Fas cooled enough so excessive heat
will not be transferred to the bearings.
Occasicnally check oil reservoirs for wa-
ter and drain off any present.

Misalignment This is a conanon cause of excessive berring
wear. The babbitt may be cracked or 'sro-
ken loose as a result of pourding fram a
misaligned shaft. Alignment shou) . be
corrected as soon as possible. 'ee the,

Section on Alignment in this e.traal.

Unbalance This is often due to deposits on buckets
or wheels. In some cases, although rare,
it is caused by the loss of one or more
buckets or a piece of shroud. Inspect and
clean the ro tating element.

Rough journal Journals can be stoned if not too serious-
surface 17 roughened. In extreme cases the shaft

should be replaced.

Thrust from driven Proper distance must be maintained between
shaft transmitted ends of the shaf t and the driven unit.
through coupling Check this distance and make sure the

coupling is free to move laterally. The
coupling can become full of dirt or sludge
and not be free to move Lsterally.

eWW ' e
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PROBI2M CAUSE REMEDY

Searing, Compression in The compression on the valve stem
Heating & valve stem spring must be sufficient to hold the
Wear spring exces- governor lever firmly against the gov-
(Continued) sive. ernor spindle connection under all

conditions. Avoid any unnecessary
loading on this spring as this muld
impose excessive load on the thmst
bearing.

Flyball governor Leaking or stuck governor valysa
trying to close should be corrected as they consti-
leaking or stuck tute a safety hazard, besides being
governor valve detriment al to the th mst bearing.

Excessive wear is also imposed on the
governor br.11 thmst bearing.

Heavy slugs of This condition can be avoided through
water in the pmper boiler control. Damage to
steam thmst bearings, diaphragms and to

wheels will result fmm water slugs.

Rough or untrue Rough or untrue tnrust collars and
thrust collars spaca collars on single-stage tur-

bines may cause rapid wear on the
thmst facings of the sleeve bear-
ings. This could eventually in-
crease thmst clearance to a point
where the tu61ne wheels rub. Rough
or untrue collars should be replaced
or repaired at the first opportunity.

Units do No provision for A good expansion joint and proper
not stay in exhaust pipe pipe tupports are needed. There
aligrrnent stresses should be no severe stresses on the

et.aust casing.

Excessive steam The outline drawings and instruction
pipe stresces mant.al warn against pipe stresses.

These can be overcome by the use of
prcper pipe supports and hangers,
and the use of loops er bends in the
steam line. An expansion joint
should be pmvided for the exhaust
line adjacent to the turbine.
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% PR09LEM CAUSE RDEDY

_

Units do not Foundations of If the turbine ard the driven unit are on
stay in driver and driven separate foundations, any movement will
alignment machine move cause misalignment. If foundations are

(Continued) not adequate to hold both units, a con-
crete cap should be poured over both to
assure operation on a similar plane.

Baseplates ex- The distortion caused by excessive heat
posed to heat on the baseplate may cause misalignment.
from steam pipes Pipes should be insulated or relocated

away from baseplates.

GOVERNOR:

Speed drops
too much with (See also causes under " Turbine will not carry the load").
load

Governor valve Governor valve and linkage must be ad-
linkage damaged justed so that the valve is wide open
or out of ad- when the governor is open. The governor
justment; valve must have safety travel in the closing
sticking direction to insure the valve being com-

pletely closed. Sticking of valve link-
age must be eliminated to assure free
movement both in opening and in closing.

,

Speed rises leaky governor This situation should be corrected by re-
exces-ively valve, or leak placing or repairing the governor valve
with loss near governor ard cage; otherwise the turbine will con-
of .~.oad valve tinue to receive steam even with the gov-

ernor in closed position. |

|

Governor res- Free the sticking valve and inspect all i

ponds slowly due pivot points in the governor linkage for j
to worn parts or signs of sticking or binding or exces- !

sticking sive wear.

l

Governor does not !

fully close the Adjust the linkage. I
governor valve

O
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PROBlDI CAUSE REMEDY

Hunting Sticking or This is generally due to dirt, wear,
excessive or mechanical damage. Clean and re-
friction in pair or replace any parts which
governor, valve cause this trouble. The valve sten
or valve stem stuffing box may be packed too )

tightly. |

Inst motion so This usually is the result of exces-
governor valve sive wear at the pivot points in the
does not follow linkage. Replace worn parts as
motion of the might be required.
governor

Govemor knife These must be replaced if badly
edges worn worn. There is no effective repair

for these parts.

Governor thmst This situation will cause failure
bearing not ac- of the governor slide and will also
curately aligned damage the thrust bearing itself,
with shaft The ball thrust bearing must be con-

centric with the bore in the turbine
shaft. This can be checked by in-
serting a tight plug in the shaft
bore and indicating the bore of the
governor housing end.

Slow (Same causes as Hunting)
response

Turbine carrying Open the necessary hand valves to
very heavy load, increase the horsepower. If the
little reserve load is too great for the design
power turbine rating, consult our Engin-

eering Department for possibly re-
nozzling your turbine for a greater'

horsepower rating.

Trip valve Improper adjust- The overspeed governor should be
not proper- ment or poor con- tested frequently. To test, trip
ly function- dition of tripping the overspeed mechaniam by hand or
ing mechanism, springs by overspeeding. Make sure the

or latches trip valve closes promptly.

. Wppe eW
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PROBLEM CAUSE REEDY
-

Trip valves Excessive friction These serious faults should be corrected
(Continued) in Emergency valvo by cleaning, repairing or replacing the

packing. Scaling, parts so that this important safety de-
wear, or mechani- vice can operste effictively.
cal damages to
mergoney valve

Overspeed Governer does Remove the govemor housing and examine
governor not not trip at or the overspeed governor. Make sure that
functionirg near proper it is clean and in good order, and that
properly speed the emergency weight can be moved easily

and freely by a small screw-driver or
similar tool.

Make sure the overspeed trip lever clears
the trip lever by about .060" when the
turbine shaft is rotated. Reassemble
with the governor housing and all parts.

Test the unit by actually overspeeding.
If it still does not trip at the proper
speed, adjust the setting of the emer-
gency governor as required.

If low oil pressure trips, solenoid trips,
high back pressure trips, or similar de-
vices are provided, check them at the
same time.

When writing to The Terry Steam Turbine Company with regard to the power or
steam consumotion of the turbine, please include as much of the following infor-
mation as possible.

Take readings with the turbine running under load as follows:

(a) Steam pressure in the line at the turbine inlet.
(b) Superheat or quality of the steam.
(c) Steam pressure in the steam ring, or steam chest.

i(d) Number and position of hand valves opened or closed.
|(e) R.P.M. of the tureine. '

(f) Back pressure at the turbine exhaust.

IMPORTANT! PLEASE BE SURE TO INCLUDE THE TURBINE SERIAL NUMBE hhEN hRITING
ABOUT THE TURBINE OR hTi ORDERING PARTS!

O WW B D'
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The tabulation below indicates the recomended oil viscosities for
various arrangements and operating temperatures. Oil conforming to these
specifications should give satisfactory service. It should be noted, how-
ever, that the tabulation merely covers the viscosity range for a given
temperature and does not specify those qualities which enable an oil to
give long life and trouble-free service. Refiners have devoted years of
research to the subject of turbine oils and know what qualities are neces-
sary for best results. We therefore recommend the use of an oil backed by
a reputable refiner ani designed especially for turbine sni gear lubrication.

Steam turbine bearings receive considerable heat from the steam in the
turbine casing. Bearing temperatures run much higher than on other types
of equipment where most of the heat is due to bearing friction.

In connection with turtices and gears with a common lubrication sys-
tem, the oil should be selected to suit the gear.

Ring Lubrication

Ocerating Temperature

O of 011 in Bearing Viscosity SSU at 1000 F.

Up to 2000 F. 225 to 300 l
l

Over 2000 F. 400 to 580

Forced Feed Lubrication

Without Reduction Gear 150 to 160

With Reduction Gear

Up to 1800 F. 250 to 350
0Over 180 F. 400 to 580

|

O EQ0N ONL'
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The Terry governor valve is a bushing type consisting of three units - a
f governor valve body, a valve cage and a valve.

There are several styles and materials used, depending on the particular
installation; however, the method of installation and removal described in this
Section applies to all styles.

The governor valve and cage are machined and ground as a unit and should be
j replaced as a unit.

|

| The valve and cage can be removed from the valve body without disturbing
the steam pipe connections. A strainer is installed on the valve cage to help
prevent pieces of metal or other foreign matter from entering the turbine.
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PlX0VING THE COVERNCR VALVE & CAGE Remove the governor lever and then the i
parts installed on the valve stem. Note the position of the valve stem seats, |

etc., on the stem so that the original positions may be re-established at assem-
bly.

Icosen the valve bonnet nuts. Slide the valve bonr.et off the valve body,
taking care not to bend the valve stem.

Once the bonnet has been removed, the valve and stem can be removed.

A packing ring is installed in the recess at the top of the cage. The

THE STEAM TURBI . H OR O,
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packing ring is compressed by a spigot on the valve bonnet. This serves as
a seal and to hold the cage in position by compression.

Once the valve has been re=oved, the cage can be removed by means of a
puller of some sort placed behind the upper seat.

ASSEMBLIUG THE COVERNOR VALVE & CAGE From the drawing (Fig. 7) note
that the valve cage seats at the bottom of a recess in the valve body. The
valve body has a machined seat at this point to insure a tight joint be-
tween the valve cage and the valve body. Do not use a gasket between these
faces. A coating of suitable sealing compound is sufficient to make this
joint tight.

The method in which the governor valve and cage should be assembled
is as follows:

1. Make certain that the cage and body faces are free from
burrs and dirt, and check the seating of the cage in the body. If neces-
sary, lap the cage into the body until a good seating surface is obtained
in the valve body. Cover both faces with a coating of Copaltite or other
suitable sealing compound, and install the cage in the valve body with one
of the cage posts centered in the steam inlet.

2. Insert the packing ring in the recess in the valve cage.

3 Install the valve stem with T-head and cushioning spring in
the valve. (On 3/4" or 1" valves, the valve stem screws into the swivel on
the valve and is locked in place by a hex. nut).

4. Install the governor valve in the valve cage. Do not assem-
ble the valve with the valve bonnet as there is danger of cramping the valve
and damaging the seats.

5 Install the valve bonnet. At the same time, assemble loose-
ly any valve stem parts which cannot be installed after the bonnet is in
place. Take care not to bend the valve stem when sliding the bonnet into
position. The bonnet nuts should be tightened evenly so that the spacing
between the bonnet and the body is even all the way around. If the bonnet
is cocked, the governor will be affected adversely. 'r| hen a new packing
ring has been installed, the valve bonnet nuts should be checked for
tightness after the turbine has run for one hour and a further check made
from ti:ne tc time.

6. Re-pack the valve stem stuffing box.

7. Return all valve stem parts to their original positions, and
set the governor valve travel (see below).

VALVE STEM PACKING The valve stem stuffing box should be packed with
suitable packing. Too tight or hani packing may cause the valve stem to
stick, resulting in a hunting or surging condition. Crane #187-I packing
is installed at the factory on all steel turbines (251# - 5210 F. or above).

O
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CHECKING THE VALVE SETTING The valve setting is very important for safet.v.

Q Correct valve travel is stamped on the turbine nameplate. The valve opening
should not exceed the maximum travel given on this nameplate. A double seatee
valve should open 1/8 of its diameter. For a V-ported or piston type valve, in
additional 1/8" should be allowed. On turbines with Woodward governors, reft.r
to the Governor Iog.

The valve opening is measured when the turbine is not running. First, Ase
the valve manually until it seats and make a mark on the stem at the stuffing
box nut. Then open the valve as far as the governor mechanism will allow. The
distance between the mark and the stuffing box nut is the valve opening. This
opening will be increased by the wear of any part of the governor mechanism and
should be occasionally checked and corrected if necessary. Refer to the Section
covering the governor for the proper method of adjusting valve travel for the
type of governor installed.

THE GOVERNCR VALVE SPRING is for the purpose of keeping a constant load in
one direction on the governor mechanism to avoid lost motion. This spring should
not be used to raise the speed of the turbine.

DETECTION OF LEAK A small leak can be repaired easily, but if not proper-
ly stopped, it will get rapidly worse and become difficult to stop, and be a
possible source of serious trouble. An easy way to test valve tightness is to
close the valve by hand while the turbine is running. If the speed drops quick-
ly, the valve is tight. Some indications of the valve's leaking are:

1. Speed runs up at light load with valve apparently closed.

2. Th:ust bearing or ball holder heats or shows wear. This is be-
cause the governor presses very hard on the valve in effort to shut off steam.

3. Turbine is shut down by the emerger.cy governor tripping out on
light loads. This may be caused by other things, but the valve should always
be checked.

If a valve leaks, the first th!.ng to do, of course, is to stop the leak by
re-grinding or re-seating the valve. If the valve has apparently not given as
long service as should be expected, the cause of rapid wear should be found and

,

removed. Some co::::en causes are: '

l. The turbine runs much of the time at light load. This will always ;

increase the valve wear. Secure a smaller valve if your load conditions will al- I

low. Write us fully as to the heaviest load you must carry, the ring pressure re-
quired to carry it, the actual steam pressure available at the throttle and actual
exhaust pressure, and we will advice you if it is possible to use a s:: aller valve.

2. Wet steam is destructive to all valves which are required to throt-
tle steam. It has been well established that there may be water even in super-

.

heated steam pipes, particularly towards the end of the lines and at times of light
load. For especially severo conditions a valve of monel metal and stainless steel
seats or similar material can be provided at an extra cost. While high in first |

O 'n tonu a ra n u ' va ng unwaiian uw L -y e e,
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cost, valves of special metals are most economical where conditions are such
as to cause rapid wear. |

,

3. There are sometimes corrosive agents in the steam which will'

attack brass, monel metal, or machined surfaces of cast iron and steel.

If a valve is re-ground sufficiently often to keep deep scores from
forming, the life of the valve will be much greater.

!
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The overspeed govemor is designed so that, at a given speed, a blow is
transmitted to a suitable trigger, tappet spring or tappet ball to release a
spring loaded butterfly valve or scune other tripping mechanism. This governor
is usually set at the factory to operate at about 5 percent above the maximum
no load speed.

b' Ne A-Emer. Gov. Wgt.
B-Emer. Wgt. Screw%e C-Emer. Wgt. Stop Pin

])'

D-Emer. Wgt. SpringD
\

..

_

E-Dner. Adj. Screw

@ 7
- - - .. A n w F-Check Nut

[t G-Emer. Disc

{f$
-- 4

O
,
,

Fig. 8

OPERATION The overspeed tripping device is mounted on the back of the
main governor disc (G), Fig. 8. The weight (A) pivots about weight screw
(B) and is limited in movement by stop pin (C). When the m
reached, centrifugal force overcomes the force of spring (D) quired speed isand the weight
(A) swings outward, striking a trigger, tappet spring, or ball which, in
turn, trips a mechanism to close the overspeed trip valve.

The speed adjustment is made by screw (E) which controls the compression of
spring (D). Ihe screw is locked by a nut (F). Raising or lowering the trip
speed is accceplished by increasing or decreasing the spring force by means
of screw (E). No changes in trip speed should be attempted by changing the
trigger or tappet setting.

TRIP VALVE This may be a butterfly or clapper type valve operated
directly thmugh the linkage or a trip and throttle type which would normally
be actuated by means of an oil pressure trip mechanism.

STEAM' TURBI . n a.c .
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II C

For turbines having the tappet spring arrengement, afer to Fig.10.
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II C

The adjustment between oversped weight (1) and tappet spring (2) is
obtained as follows:

1. Rotate the turbine at a very low speed. Reznove cotter pin
installed ir tappet (3). Insert a screw driver in the slot at the top of
tappet (3).

2. Screw down on tappet (3) until tappet spring (2) just con-
tacts overspeed weight (1). Then unserew tappet (3) one and one-half turns.

3 Insert cotter pin, and the adjustment is complete with the
clearance between weight (1) and tappet spring (2) about 1/16".

CAUTICN! When adjustment is made, be sure that the slot in the end of
the tappet is parallel with the centerline of the turbine shaft. This
aligns the tappet spring pins in the same way and pnvents the pins frem
interfering with the operation of the tappet spring.

On turbines using the ball-type tappet, refer to separate instructions.

POTE: When the turbine is first placed in service, check the linkage,
after turbine has reached its operating temperature, to make certain that
the resetting lever (4) is latched about 1/16" on insert (8) with about
1/16" between trip ring (5) and stop pin (6). If these measurements are
not found to be correct, the linkage should be changed by lengthening or
shortening connecting rod (7).O

R r i r fj ).j P Y D T r % *. 5 ,% " ' * ' ?
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. .f29 (.136") Drill for_ E E Setting Disc-Type Emergency with- -

1/8"x3/4" Cotter Pin GE' Ba_ll-type Tappet During Turbine Shut-down
/ R E/
j!D 1. Ite ne~ie the emergency weight spring, emer--

| Emerg. Tappet Nut . = EM gency s.cing seat and jam nut.
2 20 $

wi gS 9 2. Use a wedge to block the emergency governor
Emerg Head Bracket j g N ,o weight in its maximum outward position.

E E N o
$ EQ , k 3. Replace the bearing cap and rotate the shaft

i Emerg. Tappet % pas so that the emergency governor weight presents
o3 its maximum height to the ball tappet. With thee

i
Spring emergency tappet nut held down firmly against.o

M/[/ the emergency head bracket, screw down the tap-Ball .500" i .002" \ U pet until the ball is just held between the/\dia. ; ,

\ { emergency governor weight and the top of bally ,
seat, after which, screw the ball tappet down- -

Emerg, Gov. Weight Emerg. Gov. exactly one turn. Do not screw tappet Jan
Screw Wei,ht further.7rTIT and Tnstall a cotter pin in them

tappet to hold this setting.
I

4. The tappet is now properly set with respecti Emerg. Gov. .
, s ,

" '

I Weight to the weight.
j Stop g '-

; Pin {
- 7 ( '. 5 Remove the wedge and reinstall the emergency'

%[_

Mjweight spring, spring seat, emergency spring ad-.,

4 - 1 t - justing stud and jam nut. Obtain the proper
T Emerg. 'il tripping speed by adjusting the compression on'

'
. <

C Gov. b ,!! the spring with the emergency spring adjusting

n \ J stud and lock by means of the jam nut.Disc< ~
- -

; y FIRST USED ON FILE
~

k Weight t YPE Disc-type emerg settingEmerg. l
'

'
for dall type emergency -

""M Spring Jam Wedge'

Nut' """

W ^ SCALE Full size DATE--

| p / Emerg. Spring
""~

| Emerg. Spring Seat AdJ. Stud THE TERRY STEAM TURSINE C0. .".c.o ::.I I I*"*~
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LUBRICATION AND MAINTENANCE INSTRUCTIONS - TERRY STEAM TURBINE LO'!E.RNOR DRIVE
.

#99-23-00198-558999-23-OlS3-558 -

'

f3
b These gear reducers are splash lubricated and the quantity of lubricanc

may be varied depending upon the mounting position and the speed of opet-
ation. In general, the oil in the gear case for most mounting positic.s
should fill half the cavity, for proper splash operation at input speed
between 500 and 1800 rpm. Vertical operations require slightly nore oi..
This level will be sufficient to place a film of oil on all moving parts.
luoricate contacting areas and provide adequate heat dissipation. Input
shaft speeds below 500 rpm require more oil to assure more complete cire.-
lacion. Speeds greater than 1800 rpm should have somewhat less oil tc, re-
duce the heat generated from splashing. Normal operating temperature w. 1

be 140 to 160 degrees Fahrenheit. Operating temperatures as high as 200
degrees will not damage the unit provided proper lubrication is c.aintit.ec.
in.tructions for proper lubrication are furnished with each reducer. pecc

reducers are shipped from the factory without oil and must be filled b fore*

operating. Oil level recommendations are noted on the blueprints and c.de-
quate pipe p;" ; have been provided.

$ The oil in a new unit should be drained at the end of 50-100 hours of op-'

eration and the case thoroughly flushed with a light cleaning oil thn
will remove any particle accumulation. The unit should be refilled with

j
' new oil. Af ter the break-in interval, {the oil should be changed every

2500 hours of operation or every 6 months, whichever comes first, under
favorable conditions. Under severe atmospheric or dusty conditions, or
where rapid temperature changes cause condensation to occur, sludge can

.

form and will make it necessary to change oil more frequently.

ON INSTALLATION INSURE THAT SPLINE SL EVE IS COATED WITH NOLVE-ALLOY
CRIASE or EQUIVALENT.

RECOMMENDED GEAR LUBEICAhTS

AMBIENT TEMPERATURE LUBRICANT ALTERNATE O RFICA?T

40 to 100 F. Meropa Lubricant 1 Multigear '800 0

F. Meropa Lubricant 3 Multigear 901000"to 2000

Consistently Meropa Lubricant 6 Multigear 100

over 200 F. ,

'.he factory cannot assume responsibility or damage caused by inadequr.:a ,

lubrication or maintenance. The design or maintenance engineer : at prov...
acequate lubrication of any gear box installation by checking spad, opra-
ting positions and temperature rise in operation. Special provision for
listication can be made by the factory before shipment and upon reques..
i'accory must be advised whether special filler drain plugs are requirec anc.
the intended operating speeds and mounting positions.

ENGINEERING DIPARTU..C
11UB CITY DIVISIOX

,

'"'

SAFEGUARD INDUSTRIES
'

t ,.

INF0P4ATION ONLY
. - . .

.-p A-r .-w-- -- a - w- P v - +-----t w- a y e ---
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BASIC ELEMENTS< '

;
t

PG GOVERNOR WITH DIFFERENTIAL SERVOMOTOR.

.

INTRODUCTION This bulletin describes the operation of the basic elements
of a PG governor having a differential power cylinder

Woodward PG governors control the speed of diesel, gas, assembly. Another bulletin desenbes the arrangement
and dual *uel engines and steam turbines used in a variety having a springloaded power cylinder assembly.
of fie6ds. They find service on engines and turbinesdriving
pumps, compressors, alternators, variable speed D.C. Figures 4 and 5, found on fold-out page 6, show the
generators, marine propulsion units, and papermaking schematic arrangement of these elements in the relative

machines. positions they assume when the prime mover is operating
on-speed under steady state conditions. The two schematics

in addition to the primary function of controlling engine or differ due to the two designs of differential power cyhnder
turbine speed, the governor is often required to perform assemblies depicted. (Figure 4 is the schematic for the unit
such auxiliary functions as limiting engine load, varying shown in figure 2; figure 5, the schematic for the assembly
generator excitation or propeller pitch to maintain a in figure 3.) The functional differences between the power
constant engine power output for a given speed setting, cylinder assemblies are outlined in the section entitled
shutting the engine down in the event of lubricating oil " Compensating System" While differences exist in the
pressure failure, etc. Each governor is designed to meet the actual design details of individual parts from one governor
needs of the engine and the operating requirements of the to another, the scheme of operation is the same.

^ installation in which it is used.

All PG governors have similar basic elements regardless of GOVERNOR OIL PUMP
how simple or complex the complete control may be. The.

following elements, found in each PG governor, are Each PG governor contains its own oil sump and oil pump.
sufficient to enable the governor to maintain a constant T5e governor drive shaft, driven at a speed proportional to
engine speed as long as the load does not exceed engme engine speed by a mechanical connection to the engine,

i capacity; rotates the pump drive gear and the governor pilot valve
bushing. As the rotating drive gear turns the idler gear, oil is

1. an oil pump, storage area for oil under pressure, drawn from the oil sump and is carried in the space
and a relief valve by which maximum oil pressure between the gear teeth and the walls of the gear pocket to
may be limited; the discharge side of the pump. The oil is forced from the

space between the gear teeth as the drive and idler gears
i 2. a centrifugal flyweight head pilot valve assembly mesh.

which controls flow of oil to and from the
governor power cylinder assembly; Assume that all control vatves of the governor are closed.

Oil deposited on tae discharge side of the pump first fills
3. a power cylinder assembly-sometimes referred to the various oil passages, and then forces the accumulator

;

as a servomotor-which repositions the fuel racks, pistons up against the downward force of the accumulator
fuel valve, or steam valve of the engine or turbine; springs. When the piston uncovers the bypass hole, the

excess oil from the governor pump returns to sump. The
4 a compensating system which gives stability to the accumulators thus not only provide a reservoir for pressure

governed system: oil but also act as a relief valve to limit maximum pressure
in the hydraulic circuit.

5. a means of adjusting tne governor (and thus,
4 engine) speed setting. The arrangement of the four check valves on the suction

and discharge sides of the oil pump permits the governor
M, Either of two kinds of power cylinder assemblies can be drive shaf t to be rotated in either direction without any

used: a sonng-loaded assembly or a differential assembly. changes being made in or to the governor, The direction of.

IUCMXfl0N ONLY ,
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pump rotation does not affect the oil pressure system or move the plunger from its centered position. The plunger
governor operation. Were the pump gears rotated in the will be lowered (1) if the governor speed setting is
directions opposite those shown in figure 1, the open check unchanged but an additional load slows the engine and
valves would be closed and the closed check valves opened. governor (thereby decreasing the centrifugal force

developed by rotating flyweights) or (2) if the engine speed
Some governor models are built without check valves. In is unchanged but the speeder spring force is increased by,

these Onits two plugs replace the two closed check valves so raising the governor speed setting. Similarly, the pilot valve
, that the governor must be rotated in one direction only, plunger will be raised (1) if the governor speed setting is

unchanged but load is removed from the engine causing an
FLYWEIGHT HEAD-PILOT VALVE ASSEMBLY increase in engine and governor speed (and hence, an

increase in the centrifugal force developed by the rotating
The pilot valve plunger moves up and down in the rotating flyweights), or (2) if the engine speed is unchanged but the
pilot valve bushing to control the flow of oil to or from the speeder spring force is reduced by lowering the governor
power cylinder assembly. When the pilot valve plunger is speed setting,
centered (i.e., the control land of the plunger exactly covers
the control port of the bushing), no oil flows to or from the The thrust bearing atop the bailarm toes permits the pilot
power cylinder assembly. valve bushing to rotate while the pilot valve plunger does

not rotate, in this way, static friction between the bushing
The greater of two forces moves the pilot valve plunger up and plunger is minimized.
or down. The centrifugal force developed by the rotating
flyweights is translated into an upward force which tends to There are several styles of flyweight head assemblies
lift the plunger. The centrifugal force is opposed by the available. The exact model used in any one governor
downward force of the speeder spring. When the opposing depends upon the application.
forces are equal, the pilot valve plunger is stationary.

A " solid'* head assembly is used in governors on prime
With the pilot valve plunger centered and the engine movers which afford a smooth drive to the governor,
running on speed, a change in either of the two forces will

|* 2

|
< -
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f " Spring driven" and " spring driven, oil damped" head motion. The power cylinder assembly can sometimes be
assemblies are used to filter torsional vibrations which may positioned at an angle other than perpendicular to the'

I be imparted to the governor by the drive from the engine. governor base. In all such arrangements, the power piston
(These torsional vibrations may originate from a source movement is a reciprocating movement.
other than the drive itself but reach the governor through.

'
the drive connection.) Unless minimized or eliminated, the COMPENSATING SYSTEM
flyweight head will sense these torsional vibrations as speed
changes and continually adjust the fuel valve or racks in an Stability of the governed system is achieved by the use of a
attempt to maintain a constant speed.

temporary negative feedback signal which biaans the speed
signal to the pilot valve plunger. This temporary feedback

DIFFERENTIAL POWER CYLINDER ASSEMBLY signal is in the form of a pressure differential applied across,

the compensatmg land of the pilot valve p!unger. The
' The governor pilot valve plunger controls the movement of pressure differential is derived from the " buffer

the power piston in the differential power cylinder compensating system", and is dissipated as engine speed
. assembly. The power piston, actmg through the connecting retums to the normal or set speed.

linkage, controls the engme or turbine energy medium (fuel
or steam). The buffer piston, buffer springs, and needle valve in the

hydraulic circuit between the controlland of the pilot valve
The power piston requires pressure oil to move it either in plunger and the power piston comprise the " buffer
the " increase fuel" or " decrease fuel" directions. The compensating system" of the governor, Lowering the pilot
power piston, a differential type piston, has pressure oil valve plunger permits a flow of pressure oil into the buffer

,

contmually directed to 'he side of the piston with the cylinder and power Cylinder to move the power piston in a
smaller area. This constant pressure continually urges the direction to increase fuel. Raising the pilot valve plunger
piston in the decrease fuel direction. However, the piston permits oil to flow from the buffer cylinder and power
cannot move to decrease fuel unless osi in the passages cylinder to the governor sump, and the constant oil, , .

* between the onoosite side of the piston (i.e., the side with pressure moves the power piston in a decrease fuel
the larger area) a M the pilot valve plunger control land can direction.
escape to sump. 'his oil is connected to sump only when
the pilot valve plurmr is above its centered position. This flow of oil in the buffer system-in either

direction-carries the buffer piston in the direction of flow,
if the pilot valve plunger is below its centered position, oil compressing one of the buffer springs and releasing the
flows to the side of the power piston with the larger area other. The buffer piston movement, increasing the loading
(as well as to the side with the smaller area). Though the on one buffer spring while decreasing the loading on the
pressures on the two sides of the piston are approximately other, creates a stignt difference in the oil pressures on the*

the same, the force rest Itmg from the oil acting on the two sides of the buffer piston The higher oil pressure is on
greater surface area is greater and moves the piston in the the side of the piston opposite the spring being compressed.
increase fuel direction. The difference in oil pressure is proportional to the buffer

piston displacement, and is dependent upon the rate of the
Note that the power piston can move only when the pilot buffer springs selected for the particular installation,
valve plunger is uncontered to permit the oil flow required.

'

With the plunger centered, the power piston is, in effect, The oil pressure on one side of the buffer piston is
hydraulically locked. transmitted to the lower side of the compensation land on

the pilot valve plunger the pressure on the other side of the
Two different hydraulic circuits are used for the oil piston is transmitted to the upper side of the compensation
passages between the pilot valve plunger control fand and land. The difference in oil pressures produces a not force
the power piston. The scheme used in a particular mocal (often termed a " compensating force")-upward or
depends upon the size of the power piston. Both are downward, as the case may be-which assists the flyweights,

discussed in the section which follows ("Compensatmg or speeder spring in recentering the pilot valve plunger
System"). whenever a fuel correction is made.

The output of the power cylinder assembly is normally a A relatively small power piston is used in power cylinder. ,

h push pull motion. Appropriate linkage within the power assemblies such as that shown in figure 2. In these
cylinder assembly can change the output to a rotary assemblies, the oil displaced by the buffer piston movement

IKFORMAT10 N ORLY
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is usually sufficient to move the power piston the distance which the engine speed returns to normal. As the pressure
necessary to correct for small load changes. This power differential is decreased, the new compensating force is
cylinder arrargement is shown schematically in figure 4. decreased. If the decrease in compensating force can be

A larger power piston is used in the power cylinder made at the same rate as the centrifugal force is increased,

assemcly shown in figure 3. The volume of oil needed to the pilot valve plunger will remain centered and the power

move this piston in response to small load changes would piston will remain stationary As the pressure dif ferential is

Onceed the volume resulting from the normal buffer piston being dissipated, the compressed buffer spring returns the
buffer piston to its no. mal, central position. When thedisplacement. For this reason, a direct passage is provided

between the pilot valve plunger controlland and the power pressure differential has (seen reduced to zero, the

piston. This arrangement is shown schematically in figure 5. compensating force will be reduced to zero. At this time

The buffer piston is hydraulically connected to a smaller the engine should be back to its set speed developing the

" compensation" area in the power cylinder assembly. The centrifugal force necessary from the flyweights to keep the

pressure differential resultmg from the buffer piston pilot valve plunger centered,

displacement provides the compensating force needed to
give stability to the governed system. The rate at which the pressure differential is reduced to

Zero depends upon the needle valve settin; The needle

"' '' ' 5' " N ' " * * * ''" 9 ' '' " ' I * * " *
Operation of the buffer system can be seen by following

'" * U" " "9 "
the sequence of operations when the engine slows down

' #"" "" "
because of the addition of a relatively small load. The

'" "
decrease in centrifugal force developed by the rotating
flyweights permits the speeder spring to push the flyweights

\Vhen a relatively small load is removed from the engine
in, lowering the pilot valve plunger and opening the control

while it is running on-speed under steady state conditions,
port.

the sequence of event; is similar but in the opposite

directions.
As the buffer piston moves in the direction of the oil

flow-from pilot valve to power cylinder-the right hand
taffer sonng is compressed and the left hand sprmg is The engine speed increases. The rotating flyweights develop
relieved. The oil displaced by ttu buffer piston as it moves additional centrifugal force and hf t the pilot valve plunger,
to the right and, in units with the large power piston, oil The oil between the buffer piston and the pilot valve

from the pilot valve forces the piston in a direction to plunger is connected to sump;in a power cylinder assembly
increase fuel to the engine; the engine begins to accelerate. With the large power piston, oil from the control area is also
The bu'fer piston moves to the right until the upward force connected to sump. Constant pressure forces the power
created by the pressure differential across the buffer piston piston in a direction to decrease fuel, causing the buffer
and compensating land is sufficient, when added to the piston to be moved toward the pilot valve plunger. A
centrifugal force from the rotating flywe.ghts, to recenter pressure dif ferential again exists between the oil lines to the
Qe pilot valve plunger. As soon as the pilot valve plunger is upper and lower sides of the compensating land of the pilot
recentered, the power piston movement stops. When the valve plunger. The greater pressure is now on the upper side

governor is properly adjusted, this new piston position of the compensating land tending to push the pilot valve
corresponds to the fuel increase needed to operate the plunger back down to its centered position.

engine at a set speed with the new load even though the
engine has not yet returned to the set speed. When the compensating force becomes sufficient to offset

the increase in centrifugal force, the pilot valve plun"er is
returned to its centered position even though the engine

As the engine continues to accelerate to the set speed, the
Y " 'centrifugal force developed by the rotating flyweights

c mpensating force is again dissipated at a rate proportional
.ncreases. To offset this increase in centnfugal force, it is

to the rate at which the engine returns to normal speed so
necessary to reduce the net upward force resulting from the

# ***C#pressure differential across the compensation land as the
centrifugal force increases. (Otherwise, the pilot valve
plunger would be lif ted above center and the power piston The sequence of movements within the governor occur
would move in a direction to decrease fuelj This is almost simultaneously rather than in the step by step

C::complished by equalizing the pressures on both sides of manner described.
the compensation land at a rate proportional to the rate at

4
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Bypass passages are provided in the buffer cylinder to'

CYLINDER
facilitate large corrective movements of the power piston. A ASSEMBLY
large increase or decrease in speed setting, or a large
increase or decrease in load on the engine, requires a
correspondingly large movement of the power piston to

" '

make the necessary fuel correction. At such times, the
buffer piston moves far enough to uncover the bypass port
(to pressure or drain, depending on the correcting being '

*,

made) .' ,
~

The difference in oil pressures on the opposite sides of the ;,.

'k* buffer piston and the compensation land cannot exceed the ,j .s-
*

Cl
*

y}'

difference which exists when the buffer piston uncovers the ,

,,
!

byg. ass port. With the bypass port uncovered, all oil flows
,

hdirectly to or from the power cylinder without further
'

'% _

increasing the pressure differential existing on the .Qp -

.
MAcompensation land.

g:p - <

+ .
ro t

The bypass ports permit the power piston to move quickly 4 j, , . ._ g
-* '

in response to large changes in load or speed setting. Since g ,y(, Q j )
'

the pressure differential across the compensating land of .~- *? * iw :*
the pilot vatve plunger does not continue to increase, the ' ' ^ " ' a":,) [.

! <
speed more than retums to normal (or to the new setting).
This "over snoot" in speed is not large, and is tolerated in
order to obtain the desired fast response. As soon as the
speed changes beyond the desired point, normal governor
action reverses the power piston movement, and stable Figure 2.

'f< operation is quickly established.
*

Surrounding the power piston and its piston rod are grooves M
wn

connected to the intermediate oil pressure between the m
3pilot valve and the buffer piston. These seal grooves have *

POWER*
nothing to do with operation of the governor, but are used

CYLINDERto insure that any leakage of pressure oil from the power .s . , _ , , ,

M ASSEMBLY
cylinder to the sump is minimized. O,

'

"R emo te" differential power cylinder assemblies (i.e.,
' '

h[ *#D 'U*
I assemblies which are located away from the governor power o

''"

case) hase four tubes connecting the power cylinder to the ,,
| ""'' ,4
j power case. These tubes carry (1) constant pressure oil to < '

the power cylinder, (2) oil to and from the buffer piston, -

? , A'

(3) drain oil from the power cylinder, and (4) oil to the'
,

power cylincier seal grooves. p
i

To eliminate the possibility of trapping air in the oil, the .. 4.w3' . ,,eW
~

cylinder must be mounted below the governor oillevel, and . y 'i jW
" '~

*

the connecting tubes must slope upward to the governor, [ Y%.% -

w L.:,

SPEED SETTING ADJUSTMENT " JN . N ; #p% f| ,o ,

,f wo %.s

~

*

There are a number of speed setting arrangements available > !r M 4 ,, ~
' '

for the PG governor. The exact method used oepends upon
the operating scheme of the installation in which it is used.

,

Figure 3.

5
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h it is enough to observe at this point that, no matter how
additional centrifugal force needed to recenter the pilot ]

simple or complex the means employed may be, the valve ptunger. Conversely, a decrease in spring compression ,

ultimate objec*.sve is to increase or decrease the requires a slower engine speed.

compression of the speeder spring. An increase in the The various speed setting arrangements are described in
speeder spring compression requires that the engine run

separate buffetins.faster in order that the rotating flyweights will develop the
T

|

INSTALLATION
,

'

oil is usually satisfactory; if between 120 F. and 140 F.,
GENERAL

S.A.E. 20 oil; from 140 F. to 160 F., S.A.E. 30 oil; from;
'

At all times, use care in handling the governor; be 160 F. to 180 F., S.A.E. 40; and above 180 F., S.A.E. 500 0,

particularly careful to avoid striking the drive shaft. Do not oil. If the engine oil meets these requirements, it may be

drop or rest the govemor on its drive shaf t. Such treatment used in the governor as weff,

could damage the governor drive components.
Oil contamination is the major cause of governor troubles.

A gasket should be used between the mounting pad and the
Use only new oil or filtered oil. Containers used for

govemor base when the governor is installed on the engine governor oil must be clean, and should be rinsed with 4

or turbine. The governor should be mounted squarely and light grade of the same oil before using.

the drive connection properly aligned. If the governor is
equipped with a serrated or splined drive shaft, it should INSTALLATION ADJUSTMENTS
slip freely lito the intamal serrations or splines of the drive.
If a keyed type governor drive shaft is used, the gear must Speed setting and compensating needle valve adjustments

slip on the shaft freely and should be checked to insure that are the only external adjustments to be made. The range of

it meshes properly with its mating gear. The gears should speed setting adjustment is set at the f'actory on new or

j ) run freely without binding or excessive backlash, rebuilt governors and should not need changing. On initial ',
,- g

L' trregularities caused by uneven gear teeth, shaft nanout, start up, the speed setting should be at minimum or idle
*

etc., will result in erratic governing. speed.

LINKAGE ADJUSTMENT
VENT '3

A ~

The linkage from the governor to the fuel or steam control COMPENSATING
NEEDLEmust be properly aligned. Any friction or lost motion must <- ~,

be eliminated. Adiustments of fuellinkage must provide for C 7 VALVE

control of fuel from "OFF" to " FULL FUEL" within the p . 6 ,

limits of the stroke of the governor output connection. For Jgg. .g
1

.
- 4

specific information on fuel linkage installation, refer to the .

1

I sie m e ,9
engine instruction manual. .

,a
~''a 7When the governor has been properly mounted and the . AJ2,:[S.

linkage connections completed, make the other connections pQ~
(pneumatic, electrical, etc.) to the governor.

y f.
'

yMW
KNg,fLf'KMq,01L SPEclFICATIONS

L' ~ p,.gF.

~ y,;.c ,QThe oil used in the governor should have a minimum V i 3 ,,| j'
NC

tendency to foam, retain air, form sludge, or deposit "NNg
k*

varnish. It should protect governor parts from corrosion, .g
* ''

but not be detrimental to seals or paint. The oil selected
should have a high viscosity index; the viscosity should be
within the range of 100 to 200 Saybolt Universal seconds j
at normal operating temperatures. If the average operating

(V) temperature of the governor oil is below 120 F., S.A.E.10
Figure 6.

8 =n]po 4
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WEME
|

m

|( j PU R GING AIR FROM GOVERNOR AND The compensating needle valve can now be closed gradually
: v ADJUSTING NEEDLE VALVE until hunting is just eliminated. The proper setting depends

upon the characteristics of the prime mover. Keep the |

When the engine or turbine is started for tha first time, or needle valve open as far as possible to prevent sluggishness.
* '# ** 9 #"

"" , as |after the govemor has been drained and cleaned, the
va c tgovernor must be filled with oil, and any air trapped in the i

the govemor cannot operate satisfactorily when thisgovemor removed. To bleed off the trapped air, set the
governor at idle speed position. Start the engine or turbine

I and open the compensating needle valve (figure 6) several
On some installations, opening the needle valve will not

turns. This should cause the engine to hunt.
cause the engine or turbine to hunt. In such cases, bleed the
air from the governor by disturbing engine or turbine speed

Loosen the air vent plug (figure 6) far enough to establish a g g j.

leak, and allow tne engine to hunt a sufficient length of<

g
time to permit all air trapped in the governor oil passages to g
escape at the vent plug. When no more air bubbles are
apparent, tighten the vent plug, and if necessary add oil to
the govemor to restore the correct level in the gauge glass. g |

MAINTENANCE

GENERAL speed lathe, air st.jply, and containers for cleaning solvents
should be provided, if possible. The usual small hand toolsWhen requesting information concerning governor
''' * " * "" * *' * *"operation and maintenance or when ordering replacement i

[, ( parts, it is essential that the following information be * 'Y ** **** *
|

k~j included: disassembled. Bulletin 36403 lists and illustrates tools
available for PG governor maintenance.

(1) Govemor serial number (shown on governor
GOVERNOR OILnameplate).

(2) Bulletin number to which reference is made. Contaminants and foreign matter in the governor oil are the
greatest sources of governor troubles. Use only new or

(3) Bulletin part reference number, name of part, or filtered oil. Be sure that all containers used for the governor
oil are clean. The time interval between governor oildescription of part.
changes depends upon many factors: type of service,

A govemor should operate several years before needing operating temperature, quality of oil, etc. Begin an oil
replacement if it is kept clean, and if the drive from the maintenance program by inspecting the oil after three j

months service. If inspection shows the oil to beturbine or engine is smooth and free from torsional
oscillations. Governors rarely fail or break down suddenly, sa tisfactory, gradually lengthen the time between

inspections. Any time the governor oil appears to be dirtyInstead, they wear gradually, and give an external
& a ng wn om contarnMants & acesindication of their condition in the form of slight hunting,

sluggish operation, etc. Further deterioration is at a slow temperatures, drain the governor while it is hot, flush with

enough rate so an exchange govemor may be ordered for the lightest grade of the same oil, and refill with fresh oil.

installation at the next scheduled shutdown. Because there in any event, it is recommended that the oil be changed at

is so little chance of failure,we do not recommend keeping ean once m @een monh
j a complete stock of spare parts on hand. However, plants at

.y. Twhich an unplanned shutdown would be very costly often
keep a complete spare governor on hand.

f it is advisable that the best mechanic available, preferably govemor malfunctioning, and suggests possible causes and

( fy one experienced with small parts assembly, be permanently the corrective actions needed. A brief summary of these
'

( ) assigned to all governor repair work. Cleanliness of tools suggestions follows.
"

and work space is essential. A work bench, vise, arbor press, Govemor faults are usually revealed in speed variations of

INF0PJATION Oiar
. . _ . _ _ . . _ _ . _
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^
'

tha engine, but is does not necessarily follow that all such ,

speed variations indicate govemor faults. Therefore, when 4,, j
'

improper speed variations appear, make these checks: ROD END 4

J
1. Check the load to be sure that the speed changes h,

i observed are not the result of load changes. ROD END PULLER,
,

(,

2. Check the engine operation to be sure that all g

3cylinders are firing property, and that the injectors yd. , ma
,

j are in good operating condition. < J'? ~ ..'
~

i

.A w,

,h3. See that the operating linkage between the
govemor and engine is free from binding or lost Niy [ , ,..

,

motion. U$ . ,.
-

* i*f

e

4. Check the setting of the compensating needle i \', vi

correctly if the needle valve is closed tight. ]3, '' s
?,* i ~,valve. It is impossible for the governor to function >

.. , [ ' ' * I "=

If neither load nor engine irregularities are found to be the Figure 7.
c use of the speed variation and adjustments of the needla
valve are unable to correct the malfunctioning, the cause

3. Disconnect, at the governor, other connections
may be either in the governor of the drive to the governor. (electrical, pneumatic, hydraul.ic, etc.) to the

9 *If the speed variations are erratic but small in magnitude,
the fault may lie in the drive to the governor. Excessive

4. Remove the four stud nuts holding governor '

backlash or a tight meshing of the gears driving the assemW to gmemor mountsg pad and Mt
governor may be the cause. No amount of adjustment or govemor off the studs and away from the engine.

.

Othtr work on the govemor can correct this condition. Remove the gasket between governor and governor

if the speed va.v aons of the govemor are large and erratic, mounting pad.

and unaffectec .Jxcept, perhaps in magnitude) by changes
_ __ _ , _ _ , , _ _ _ ., ,

of adjustment, or if the govemor fails to control at all, it
should be repaired or replaced.

- ,
,

As a last resort, to prove whether the engine or governor is

; at fault, another govemor, known to be in good condition,
,

should be installed on the engine. When this is done, the
'

test governor must be of the exact same model as the one
' being removed. OltstAL . . .

,

' JrQ..

| REMOVAL OF GOVERNOR FROM ENGINE 7 ' / Cc -
'

FOWER .. j j ' - y
'CYUNotR v . .s3

O'T
* *

JIn case of major repairs or a complete governor change, the
unit may be removed from the engine as follows: g, .

UY

rr.7
.

c. , g,gw . .

.% . *i 9
1. Remove oil drain plug. Drain oil from governor t@ . , j]?

,

and replace the drain plug. NOTE: Governor may "# : . : ^ ,m".

be equipped with drain cock for draining. h. - .,3 Q * b1
~

,,

R

"f '
. . - 4:

2. Disconnect linkage from the governor, if levers are -q j-
,,

removed from serrated shafts, mark their radial - % ~ ;>
,

positions on the shafts so that they can be --

""'"

reinstalled in the same positions. Figure 8.

10
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NOTE
.

_ _ _

' "

At all times use care in handling and setting the
' governor down; be particular y careful to avoid C@

;

:| striking the end of the drive shaft a sharp blow. Such
treatment might damage the governor drive j ' '' ( )j,

|4 Components. Uh *

#;;)d
/ 111 5 ,.

! ,' DISASSEMBLY PROCEDURES
3 m n,

, ~ 4G:.

i

An outline of the order of disassembly of the basic ; 5 3-
components follows. Hints for the disassembly of i

.

4

subassemblies are given where necessary. (The numbers in e
'

j,

parenthesis refer to the parts shown in figure 14.) s
g

.
1
'

Olt SEAL 1

RETAINER [ ' -
,..1. Remove speeder spring (67).

2. Lift out the flyweight head pilot valve bushing
assembly. (e g., items 68 thru 106). |7 w
a. After detaching the flyweight head (e.g., item 98), " , , )k,

_

'

take out snap nng (86) to permit removal of items b |,

(87) and (90). g, w I

* w q ,. |
3. Remove snap ring (SS) and i' ems (60) thru (64). j

i ,
,

. 4. Remove four screws (112) and lockwashers (113) to !-' l

detach the power cylinder assembly (items (1) thru '" " ' - ~

(24). Figure 9.
a. Uso a rod end puller tool (Woodward tool 012281) *( + .' 29"*' ~

to remove fuel rod end (24). See figure 7 for use f f7
of puller, a

, , ,

b. Grip power cylinder (12) in a vise to remove oil ( Cg. %

seal. as shown in figure 8.
~

'

5. Remove screws (58) ami retainer (57). Take out drive h Mp '' "hshaf t (56) and items (51) thru (55). Remove drive shaft
' '

>1 -

'

oil seal (52) as shown in figure 9. .

ss

, /[6. Remove screws (50) and washers (49). Lift off base $PelNG
58^7 i(48) taking care that idler gear (45) and drive gear (43)

do not fall out. Remove the idler gear and drive gear. i f
7. Set the power case (32), bottom end (i.e., end with

. $ NAP MNG fid!er stud 44) down in an arbor press or small drill g ,

press. With a rod against spring seat (28), compress - : A S. U

accumulator spnngs (29) and (30) to permit removal of E' D<s PowEn CASE.. .

upper snap ring (27). See figure 10. Remove spring seat ' t . .d ~ "'"* W "-

(28) and springs (29) and (30). $f E. ;d "

wM. 3 ;invert the power case and remove snap rings (271 and .
*

accumulator pistons (42). . [/ @',

8. If necessary to remove check valve assemblies (33 and
{~

'

'

34), proceed in this manner:
.I~

' ,

a. To remove inner check valves (33), pry the
Figure 10.

INFC RV!ATION ONLY''
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~ ~vr? -s - s i the bottom face of the governor power case. |

Jh |,f
'

. ,
#'

""' d The pilot valve plunger should move freely in the pilot valve ,

'

,

$-A ./ _ bushing assembly. If the plunger surfaces are scratched they |r
g. h [ # maV be dressed with a hard Arkansas stone.

1 py |
L,j . -

M ' CAUTION,

h'

,

' The edges of the control land and compensating
; ..*- t 1 piston MUST be left sharp.
< 4 y

The power piston assembly should move freely in the*
,% ,

! .| power cylinder, and the buffer piston should move freely in
..

' the buffer cylinder.

~
Ballhead flyweights must work freely on the needle
bearings and pivot pins.

If the toes of the flyweights have flat spots, it will be
necessary to install new flyweights.

Ball races and bearing balls of the flyweight thrust bearing.

should be in perfect condition.

ASSEMBLY PROCEDURES;
,

'
Figure 11. While assembling the parts into the governor, care must be

retainer plate from the check valve as embly and taken to insure that no lint or other foreign matter is
remove springs and check balls. present on the parts. The governor may be assembled dry,

b. To remove outer check vatves (34), press the check or if preferred a small amount of clean lubricating oil can
valves through and out of the valve case. be applied to the parts as they are placed into the governor,

c. Then tap all four check valve cases with 1/4" 28 Replace sit pipe plugs removed frc,m the governor, using a
tap. Using a 1/4" 28 bott witn a small plate as a good joint compound on the threads of the plug - NOT IN,

jack, pull the four valve cases. See figure 11. THE HOLE. When the governor is assembled, apply a
d. Remove two balls frora the lower case. liberal amount of clean lubricating oil over all the moving

parts, to insure initial lubrication.
INSPECTION AFTER DISASSEMBLY

The order of assembly is, in general, the reverse of
After disassembling the governor, wash all parts in clean disassembly process. The following hints should aid in
fuel oil and carefully inspect for wear. Generally, most of assembly of the basic elements. (The numbers shown in*

the repair work consists of cleaning and polishing the parenthesis refer to the parts shown in figure 14.)

governor parts. All pistons, plungers, valves, and rods
should move freely without binding or catching. Do not lap 1. Use Woodward tool 360689 to press check valve

in parts if possible to free up by other means. assembly (33) into power case (32). Use Woodward
tool 360690 to press in check valve assembly (34).

Inspect the check valves (if used) in bottom of governor
power case. They must be clean, operating freely and 2. After installing lower snap rings (27), accumulator
seating properly. pistons (42) and springs (29) and (30) use a rod and an

arbor press to compress spring seats (28h install upper

The flat, joint surfaces at top and bottom of both governor snap rings (27).

case and base, must be free of burrs and high spots.
Carefully avoid scratching or scoring these faces, 3. With the power case components installed and the

particularly the top of the base and the bottom of the case. power case resting upside down (i.e., with idler gear -

;

( Avoid damage to the neoprene seal ring and the groove in stud 44 up), install idler gear (45), drive gear (43) and

12
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! Figure 12. Figure 13.

oil seal ring (46). Be surs the gears turn freely. 7. Place oil seal inserter (Woodward tool 360066) on over
rod of power piston assembly (18) to avoid damaging

Attach base (48) to power case with screws (50). Do oil seats (21) and (22) when inserting the piston
not tighten screws. Insert drive shaft (56) with bearing assembly in the power cylinder.

| (55) and snap ring (54) already on drive shaft into base
and turn until splined end slips into splines in pump 8. Position power cylinder in an arbor press. align taper
drive gear. Continue turning to check alignment and pin holes, and press rod end (24) onto end of power
free rotation of the drive gear and idler gear while piston (18). See figure 12. Place a small steel block in
tightening screws (50), the rod end slot so that pressure is applied against the

bottom of the slot.
Withdraw the drive shaft from the baw.

9. When mounting the power cylinder assembly onto the

4. Press oil seal (52) into oil seal retainer (f,3) flush with power case. align the holes in gasket (11) with the

the end opposite the flange end of retainer. holes in the power case (32) instead of with those in
' the power cylinder.

5. Install gasket (51) and the assembly consisting of the
oil seal and oil see! retainer. Install the drive shaft 10. When assembling the flyweight head pilot valve bushing

assembly. Attach retainer (57) with screws (58). assembly, align the missing tooth in the pilot valve'

Tighten screws evenly. Do not attempt to bring bushing with the corresponding missing tooth in its

retainer into contact with base. mating part (e.g., items 81 and 92).

6. Press oil seals (21) and (22) into power cylinder (12). 11. The three piece thrust bearing (71) fits onto the stem

Seal (21) should be inserted with the part number of the pilot valve plunger (90) with bearing race with

facing out. Seal (22) should be inserted with the part the larger hole on the bottom (i.e., against the
number facing in and pressed in to .005" below flush, flyweight toes).

i MFORMATION ONLY 13|
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12. " Center" the pilot valve plunger in this manner: with The control ports are the bottom row of holes in the

slight pressure on the speeder spring seat (70), adjust pilot valve bushiag assembly. See figure 13. (Note:

the pilot plunger nut (68) until, as the flyweights (75) Shutdown rod (77) with reta ning ring (78), if used,

are moved from their extreme inward to their extreme must be inserted through nut (68) before centering*

, ' , outward position, there is the same amount of control adjustment is made).

| land showing in the control port at each extreme.

A

INFORMATION AND PARTS REPLACEMENT

When requesting additional information concerning not identify the exact part number required Or

governor operation, or when ordering repair parts, it is very any one governor.

essential that the following information accompany the
rc:auest. 2. Bulletin number (this is bulletin 36602).

1. Governor serial number (shown on nameplate); 3. Part reference number, name of part, or

needed since the bulletin reference numbers do description of part.

Parts List for Figure 14

REF.NO. PAR T NAME QUANTITY REF.NO. PAR TNAME QUANTITY

36602- 1 Socket head cap screw (1/4 28 x 3/4) 4 36602 29 Accumulator spring (large) 2'

36602- 2 Lockwasher (17/64 x 27/64 x 1/16) 4 36602 30 Accumulator spring (small) 2

36602- 3 Cylinder head (large) i 36602 31 Case-to column dowel pin 2

36602- 4 Pipe plug (1/8) AR 36602 32 Power case 1

36602- 5 Cylinder head gasket 1 36602 33 Check valve assembly (spring loaded) 2

36602- 6 Retainer 1 36602 34 Check valve assembly (plain) 2

36602- 7 Snap ring 1 36602- 35 Gasket 1

36602- 8 "O" ring 1 36602 36 Pipe plug (1/16) AR

36602- 9 Piston 1 36602 37 Instruction plate 1

36602 10 Socket head screw (10h32 x 3/8) 2 36602 38 Drive screw 3

36602 11 Gasket 1 36602 39 Oil level gauge 1

36602 12 Power cylinder 1 36602- 40 Elbow I

36602 13 Needle valve 1 36602 41 Drain cock 1'

36602 14 "O" ring 1 36602- 42 Accumulator piston 2

36602- 15 Plug 1 36602 43 Drive gear 1

36602 16 ''O" ring 2 36602 44 later gear stud 1

36602 17 Ping 1 36602 45 Idler gear 1

36602 18 Power piston 1 36602- 46 Oil seal ring 1

36602 19 Stop collar 1 36602 47 Case to base dowel pin 2

36602 20 Cylinder head (small) 1 36602 48 Ba<e 1

36602- 21 Oil seal 1 36602 49 Split lockwasher (21/64) 8

36602- 22 Oil seal 1 36602 50 Hex head screw (5/16-18 x 1) 8

36602- 23 Snap rmg 1
36607- 51 Gask et 1 j

'

36602 24 Rod end 1 36602 52 Oil seal 1

36602- 25 Cotter pin (1/16 x 5/16) 1 36602- 53 Oil seal retainer 1
,

36602 26 Taper pin 1 36602- 54 Snap ring 1

36602 27 Snap ring 4 36602- 55 Bearing 1

'

36602 28 Spring seat 2 36602 56 Drive shaft 1 |
|

14
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Parts List for Figure 14 (Cont'd.)

REF. NO. PAR T NAME QUANT /TY REF. NO. PAR T NAME Qi

36602- 57 Bearing retainer 1 SPRING COUPLED -
36602- 58 Hex head screw (1/4-28 x 5/8) 3 OIL DAMPED FLYWEIGHT HEAD ASSEMBLY
36602- 59 Lockwire AR
36602- 60 Spring seat 1 36602 93 Round head screw (8-32 x 5/16)
36602- 61 Buffer spring 2 36602- 94 Split lockwasher ( 8)
36602- 62 Buffer piston 1 36602- 95 Spring coupling assembly
36602 63 Plug 1 36602 96 Fillister head screw (5-40 x 9/32)
36602- 64 "O" ring 1 36602- 97 Lockwasher ( 5)
36602- 65 Snap ring 1 36602 98 Flyweight head
36602- 66 Speeder spring check plug 1 36602- 99 Centering bearing
36602- 67 Speeder spring 1 36602 100 Oil seat ring
36602 68 Pilot valve plunger nut 1 36602-101 Flyweight heed gear-
36602- 69 Cotter pin 1 pilot valve bushing assembly

j 36602- 70 Speeder spring seat 1 36602-102 Flyweight head cup-
! 36602 71 Thrust bearing 1 pilot valve bushing assembly
| 36602 72 Adjusting spring wasner 1

"i ei t be ing 4
36602- 75 Flyweight 2 GOVERNOR OPERATION
36602 76 Shutdown nut 2
36602 77 Shutdown rod 1 36602-103 Spring

[ 36602- 78 Retaining ring 1 36602-104 Spring seat,

36602-105 Plug

SPRING COUPLED - 36602-106 Snap ring

UNDAMPED FLYWEIGHT HEAD ASSEMBLY

36602 79 Round head screw (6-32 x 5/16) 1 RUBBER DAMPED FLYWEIGHT HEAD ASSEMBL5
36602- 80 Split lockwasher (=6) 1

1 36602- 81 Spring coupling assembly 1 36602-107 Rubber coupling assembly

} 36602 82 Splined nut (10-32) 1 36602 108 Flyweight head

j 36602 83 Flyweight head 1 36602-109 Flyweight head cup-
36602- 84 Special washer 1 pilot valve bushina assembly

,

36602- 85 Round head screw (10-32 x 3/4) 1j
36602 86 Snap ring - 1,

SOLID FLYWEIGHT HEAD ASSEMBLY36602- 87 Compensating bushing 1

36602- 88 Cotterpin 8
36602 89 Flyweight pin-limit pin 4 36602-110 Flyweight head
36602 90 Pilot valve plunger 1 36602 111 Pilot valve bushing assembly
36602- 91 Centering bearing 1

36602- 92 Flyweight head gear- 36602-112 Socket head screw (3/8-16 x 1 1/4)
pilot valve bushing assembly 1 36602 113 Split lockwasher (3/8)

i
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N
Parts Less for Figure 15

REF. NO PAM T NAnrE QUANTITY '11

ALTERNATE POWER CYLINDER ASSEMSLitS 23 ,, ,

36602 125 Redand 9 |
36602 126 Gmhet 1 J em ip

'

/ j % (d ' [p'(
f ,. , e3tM02127 Power cyl nder 3 ,

J6602128 Casket I e
'

.- N 3,D
../ .g364i02 129 Detforential poten red I am

.-- - 602 1 , -.a , - 1., , ,
,' ' ,u ,36602 131 Cotier pen t t/14 a 1/45 1
*

in Mf '#,, [N %%h
*

36602 132 Taper pe 1 - q
8W ea36402 133 Sectet head cap screw

Fa/161W e 16 4 sp ., a e

'8, Aie/e
', s36602 134 Lortwasher (S/161 4 13

*df '.s,36602 135 Shakaprool mesher il/2) 1 ' 6

s, , , .36e02 in Po p.non aire

% ' ' ,,v , "36602 137 *C* reng 1 sat ,

36602-l38 Puson 1 ,

=602 in spr.4 i .-
,,,

@ tFI36602 840 wasper (25446 1 isa
36602l4t Elastic seop niet (3 3 24) I h *72
36602 142 Gasket 1 ,3

36602 143 Ditteensial earvemotor cove i

36602-144 Sphs lockweeher 11/4) 8 |
3402 m se ei hand cap -e. , , , .__,,e

41/4 20 a 3/4) 0 g+

36602-144 Cvhnder head I ,,

'"
& '''36602-150 Rod and 1 ses,

y'''h#836602 15 Taper pm 1*
,,, ***

l+
36602162 Cvhnder head I .cj/ . x o - i--=402 i 3 R.t ee.g 1 ,

836602 164 washer 1 833 ik - ,g tM 877

36602 ISS Spres 1 ,

N
,e

'N'36602 154 Poton 1 ,' '

36402-157 *TY*res I - ' '3 pony '"

36602 158 Differential puson red 1 157 ', ),

36602 159 Power ponen 1 in _N es Alse AM g' * - " , TW
36602 360 Po ev nder i in -a

.* \
36602 161 Enessac step nut 1 isa - s

h]/-g. ,,***36602 162 Cybnder head I e53 j/

WA ''#ALTERNATE BASE A$stamLY ,-

%f 3'n . 'fl
~

36602 110 ease 1 :ss-
** g AIY pp%36602 171 Gammet 1 i ,

36602 172 Od ieal I

.\. %36602 173 Od seas renamer i

3660, ,,. me,e. .r t ,- ,

36602 175 Bearwig 1

36602 176 $ nap reg ' 1

Fispara 35.36602 177 Beareg retaese I *

* 36602 173 Hes. heae scre.114 28 S/BI - 3
36602 879 Keved er=e snett t
36602 ISO Sirsight key I
36602 Its Sparer aseswe e

owe AR

11 18
.
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PG.PL GOVERNORS
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} SECTION I/ GENERAL INFORMATION
;

.1
- INTRODUCTION DESCRIPTION

l
- |

This bulletin provides description, operation, installation. The governor controls engine or turbine speed by
;j adjustment, maintenance, and replacement parts controlling the amount of fuel or steam supplied to the

.| information for the PG-PL governor. engine or turbine. Speed control is isochronous, i.e., the
governor will maintain constant engine or turbine steady*

The basic PG governor (pressure compensated governor) state speed, within the capacity of the unit, regardless of

with a pneumatic speed setting mechanism (direct or load,s

reverse) and a short column that is used primarily for
controlling engine or turbine speed has been assigned the The standard operating oil pressure for PG governors is 100

i

,
designation PG.PL governor. This PG governor was first psi. However, with appropriate modifications the oil

~ used on pipe lines, hence the PL, but has since found wide pressure may be increased, thus increasing the work
acceptance on all types of diesel engines, gas engines, steam capacity of the power cylinder assembly. Table 1 lists-

turbines driving pumps and compressors, and many special typical governor oil pressures versus power cylinder work

arplications. The PG-PL governor includes a pneumatic capacities.
- speed setting mechanism, standard short column, standard

base assembly, and 12 30t-pound power cylinder assembly.
The repair manual fo the PG.A governor (similar to the
PG.PL in speed settirg but with a long column to house*

j[? various options for load control) is bulletin 36699. Table 1. Governor Oil Pressure Versus Power Cylinder
Work Capacities (Typicall'.g (

All PG governors have the same basic components Governor Operating Power Cyl. Work Capacities in Ft Lb.

'

regardless of how simple or complex the complete control Oil Pressure (PSil 12 17 29
'. may be. The following components, found in each PG.PL 100 (std.) 12 17 29

governor, are sufficient to enable the governor to maintain 130 16 22 38
a constant engine speed as long as the load does not exceed 200 24 34 58
engine capacity:

' '
1. an oil pump, storage area for oil under pressure,

An air pressure signal from a pneumatic air transtr.itter orand a relief valve by which maximum oil
controller supplies air to the govemor speed settingpressure may be limited;
mechanism. The governor will control the engine at a

,

definite speed for each air pressure. The most common air
2. a centrifugal flyweight head-pilot valve*

pressure range for the governor is from 315 psi. Normalassembly which controls flow of oil to and
minimum control air pressure is 3 psi; however, a minimumfrom the governor cylinder assembly;*

of 1 psi and a maximum of 100 psi can be accommodated.
3. a power cylinder assembly-sometimes referred The governor speed range normally falls between 250-1000

to as a servomotor-which positions the fuel rpm, but a low speed of 200 rpm or a high speed of 1600
racks, fuel valve, or steam valve of the engine or rpm can be obtainedc Contact Woodward Governor

, turbine: Company for recommended control air pressure to
governor speed setting relationship to meet the

4. a compensating system for stability of the requirements of the particular installation.
governed system;

The pneumatic speed settmg mechanism (direct or reverse)
5. a - pneumatic speed setting mechanism for is a bellows type mechanism and is standard equipment on ,

{h adjusting the governor speed settin9 all PG.PL governors now manufactured by Woodward. The
A cutaway view of the PG.PL governor is shown in figure 1. speed setting unit is an accurate durable mechanism which'/

1
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I virtually eliminates the hysteresis loops encountered with
less sensitive pneumatic speed setting elements. (A Bulletin No. Title

(Q hysteresis loop is a plot of the speeds obtained at various
36034 PG Governor Heater

control signal pressures; one portion is recorded as speed 36611 Current Controlled Speed Setting Mechanism
setting signals are being mcreased, the other portion as the. 36641 Governor Heat Exct. nger
signals are being decreased.) Bellows type speed setting 36650 Solenoid Operated Shutdown Assembly,

, provides a definite, accurate relationship between speed and 36651 Pressure Actuated Shutdown Assembly
9"' 3bo80 Preloaded Buffer Springs'

. 36684 Booster Servomotor
cj The speed setting mechanism is mailable for use with air 36692 PG Power Cylinder Assemblies

! input signals of varying range and magnitude (e.g. 3 to 15 36693 PG Base Assemblies
} psi, 20 to 70 psi, etc.). Depending upon the exact
1 configuration installed in the govemor, speeds may be
j adjusted up to a 5 to I range.The speed setting mechanism

! can be fumished to increase governor speed setting for an PG GOVERNOR HEATER
: increase in control air pressure (direct type) or to increase

govemor speed setting for a decrease in control air pressure An efectric heater is available for PG governors used on
(reverse type). engines which are shut down for lengthy periods in cold3

climates. By applying heat to the govemor power case
The manual speed setting knob permits manual operation during shutdown periods-or for a time before start up--the

| when the air pressure signal is not available. governor oil viscosity is maintained at a point which enables

-} the oil to flow freely through passages of the governor. This
*

Diaphragm receiver models of the governors are obsolete allows normal governor operation as soon as the engine is
and no longer manufactured as a complete unit. However, started.,

replacement parts for these units are mailable and detail
information on the units is found at the end of this manual.

f CURRENT CONTROLLED SPEED SETTING
M CHANISMAs is the case with any governor of any type,it is essential

that the engine or turbine be equipped with a separate"

overspeed shutdown device to prevent runaway in the event
of failure of the govemor, the mechanism which dnves it, The current controlled speed setting mechanism provides

or the control it operates. continuous precise speed setting of a governor in response
to electric signals from commercial sensing and transmitting
equipment. A transducer within the unit converts the

AUXILIARY FEATURES (OPTIONAL) electric input signals into governor speed setting changes.-

The governor speed setting is proportional to the electric
*

Many auxiliary devices are available for use, either singly or input signal, and can be arranged to give maximum
in combination, on the PG govemor to meet the numerous govemor speed for either the maximum input signal or the
control requirements of the installation requiring precise minimum input signal. Contact Woodward Governor
speed setting. Each governor is designed to meet the needs Company on applications of this unit to PG.PL governors.
of the engine or turbine and the operating requirements of
the installation.

GOVERNOR OIL COOLER
Auxiliary equipment may be supplied as original equipment
in the governor or it may be installed in the field; it is A govemor oil cooler is required when governor drive shaft
recommended that the customer contact Woodward speed exceeds 1200 RPM on an engine application, or 1100
Governor Company on field installations. RPM on a steam turbine. It also may be necessary to use an

''
oil cooler at lower governor drive shaft speeds if the

The following paragraphs give a brief description of some governor is mounted close to valves or steam lines which.

of the auxiliary equipment available from Woodward result in high ambient temperatures.
Governor Company and list the bulletins where detail
information may be obtained.

t
Q
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. . BOOSTER SER VOMOTOR'

Water (or some other liquid coolant) from an external

supply enters the oil cooler cover and passes through a tube The booster servomotor is used in conjunction with the PG
to the oil cooler body. The water circulates through the

9 " *** '"9"' " * 9
body cavity to the discharge. function of this device is to supply oil under pressure to the

governor at the instant starting air is supplied to the engine
A special governor case may be required to mount the oil gg
cooler or to connect to the external heat exchanger. Where

*
.

fuel on position immediately.
} it might be desirable to add an oil cooler to a governor

already in service, the governor should be returned to thee

' factory for conversion.
1 PG BASES AND POWER CYLINDER
' ASSEMBLIES
! SHUTDOWN DEVICES
1

A number of different base and power cylinder
A shutdown device can be incorporated in the PG governor arrangements are available to conform to engine or turbine
to stop fuel to the engine or turbine if equipment fails. manufacturer's specifications.
These assemblies are used in a variety of applications
including plants where automatic safety devices are a

The base assembly can be furnished with either a serrated
necessity. Shutdown devices can be supplied in the

or keyed drive shaf t. Refer to bulletin 36693.
following arrangements to suit the particular operating
conditions:

The work capacity of the power cylinder assembly

normally furnished with the governor is 12 foot pounds. A
1. Shutdown assemblies which will operate from gg g

air, oil, or water pressure. These assemblies are
;

generally supplied where electrical devicn
_

Power cylinders with work capacity up to 58 foot pounds
cannot be used. The air, oil, or water shutdown

are available. Refer to bulletin 36692.
device can be arranged to shut down the engine

'

or turbine on either high or low signal pressure.

2. A solenoid shutdown device which can be
arranged to energize or de-energize to shut
down. Solenoid coils are available to

accommodate most common DC voltages.
Power required is 6 watts. For AC operation, a,

separately mounted transformer or rectifier
'

assembly converts AC voltage to the required
DC voltage.

PRELOADED BUFFER SPRINGS

Preloaded buffer springs are often installed in PG governors
used on two-cycle spark ignition engines and on some
engines driving reciprocating pumps. As a result of
preloading, the governor minimizes fuellinkage movements
resulting from changes in speed due to misfiring or pump
strokes. The use of preloaded buffer springs does not affect

' the capability of the governor to recognize and respond to
speed changes. Preloaded buffer springs do retard the rate
at which the governor output piston (or shaf t) moves when
responding to small or momentary offspeeds. The output
piston (or shaft) moves at the normal rate for large speed

- changes.

O
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SECTION ll/ INSTALLATION AND ADJUSTMENT e
INSTALLATION the oil level gauge when the engine or turbine is running.

The oil should never be above the line where the case and
- Refer to figure 8 for complete physical dimensions of column castings meet. Oil above this level will be churned

the governor. Adequate clearance must be provided for into foam by rotation of the flyweight head.The governor
,

installation, removal, and seWicing. At all times, use care in can run safely with the od 'evel quite low in the gauge glass.

handling the govemor; be particularly careful to avoid
,

striking the drive shaft. Do not drop or rest the governor on PURGING AIR FROM GOVERNOR AND ;

its drive shaft. Such treatment could damage the governor NEEDLE VALVE ADJUSTMENT*

,

drive shaft, drive shaft bearing, or governor oil pump gears.;

When the governor is installed on the engine or turbine, a When the engine or turbine is started for the first time, or
gasket should be used between the mounting pad and the after the governor has been drained and cleaned, the
governor base. The governor should be mounted squarely governor must be filled with oil, and any air trapped in the
and the drive connection properiy aligned. governor removed. To bleed off the trappad air, set the

governor at idle speed position by means of the air
If the governor is equipped with a serrated or splined drive controller or the manual speed adjustment. Start the engine

shaft, it should slip into the internal serrations or splines of or turbine and open the compensating needle valve (figure
the drive freely, if a keyed type governor drive shaft is 1) several turns. This should cause the engine to hunt.

used, the gear must slip on the shaft freely and should be
cf erked to insure that it meshes properly. The gears should Loosen the air vent plug (figure 8) far enough to establish a

run freely without binding or excessive backlash. leak, and allow the engine to hunt a sufficient length of

irregularities caused by uneven gear teeth, shaft runout, time to permit all air trapped in tae governor oil passages to

e;c., will result in erratic governing and shorten governor escape at the vent plug. When no more air bubbles are

life, apparent, tighten the vent plug, and d necessary add oil to

,
the governor to restore the correct level in the gauge glass.

LINKAGE ADJUSTMENT
Close the compensating needle valve gradually until hunting

The linkage from the governor to the fuel or steam control is just eliminated. The proper setting depends upon the
should be properly aligned. Any friction or lost motion characteristics of the engine. Keep the needle valve open as
should be eliminated. Unless the engine or turbine far as possible to prevent sluggishness. The needle valve
manufacturer has given special instructions, the linkage setting will vary from 1/16 turn open to 2 turns open. With
should be adjusted so that when the governor power piston preloaded buffer springs (optional equipment), the needle
is at the end of its stroke in the ''OF F" direction, the gas or valve should not be more than 1/16-turn open for smooth
steam valve, or diesel fuel pumps will just be closed. operation. The needle valve must never be closed tight, as

the governor cannot operate satisfactorily when this
When the governor has been properly mounted and the condition exists.
linkage connections completed, make the air connections to
the manual or automatic air controller. On some installations, opening the needle valve will not

cause the engine or turbine to hunt. In such cases, bleed the
OIL SPECIFICATIONS air from the governor by disturbing engine or turbine speed

to cause the governor to move through full stroke in both
Information on oils for use in hydraulic governors is directions a sufficient number of times to force out all
available in bulletin 25007. Use SAE 20 or 30 oil for trapped air.
ordinary temperature conditions. If governor operating
temperatures are extremely hot, use SAE 40 to 50; if Af ter the needle valve is adjusted correctly for the engine, it
Extremely cold, use SAE 10. In most cases, the same oil should not be necessary to change the setting except for a j
that is used in the engine or turbine may be used in the large permanent temperature change affecting the viscosity |
governor. of the governor oil. |

|

Keep the governor oil level between the lines on the glass of I

1
. -

|
|
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g' SPEED ADJUSTMENTS 5. Repeat steps 3 and 4 above until specified minimum

<m speed is obtained with minimum control air pressure and
i The pneumatic speed setting mechanism furnished with the specified maximum speed is obtained with maximem

} governor is either (1) a direct type which increases the control air pressure. Speed should begin to increase as the

i governor speed setting as the control air pressure signal control air pressure begins to increase from minimum.

.] increases or (2) a reverse type which increases governor

.f speed setting as the control air pressure signal decreases. 6. Apply maximum control air pressure for maximum*

.

1 Perform the follovving procedures as applicable to set the speed. Adjust the limiting valve adjusting screw so that it
maximum and minimum operating speed of the governor. just contacts the ball in the maximum speed limiting valve.''

.f See figures 1 and 2. Increase control air pressure slightly above specified
maximum; the maximum speed limiting valve should open

- {j- prior to engine reachine * rpm above specified maximum

DIRECTSPEED SETTING MECHANISM speed. Rendiust screw ,s necessarv..

t
.d

i 1, Set the manual speed adjusting knob to the minimum 7. Apply minimum control air pressure signal for
speed position (fully counterclockwise until clutch slips), minimum engine speed. Perform step a or b as applicable.*

?

2. Adjust the hign speed adjusting setscrew as required a. if engine is to go to low speed upon loss of
,

until upper end of screw is flush with top of speed settmg control air pressure signal to the governor, set4

the pneumatic low speed adjusting screw to justscrew.
contact the stop pin in the restoring lever with

! 3. Apply specified minimum control air pressure signal the engine running at low speed. Shutdown
to the unit; adjust the speed adjusting nut as required to nuts are usually omitted on governors which are

,

obtain corresponding specified minimum speed (clockwise arranged to go to low speed upon loss of*

to decrease); be sure the pneumatic low speed adjusting control air pressure. If nuts are included but
screw does not touch the restoring lever at this time. not used, lower nut should be a minimum of

. Q};j 1/32 inch above the speed setting piston rod

|V 4 Adjust limiting valve adjusting screw as required so with engine running at low speed.
,

that it does not unse.t the maximum speed limiting valve as,

speed is increased. Set governor speed range to control air b. If engine is to shut down upon loss of control,

pressure range as follows: air pressure signal to the governor:

} a. Slowly increase control fr pressure signal to (1) Lift up on the shutdown Tod to take out
maximum. Be sure enee does not exceed any slack of lost motion; do not lif t the
specified maximum speed. rod so far as to cause the engine speed to

~

drop. While holding the rod up, position'

b. If specified maximum speed is obtained before the lower shutdown nut 1/32 inch above

{ control air pressure signal is increased to the top of the speed setting servo piston
maximum, adjust the pivot bracket to move the rod and lock in position with upper nut.
ball bearing pivot toward the speed setting
servo. (2) Turn the piston stop setscrew down until

it touches the speed setting piston then

c. If specified maximum speed is not obtained turn the screw counterclockwise 2 turns
with maximum control air pressure signal, and lock in position with nut. This

'

adjust the pivot bracket to move the ball adjustment limits the upper movement of
bearing pivot away from th's speed setting the piston when the engine is shut down,

servo. and 'it minimizes the cranking required
~

when the engine is restarted.

d. Adiust the pivot bracket as follows: Loosen the
socket head screw in top of the pivot bracket; (3) Adjust the pneumatic low speed adjusting
loosen knurled nut on appropriate side of screw so that it is 0.040-0.050 inch below
bracket and turn opposite knurled nut to move

* ) bracket; tighten screw and knurled nuts.

O
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the stop pin :n the restoring lever. Turn speed adjusting screw should not touch the stop pin in the I

off control air pressure signal to the restoring lever and the piston stop setscrew should not stop
'

govemor (engine will shut down). Adjust the speed setting piston as it moves up to decrease speed.'

the adjusting screw so that it is from
0.002 to 0.005 inch below the stop pin in if specified minimum speed is obtained before the control

the restoring lever, air pressure signal is increased to specified maximum, adjust
the pivot bracket to move the ball bearing pivot toward the

8. With control air pressure signal removed (engine does speed setting cylinder,

not go to shutdown with loss of control air pressure signal),,

turn the manual speed adjusting knob clockwise to increase Adjust the adjustable pivot bracket as follows: Loosen the

engine speed to maximum. Turn the high speed adjusting socket head screw in top of pivot bracket; loosen knurled

setscrew in until it just touches the high speed stop pin (this nut on appropriate side of pivot bracket and turn opposite
adjustment stops the downward movement of the speed knurled nut to move the pivot bracket; tighten screw and

,

adjusting nut at high speed). knurled nuts.

REVERSE SPEED SETTING MECHANISM 7. Repeat steps 4, 5. and 6 above until specified

minimum speed is obtained with maximum control air
1. Set the manual speed adjusting knob to the minimum pressure signal and specified maximum speed is obtained
speed position (fully counterclockwise until clutch slips). with specified minimum control air pressure signal. Insure.

engine speed begins to increase as the control air pressure
2. Adjust the speed adjusting nut so that the speed signal begins to decrease from maximum,
setting screw protrudes approximately 1/4-inch above the
nut. 8. After setting speeds pneumatically, apply minimum

control air pressure signal (governor will go to maximum
3. Adjust the high speed adjusting setscrew as required speed setting). Turn manual speed adjusting knob

until screw is flush with the top of speed setting screw, counterclockwise until specified minimum speed is

obtained. Alternately turn speed adjusting nut 1/2 turn 1

4. Adjust the limiting valve adjusting screw as required counterclockwise (increasing speed) and adjusting knob
so that it does not unseat the maximum speed limiting valve counterclockwise (decreasing speed) until adjusting knob is
as speed is increased. Apply minimum control air pressure fully counterclockwise. Turn off control air supply (speed
signal to the governor (pressure at which specified will rise slightly). Adjust speed adjusting nut to obtain
maximum engine speed is to be obtained). Be careful that specified minimum speed.

engine does not exceed specified maximum speed.
If adjusting nut is turned fully counterclockwise without

5. Turn the manual speed adjustmg knob clockwise to reaching the specified minimum speed, turn off control air
it' crease engine speed to specified maximum. Turn the high supply (speed will rise slightly). Adjust speed adjusting nut
speed asust.ng setscrew in until it just touches the high to obtain specified minimum speed.

speed stop pin. If screw is turned down too far, speed will
decrease. 9. With the engine operating at specified minimum

speed, turn the piston stop setscrew down until it just
* * * * 9 . " .if the specified maximum speed is not obtained with the

manual speed adjusting knob fully clockwise, turn the knob
locknut. This adjustment limits the upward mc.ement of

-
Jpproximately 2 turns counterclockwise, back out high

the piston when the engine is shut down, and it minimizesspeed stop adjusting setscrew a few turns, then turn speed
the crankm.g required when engine is restarted.

.

adjusting nut counterclockwise until specified maximum
speed is obtained. Turn high speed adjusting setscrew down.

10. If shutdown nuts are used, lift up on the shutdown
until it just touches the high speed stop pin (if the screw is

wn a , spe easel Mng m
so far as to cause the engine speed to drop. While holdingspeed adjusting knob fully clockwise should not increase
the rod up, position the lower shutdown nut 1/32-inch

speed beyond the specified maximum.
above the top of the speed setting servo piston rod and lock
in position with upper nut.

6. Slowly increase control air pressure signal until
specified minimum speed is obtained. The pneumatic low

8
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' , , 11. With the control air pressure signal tumed off, turn 12. Turn the manual speed adjusting knob fully

T T the manual speed adjusting knob clockwise to increase counterclockwise and apply maximum control air pressure

h*. engine speed to maximum. Adjust the limiting valve to the governor. Adjust the pneumatic low speed adjusting
'

adjusting screw so that it just contacts the ball in the screw to just contact the stop pin in the restoring lever with
maximum speed limiting valve. Increase engine speed the engine running at low speed.

A slightly above the specified maximum; the maximum speed
limiting valve should open prior to engine reaching S rpm.

above maximum speed. Readjust screw as necessary.

'!

: SECTION lil/ PRINCIPLES OF OPERATION.

:
1

INTRODUCTION The govemor drive shaft passes through the governor base''

into the pump drive gear, which is direct connected to the
The sectional view of the PG-PL governor (see figure 1) rotating pilot valve bushing. The flyweight head is secured
serves to indicate the relative position of the various to the upper end of the pilot valve bushing, thus providing a

;

gwernor components in the complete assembly. The direct drive from the engine to the flyweights. At any speed
c.,nnecting oil passages between parts are not necessarily in setting of the governor, when the engine is on speed, the
their correct location, but are simplified to facilitate their centrifugal force of the flyweights will balance the opposing
location. The lower part of the governor consists of the force of the speeder spring with the flyweights in the
base and power case and the basic components of the vertical position, and the control land of the pilot valve
hydraulic PG isochronous governor, which functions to plunger will be covering the regulating ports in the rotating
maintain a constant engine speed by controlling the fuel pilot valve bushing.
supplied to the engine. The upper part of the governor
consists of the column, cover, and related parts; it als Prm W pu n Wied & pem M thW
mn us f na ng rn an sm, aM the regulating port to prevent the oil trapped between the. ,;() optional shutdown and protective devices where app!icable, ower piston and the buffer piston from leaking past the

i ToP * " P " "' P **' Pi" " ' d *"d P" * **'**
"'*| tonDESCRIPTION OF OPERATION make up leakage of the seat oil and hold the power pis

in a steady state p s ti o against the power spring - when
The schematic diagram (figure 2) illustrates the essential

the engine is on speed with a steady load - the pilot valve'

parts of the governor and speed setting mechanism which
plunger will be below center enough to A sply the required

are required to regulate fuel and control engine speed.
amount of oil through the regulating port.

Speed adjusting in the governor is effected by controlling
The governor oil pump suppl.ies pressure oil to the rotating

.
,

the position of the speed setting servo piston. Movement of
p lot valve bushing, speed setting pilot valve bushing,

the servo piston to a higher or lower speed setting is
pressure seal grooves, and to the accumulators, with excess

obtained by admitting or draining pressure oil to or from
the area above the servo piston. (at madnmm pd passing kom de accunwlam,

to the governor sump. Duplicate suction and discharge ball,

check valves at the pump permit rotation of the governor in
The flow of govemor oil to or from the area above the

' * "'
servo piston is controlled by the speed setting pilot valve
plunger - contained in a rotating bushing. which is actuated

The p. lot valve plunger moves up and down ,n the rotatingi i
by a controlled air pressure signal or by a manual control

pilot valve bushing to control the flow of oil to or from the
power cylinder assembly. When the pilot valve plunger is
centered (i.e., the control land of the plunger exactly covers

After each speed setting change, a restoring lever connected the control port of the bushing), no oil flows to or from the
between the servo piston rod aad speed setting pilot valve ower cylinder assembly.
plunger retums the plunger to the closed port position,
stopping the flow of oil to or from the area above the serv The greater of two forces moves the pilot valve plunger up
piston, thus holding the piston at the position for the or down. The centrifugal force developed by the rotating,

particular speed setting of the governor. flyweights is translated into an upward force which tends to

v

9
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lift the plunger. The centrifugal force is opposed by the permits a flow of pressure oil from the pilot vane bushing
downward force of the speeder sprmg. When the opposing into the buffer system and power cylinder to raise the !

forces are equal, the pilot vane plunger is stationary. power piston and increase fuel. Raising the pilot valve
results in a flow of oil from the power cylinder and buffer

With the pilot valve plunger centered and the engine system to the governor sump, and the power spring moves
, running on-speed, a change in either of the two forces will the power piston down to decrease fuel to the engine.

move the plunger from its centered position. The plunger
will be lowered (1) if the governor speed setting is This flow of oil in the buffer system - in either direction -
unchanged but an additional load slows the engine and carries the buffer piston in the direction of flow,

governor (thereby decreasing the centrifugal force compressing one of the buffer springs and releasing the
developed by rotating flyweightsl or (2) if the engine speed other. This action creates a slight differential in the*

is unchanged but the speeder spring force is increased to pressures of the oil on opposite sides of the buffer piston,
raise the governor speed setting. Similarly, the pilot valve with the higher pressure on the side opposite the spring
plunger will be raised (1) if the governor speed setting is which is compressed. These differential oil pressures are
unch :ged but load is removed from the engine causing an transmitted to the areas above and below the compensating
increase in engine and governor speed (and hence, an land on the pilot valve plunger, producing an upward or
increase in the centrifugal force developed by the rotating downward force on the compensating land which assists in
flyweights), or (2) if the engine speed is unchanged but the re-centering the pilot valve plunger whenever a fuel
speeder spring force is reduced to lower the governor speed correction is made.
setting.

The vertical position of the flyweights with the control land
The thrust bearing atop the ballarm toes permits the pilot of the pilot valve covering the regulating port indicates that,

ralve bushing to rotate while the pilot valve plunger does the engine is on-speed.
not rotate. In this way, static friction between the bushing
and plunger is minimized. THEORY OF OPERATION

There are several styles of flyweight head assemblies See figure 2 for the schematic diagram of the essential
. T,

available. The exact model used in any one governor components of the basic governor and speed setting
depends upon the application. mechanism and the relative positions they assume when the

engine is operating on-speed under steady-state conditions.
A " solid" head assembly is used in governors on prime Differences may exist in the actual design details of these
movers which afford a smooth drive to the governor. components from one governor to another, but the scheme

of operation is the same in each.
" Spring driven" and " spring driven, oil damped" head
assemblies are used to filter torsional vibrations which may The schematic arrangement of the " direct" speed setting
be imparted to the governor by the drive from the engine. mechanism (governor speed increases as the control air
(These torsional vibrations may originate from a source pressure signal increates) is incorporated into the diagram
other than the drive itself but reach the governor through of figure 2. The inset shown on f;gure 2 shows the
the drive connection). Unless minimized or eliminated, the " reverse" speed setting (governor speed decreases as the
flyweight head will sense these torsional vibrations as speed control air pressure signal increases) version.
changes and continually adjust the fuel valve or racks in an
attempt to maintain a constant speed. The following theory of operation describes the direct

speed setting mechanism. The sequence of events occurring

Movements of the power piston are transmitted by the in the governor take place more or less in a simultaneous

piston rod to the engine fuel linkage. Regulated oil pressure manner, rather than step by step as described in the

under the power piston is used to raise the power piston following paragraphs.

to increase fuel - and the power spring above the power
piston is used to lower the power piston to decrease fuel. SPEED INCREASE

Located between the pilot valve bushing and the power An increase in the control air pressure signal to the ,

hton is the buffer compensating system, consisting of the pneumatic receiver assembly is sensed by a bellows. |

buffer cylinder and piston, the buffer springs, and the Through a mechanical connection to the speed setting pilot

compensating needle valve. Lowering the pilot valve plunger valve plunger, the bellows movement - caused by changes )

@
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[, in the input signal pressure - displaces the speed setting at the compensating land is reduced to zero by the
' *' j pilot valve plunger to change the governor speed setting, equalization of the oil pressures in the buffer system

The increased pressure compresses the beHows to lower through the compensating needle valve. if the needle valve
':1 the speed setting pilot valve plunger. Pressure oil flows is correctly adjusted the oil pressures will equalize at the
;} to the area above the speed setting servo piston to same rate as the increase in the centrifugal force of the

*

force the piston down, and thus increase the governor speed flyweights, and the flyweights will remain in the vertical
setting. position, keeping the control port covered by the control

land of the pilot valve, and holding the power piston*

As the servo piston moves down, a restoring lever - stationary at the new position. Equalizing the oil pressures"

*t connected between the servo piston rod and speed setting in the buffer system allows the buffer springs to return the
pilot valve plunger on a ball bearing pivot - increases the buffer piston to center in the buffer cylinder.,

. lifting force on a restoring spring attached to the restoring
lever. When the lifting force of the restoring spring is equal The engine will now be running at a higher speed with an

*

.'..
to the downward force resulting from the increased increased fuel setting.
pressure signal, the speed setting pilot valve plunger will be
returned to its centered position. SPEED DECREASE

-

.

increasing the speed setting of the governor increases the A decrease in the control air pressure signal to the bellows,

downward pressure of the speeder spring on the toes of the of pneumatic receiver assembly allows the restoring spring -
flyweignts and the flyweights move in, lowering the pilot attached to restoring lever - to lift the speed setting pilot,

valve plunger and opening the control port. valve plunger. Oil drains from the area above the servo
'

piston, the servo piston spring forces the piston to rise and
: Opening the port in this direction admits pressure oil into thus decrease the speeder spring compression and lower the
i the buffer system, causing the buffer piston to move to the governor speed setting.

right and transfer an equal volume of oil to the power
* "9 '# ** *""" *cylinder, forcing the power piston up in the direction to

N increase fuel. p ston, moves up and, .in so doing, decreases the lifting.

N force on the restoring spring. When the servo piston and,

6 As the buffer piston moves in the direction of the oil flow - right end of the restoring lever has moved up sufficiently to
'

from pilot valve to power cylinder - the right buffer spring balance the upward force of the restoring sprmg to equal
the decrease in downward force resulting from the decreaseis compressed and the left spring is relieved. This produces
.

an intermediate oil pressure on the left side of the buffer in control air pressure signal, the speed setting pilot valve
i piston which is higher than the pressure of the trapped oil plunger will have returned to its centered position.

on the right side of the buffer piston and spring
displacement. Lowering the speed setting of the governor decraases the

downward pressure of the speeder spring on the toes of the

Simultaneously with the novement of the power piston flywe ghts and the flyweights move out, raising.the pilot

and buffer piston, the differential oil pressures on opposite valve plunger and opening the control port.
I sides of the buffer piston are transmitted.to the upper and

. .

" E' *lower sides of the compensating land, with the higher
the buffer system to the governor sump. This will lower thepressure on the lower side causing an upward force on the

buffer system and the power spring will' compecsating land which will increase until (added to the
. " " '" " *upward force of the flyweights) it will balance the speeder

fuel, As the buffer piston moves .in the direction of the oil.

spring force. raise the pilot valve plunger enough to cover
,

the control port, and return the flyweights to the vertical
spring is compresseo and the right spring is relieved. This

.

position. As soon as the control port is covered the power
produces a pressure in the trapped oil, on the right side ofpiston will be stopped at a new position corresponding to

the increased amount of fuel needed to operate the engine
pressure on the left side of the buffer piston, by an amountat the desired higher speed. The engine is still accelerating
pr p rtional to the displacement of the buffer piston andtoward the new speed setting.
spring.

As the centrifugal force of the flyweights increases to a
higher value with engine acceleration, the upward oil force Simultaneously with the power piston and buffer piston

,
fs
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movement, these pressures will be transmitted to the manner. The buffer piston will have moved off center to
.

compensating land, with the higher pressure now on the the left and will be held there by the oil now trapped*

!upper side of the land, causing a downward force which will between the power piston and the buffer pisten.

increase until (added to the downward force of the speeder ;'

spring) it will balance the flyweight force, lower the pilot The higher pressure of the oil on the right side of the buffer

: valve plunger enough to cover the control port, and return piston - produced by the compression of the left buffer

the flyweights to the vertical position. As the control port spring - will act on the receiving empensating land to add

is co'ered the power piston will stop at a new position to to the effect of the speeder spring setting and provide a

correspond to the reduced amount of fuel required to temporary higher speed setting of the governor.

; operate the engine at the desired lower speed. The engine
will be st 'l decelerating to vard the new speed setting. As the engine decelerates to a speed sligntly below this

higher speed setting, the governor will respond to raise the

As the cen tifugal force of the flyweights decreases with power piston (and restore fuel suppi) in the normal
engine dece eration, the downward oil force at the manner, uncovering the port to permit passage of oil
compensating land will again be reduced to zero by the through the compensating needle valve so that the governor*

equalization o' the oil pressures in the buffer system and engine will stabilize at the speed corresponding to the
- through the compensating needle valve. With the needle actual speed setting of the governor. This minimizes

valve correctly adjusted the oil pressures will equalize at the possible under speeding of the engine when a large load
same rate as the decrease of centrifugal force in the decrease occurs,

flywei(hts, aa.d the vfyweights will remain in the vertical
position, keeping the control port covered by the control MANUAL SPEED SETTING
land of the pilot valve, and holding the power piston
stationary at the new positior:. Again, the buffer piston will The manual speed setting mechanism can be used to adjust
be returned to center by the action of the buffer son.ngs. the speed setting of the governor to any point with.in the
The engine will now be running at a lower speed with a normal speed range when the control air pressure signal is
reduced fue: setting, not as ailabla. %

'
Bypass ports are provided in the buffer cylinder t With no air signal, the restoring spring holds the pneumatic
facilitata large corrective movernents of the power piston. ,

A large increase or decrease m the speed setting of The speed setting pilot valve plunger is thus mechanically
the governor, or a large increase or decrease of load connected to the movement of the restoring lever. The
on the engine, will require a correspondingly large move- grounded loading spring which keeps the restering lever
ment of the power piston to make the necessary correction against the ball bearing pivot continually urges the bearing,

to the fuel setting. Under such conditions, the buffer and speed setting screw in the downward direction. Turning
Diston will move only far enough to the left or right the manual speed adjusting knob clockwise (to increase the
t3 effect an opening at the bypass port (piessure or drain). governor speed setting) lowers the stop collar under the

, Oil will then flow directly to or from the power cylinder
.

base speed adjusting nut. The speed setting screw with the
through the bypass port without further increasing the ball bearing pivot will move down with the stop collar until

- differential oil pressure force existing on the compensating e high speed stop adjusting setscrew hits the high speed
land. stop pin; further clockwise turning of the manual knob will

have no effect on the speed screw position.As soon as sufficient governor movement and fuel
correction has occurred to effect a correction of engine

As the speed setting screw and the ball bearing pivot arespeed toward the speed at which the governor is set, the
lowered, the left end of the restoring lever pushes thedifferential oil pressures - still present - will act on the
pneumatic low speed adjusting screw down and, in socompensating land to re-center the pilot valve plunger, as
doing, lowers the speed setting pilot valve plunger. Oil flowsdescribed in the previous paragraphs.
to the speed setting cylinder to push the speed setting
piston down and raise the governor speed setting. TheWith a large decrease in load the power piston assembiy
downward movement of the piston ra Ses the left and of themoves to the "no fuel" position, closing the compensating

oil passage from the power cylinder to the compensatmg restoring lever to " lift" the pilot valve plunger back to
center.needle valve and blocking passage of oil from the right end

t3 the left end of the buffer cylinder, so that the needle
vn've cannot equalize buffer oil pressures in the usual

. ,
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. ,d[m Tuming the manual speed adjusting knob counterclockwise minimum. Thus, should the air signal be interrupted -
will raise the speed setting screw and ball bearing pivot, either accidentally or intentionally - or be reduced below

'*
raise the left end of the restoring lever, and thereby lift the the pressure required for minimum speed, the restoring
speed setting pilot valve plunger. As the piston moves up to spring will lift the speed setting pilot valve plunger until the

,
_

,j decrease the governor speed setting,- the restoring lever adjusting screw contacts the restoring lever. With the pilot
4 movement recenters the pilot valve plunger. valve plunger raised, the speed setting piston will move up

to the low speed position. At this position, the restoring*

. TEMPERA TURE COMPENSA T/ON iever, turning about the ball bearing pivot and pushing
down on the adjusting screw, will have recentered the pilot

j Temperature compensation on older governors is valve plunger. The governor will, therefore, go to minimum
incorporated in the speed setting mechanism through a speed setting if the air signal is lost.

| bimetal strip in the restoring lever. The temperature
compensation in later governors is in the speeder spring and " REVERSE" TYPE BELLOWS. The pneumatic tow speed

,

there is no bimetal strip. adjesting screw is adjusted to just clear the restoring lever
when the control air signst is at its normal maximum"

LOSS OF PNEUMA T/C S/GNAL setting. Thus, should the air signal be interrupted - either'

I ! ** DIRECT" TYPE BELLOWS. The pneumatic low adjusting accidentally or intentionally - the spring under the bellows
will act to lower the speed setting pilot valve plunger andscrew is adjusted to contact the restoring lever when the

control air signal and governor speed are at their normal allow the governor to go to maximum speed setting,

b

4

i

SECTION IV/ MAINTENANCE

8]
:

j ~ g TROUBLESHOOTING 6. Check air transmitter for specified output:

'1 - pressure, if neither load nor engine or turbine irregularities
Governor faults are usually revealed in speed variations of are found to be the cause of the speed variation, the cause
the engine or turbine, but it does not necessarily follow may be either in the governor or in the engine or turbine
that such speed variations indicate govemor f Jults. drive to the governor.',

Therefore, when irrproper speed variations appear, the
,

following procedure should be performed:
7. Check govemor for specified operating oil,

1. Check the load to De sure that the speed pressure. Normal oil pressure for PG governors is 100 psi.
changes observed are not the result of loac' changes beyond However, this value may vary between governors,
the capacity of the engine or turbine. depending upon the required output work capacity of the

'

, power cylinder (refer to table).' With engine shut down,*

2. If the govemor is on an engine, check the remove plug from pressure port on governor power case and
operation to be sure that all cylinders are firing properly install a pressure gauge rated above specified operating oil
and that the injectors are in good operating condition, if pressure,

the governor is on a turbine, check the steam valves for
proper operation. The source ,2f most troubles in any governor stems from

dirty oil. Grit and other impurities can be introduced into
3. Check the operatir.g linkage between the the governor with the oil, or foam when the oil begins to

governor and the engine or turbine to make certain there is break down (oxidize) or become sludgy. The moving parts
no binding r)r lost motion, whin the governor are continually lubricated by the oil,

within the governor. Thus, grit and other impurities will
4. Check for steam or fuel gas pressure changes. cause excessive wear of valves, pistons, and plungers, and

can cause these parts to stick and even " freeze" in their
6. Check the setting of the compensating needle bores,

valve.

u
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'
in many instances erratic operation and poor readability N,

can be :orrected by flushing the unit with fuel oil or J+
[g

kerosene while cycling the governor. The use of commercial 3*

solvents is not recommended as they may damage seals or M
f'' gaskets. -

If the speed variations of the governor are erratic but small, .
> /

excessive backlash or a tight meshing of the gears drnnng ,/

the governor may be the cause. If the speed variation is [
' erratic and large and cannot be corrected by adjustments

the governor should be repaired and/or replaced. -

s
'

LUBRICATION .-

$[ N
The oil used in the governor should be clean and free of - 4-
foreign particles to obtain maximum performance from the .[ - ]#

governor. Under favorable conditions. the oil may be used yJj A. - u - o
..,

for six months or longer without changing. Change oil y S.]i

kE @p'
immediately when it starts to break down or darken. h w

. r -

DISASSEMBLY l|

Disassemble the governor following the sequence of index ', ' ~

numbers assigned to figures 6 and 7, giving special attention L

to the follow;ng. Circled index numbers do not require Fig. 3 Removing Accumulator Retaining Ring
further disassembly unless replacement parts are required. m

,

accurnulator pston (26
Refer to the applicable modular but:etin (refer to section l)

i for parts information and disassembly procedures on
7. If necessay to remove check vatve ass'emblies

) auxiliary equipment.
(250 and 251), proceed as follows:

1. Clean wterior surfaces of governor with clean
a. To remove inner check valves (250), pry.

cloth moistened v th cManing solvent.
the retainer plate from the check valve

assembly and remove springs and check balls.
2. Discard all gaskets, o-rings, seals, retaining rings,

cotter pins, clips, etc., removed in the process of
b. To remove outer check valves (251), press,

disassembly.
the check valves through and out of the,

valve case.
| 3. Do not remove press fit components unless

replacement is required.
c. Then tap all four check valve cases with

1/4"-28 tap. Using a 1/4" 28 bolt with a
4. Disassemble power cylinder assembly as

i small plate as a jack, pull the four valve cases.
I applicable per instructions contained in bulletin 36692.
|

5. Disassemble base assembly as applicable per d. Remove two balls from the lower case,

instructions contained in bulletin 36693.
CLEANING

6. To remove accumulator springs and pistons 1. Wash all parts ultrasonically or by agitation
from the power case, place the power case (260, f:gure 7) in while immersed in cleaning solvent (Federal Specification

an arbor or drill press with the bottom down. With a rod P-D 680 or similar).
,

against the spring seat (246), compress accumulator springs |

(247 and 248) to permit removal of upper retaining ring 2. Use a non-metallic brush or jet of compressed |

(245). Remove spring seat and springs. (see Figure 3) air to clean slots, hoies, or apertures.

O
.

16
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J

N

i

3. Dry all parts af ter cleaning witn a jet of clean, REPAIR OR REPLACEMENT

] dry compressed air.
. ,-. c I, Repair of small parts of the governor is imprac-

'{- . d. - (' tical and shall generally be limited to removal of nicks and
%,'' ( burrs from mating flanges and light burnishing of mating !*

|*N ' / parts.
: t

' w"
| _ O 2. Replace damaged thread inserts in accordance,

'

{'g .
- with standard shop practice.'

; ,

'n />

j - 3. Polish slightly corroded areas with f;ne grit |8
~

|, (600 grit) abrasive cloth or paper and oil.'*

; i. ,

ASSEMBLYa

( ,

g! Assemble governor assembly in reverse order of index*

' numbers assigned to figures 6 and 7, following the special
7

instructions given below.
-

NOTE
.1

A dust free area is recommended for assembly ;f
acceptable results are to be obtairied.

,

During assembly ir;ure no lint or other foreign matter is
present on the parts. The governor may be assembled dry or

' N
.

a small amount of clean lubricating ou may be apolied to
the parts as they are assembled into the governor.When the

b. governor is assembled, apply a liberal amount of clean j

lubricating oil over all moving parts to insure initial
{" ~. . . lubrication. Apply a small amount of joint compound to"-

Fig. 4 Removal of Check Valves pipe plua threads as plugs are installed. insure compound

INSPECTION does not ente cavity. |

1. Visualiy inspect all parts for wear and damage. Obtain new gaskets, o rings, seals, retaining rings, cotter
pins, etc., to replace those discarded during disassembly. ;' '

2. Inspect bearings in accordante with standard
1. Press spring loadad check valve (250, figure 7)shop pr actice. Replace bearings when there is any

j into pov er case (260) using Woodward tool 360689. Pressdetectable roughness.'

plain chec< valve into power case using Woodward tool j'

360690. |
3. All pistons, valves, plungers, rods, and gears

should move freely without excessive play. Do not lap in 2. Insta!i accumulator piston (249) and lower
;

pa'ts if possible to free by other means- retaining ring (245) into power case. Place power cese in ani

arbor or drill press with bottom down, (see figure 3) ,

4. Mating surfaces must be free of nicks, burrs, install springs (247 and 248) and spr;ng seat (246); com-
cracks or other damage. press springs, using a rod on spring seat, and instait

upper retaining ring. .

5. Inspect flyweight toes for w ear. Replace '!
3. Attach base assembly (207) to power caseflyweights if any detectable wear or doubtful areas are

loosely, rotate drive shaft until splined end engages withfound.
splines in pump drive gear. Continue turning drive shaft to

- 6. It is recommended that speeder spring be check for alignment and free rotation of the drive gear and

replaced at time of overhaul. idler gear while tightening base screws.

INFORMATION ONLY "
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|

'

|'
; 4 Attach power cylinder assembly (203) to power

case in the proper plan and quadrant; insure holes in gasket j |
i

;,

(204) are aligned with holes in power case, l
[ | |*

l 5. When assembling the flyweight head pifot valve 1
| j j

ibushing assembly (238), align the missing tooth in the g, ,

bushing with the corresponding missing tooth in the spring '% '

-h.|i [ y(, , ~

ii

coupling assembly (229).
,

r =

6. Install three piece thrust bearing (218) onto . ;4
, g

i stem of pilot valve plunger (235) (bearing race with the f., . gJ:
larger hole must be against the flyweight toes). g 7;

7. When items 216 through 238 have been
,

assembled, center pilot valve plunger as follows: (see
figure 5) apply a slight pressure to speeder spring seat \ N

,

;217), adjust pilot valve plunger nut (216) until flyweights
(225) move from their extreme inward to their extreme
outward position and there is the same amount of control,

land showing in the control port at each extreme. The
control ports are the bottom holes in the pilot valve Fig. 5 Centering Pilot Valve Plunger

,

bushing.

8. When assembling speed setting mechanism, variety of arrangements that it would be impractical to
nsure reta ning ring (30, figure 6), is positioned with cover specifications and testing procedures for each model.

opening in line with setscrew (33).

9. Assemble manual speed sett:ng shaft assembly It is recommended the customer contact Woodward
43 through 47), tighten put (43) approximately seven Governor Company, Engine and Turbine Controls Division,
turns; insert roll pin (39) to protrude tnrough shaft (43) Fort Collins, Colorado, for detail specifications and testing
opproximately 0.090-inch. instructions for the particular models at the installation.

When ordenng infonnadon it is essential to supply the
TESTING

governor serial number (as shown on nameplate).

The PG governor has been manufactured in such a wide

SECTION V/ PARTS INFORMATION

PARTS REPLACEMENT ILLUSTRATED PARTS BREAKDOWN

When ordering replacement parts it is essential that the The illustrated parts breakdown (figures 6 and 7) illustrates
following information be given: and lists all parts of the basic PG governor. Index numbers

are assigned in disassembly sequence. Circled index
1. Governor serial number and part number (as nurr$ers indicate items which do not require further

shown on nameplate). disasmmbly unless repair or replacement of the part is
required.

2. Bulletin number (this is bulletin 36694).

3. Part reference number in parts list and

description of part or part name.

9~
18
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; PARTS LIST FOR FIGURE 6,

REF. NO. REF. NO..( m) NO. PART NAME R EO'D. NO. PART NAME R EQ'D.

? 36694- 1 Screw, hex hd.,5/16-24 x 5-13/32 2 36694 42 Washer, plain,25/6410 x 5/8 OD 1
36694- 2 Washer, lock,5/16 (MS35338-45) 2 36694- 43 Nut, hex., sifikg,1/4-28'

36694- 3 Washer, plain,5/16 (MS27183-12) 2 (MS21083N4) 1

.

', 36694- 4 Screw, drive, #2 x 3/16 36694 44 Belleville washer,1/4 1

(AN535 2 3) 4 36694- 45 Knob (Manual speed adjusting) 136694- 5 Nameplate 1 36694 46 Clutch spring 1
: 36694- 6 Oil filler cap 1 36694 47 Shaft (head strew) 136694- 7 Cover 1 36694- 48 Receiver bracket gasket 1
,

36694 8 Cover gasket 1 36694- 49 Screw, soc hd.,1G24 x 1/2
-

i 36694- 9 Loading spring 1 (MS1699' 44) 2*

36694 10 Restoring spring 1 36694 50 Washer, lock, 10 (MS35338-43) 2: 36694- 11 Cotter pin,1/16 x 3/8 36694- 51 Stop pin (High speed) 1
(MS24665-130) 3 36694 52 Collar 136694 12 Pivot pin (Restoring lever) 1 36694- 53 Pivot pin 4

3 36694- 13 Restoring lever 1 36694 54 Link 136694- 14 Pin (loading spring) 1 36694. SE Setscrew, soc. hd., dog pt.,
36694- 15 Stop pin (Iow speed-pneumatic) 1 8-32 x 3/8 (MS51977-31) 1

,

36G94- 16 Screw, soc. hd.,5-40 x 1/2 1 36694 56 Thread insert, scr. Ikg.,8-32 x 1/4
1 36694- 17 Washer, lock, #5 ( AN935-5) 1 (MS21209 COB 15) 136694- 18 Screw, soc. hd.,1/4 2ts x 1 1/4 36694- 57 Nut (Lead screw) 1

(MS16998-46) 1 36694- 58 Thread insert,7/16-20 x 7/16 136694- 19 Screw, soc. hd.,1/4 28 x 2 36694- 59 Speed adjusting nut
(MS16998-49) 1 (Low speed-manual) 136694 20 Washer, lock,1/4 (MS35338-44) 2 36694 60 Guide 19 36694 21 Pilot valve link 1 36694- 61 Setscrew, soc. hd., eval pt.,i / 36694 22 Stop screw (Iow speed-pneumatic) 1

1432 x 1 (MS51982) 136694- 23 Nut, hex.,10 32 (MS35650-302) 1 36694 62 Nut, knurled 2- 36694- 24 8ellows spring 1 36694 t,3 Screw, soc. hd.,1032 x 1 1/8 1
36694- 25 8ellows coupling 1 36694- 64 Washer, lock, hi-collar, * 10'

36694- 26 Setscrew, soc. hd., cone pt., (MS51848) 2
8-32 x 5/16 (MSS 1973-30) 1 36694- 65 Screw, soc. button hd., IG32 x 1 1

- 36694- 27 Passage screw 36694- 66 Spacer 1
| 36694- 28 Washer, soft copper 1 36694 67 Ball bearing 1

36694- 29 Receiver cap gasket 1 36694- 68 Pivot bracket 1
36694- 30 Retaining ring, int.,1.660 OD 1 36694- 60 Thread insert, scr. Ikg.,10 32 x 3/8,

'
36694- 31 Bellows 1 (MS21209F 120) 1
36694- 32 Packing, preformsd,1-1/2 OD 36694- 70 Speed setting screw 1

(NAS1593-028) 1 36694- 71 Pin (Loading spring anchor) 1|,' 36694- 33 Setscrew, soc. hd., cone pt., 36694- 72 Friction spring seat 1
i 5-40 x 1/4 1 36694 73 Dowel pin 2| 36694- 34 Pneumatic receiver cup 1 36694 74 Thread insert, scr, ikg., 8 32 x 1/4

36694- 35 Screw, Phillips, rd. hd.,6 32 x 3/8 (MS21209C0815) 1

(MS35206.' 5) 4 36694 75 Receiver bracket 1
36694- 36 Dial plate 1 36694- 76 Packing, preformed,3/8 00
36694- 37 Spacer 4 (NAS1693-010) 2 '

36694- 38 Friction spring 1 36694- 77 Nu t, hex., 8-32 (MS35649-282) 236694 39 Roll pin,3/32 x 5/8 (MS9048-071) 1 36694- 78 Screw, hex. hd.,1/4-28 x 13/16
36694- 40 Stop washer 1

(MS90726 9) 2
. 36694- 41 Spring washer,1/4 1 36694 79 Washer, plain,1/4 (AN9tiOw4166) 2
S'

C
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i PARTS LIST FOR FIGURE 6 (CONT.)

! REF. NO. REF. NO,

NO. PART NAME R EQ'D, NO, PART NAME R EQ'D i

4

.

36694 80 Speed setting piston spring 1 36694 95 Washer, lock, #10 (MS35338-43) 2

36694- 81 Nut, hex.,10-32 (MS35650-302) 2 36694 96 Retainer 1 ,

36694- 82 Guide pin 1 36694 97 Washer, plain,3/810 x 3/4 OD 1 ,

36694- 83 Setscrew, soc. hd., oval pt.. 36694 98 Thrust bearing 1
,

10-32 x 7/8 (MS51982) 1 36694 99 Speed setting plunger 1

36694- 84 Screw, soc. hd.,10-32 x 3/8 36694 103 Plug 1
,

'

(MS16998-26) 1 36694-101 Speed setting plunger 1
,

36694- 85 Adjusting screw (Max speed) 1 36694-102 Bushing loading spring 1

36694- 86 Thread insert, scr. Ikg.,1G32 x 9/32 36694 103 Bushing gear 1
.

(MS21209F1 15) 1 36694-104 Bearing stud 1 <'

36694- 87 Adjusting screw bracket 1 36694 105 Elbow, 90 3

36694- 88 Fulcrum 1 36694 106 Tubing,1/4-inch 1

36694- 89 Speed setting piston 1 36694 107 Dowel pin 2

36694- 90 Check valve assembly (Max. speed) 1 36694 108 Cover dowel 2

36694- 91 Speed setting cytinder 1 36694-109 Dowel bushing 2

36694- 92 Screw, hex. hd.,5/1&24 x 5 36694-110 Thread insert 5/1&24 2

(MS9072&52) 4 36694 111 Pipe plug, soc. hd.,1/1&27 NPTF

36694- 93 Washer, lock, int. tooth, 5/16 (AN932S1) 5

(MS35333-41) 4 36694 112 Taper screw (Not used with solenoid or

36694- 94 Screw, Phillips, rd, hd., IG32 x 3/8 pressure actuated shutdown option) 1

(MS35207 53) 2 36694 113 Column 1

s.

.
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A PARTS LIST FOR FIGURE 7 ,

REF. NO. REF. NO.

| NO. PAbT NAME R EQ'O NO. PART NAME R EO'D.

36694 201 Screw, soc hd.,3/8-16 x 1 1/4 4 36694 232 Flyweight head sub-assembly 1

I
36694-202 Washer, lock,3/8 4 36694-233 Retaining ring 1

36694-203 Power cylinder assembly 36694 234 Compensating bushing 1

i (refer to bulletin 36692) 1 36694-235 Pilot valve plunger 1

36694-204 Gasket, power cylinder case 1 36694 236 Bearing 1
#

-

36694-205 Screw, hex bd.,5/16-18 x 1 8 36694 237 Oil seal ring 1
*

i 36694-206 Washer, lock,21/64 8 36694 238 Flyweight head-bushing assembly 1

36304-207 Base assembly (refer to bulletin 36693) 1 36694 239 Retaining ring 1

36694 208 Power case-base oil seal ring 1 36694-240 0-ring 1

'

36694-209 Idler gear 1 36694-241 Plug 1

36694-210 idler stud 1 36694 242 Buffer spring 2

36694 211 Drive gear 1 36694-243 Buffer piston 1

36694 212 Gasket 1 36694-244 Buffer seat 1

36694-213 Speeder spring check plug 1 36694 245 Retaining ring 4

36694 214 Speedo spring 1 36694-246 Spring seat 2

36694-215 Cotter pin,1/16 x 5/8 1 36694 247 Small accumulator spring 2

36694-216 Pilot valve plunger nut 1 36694 248 Large accumulator spring 2

36694 217 Speeder spring seat 1 36694-249 Accumulator piston 2

36694-218 Thrust bearing 1 36694 250 Spring loaded check valve 2

36694-219 Washer, adjusting spring 1 36694 251 Plain check valve 2

36694-220 Adjusting spring 1 26694-252 Drain cocl; 1

36694-221 Retaining ring 1 3S694-253 Elbow 1 s
'

36694-222 Shutdown rod 1 36694-254 Oil gage 1
'

36694 223 Cotter pin,1/16 x 1 8 36694-255 Screw, rd, hd. dr. 3

36694-224 Flyweight pin limit pin 4 36694 256 Instruction plate 1

36694-225 Flyweight 2 36694 257 Pipe plug 1/8 AR

366E4-226 Flyweight bearing 4 36694 258 Pipe plug,1/16 AR

36694-227 Screw, rd. hd. 8-32 x 5/16 1 36694-259 Dowel pin 2

36694-228 Washer, lock, =8 1 36694-260 Power case 1

36694-229 Spring coupling assembly 1
,

36694 230 Screw, fil. hd., 5-40 x 9/32 8

36694-231 Washer, lock, =5 8

O
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D
k() in the input signal pressure - displaces the speed setting at the compensating land is reduced to zero by the

pilot valve plunger to change the governor speed setting, equalization of the oil pressures in the buffer system
The increased pressure compresses the bellows to lower through the compensating needle valve. If the needle valve
the speed setting pilot valve plunger. Pressure oil flows is correctly adjusted the oil pressures will equalize at the

,

to the area above the speed setting servo piston to same rate as the increase in the centrifugal force of the
' force the piston down, and thus increase the governor speed flyweights, and the flyweights will remain in the vertical

] setting. position, keeping the control port covered by the control
land of the pilot valve, and holding the power piston

: As the servo piston moves down, a restoring lever - stationuy at the new position. Equalizing the oil pressures
t connected between the servo piston rod and speed setting in the buffer system allows the buffer springs to return the

pilot valve plunger on a ball bearing pivot - increases the buffer piston to center in the buffer cylinder.,

lifting force on a restoring spring attached to the restoring'

lever. When the lifting force of the restoring spring is equal The engine will now be running at a higher speed with an
d to the downward force resulting from the increased increased fuel setting.

'

pressure signal, the speed setting pilot valve plunger will be
returned to its centered position. SPEED DECREASE

increasing the speed setting of the governor increases the A decrease in the control air pressure signal to the bellows
downward pressure of the speeder spring on the toes of the of pneumatic receiver assembS. allows the restoring spring-
flyweights and the flyweights move in, Wwering the pilot attached to restoring lever - to lift the speed setting pilot

I valve plunger and opening the control port. valve plunger. Oil drains from the area above the servo
piston, the servo piston spring forces the piston to rise and

0,pening the port in this direction admits pressure oil into thus decrease the speeder spring compression and lower the
the buffer system, causing the buffer piston to move to the governor speed setting.

. right and transfer an equal volume of oil to the power
cylinder, forcing the power piston up in the direction to The restoring lever follows the movement of the servo

;Q increase fuel. piston, moves up and, in so doing, decreases the lifting
force on the restoring spring. When the servo piston and

As the buffer piston mcves in the direction of the oil flow - right end of the re;tcring lever has moved uo sufficiently to

from pilot valve to pwver cylinder- the right buffer spring balance the upward force of the restoring spring to equal
'

is compressed and the left spring is relieved. This produces the decrease in downward force resulting from the decrease
an intermediate oil pressure on the left side of the buffer in control air pressure signal, the speed setting pilot valvei

piston which is higher than the pressure of the trapped oil plunger will have returned to its centered position.

on the right side of the buffer piston and spring
*

displacement. Lowering the speed setting of the governor decreases the
downward pressure of the speeder spring on the toes of the

Simultaneously with the movement of the power piston flyweights and the flyweights move out, raising the pilots

and buffer piston, the differential oil pressures on opposite valve plunger and opening the control port.
,

sides of the buffer piston are transmitted.to the upper and
k,ser sides of the compensating land, with the higher Opening the port in this oirection permits oil to f|ow from
pressure on the lower side casing an upward force on the the buffer systen, to the governor sump. This will lower the
comoensating land which will increase until (added to the oil pressure in the buffer system and the power spring will
upward force of the flyweights) it will balance the speeder force the power piston down in the direction to decrease
spring force, raise the pilot valve plunger enough to cover fuel. As the buffer piston moves in the direction of the oil+

- the control port, and return the flyweights to the vertical flow- from power cylinder to pilot valve - the left buffer
' position. As soon as the control port is covered the power spring is compressed and the right spring is relieved. This

piston will oc stopped at a new position corresponding to produces a pressure in the trapped oil, on the right side of
the increased amount of fuel needed to operate the engine the buffer piston which is higher than stie intermediate oil'

at the desired higher speed. The engine is still accelerating pressure on the left side of the buffer piston, by an amount
toward the new speed setting. proportional to the displaceraent of the buffer piston and

spring.-

/O As the centrifugal force of the flyweights increases to a
d higher value with engine acceleration, the upward oil force Simultaneously with the power piston and buffer piston

INFORMAil0N ONLY
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movement, these pressures will be transmitted to the manner, The buffer piston will have moved off center to
'

~,

compensating land, with the higher pressure now on the the left and will be held there by the oil now trapped
upper side of the land, causing a downward force which will between the power piston and the buffer piston.

increase until (added to the downward force of the speeder
,

spring) it will balance the flyweight force, lower the pilot The higher pressure of the oil on the right side of the buffer

valve plunger enough to cover the control port, and return piston - produced by the compression of the lef t buffer

the flyweights to the vertical position. As the controi port spring - will act on the receiving compensating land to add

is covered the power piston will stop at a new position to to the effect of the speeder spring setting and provide a
correspond to the reduced amount of fuel required to temporary higher speed setting of the governor,

; operate the engine at the desired lower speed. The engine

i will be still decelerating toward the new speed setting. As the engine decelerates to a speed slightly below this
higher speed setting, the governor will respond to raise the

I As the centrifugal force of the flyweights decreases with power piston (and restore fuel supply) in the normal
engine deceleration, the downward oil forc9 at the manner, uncovering the port to permit pas. age of oil

'

compensating land will again be reduced to zero by the through the compensating needle valve so that the governor
equalization of the oil pressures in the buffer system and engine will stabilize at the speed corresponding to the
through the compensating needle valve. With the needle actual speed setting of the governor. This minimizes
ec've correctly adjusted the oil pressures will equalize at the possible under speeding of the engine when a large load
same rate as the decrease of centrifugal force in the decrease occurs.
flyweights, and the flyweights will remain in the vertical
position, keeping the control port covered by the control

MANUAL SPEED SETT/NGland of the pilot valve, and holding the power piston
stationary at the new position. Again, the buffer piston will
be returned to center by the action of the buffer springs. The manual speed setting mechanism can be used to adjust
The engine will now be running at a lower speed with a the speed setting of the governor to any point within the
reduced fuel setting. normal speed range when the control air pressure signal is - y

not available.
Bypass ports are provided in the buffer cylinder to

facilitate large corrective movements of the power piston.
A !arge increase or decrease in the speed setting of With no air signal, the restoring spring holds the pneumatic

the governor, or a large increase or decrease of load low speed stop screw in contact with the restoring lever,
on the engine, will require a correspondingly large move. The speed setting pilot valve plunger is thus mechanically
ment of the power piston to maka the necessary correction connected to the movement of the restoring lever. The
to the fuel setting. Under such conditions, the buffer grounded loading spring which keeps the restoring lever
piston wrii move only far enough to the left or right against the ball bearing pivot continually urges the bearing

to effect an opening at the bypass port (pressure or drain), and speed setting screw in the downward direction. Turning
Oil will then flow directly to or from the power cylinder the manual speed adjusting knob clockwise (to increase the

'brough the bypass port without further increasing the governor speed setting) lowers the stop collar under the
differential oil pressure force existing on the compensating base speed adjusting nut. The speed setting screw with the

land. ball beanng pivot will move down with the stop collar until
the high speed stop adjusting setscrew hits the high speed

As soon as sufficient governor movement and fuel stop pin; further clockwise turning of the manual knob will
correction has occurred to effect a correction of engine have no effect on the speed screw position.
speed toward the speed at which the governor is set, the
differential oil pressures - still present - will act on the
compensating land to re-center the pilot valve plunger, as As the speed settmg screw and the ball bearing pivot are
described in the previous paragraphs. lowered, the left end of the restoring lever pushes the

pneumatic low speed adjusting screw down and, in so
With a large decrease in load the power piston assembly do ng, lowers the speed setting pilot valve plunger. Oil flows

moves to the "no fuel" position, closing the compensating to the speed setting cylinder to push the speed setting
oil passage from the power cylinder to the compensating piston down and raise the governor speed setting. The
needle valve and blocking passage of oil from the right erid downward movement of the piston raites the lef t end of the
to the left end of the buffer cyhnder, so that the needle restoring lever to " lift" the pilot valve plunger back to
ralve cannot equalize buffer oil pressures in the usual center,

12
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Turning the manual soeed adjusting knob counterclockwise minimum. Thus, should the air signal be interrupted -

s ,

IU will raise the speed setting screw and ball bearing pivot, either accidentally or intentionally - or be reduced below

raise the left end of the restoring lever, and thereby lift the the pressure required for minimum speed, the restoring

speed setting pilot valve plunger. As the piston moves up to spring will lift the speed setting pilot valve plunger until the
,

decrease the governor speed setting, the restoring lever adjusting screw contacts the restoring lever. With the pilot-

movement recenters the pilot valve plunger. valve plunger raised, the speed setting piston will move up
to the low speed position. At this position, the restoring

TEMPERATURE COMPENSA T/ON lever, turning about the ball bearing pivot and pushing
down on the adjusting screw, will have recentered the pilot

Temperature compensation on older governors is valve plunger. The governor will, therefore, go to minimum

incorporated in the speed setting mechanism through a speed setting if the air signal is lost.

bimetal strip in the restoring lever. The temperature
compensation in later governors is in the speeder spring and ,, REVERSE" TYPE BELLOWS. The pneumatic low speed, ,

there is no bimetal strip. adjusting screw is adjusted to just clear the restoring lever
" " * " ' * * * " " * ' * '' ' " * ' " ' ' ' ' " * ' * * ""
setting. Thus, should the air signal be . "terrupted - eitherLOSS OF PNEUMATIC SIGNAL m

" DIRECT" TYPE BE LLOWS. The pneumatic low adjusting accidentally or intentionally - the spring under the bellows
screw is adjusted to contact the restoring lever when the will act to lower the speed setting pilot valve plunger and
control air signal and governor speed are at their normal allow the governor to go to maximum speed setting,

i

O

)-

.
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SECTION IV/ MAINTENANCE

'i TROUBLESHOOTING The source of most troubles in any governor stems from
dirty oil. Grit and other impurities can be introduced into4

Governor faults are usually revealed in speed variations of the governor with the oil, or foam when the oil begins to
the engine or turbine, but it does not necessarily follow break down (oxidize) or become sludgy. The moving parts
that such speed variations indicate governor faults, within the governor are continually lubricated by the oil'

,

The efore, when improper speed variations appear, the within the governor. Thus, grit and other impurities will
following procedure should be performed: cause excessive wear of valves, pistons, and plungers, and

can cause these parts to stick and even " freeze" in their

1. Check the load to be sure that the speed bores.

changes cbserved are not the result of load changes beyond
the capacity of the engine or turbine. In many instances erratic operation and poor readability

can be corrected by flushing the unit with fuel oil or
kerosene while cycling the governor. The use of commercial2. If the governor is on an engine, check the
solvents is not recommended as they may damage seals oroperation to be sure that all cylinders are firing properly
gaskets.and that the injectors are in nood operating condition. If

the governor is on a turbine, check the steam valves for
if the speed variatioas of the governor are erratic but small,proper operation. ,

excessive backlash or a tight meshing of the gears driving
the governor may be the cause. If the speed variation is

3. Check the operating linkage between the erratic and large and cannot be corrected by adjustments
governor and the engine or turbine to make certain there is the governor should be repaired and/or replaced.
no binding or lost motion.

LUBRICATION
4. Check for steam or fuel gas pressure changes.

The oil used in the governor should be clean and free of
foreign particles to obtain maximum performance from the

5. Check the setting of the compensating needle governor. Under favorable conditions, the oil may be used
valve. for six months or longer without changing. Change oil

immediately when it starts to break down or darken.
6. Check air transmitter for specified output

pressure, if neither load nor engine or turbine irregularities DISASSEMBLY
are found to be the cause of the speed variation, the cause
may be either in the governor or in the engine or turbine Disassemble the governor following the sequence of index
drive to the governor, numbers assigned to figures 6 and 7, giving special attention

to the following. Circled index numbers do not require
7. Check governor for specified operating oil further disassembly unless replacement parts are required.

pressure. Normal oil pressure for PG governors is 100 psi.
However, this value may vary between governors, Refer to the applicable modular bulletin (refer to section 1)
depending upon the required output work capacity of the for parts information and disassembly procedures on
power cylinder (refer to table). With engine shut down, auxiliary equipment.
remove plug from pressure port on governor power case and
install a pressure gauge rated above speedied operating oil 1. Clean exterior surfaces of governor with clean
pressure. cloth moistened with cleaning solvent.

14
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2. Discard all gaskets, o-rings, seals, retaining rings, a. To remove inner check valves (250),. pry

,
,#.

cotter pins, clips, etc., removed in the process of the retainer plate from the check valvej
'

disassembly. assembly and remove springs and check balls.' '

.

3. Do not remove press fit components unless b. To remove outer check valves (251), press

replacement is required. the check valves through and out of the'

valve case.

4. Disassemble power cylinder assembly as

applicable per instructions contained in bulletin 36g. c. Then tap all four check valve cases with'
.i

.

1/4"-28 tap. Using a 1/4" 28 bolt with a
5. Disassemble base assembly as applicable per , gg

instructions contained in bulletin 36693.+

.
d. Remove two balls from the lower case.

6. To remove accumulator springs and pistons
from the power case, place the power case (260, figure 71 in CLEANING
an arbor or drill press with the bottom down. With a rod ,,, p ,g ; ;

against the spring seat (246), compress accumulator springs while immersed in cleaning solvent (Federal Specification
(247 and 248) to permit removal of upper retaining ring P D-680 or similar).
(245). Remove spring seat and springs. (see Figure 3)

p'
'

7 2. Use a non-metallic brush or jet of compressed
air to clean slots, holes, or apertures.,-

'' $ ? 3. Dry all parts after cleaning with a jet of clean,1

N
] dry compressed air.,,

% ~& ,- .

T 7 . _ } |'Mi )
A | |.

' <

f s
- ,, ,, .

.

k! SPRING
"

k( . /'

SEAT -

+,. 7-p+
,

,

&
'

b.'

kl .*1

| $ NAP RING -

|C~./ - %6
=

' '

)- ,{' ~ _Powen cA$t' yj
q ,|

- u
1 -

yJ
_

.

- t yi
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.
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~

Figure 3. Removing Accumulator Retaining Ring w
I (

accumulator piston (249). ,f7, N
Invert the power case and remove lower retaining ring and Q %

! f t i

, D .'i I

' - naiH A
: 7. If necessary to remove check valve assemblies;

i
- (250 and 251), proceed as follows: Figure 4. Removal of Check Valves

j

4 J .,,,,

1
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| INSPECTION pipe plug threads as plugs are installed, insure compound D
does not enter cavity.-

1. Visually inspect all parts for wear and damage.
Obtain new gaskets, o-rings, seals, retaining rings, cotter

2. Inspect bearings in accordance with standard pins, etc., to replace those discarded during disassembly,

shop practice. Rsplace bearings when there is any
detectable roughness. 1. Press spring loaded check valve (250, figure 7)

into power case (260) using Woodward tool 360689. Press
;

3. All pistons, valves, plungers, rods, and gears plain check valve into power case using Woodward tool
should move freely without excessive play. Do not lap in 360690.

parts if possib e to free by other means.
2. Install accumulator piston (249) and lower.

reta ng ng p ww cast ace p wer case n an
.

4 Mating surfaces must be free of nicks, burrs, arbor or drill press with bottom down, (see figure 3)i
cracks or other damage. install springs (247 and 248) and spring seat (246); com-

press springs, using a rod on spring seat, and install
5. Inspect flyweight toes for wear. Replace upper retaining ring,

flyweights J any detectable wear or doubtful areas are
found. 3. Attach base assembly (207) to power case

loosely, rotate drive shaft until splined end engages with

6. It is recommended that speeder spring be splines in pump drive gear. Continue turning drive shaft to
replaced at time of overhaul. check for alignment and free rotation of the drive gear and

idler gear while tightening base screws.

REPAIR OR REPLACEMENT
'

4. Attach power cylinder assembly (203) to power
1. Repair of small parts of the governor is imprac- case in the proper plan and cuadrant; insure holes in gasket

tical and shall generally be limited to removal of nicks and (204) are aligned with holes in power case. -

iburrs from mating flanges and light burnishing of mating
~' parts. 5. When assembling the flyweight head pilot valve

2. Replace damaged thread inserts in accordance bushing assembly (238), align the missing tooth in the
with standard shop practice. bush |ng with the corresponding missing tooth in the spring

coupling assembly (229).

3. Polish slightly corroded areas with fine grit
(600 grit) abrasive cloth or paper and oil. 6. Install three piece thrust bearing (218) onto

stem of pilot valve plunger (235) (bearing race with the

ASSEMBLY larger hole must be against the flyweight toes).

Assemble governor assembly in reverse order of index 7 When items 216 through 238 h.se been
numbe s assigned to figures 6 and 7, following the special assembled, center pilot valve plunger as follows: (see

instructions given beMw. figure 5) apply a slight pressure to speeder spring seat
(217), adjust pilot valve plunger nut (216) until flyweights

NOTE (225) move from their extreme inward to their extreme
outward position and there is the same amount of control

A dust free area is recommended for assembly if land showing its the control port at each extreme. The
control ports are the bottom holes in the pilot valveacceptable results are to be obtained.
bushing.

8. When assembling speed setting mechanism,
'

During assembly insure no lint or other foreign matter is insure retaining ring (30, figure 6), is positioned with
present on the parts. The governor may be assembled dry or opening in line with setscrew (33),
a small amount of clean lubricating oil may be applied to
the parts as they are assembled into the governor. When the 9. Assemble manual speed setting shaf t assembly
governor is assembled, apply a liberal amount of clean 43 through 47), tighten nut (43) ag.,)roximately seven
lubricating oil over all moving parts to insure initial turnt insert roll pin (39) to protrude through shaf t (43)
lubrication. Apply a small amount of joint compound to approximately 0.090 inch.

16
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The PG governor has been manufactured in such a wide
FLYWEIGHT T

variety of arrangements that it would be impractical to
cover specifications and testing procedures for each model.

k l

i lt is recommended the customer contact Woodward J

\ Governor Company, Engine and Turbine Controls Division,
J , y e,. p

'
' f 7 .. Fort Collins, Colorado, for detail specifications and testing.

instructions for the particular models at the installation. |

.,
, 5- . When ordering information it is essential to supply the

'I I k~ governor serial number (as shown on nameplate).g _4-

b' ..

l | ' . ,#
G,

PORT
up OPENING

3

Figure 5. Centering Pilot Valve Plunger

;O

.

6

O
~
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SECTION V/ PARTS INFORMATION h
1 PARTS REPLACEMENT ILLUSTR ATED PARTS BREAKDOWN

When ordering replacement parts it is essential that the The illustrated parts breakdown (figures 6 and 7) illustrates
following information be given: and lists all parts of the basic PG governor. Index numbers

,

. are assigned in disassembly sequence. Circled index
1. Governor serial number and part number (as numbers indicate items which do not require further

i shown on nameplate). disassembly unless repair or replacement of the part is
required

2. Bulletin number (this is bulletin 36694).

3. Part reference number in parts list and

description of part or part name.

PARTS LIST F^R FIGURE 6
.

R E F. NO. REF. NO.
N O. PART NAME R EQ'D. N O. PART NAME R EQ'D.

36694- 1 Screw, hex hd.,5/16-24 x 513/32 2 36694- 27 Passage screw 1

36694- 2 Washer, lock,5/16 (MS35338-45) 2 36694 28 Washer, soft copper 1

36694- 3 Washer, plain,5/16 (MS2718312) 2 36694 29 Receiver cap gasket 1

36694- 4 Sr w, drive, =2 x 3/16 36694- 30 Retaining ring, int.,1.660 OD 1

.:535 2-3) 4 36694- 31 Bellows 1 3
36694- 5 Nameplate 1 36694 32 Packing, preformed,1-1/2 OD
36694- 6 Oil filler cap 1 (N AS1593-028) 1

36694- 7 Cover 1 36694 33 Setscrew, soc. hd., cone pt.,
36694- 8 Cover gasket 1 5-40 x 1/4 1

36694- 9 Loading spring 1 36694- 34 Pneumatic receiver cup 1

36694- 10 Restoring spring 1 36694 35 Screw, Phillips, rd, hd.,6-32 x 3/8
36694- 11 Cotter pin,1/16 x 3/8 (MS35206 25) 4,

(MS24665130) 3 36694- 36 Dial plate 1
'

26694- 12 Pivot pin (Restoring lever) 1 36694 37 Spacer 4

36694 13 Restoring lever 1 36694- 38 Friction spring 1

36694 14 Pin (loading spring) 1 36694 39 Roll pin,3/32 x 5/8 (MS9048-071) 1

36694 15 Stop pin (low speed-pneumatic) 1 36694 40 Stop washer 1

36694- 16 Screw, soc. he.,5-40 x 1/2 1 36694 41 Spring washer,1/4 1

36694- 17 Washer, lock, c5 (AN935-5) 1 36694- 42 Washer, plain,25/64 ID x 5/8 OD 1

36694 18 Screw, soc. hd.,1/4 28 x 1-1/4 36694 43 Nut, hex., slfikg,1/4-28
(MS16998-46) 1 (MS21083N4) 1

36694- 19 Screw, soc. hd.,1/4 28 x 2 36694- 44 Believille washer,1/4 1

(MS16998-49) 1 36694 45 Knob (Manual speed adjusting) 1

36694- 20 Washer, lock,1/4 (MS35338-44) 2 36694- 46 Ciutch spring 1

36694- 21 Pilot valve link 1 36694- 47 Shaft (head screw) 1

36694 22 Stop screw (Iow speed-pneumatic) 1 36694 48 Receiver bracket gasket 1

36694 23 Nut, hex.,10-32 (MS35650 302) 1 36694 #9 Screw, soc. hd.,10-24 x 1/2

36694- 24 Bellows spring 1 (MS1699744) 2

36694- 25 Bellows coupling 1 36694 50 Washer, lock, #10 (MS35338-43) 2

36694- 26 Setscrew, soc. hd., cone pt., 36694 51 Stop pin (High speed) 1

8 32 x 5/16 (MSS 1973 30) 1 36694- 52 Collar 1

0
18
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PARTS LIST FOR FIGURE 6 (CONT.)

:I
a

; REF. NO. REF. NO.

} NO. PART NAME R EQ'D. NO. PART NAME REQ'D

~7

l.
36694- 53 Pivot pin 4 36694 84 Screw, soc. hd.,10 32 x 3/8

36694- 54 Link 1 (MS16998 26) 1

,I 36694- 55 Setscrew, soc. hd., dog pt., 36694- 85 Adjusting screw (Max. speed) 1.

8'' *
* * ' ,'

36694- 56 hre nsert, scr. Ikg -32 x 1/4
' *

p 3; g
(MS21209CO815) 1

36694 57 Nut (Lead screw) 1 36694- 87 Adjusting screw bracket 1
-

36694- 58 Thread insert,7/16 20 x 7/16 1 36694- 88 Fulcrum I'

36694 59 Speed adjusting nut 36694 89 Speed setting piston 1
,

(Low speed manual) 1 36694- 90 Check valve assembly (Max. speed) 1
'

36694- 60 Guide 1 36694- 91 Speed setting cylinder 1

36694- 61 Setscrew, soc. hd., oval pt., 36694- 92 Screw, hex. hd.,5/16-24 x 5
10 32 x 1 (MS51982) 1 (MS90726-52) 4,

* ' ' '

63 r hd.,10-32 x 1 1/8
S 4,

36694 64 Washer, lock, hi collar, # 10
(MS51848) 2 36694 94 Screw, Phillips, rd hd.,10532 x 3/8

36694 65 Screw, soc. button hd.,10L32 x 1 1 (MS35207 531 2

36694- 66 Spacer 1
'

36694-95 Washer, lock, #10 (MS35338 43) 2
'-i 36694- 67 Ball bearing 1

36694- 68 Pivot bracket 1 36694 96 Retainer 1
' 36694 69 Thread insert, scr. Ikg.,10 32 x 3/8 36694 97 Washer, plain,3/810 x 3/4 OD 1

'. (MS21209F120) 1 36694 98 Thrust bearing 1
36694- 70 Speed setting screw 1

'

36694- 99 Speed setting plunger 1

36694- 71 Pin (Loading spring anchor) 1
36694-100 Plug 1

36694 72 Friction spring seat 1,

36694-101 Speed setting plunger 1

36694 73 Dowel pin 2
U 30G94102 Bushing loading spring 1

36694 74 Thread insert, scr. Ikg.,8 32 x 1/4
36694 103 Bushing gear 1

(MS21209C0815) 1
36694 104 Bearing stud 1

36694- 75 Receiver bracket 1
36694 105 Elbow, 90 " 3

36694- 76 Packing, preformed,3/8 OD
36694 106 Tubing,1/4 inch 13

(N AS1593-010) 2*

36694-107 Dowel pin 2

36694- 77 Nut, hex.,8 32 (MS35649-282) 2 36694 108 Cover dowel 2

36694- 78 Screw, hex. hd.,1/4-28 x 13/16 36694-109 Dowel bushing 2
,

(MS90726-9) 2 36694 110 Thread insert, 5/16-24 2
'

36694- 79 Washer, plain,1/4 (AN960-4166) 2 36694 111 Pipe plug, soc. hd.,1/16-27 NPTF
36694- 80 Speed setting piston spring 1 (AN932S1) 5
36694 81 Nut, hex.,10-32 (MS35650-302) 2

36694 112 Taper screw (Not used with solenoid or.

36694 82 Guide pin 1
pressure actuated shutdown option) 1

36694- 83 Setscrew, soc. hd., oval pt..

10 32 x 7/8 (MS51982) 1 36694 113 Column 1

1

,

.
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PARTS LIST FOR FIGURE 7

REF. NO. REF. NO.-

NO. PART NAME R EQ'D NO. PART NAME R EQ'D.

i
! 36694-201 Screw, soc. hd.,3/8-16 x 1 1/4 4 36694-231 Washer, lock, =5 8
*

36694-202 Washer, lock,3/8 4 36694-232 Flyweight head sub-assembly 1

36694-203 Power cylinder assembly 36694-233 Retaining ring 1

(refer to bulletin 36692) 1 36694-234 Compensating bushing 1

36694 204 Gasket, power cylinder case 1 36694-235 Pilot valve plunger 1

36694 205 Screw, hex hd.,5/1618 x 1 8 36694-236 Bearing 1*

36694-206 Washer, lock,21/64 8 36694-237 Oil seal ring 1

36694-207 Base assembly (refer to bulletin 36693) 1 36694-238 Flyweight head bushing assembly 1

36694 208 Power case-base oil seal ring 1 36694 239 Retaining ring 1

36694 209 Idler gear 1 36694 240 0-ring 1

36694-210 idler stud 1 36694 241 Plug 1'

36694 211 Drive gear 1 36694-242 Buffer spring 2
36694-212 Gasket 1 36694-243 Buffer piston 1

36694-213 Speeder spring check plug 1 36694 244 Buffer seat 1

36694-214 Speeder spring 1 36694-245 Retaining ring 4
36694 215 Cotter pin,1/16 x 5/8 1 36694 246 Spring seat 2

_

'
36694-216 Pilot valve plunger nut 1 36694-247 Small accumulator spring 2
36694 217 Speeder spring seat 1 36694 248 Large accumulator spring 2
36694-218 Thrust bearing 1 36694 249 Accumula*or piston 2
36694 219 Washer, adjusting spring .1 36694-250 Spring loaded check valve 2
36694 220 Adjusting spring 1 36694-251 Plain check valve 2
36694 221 Retaining ring 1 36694-252 Drain cock 1" 36694 222 Shutdown rod 1 36694-253 Elbow 1

36694 223 Cotter pin,1/16 x 1 8 36694 254 Oil gage 1' 36694 224 Flyweight pin-limit pin 4 36694-255 Screw, rd. hd. dr. 3
36694-225 Flyweight 2 36694-206 Instruction plate 1

36694 226 Flyweight bearing 4 36694 257 Pipe plug,1/8 AR
36694-227 Screw, rd, hd.,8-32 x 5/16 1 36694 258 Pipe plug,1/16 AR
36694 228 Washer, lock, 28 1 36694-259 Dowel pin 2
36694-229 Spring coupling assembly 1 36694-260 Power case 1

36694 230 screw, fil. hd., 5-40 x 9/32 8

O
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jV SECTION Vl/AUXIUARY FEATURES
.

I AUXILIARY FEATURES (OPTIONAL) governor is mounted close to valves or steam lines which

,- f result in high ambient temperatures.;
Many auxiliary devices are available for use, either singly or Water (or some other liquid cooland from an external

]| m combination, on the PG governor to meet the numerous supply enters the oil cooler cover and passes through a tube
control requirements of the installation requiring precise g ,;, g ,; , g g

,

j speed setting. Each governor is designed to meet the needs body cavity to the discharge.
"j of the engine or turbine and the operating requirements of

the installation. A special governor case may be required to mount the oil.

cooler or to connect to the external heat exchanger. Where
it might be desirable to add an oil cooler to a governor

.1 Auxiliary equipment may be supplied as original equipment
already in service, the, governor should be returned to thein the governor or it may be installed in the field; it is
factory for conversion.

i recommended that the customer contact Woodward
Governor Company on field installations.

; CURRENT CONTROLLED SPEED SETTING
d The following paragraphs give a brief description of some MECHAN /SM

I of the auxiliary equipment available from Woodward
| Governor Company and list the bulletins where detail
- mformation may be obtained. The current controlled speed setting mechanism provides

continuous precise speed setting of a governor in response
to electric signats from commercial sensing and transmitting

i Bulletin No. Title
equipment. A transducer within the unit converts the-

electric input signals into governor speed setting changes.
36034 PG Governor Hester

The govemor speed setting is proportfunal to the electric~,') 36611 Current Controlled Speed Setting Mechanism
input signal, and can be arranged to ~ give maximum36641 Governor Heat Exchanger
governor speed for either the maximum input signal or the

,' 36650 Solenoid Operated Shutdown Assembly
minimum input signal. Contact Woodward Govemor36651 Pressure Actuated Shutdown Assembly
Company on applications of this unit to PG PL governors.36680 Preloaded Buffer Springs

.' 36684 Booster Servomotor
~

36692 PG Power Cylinder Assemblies SHUTDOWN DEVICES>

36693 PG Base Assemblies'q A shutdown device can be incorporated in the PG governor

PG GOVERNOR HEATER to stop fuel to the engine or turbine if equipment fails.
These asaemblies are used in a variety of applications

An electric heater is available for PG governors used on including plants where automatic safety devices are a
necessity, Shutdown devices can be supplied in the,

engines which are shut down for lengthy periods in cold,

following arrangements to suit the particular operatingclimates. By applying heat to the govemor power case
conditions:during shutdown periods-or for a time before start up- the

governor oil viscosity is maintained at a point which enables
the oil to flow freely through passages of the governor. This
allows normal governor operation as soon as the engine is 1. Shutdown assemblies which will operate from

),. started, air, oil, or water pressure. These assemblies are
generally supplied where electrical devices'

'

GOVERNOR O/L COOLER cannot be used. The air, oil, or water shutdown
device can be arranged to shut down the engine

;
A govemor oil cooter is required when governor drive shaft or turbine on either high or low signal pressure.

speed exceeds 1200 RPM on an engine application, or 1100'

2. A solenoid shutdown device which can be
,

RPM on a steam turbine. It also may be necessary to use an

.
oil cooler at lower governor drive shaft speeds if the . arranged to energize or de4nergize to shut

;(U}

: IKFORMAT!0N GU 2.

. . .-- .
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down. Solenoid coils are available to function of this device is to supply oil under pressure to the'

S
accommodate most common DC voltages. governor at the instant starting air is supplied to the engine; )

;
- Power required is 6 watts. For AC operation, a this enables the governor to move the engine linkage to the

separately mounted transformer or rectifier fuel on position immediately.
assembly converts AC voltage to the required

U ' * " * * * ' PG BASES AND POWER CYLINDER

j PRELOADED BUFFER SPRINGS ASSEMBLIES

,

Preloaded buffer springs are often installed in PG governors A number of different base and power cylinder
used on twocycle spark ignition engines and on some arrangements are available to conform to engine or turbine
eng:nes driving reciprocating pumps. As a result of manufacturer's specif; cations.'

' preloading, the governor minimizes fuellinkage movements
resulting from changes in speed due to misfiring or pump The base assembly can be furnished with either a serrated

: strokes. The use of preloaded buffer springs does not affect or keyed drive shaf t. Refer to bulletin 36693.
the capability of the governor to recognize and respond to
speed changes. Preloaded buffer springs do retard the rate

The work capacity of the power cylinder assembly' at which the governor output piston (or shaft) moves when
responding to small or momentary offspeeds. The output normally furnished with the governor is 12 foot pounds. A

piston (or shaft) moves at the normsl rate for large speed maximum of 8 foot-pounds can be used to move the fuel or
steam control linkage over the full range of governor travel.changes.
Power cylinders with work capacity up to 58 foot-pounds

BOOSTER SER VOAfDTOR are available. Refer to bulletin 36692.

The booster servomotor is used in conjunction with the PG
governor to assist the engine in starting quickly. The

,

4
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(, SECTION Vil/ DIAPHRAGM SPEED SETTING
.

,i INTRODUCTION With a lower air pressure signal, the receiver diaphragm
would lower because of the rer.eiver spring pressure stop it.

Many of the earlier PG.PL governors are still in operation. Through the linkage previously described the speed setting
These governors are of a type that uses an air receiver pilot valve is raised, opening the port to aump and allowing
diaphragm insteed of a bellows. The linkage for speed the piston return spring to raise the piston. The linkage

,, ,
setting is also different and requires other instructions for attached to the speed setting servo shaft closes the pilot
adjustment. Both direct and reverse mechanisms are valve again,

5

available in the diaphragm PG.PL governor. This section
deals with the description, setting, and parts lists for the The diaphragm reverse mechanism runs the engine or''

diaphragm type speed setting. turbine at high speed for minimum centrol air pressure, and
low speed for maximum control air pressure. The special

DESCRIPTION OF OPERATION linkage arrangement is shown in figure 11. Note that the
,

base speed setting nut pivot and upper end of the floating
The following is a description of how the diaphragm direct lever link have exchanged places from the arrangement
speed setting mechanism operates. See figures 9 and 10. shown in figure 10. A special speed setting pilot valve

,

When a higher air pressure is sent under the pneumatic plunger is used. It must now move upward to admit oil to
receiver diaphragm, the diaphragm rises against atmospheric the speed setting servomotor. Converting a governor from
and spring pressure on the opposite side. This movement, direct operation to reverse speed setting involves changing a

carried by the diaphragm link, pivots the speed control few parts so it is preferable, though not absolutely
lever and pushes the speed setting pilot valve down through necessary, to specify the correct arrangement when a
the action of the connecting link and the lower floating governor is ordered. See description of operation, page 9,
lever. The displacement of the speed setting pilot valve for information on the rest of the governor.

_
allows pressure oil to be admitted above the speed setting ADJUSTMENT AND PARTS LIST
piston. The piston moves downward until the upper

; floating lever, floating lever link, and lower floating lever Air pressure versus engine or turbine speed relationships are
restore the pilot valve to its steady-state position. Set at the factory with more precise measuring instruments

SPEED CONT.
LEVER \ CONNECTING LINN

L SPEED cup p' r

REcElvtR -

SPRING #
^ ^ h' g'3p FLCATING LEVER

LINKPeESSURE -

/
_

AIR RECEIVER j- __g

LOWER FLOATING LEVER

EtD ScTTiNO
SPEED SETTING PILOT ,

m, 7 c -[ h'SToNf ,

VALyt c
_

e
c

f NGMYORAULIC PRE $$URE

.

I 1

(O Figure 9. Schematic of Diaphragm Direct Speed Setting-
,
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.
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than are available in the field. The governor speed settings locknut. Move the sliding block a short distance to the
normally will never need to ba readjusted, and under no right. Moving the sliding block to the right (toward the
circumstances should they be altered without thorough pivot) increases the amount of RPM change that results
knowledge of the procedure. If it is necessary to change from a specified air pressure change. Moving the sliding
or reset the governor speed settings. first determine the block to the left (away from the pivot) reduces the amount
pressure range of the associated air pressure instrument, of RPM change obtained for a given air pressure change.

and the angine or tu6ine speed range corresponding to
this pressure range, it is now necessary to start over again with the specified air

pressure at minimum and adjust and lock the idle speed
Back off the high speed stop screw, shown in figure 10.

screw so the left end of the speed control lever just touches,
Loosen the idle speed screw locknut and the sliding block or as explained previously, almost contacts the casting. Set,

' ' "9 #*" " *
the base speed setting nut as before to obtain the specified

freely to either end of the slot. Set it at approximately thed

minimum speed corresponding to minimum air pressure.
mid-point in its travel and lock it with the lockscrew and

,;,

nut. Start the engine or turbine and apply the specified low
speed. Repeat this process until the desired high and low

c:r pressure (generally three psi). Adjust the idle speed
,

screw up or down, as required, until the left end of the
speed control lever just touches or is a few thousandths g ;g
(roughly the thickness of tissue paper) short of touching

air pressures, adjust the high speed stop screw so it j.ust
, .

the pneumatic receiver casting which serves as the low
speed stop.

pressure. Tighten the locknut.

Adjust the base speed setting nut to obtain the specified
Make sure the diaphragm link between the diaphragm and

engine speed corresponding to minimum air pressure. Screw
the idle speed screw does not rub on the edge of the hole

down to decrease speed, or up to increase speed. Slowly
where it passes through the pneumatic receiver casting. This

raise control air pressare to the specified maximum value,
could happen if the sliding block were either too far from

making sure the engme does not overspeed. The speed
or too near the pivot. Such interference indicates that it is %

obtained will probably be either higher or lower than the g g g;y , ;; g g
desired maximum. Check to be sure the high speed stop

,p
screw is not limiting speed by touching the screw head
below it. On PG.PL governors equipped with reverse speed setting

(minimum control air pressure produces maximum speed),
if the maximum speed obtained is too low, loosen the the procedure for settmg speeds is basically the same;
sliding block lockscrew and nut and the idle speed screw however, the left end of the speed control lever rests on the

BASE SPEED SETTING NUT RIGHT END OF SHUT 00WN
SPEED CONTROL LEVERSPEED CONTROL RODHIGH SPEED STCP SCREW g pg g g

g 3 [EIOLE SPEED SCR2W ,
NG f,

LOCK NUT g SERVO Id
SLIDING t> S 1 .#

<,5tgT,sG i Y3 j ;gri~OuvEa
T '

''"W J-s T
,

'
.

<

$ "'i1 . , .
i -LEVER P* I*

" ^ [ [
t-

T
L *' q y LIN K=

,# l-

. k+, . g jg 4

j*

-_ I , . .a-

f W -s i

Y ' ~f r\ \ 1k1*/h -

% ( 1 )g
y 4-
,

| s" - -x J
'

y,

\ 1r
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\ $ ,
SLIOING BLOCK SPEED CONTROLLEFT END OF

SPEED CONTROL LOCK SCREW LEVER '

LEVER AND NUT

Figure 10. Adjustment Points of Diaphragm Figure 11. Reverse Diaphragm Linkage
Direct Air Receiver Arrangement
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) housing casting at meximum engine speed, and the high INFORMA TION AND PARTS REPLACEMENT
+ . speed stop screw now serves as the low speed stop.

| - When requesting additional information concerning

! SPEED SETTtNG SERVOMOTOR P/STON governor operation, or when ordering repair parts, it is
4 STOP SCREW A DJUSTMENT ''"ntial that the following information accompany the

request.
.,

[[f Set the governor for the minimum speed position. Turn the 1. Governor serial number shown on the nameplate.

ri speed setting arvomotor piston stop screw down until it 2. Bulletin number. (This is bulletin 36694).
contacts the top of the piston, then back it off 1 1/2 turns 3. Part reference number, name of part, or description,

and tighten the locknut. of part.,
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PARTS LIST FOR FIGURE 12.,

;

i

E

REF. NO. PARTNAME QUANTITY REF.NO. PART NAME QUANTITY
n

>

36694-301 5/16 24 x 5-15/32 hex head screw 2 36694-339 Speed setting ;;ilot valve plunger 1

36694 302 5/16 shakeproof washer 6 36694-340 Pilot valve plunger spring 1.

1 3S694-303 Oil filler cup 1 36694-341 Speed setting pilot valve busting 1

36694 304 Set screw (knob) 1 36694-342 Pilot valve bushing spring 1
,

36694-305 Control knob 1 36694-343 Column assembly 1

36694-306 Taper pin 1 36694 344 Gear 1
'

36694-307 Drive screw AR 36694-345 Bearing stud 1

- 36694-308 Manual speed adjustment plate 1 36694-346 Thrust bearing 1

36694-309 Friction plunger 1 36694 347 Bushing retainer 1

36694-310 Friction spring 1 36694 348 #10-32 x 3/8 round head
36694-311 5/16 lockwaser AR phillips screw 2
36694-312 Gasket 1 36694 349 *10 lockwasher 2
36694-313 Bushing-dowei 2 36694-350 1/4 x 9/16 dowel pin 4
36694-314 Bushing 2 36694 351 1/4-28 socket head screw 1

36694-315 5/16-24 x 5/8 threaded insert 2 36694-352 Speed control bracket 1

36694-3i6 Stud 1 36694-353 17/64 x 27/64 x 1/16 lockwasher AR )
36694 317 Power piston stop screw 1 36694 354 1/4-28 x 1 1/4 socket head cap screw 1

36694-318 10 32 hex nut 1 36694-355 1/4-28 x 13/4 socket head cap screw 1

36694-319 Adjustable fulcrum s;rew 1 36694-356 Diapnragm nut 1

36694 320 13/64 x 7/16 x 1/32 washer 1 36694 357 Retaining washer 1

36694 321 Link adjusting spring 1 36694 358 Diaphragm washer 1

36634 322 Adjustable fulcrum pin 1 36694 359 Diaphragm 1

36694-323 =10-32 stop nut 1 36694 360 5pring seat 1

36694-324 Fulcrum link 2 36694 361 Diaphragm spring 1

36694-325 Link spacer 2 36694 362 Pivot pin 1

36694-326 Piston fulcrum assembly 1 36694-333 Floating lever link assembly 1

36694-327 Floating lever link 1 36694 364 Diaphragm link assembly 1

36G94-328 Floating lever fink spring 1 36694 365 Speed control bracket cap 1

36694-329 1/8 straight pin 1 36694 366 Control lever slide 1

36694 330 1/16 x 3/8 cotter pin 6 36694-367 Idle speed setting screw 1

36694 331 Lower floating lever assembly 1 36694-368 Needle bearing 2
36694-332 1/8 x 47/64 drilled pin 2 36694-369 Speed control lever 1

36694-333 .186 x 3/4 pin 1 36694-370 3/8 washer 1

36694-334 Speeder spring power cylinder 1 36694-371 3/8-32 hex jam nut 1

36694-335 1/4-28 x 13/8 hex head cap screw 5 36694-372 =10 32 x 3/4 socket set screw 1

36694-336 17/64 x 1/2 x 1/32 wasner 2 36694-373 210-32 hex nut 2
36694-337 Speeder spring power piston assembly 1 36694 374 #10 32 x 1/2 socket set screw 1

36694 338 Speeder spring servo spring 1 36694 375 Speed adjusting screw 1

.
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[ PARTS LIST FOR FIGURE 12 (CONT.)

O
REF. NO. PA R T NAME QUANTITY

.

36694-376 9/16 x 21/64 x 1/16 washer 1

36694-377 3/32 x 1/2 cotter pin 1

36694-378 Solenoid locknut 1

9, 36694379 Plunger stop plug 1

36694-380 Solenoid plunger lock pin 1

36694-381 Solenoid case 1

36694-382 Insulating paper 1
'

36694-383 Load spring 1

36694-384 Solenoid coil 1

36694-385 Soldering shield washer 2
36694 386 "O" ring 2
36694-387 Adjusting screw 1

36694388 Solenoid plunger assembly 1

36694-389 Solenoid plunger rod 1

36694-390 Solenoid plunger washer 1

36694391 Plunger guide locating pin 1

36694-392 Shutdown valve body 1

36694-393 Varnished tubing 2
36694-394 Solenoid plunger bushing 2

36694 395 1/4 steel ball 1

36694-396 Unloading spring 1 -.

36694 397 Shutdown valve seat 1
-

36094-398 "O" ring 1

36694399 Friction plunger retaining screw 1

36694400 Nameplate (column) 1

36694-401 Elbow 2

36694-402 Tubing 1

36694 403 Nameplate (cover) 1

36694-404 Drive screw 4

36694 405 Cover 1

3665,4 406 Oil level decal 1

36694-407 "O" ring 2
36694-408 Plate 1

36694-409 #10-32 x 3/8 screw 1

36694-410 Gasket 1

36694 411 Plate 1

36694-412 #10 32 x 1/2 screw 4

36694-413 Gasket 1

36694-414 e6-32 x 3/8 screw 4

36694-415 Receptacle 1

36694-416 Plug 1

36694 417 Cable clamp 1

36694-418 5/16-24 x 4 31/32 hex head screw 4

9
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REPLEEMENT PARTS
SECTION 3035 BootNE ELECTRIC CO.

PAGE 6 CHICAGO 18,lLL.

DESCRWITION OF PART PART NO. PRICE -

No. REch
.

I moulING, PRONT allautav i v.274

2 StulMNOLott 2 C.480

3 Scala, StulMMOLot t lif 2 N.llet

e et N, NautPLaf t 3 K 290

$ NautPlatt 1 W.200

6 C A P, StunnMOL0tt SCate 2 N -2 813
' F walutt, SPACING (1/44* TMIC E ) as te,*d v.331

7 malMte, $ PACING (t/32. intC K) as te,'d v.332

4 $PeiNG, PitLO Cost MOLDING 2 v.109

9 S tiNo t t, OIL i v.34
7

g

913 SPetNG, laulM i 1.. '- ^ =

11 Styln 2 . . . ] g, (*

12 atw af utt (*OUNO COMPLif t) 1 See Neee (Il Bef e.
13 Cott, PitLO & C 01L Allt utLY l See Ne's (Il tele.

14 NOutlNG, elat alltetLY l v.353

13 Sall I W.96

to CILit t N.FFe

1.

It aannit, LOCs 3 3098 7 7
89 SCit e, instLO 3 a.78

S
o
*

23 SCitw, Salt 4 l.343 4
24 0348 MCulipeo altistLY I '

.- , - ' >/
25 SCelm, Glat MoullNG t 12tf t/3 [
26 $ Cat *, St at Moul:NG t 5.Its I/t

"

2' S C it *, Glat MOutlNG t 53163/4 -

24 Stak, Otlvt luaPY I N.3449 {
If IM APf, OllVI i C.248 [

33 walmte i N.2497 ,Y
*31 littvt, SPAClNQ | C.313 2 O ,.g:P'

' -'p32 otat I

33 $Cela, Glat lif I C.466
34 Scat e, otat$tt I C t**

18 MouliNG, otat i N.3436
34 cilC, Glat MoullNG 3 N.3464
37 D i t C, fututt 3 C.326
30 laLL, intulf f N.331$
39 A0JulflN G $ Cat s aillutLY I N.34$4
44 eannte, NIOPflNI I N.3326
41 malnit, Pilt e I N.34$3
42 SC el a, a0JulflNo i N.3490
43 N uf, a0JusitNG Scale LOCr i N tell

44 tall, fMaulf I C.884
,t C.39743 40JulflNG SCela alltut*Y ..- %. . . . . .

$ .a ,1 3894 4de s almi s, PILT , , , ,,7 L.,.... -# e

*' " ** * r 1 0 13047 malMit, Platt ,

{ _ { g f {1 ! I C.teF44 Scat *, a0 AulttNo
t C.let49 Nuf, a0JulflNG SC et e,to e , ,

f i . $ h ./ V e , L'-e .

$ 1 , e,, I ' ! " ' '.I t i l ~ . ^ ,4 .6 g ..v. ,
..

^ ' ~.3..,g,'''% r <. ,

, . . ' . J8 4Jp '.'CwEs 6-
*

.

= ^

4 ' ., ". C "* 1
,p e n*** 1" b -p,
w a )e,

soms . . . .

IMPottaNf e PLlall GlWe MOf 00 litlak NUMelt OH aLL 040848 pot Pattl.
o NOf te

(1) fptit Paffl WafY mfM VOLIaGI, M P. aNO SMfD, fMtettCel, PLE414 Givl Putt NamePLAf t Oat a, INCA @NG 18Glat NUM4f t.
*CUNO asasafutil aNO PitLa wiNosae4 aattusuti att NOf NO4ma6Lf Cassif 0 iN sfOCa,
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Carbon rings (A) generally consist of three segments bound together by a garterd

spring (3) (In some cases, a four sepent ring with two springs is used). They are

They fit the shaft closely but do notprevented from rotating by stop piece (C) .
grip it. They are free in the slots (D) and are held against one side of the slotThis type of glandby difference of steam pressure on the two sides of the ring.
requires no water or lubricant. The number of rings in a gland case ::27 vary depending
on stea= conditions.

Een packins; against back pressure, a small quantity of steam vill leak past
rin;s A-1 and A 2 This steam is caught in a leak-off space (E) from 4.ich it may
be piped to atmosphere or to a gland condenser when provided. If pressure is held j

in the leak-off space, it may also leak past ring A-3 with the possibility of .getting
into the bearings.

On high back riressure units, an intemodiate leak-off connection is provided. ,

3ee separate page covering piping and adjustments on this feature when provided. |~;

@A&D E

\ MN.N . ,3/,//6,4/
,,/

<.-

f.', ?'.h'' S..1,% - +

aha .1 ~~~ $
'{{'9/L yN'f

'
'

7 g.-' '

.i.. _ ;& , f(.' * ... . '

d'NN t' ' N'

'L f
Drain or leak-off connection pipe away sepa- i /
rately to atmosphere. Do not reduce or valve | 7,

this line. If leak-off line extends more than -c y
I6 feet, increase to next size pipe. .

g
Fig. 11 <n e~ r , . , n !w r f
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91When packing against vacuu=, steam at a pressure slichtly above atmospheric
is connected to space (D) as a steam seal to prevent air from being drawn throuch
the cland. '"he quantity of steas ad=itted to the steam seal cust be carefully
reculated so that the pressure in the sealing space is above atmospheric pressure
but not great enough to blow out of the end of the sland. This =ay be done either
by a small reducing valve or by a hand-operated valve. If the latter is used, a
relief valve should be installed as well to guam against excessive pressure.

,

A gland is sometimes called on to pack against either Back Pressure or Vacuum.
In this case provision =ust be =ade for both, and considerably ore care is required
in handlin; the glands. Adjustments =ust be made whenever the conditions are chanced
unless auto =atic devices are provided.

When chances are not frequent, Hand Control is satisfactory. See separate
instructions on followinc page showing pipin; and operation of steam seal when
provided.

To dissantle, remove top halves of gland housinc and re=ove carbon rings and
springs, keepin; each gland rin; separate so that they can be reinstalled in their
same position. The carboi. rin; consists of three or four sec=ents. Each se7.ont
is marked so that when'the rin , is reinstalled the :. ark on each sec=ent should =atch.
Troublo will be experienced if the seg ents become =ixed with other rings.

The 61and journals or sleeves are sized to produce correct clearances with
standa:i rings, at rated conditions; therefore, if the gland journals are in cood y
condition, it is not no:-Ally necessa.ry to hand fit new carbon rings and they may
be installed as received. So=etimes because operating conditions differ slichtly
from desicn, it is necessary to alter the carbon ring diancter to o'etain best results. *

Generally, if the clands have been blowing excessively and the D of the
rings has a dull appearance, indicating poor contact, better results will be
obtained if the D is reduced. To do this, it is necessary to re=ove =aterial from
the butt end of the seg=ents.

.

If leakage is excessive and the D of the ring is clazed. the rings are too
tight and the ID should be increased slightly,,

J
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It is seldom necessary to dismantle a Terry turbine entirely, but
when it is necessary to do so it is quite si=ple, because of the accessi-
bility of the interior parts.

,

BEFORE STARTING 10 TAKE APART Note carefully the setting of all
* adjustable parts such as govemor valve, govemor, etc., so that they can

be restored easily to their original adjustment.

L HANDLE ALL PARTS CAREFULLY Avoid bmises which : night cause steam
leakage or mism14 r-nt.

CAREFULLY CLEAN AND EIAMINE This applies to all parts removed or,

i made accessible. Repair or aplace any which show injurious wear or dam-
j age. When reassembling be sure all parts are clean and free from bruises.
.

I

The action of the steam in the wheel
and reversing chamber is shown in Figure 1. 't MTO.*l."""

,

When n-assembling the rotor must be so . : . . .::::.;"!
"'

adjusted that the relation between the mov- 1"! 00' 77. ' ~.
' ' " " "ing and fi.xed buckets is correct, as de-

scribed below, after making any necessary

| @adjustments to eliminate excessive end
play.'

'

The important point is the " lap" or '$j
the anomt by which the wheel bucksto and %, p
the staticulary nyersing chambers lap over ,;

each other. Adjustment should be made by
means of the wheel nuts which are indi- ffi-

! cated in Figure 3 The Irp measurement
! should be made at the point shown at the 514

,

toe of the reversing chamber. The amounti

of lap is given in the table in Figure 2,
and should be kept correct within 1/64".,

_

WHin
p n- _

3 /
(!?W"?-

1
u ,:.. , .- -

LAP 3 |1
N _ j,'

}

ALl/tj-

I
.

,i c:

Jrrsv Mv.w \
l Enesma (waarta || ' C|' [ ;;|| q y { *.7f,

!O " - - - '" "

__! I_ STEAM TURBINE CO. H ARTFORD. CONNTHE

> Form E-9-4 P rinted in U .S. A .
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Figure 3
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1
l

To make the horizontal joint steam tight, first take sure1

i that it is clean and free from bruises. Then coat with cement
'

form Copaltite* and lay one or two threads of shoemaker's twine
or other thread (not string) carefully around the joint. Never
use a gasket in the horizontal casing joint.

* Copaltite cay be purchased from The Terry Steam Turbine
Co=pany, P.O. Box 1200, Hartford, Connecticut, or from The
National In61neering Products, Inc. ,15th & !!ew York Avenues, li.W. ,
'#rshington, D.C.
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Pnte List 67307A
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Pert No. Name of Parts Piece No.= Dw;. !!o.

1 Can e - U.!!.-T.S.7'.Co.Scoa 01-69 59917 E-4941
2 Shaft !htt 4318 A-811
3 Facking Ring - carben 6394 A-1618
4 Pr.:2ing Ring Spring - incenol 26333 A-966.1
5 Electrc=.cr., tic Pick Ip .$1rpix

" //-0 0 c.-3 std.-

6 Do2 ring Podestal Cap 57372 E-12313
7 Insputien Plu.; 22185 A-8022
8 I!cx Nut - 3/d'' st !.-

9 Studs Eolts 7018 A-16'.4
10 Packin~ Ring Stop 12?37 F-1J31
11 Gb.nd Cc,!? - t::a httlf. 28701 C-3245 i

'12 C1: .1 C..::o - le.:Or half ???O2 C-3::L5
13 shdt - alley ateci 7,3,7, sp.ielf-69 6567dC 6567EC

:/,u'
15 Cnt Colb r 46337 A-C:2 !
M C'l Laflector 1;618 y-933

/ ;

16 C'.1 Ring g39f, A.te i,37 |
'Q s

c;l 'e il Cevor 1 679 A-2523 I17 c
'13 E . rim- ccjeatal. cast iron

.C .1-4 ' . Cl .:: 70 33911 C-3326 |
19 Bearing-cast irca a babbitt |.

/CA-A-43 'ct.bbitt-A57:(-B-23 467,gre.jo 15 g
47551,47552 C-l'212 i

20 Fici-Up Cc2r 46927 A JIO7
21 Th-.mt Collar 4/372 A-??;3
22 0'1 Ocflector J.6344 A 8 '. c '

i
23 Pin 3;3; y_2j,,3

'"at91-CAE. alley ct. 7.3.7. Spec 17-69 6t6MD 6%.D3 f% * +

0 Sttu Jtt /.0737 A-?3n9 !

.!6 Stra: Jet 2cd7 5'l362 U-1 31?
27 f,cv. Che'ar 5/.573 A.( 779 i

.

28 JM bx e "3114- 4, , e n . , , c,
. ,, ,.

29 cae.-L,g._7. ,7, co,sp3: 01 69 f. 75 9/. 2-c.r p i

30 Jct Th? 57364 A-la7.'.i.
'

31 M.rorfCc11ar .py z g.p y 3 .

32 !; c , r t r;. P e d e, t31-c .i . :r.d-C . . i
Of* ' . 1-tA . C1n n .i 3 0 56422 n * e.. !.

33 Covr'*.or .tcarint- nSt tren & bthbitt i
*

A5".|.-l.-/.'? urbt.1 t t 4 C*. :!-0-:'1 , s. , crnu o ' S /J 12 04,31:' 3'; C .;782 i

3 t,3 , !34 K .C. L r.. ic.; -Q 302:3 L;;.yJe,66- -

T' I35 Lec ha:1.o r '.| C 3 ,r. t d f '3-
s.,3,

!
! '.' ', 't''

|
_

_ , . _.
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Pads Lbt - continued
-. .

, . -

*

Ptn No. No n of P*rts Pisco No. Dur. No.,,

.

36 Locknut N-C8 std.-

37 E=crg. Governor Disc. 29592 B-6102.

38 Pu=p Bracket 53143 C-10718

d
.

39 Gear Spaes Collar 43193 A-7983
40 Fu=p Driving Gear - drivor 46471 A-8717* - *

41 Gc r !!ut 4339 A-022
42 011 Pu p Cover 46738 B-10037
43 inthill Pumo Model CR7D-1 std.-

/Jt lever Shaf t' Bushing 16064 * E-3CS8
45 1" Pipo Plug std.-

46-

47
43 Urer Shaft Euching 17569 F-3692
49 .I .nr Thru:t Wed.or Devel 10386 P-Cl3
50 !;. 3 51 Tru.rc Retainer Ring std.-

51 Lever Thrust Wehr 41601 A-7705
52 ' Ptzp Driving Gee drive's 46472 A-C717
53 tirrer raru:t n hor 38909 A-7259
54 Ut.::: r *!hr':st Va:hcr Dovel 16632 F-3223

4 55 011 Pump Start-driving 57851 B-123Cs
$6 Cw: ling Pts 13 I lgs

~
.

t I 57= Ce,2716.- 51353 A-9636
- -

13 Fn- : Pracket Cc.; 46757 C-8014
59 Vccev M 14 pter 57860 B-123C9

- 60 '

Wccccrd Gover: r - Typ'destal Cap
s EGR etd.-

.

61 Governor Ecd-Bearing Pe 16086 D-Sc46
- 62 By-Pass ASTit:1216,'4C3 66/.943 66494B

63 stud 3o319 A_c91x
64 Nut 7/8-9 atd.-

65 Elcrk Ranga - Ladiah #64 =td.-

(6 tye Eolt 21662 A-942X
67 Bcdy Caskat R 4 - 9F std.-

..

f4 Jet Plu; Gsakot - atn. stl. 6797/, A-9332
69 neritallic Ceskot d R1 - 9J -

70 Flex 1tallio Gasket / CG - 6E Std.- -

71 Std.-

,

72 Jet Dem y(not nhosu) 672899 67839B
7.3 .pu.:r ce.M a* ~~gg A. m1,

Q $ 3 :y g v?,: :.'it'7*/C P/ O '% ~
o
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lif t the plunger. The centrifugal force is opposed by the permits a flow of pressure oi
downward force of the speeder spring. When the opposing into the buf fer system anI
forces are equal, the pilot valve plunger is stationary, power piston and increase

results in a flow of oil from
- With the pilot valve plunger centered and the engine system to the governor sump

running on-speed. a change in either of the two forces will the power piston down to det

f move the plunger from its centered position. The plunger
will be lowered (1) if the governor speed setting is This flow of oil in the buffe'

| unchanged but an additional load slows the engine and carries the buffer pi. ton
.

I governor (thereby decreasing the centnfugal force compressing one of the bu'
developed by rotating flyweights) or (2) if the engine speed other. This action creates
is unchanged but the speeder spring force is increased to pressures of the oil on oppo

raise the governor speed setting. Similarly, the pilot valve with the higher pressure or

plunger will be raised (1) if the governor speed setting is which is compressed. These

unc ianged but load is removed from the engine causing an transmitted to the areas abm

increase in engine and governor speed (and hence, an land on the pilot valve plur

increase in the centrifugal force developed by the rotating downward force on the com

flyweightsi, or (2) if the engine speed is unchanged but the re-centering the pilot valv

speeder spr ng force is reduced to lower the governor speed correction is made,

setting.
The vertical position of the f!

The thrust bearing atop the ballarm toes permits the pilot of the pilot valve covering th

valve bushmg to rotate while the p. lot valve plunger does the eng ne is on-speed.

not rotate. In this way, static friction between the bushing
and plunger is minimized. THEORY OF OPERATli

There are several styles of flyweight head assemblies See figure 2 for the schen'
'

available. The exact model used in any one governor components of the basic
depends upon the application. mechanism and the relative i

engine is operati7g on-speed
A " solid" head assembly is used in governors on prime Differences rmy exist in th.
movers which af ford a smooth drive to the governor, components from one govG

of operation is the same in e<
" Spring driven" and "sprir g diiven, oil damped" head
assemblies are used to filter torsional vibrations which may The schematic arrangement
be imparted to the governor by the drive from the engine. mechanism (governor speet
(These torsional vibrations may originate from a source pressure signal increases) is
other than the drrvo itself but reach the governor through of figure 2 The inset st'
the drive connection). Unless minimited or eliminated, the " reverse" speed setting (go

;I flyweight head will sense these torsional vibrations as speed control air pressure signal ine

changes and continually adjust the fuel valve or racks in an
,

attempt to maintain a constant speed. The following theory of
speed setting mechanism. T1

Movements of the power piston are transmitted by the in the governor take place

6 piston rod to the engine fuel linkage. Regulated od pressure manner, rather than step,

| under the power pisten is used to raise the power piston . following paragraphs.

to increase fuel - and the power spring above the power
piston is used to lower the power piston to decrease fuel. SPEED /NCREASE

An increase in the contr.Located between the pilot valve bushing and the power
piston is the buffer compensating system, consisting of the pneumatic receiver assemt

buffer cylinder and piston, the buffer springs, and the Through a mechanical conn,
q

/ compensating needle valve. Lowering the pilot valve plunger valve plunger, the bellows i

e
i

I.

_ _ _ _ _ . . _ _ _ _ . _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



|
Ifrom the pilot valve bushing

power cylinder to raise the
fuel. R:ising the pilot valve

,

'he power cylinder and buffert

' and the power spring moves,

' ease fuel to the engine.r
1

system - in either direction -
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>l air pressure signal to the
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SECTION Vl/DI APHRAGM SPEED SETTING

INTRODUCTION the piston retarn spring to raise the piston. The linkage
attached to the speed setting servo shaf t closes the pilot

Many of the earlier PG.PL governors are still in operation. valve again.
,

These governors are of a type that uses an air receiver
diaphragm instead of a bellows. The linkage for speed The diaphragr i reverse mechanism runs the engine or
setting is also different and requires other instructions for turbine at high speed for minimum control air pressure, and
adjustment. Both direct and reverse mechanisms are low speed for maximum r ontrol air pressure. The special
available in the diaphragm PG.PL governor. This section linkage arrangement is shown in figure 11. Note that the
deals with the description, setting, and parts lists for the base speed setting nut pivot and upper end of the floating
diaphragm type speed setting. lever link have exchanged places from the arrangement

shown in figure 10. A special speed setting pilot valve
DESCRIPTION OF OPERATION plunger is used. It must now move upward to admit oil to

the speed setting servomotor, Converting a governor from
The following is a desenption of how the diaphragm direct direct operation to reverse speed setting involves changing a

speed setting mechanism operates See figures 9 and 10. few parts so it is preferable, though not absolutely
When a higher aer pressure is sent under the pneumatic necessary, to specify the correct arrangement when a
feceiver diaphragm, the diaphragm rises against atmospheric governor is ordered See description of operation, page 9,
and spring pressure on the opposite side. This movement. for information on the rest of the governor.
carried by the diaphragm link, pivots the speed control
lever and pusnes the speed setting pilot valve dowri througn ADJUSTMENT AND PARTS LIST
the action af the connecting link and the lower floating
lever, The displacement of the speed setting pilot valve Air pressure s ersus engine or turbine speed relationships are

diows pressure oil to be admitted above the speed setting set at the far ,'y with more precise measuring instruments

piston, The piston moves dowourd until the upper than are avai+ ole in the field. The governor speed settings

float'ng lever, floating lever link, and lower floating lever normally will never need to be readjusted, and under no
restore the pilot valve to its steady state position, circumstances should they be altered without thorough

knowledge of the procedure. If it is necessary to change
With a lower air pressure signal, the receiver diaphragm or reset the governor speed settings, first determine the
would lower tsecause of the receiver spring pressure atop it. pressure range of the associated air pressure instrument,
Through the linkage previously drscribed the speed setting and the engine or turbine speed range corresponding to
pilot valve is raised, opening the port to sump and allowing this presture range.
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Back off the high speed stop screw, shown in figure 10, On PG PL governors equipped with reverse speed settmg
, ) Loosen the idle speed screw locknut and the sliding block (minimum control air pressure produces maximum speed),

,

n /lockscrew and nut. The sliding block can now be moved the procedure for setting speeds is basically the same;
freely to either end of the slot. Set it at approximately the however, the left end of the speed control lever rests on the

mid-point in its travel and lock it with the lockscrew and housing casting at maximum engme speed. and the high
nut. Start the engme or turbme and apply the specified low speed stop screw now serves as the low speed stop.

air pressure (generally three psi), Adjust the idle speed
screw up or down, as required, until the left end of the
speed control lever just touches or is a few thousandths SPEED SETT/NG SER VOMOTOR P/STON
(roughly the tnickness of tissue papert short of touchmg

STOPSCREW ADJUSTMENT
the pneumatic receiver castmg which serves as the low
speed stop. Set the governor for the minimum speed position. Turn the,

speed setting servomotor piston stop screw down until it'

; Adjust the base speed settmg nut to obtain the specified contacts the top of the piston, then back it off 1 1/2 turns
engine speed corresponding to mmimum air possure. Screw and tighten the locknut.
down to decrease speed, or up to increase speed. Slowlyr

raise control air pressure to tne specified maximum value- /NFORMA T/ON AND PARTS REPLACEMENT
making sure the engme does not overspeed. The speed
obtained will probably be either higher or lower than the When requestmg additional inforn ation concerning
desired maximum. Check to be sure the high speed stop gcvernor operation, or when ordering repair parts, it is
screw is not limsting speed by touching the screw head essential that the following information accompany the
below it. request.

If the maximum speed obtamed is too low, loosen the L bemor mi nme me m W mpa
sliding block lockscrew and nut and the idle speed screw
locknut. Move the sliding biock a short distance to the

2. Bulletm number. (This is bulletm 36694).
O right. Movmg the slidmg block to the right (toward the

[ prvot) increases the amount of RPM change that results 3. Part reference number, name of part, or description
V from a specified air pressure change. Moving the sliding of part.

block to the left (away from the pevot) reduces the amount
cf RPM change octamed for a given air pressure change.

PARTS LIST FOR FIGURE 12.It is now necessary to start over agam with the specified air
pressure at minimum and adjust and lock the idle speed
screw so the left end of the speed control lever just touche., REF.No. PARTNAME QUAN TlTY
or as explained orniously, almost contacts the casting. Set
the base speed settmg nut as before to obtain the specified 36694 301 5/16 24 s 515/32 5ex head screw 2
minimum speed corresponding to minimum air pressure. 36694 302 5/10 shakeproof washer 6
Again apply maximum specified air pressure and check the 36694 303 Oil filler cup 1

speed. Repeat this process until the desired high and low 36694 304 Set screw (knob) 1

speeds are obtained. 36694 305 Control k nob 1

36694 300 Taper pin 1

When desired speeds have been obtamed for the specified 36694-307 Derve screw AR
Cr pressures, adiust the high speed stop screw so it just 36604 308 Manual speed amustment plate 1

contacts the screw head below it at maximum specified air 36604 309 l'riction plunger 1

pressure. Tignten tne locknut. .'6694 310 F riction sprmg 1

3fxW311 5/16 lock washer AR
Make sure the diaphragm link between the diaphragm and 3660 312 Gesh et I
the idle speed screw does not rub on the edge of the hole 30 % 4 313 Bushmg dowel 2
wtiere it passes through the pneumatic receiver castmg. This 36694 314 flushing 2
could happen if the slid 6ng block were either too far from 36694 315 5/16 24 x 5/8 thre* led insert 2
of too near the ptvot. Such interference indicttes that it is 36604 316 Stud 1

{ ' necessary to use the next heavier or lighter air receever 36604 317 Power piston stop wrew 1

/ spring. 36604 318 81012 hen nut I
t

.

IS*t- >bL\ Qgy [
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PARTS LIST FOR FIGURE 12 (CONT.)
P

REF. NO. PAR T NAME QUANTITY REF.NO. PAR T NAME QUANTI

36694-319 Adjustable fulcrum screw 1 36694-368 Needle beanng 2
'

36694 320 13/64 x 7/16 x 1/32 washer 1 36694-369 Speed control lever 1

36694-321 Link adjusting spring 1 36694 370 3/8 washer 1

36694-322 Adjustable fulcrum pin 1 36694-371 3/8 32 hex jam nut 1

36694-323 *10 32 stop nut 1 36694-372 #1432 x 3/4 socket set screw I

36694-324 Fulcrum link 2 36694-373 #1432 hex nut 2
-

36694-325 Link spacer 2 36694 374 #1432 x 1/2 socket set screw 1

36694-326 Piston fulcrum assembly 1 36694-375 Speed adjusting screw 1

36694-327 Floating lever link 1 36694-376 9/16 x 21/64 x 1/16 washer 1

36694-328 Floating lever link spring 1 36694-377 3/32 x 1/2 cotter pin 1

36694-329 1/8 straight pin 1 36694 378 Solenoid locknut 1

36694 330 1/16 x 3/8 cotter pin 6 36694 379 Plunger stop plug 1

36694331 Lower floating lever assembly 1 36694 380 Solenoid plunger lock pin 1

36694 332 1/8 x 47/64 drilled pin 2 36694 381 Solenoid case 1

36694-333 .186 x 3/4 pin 1 36694 382 Insulatmg paper 1

36694334 Speeder spring power cyhnder 1 36694-383 Load sonng 1

36694335 1/4-28 x 13/8 hex head cap screw 5 36694 384 Solenoid coil 1
,

36694 336 17/64 x 1/2 x 1/32 washer 2 36694 385 Soldering shield washer 2'

36694 337 Speeder spnng power piston assembly 1 36694 386 "O" ring 2

36694 338 Speeder sonng servo spring 1 36604 387 Adjusting screw 1

36694 339 Speed setting pilot valve plunger 1 36694 388 Solenoid plunger assembly 1

36694 340 Pilot valve plunger .pnng 1 36694-389 Solenoid plunger rod 1

36694-341 Speed settmg pilot valve bushing 1 36694 390 Solenoid plunger washer 1

36694 342 Pilot vatve bushmg spring 1 36094 391 Plunger guide locatmg pin

36694 343 Column assembly 1 36694 392 Shutdown valve body-

36694-344 Gear 1 36694 393 Varnished tubmg

36694345 Beanng stud 1 36694 334 Solenoid plunger bushmg 2

36394 346 Thrust beanng 1 36694-395 1/4 steel ball 1

36694 347 Bushmg retamer 1 36694 396 Unioading sonng 1

36694 348 #1032 x 3/8 round head 36694-397 Shutdown valve seat 1

phillips screw 2 36694 398 "O" nng 1

36694 349 #10 lock *asher 2 36694 399 Friction plunger retainmg screw 1

36694 350 1/4 x 9/16 dowel pin 4 36094-400 Nameplate (column) 1

36694 351 1/4 28 socket head screw 1 36694401 Elbow 2

36694 352 Speed control bracket 1 30094 402 Tubing 1

36694353 17/64 x 27/64 x 1/16 lockwasher AR 366 % 403 Nameplate (cover) 1

36694 354 1/4 28 x 1 1/4 socket head cap screw 1 36694-404 Orive screw 4

36694 355 1/4 28 u 13/4 socket head cap screw 1 36694 405 Cover 1

36694 356 Diaphragm nut 1 36694 406 Oil level decal 1

36694 357 Retammg washer 1 36694 407 "O" nng 2

36694 358 Diaphragm water 1 36694 408 Plate 1

36694 359 Diaphr agm 1 36694 409 110 32 = 3/8 screw 1

36041 360 Sonng ieat 1 36694 410 Gasket 1

366 % 361 Diaphragm spring 1 36694 411 Plate 1

36694 362 Pivot om 1 36694 412 #1G32 a 1/2 screw 4

36694 303 Floatmg tmr knk assembly 1 36694 413 Gask et 1

36094 364 Diaphragm knk assembly 1 36094 414 stG 32 x 3/8 screw 4

36694 365 Speed control brack et cap 1 36694 415 Reroptacle 1-

36694 360 Control lever shde 1 36604 416 Plug 1

36694 367 Idle speed settmq screw 1 360 % 417 Cable clamp 1

36694 418 5/1024 m 4 31/32 hos head screw

29
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1O PG.PL GOVERNOR
U

SECTION 1/ GENERAL INFORMATION

.

|., INTRODUCTION DESCRIPTION

; This bulletin provides description, operation, installation, The governor controls engine or turbine speed by
,

adjustment, maintenance, and replacement parts controlling the amount of fuel or steam supplied to the
information for the PG PL governor, engine or turbine. Speed control :s isochronous, i.e., the

governor will maintain constant engine or turbine steady

i The basic PG governor (pressure compensated governori state speed, within the capacity of the unit, regardless of

with a pneumatic speed sett ng mechanism (direct or load.
reverse) and a short column that is used primarily for.

controlling engine or turbine speed has been assigned the The standard operating oil pressure for PG governors Is 100

designation PG PL governor. This PG governor was first psi. However, with appropriate modifications the oil

|. used on pipe lines, hence the PL, but has since found wide pressure may be increased, thus increasing the work
acceptance on all types of diesel engines, gas engines, steam capacity of the power cylinder assembly. Table 1 lists>

] turbines driving pumps and compressors, and many special typical governor oil pressures versus power cylinder work

4' applications. The t'G-PL governor includes a pneumatic capacities.

speed setting mechanism, standard short column, standard
base assembly, and 12 foot pound power cylinder assembly.
The repair marwel for the PG A governor (similar to the
PG PL in speed s6tting, but with a long column to house

'
_

various options for load controll is bulletin 36699. Table 1. Governor Oil Pressure Versus Power Cylinder
Work Capacities (Typicall

All PG governors have the same basec components Governor Operating Power Cyl. Work Capacities in Ft Lb
regardless of how sample or complex tne complete control Oil Pressure (PSI) 12 17 29

may be. The following components, found in each PG PL 100 (std.) 12 17 29.

govemor, are sufficient to enable the governor to maintain 130 16 22 38
a constant engine speed as long as the load does not exceed 200 24 34 58

engine capacity:
,

i 1. an oil pump, storage area for oil under pressure,'

An air pressure signal from a pneumatic air transmitter orand a relief valve by which maximum oil
controller supplies air to the governor speed settingpressure may be limited;
mechanism. The govemor will control the engine at a
definite speed for each air pressure. The most common air2. a centrifugal flyweight head-pilot valvea

pressure range for the governor is from 315 psi. Normalassembly which controls flow of oil to and
minimum control air pressure is 3 psi; however, a minimum

from the governor cylinder assembly;
of 1 psi and a maximum of 100 psi can be accommodated.

3. a power cylinder assembly-sometimes referred The governor speed range normally falls between 250-1000
to as a se'vomotor-which positions the fuel rpm, but a low speed of 200 rpm or a high speed of 1600
racks, fuel valve, or steam valve of the engine or rpm can be obtained, Contact Woodward Govemor
turbine; Company for recommended control air pressure to'

governor speed setting relationship to meet the
4. a compensating system fer stability of the requirements of the particular installation,'

governed system;
The pneumatic speed setting mechanism (direct or reverse)

5. a pneumatic speed setting mechanesm for is a bellows type mechanism and is standard equipment on
,

adjusting the governor speed setting. all PG.PL governors now manufactured by Woodward. Thep)' A cutaway view of the PG PL governor is shown in figure 1. Speed setting unit is an accurate durable mechanism whichtv

iNFORMATION ONLY

.
- .-
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virtually eliminates the hysteresis loops encountered with governor speed setting for a decrease in control air pressurei

! (^T less sensitive pneumatic speed setting elements. (A (reverse typel.

jV hysteresis loop is a plot of the speeds obtained at various
; control signal pressures: one portion is recorded as speed The manual speed setting knob permits manual operation

setting signals are being increased, the other portion as the when the air pressure signal is not available,'

signals are being decreased.) Bellows type speed setting
provides a definite, accurate relationship between speed and Diaphragm receiver models of the governors are obsolete

$' speed signal, and no longer manufactured as a complete unit. However,
,

,
replacement ports for these units are available and detail
information on the units is found at the end of this manual.The speed setting mechanism is available for use with air

input signals of varying range and magnitude (e.g. 3 to 15'

psi, 20 to .70 psi, etc.). Depending upon the exact As is the case with any governor of any type,it is essential,

. configuration installed in the govemor, speeds may be that the engine or turbine be equipped with a separate
adjusted up to a 5 to 1 range. The speed setting mechanism overspeed shutdown device to prevent runaway in the event

can be fumished to increase govemor speed setting for an of failure of the govemor, the mechanism which drives it,
increase in control air pressure (direct type) or to increase or the control it operates.
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SECTION ll/ INSTALLATION AND ADJUSTMENT

INSTALLATION Keep the governor oil level between the lines on the glass of

the oil level gauge when the engine or turbine is running.

Rifer to figure 8 for complete physical dimensions of The oil should never be above the line where the case and

the governor. Adequate clearance must be provioed for column castings meet. Oil above this level will be churned

installation, removal, and senncing. At all times, use care in into foam by rotation of the flyweight head. The governor -

. handling the govemor; be particularly careful to avoid can run safely with the oil level quite low in the gauge glass.

striking the drive shaft. Do not drop or rest the governor on ,

its drive shaft. Such treatment could damage the govemor PURGING AIR FROM GOVERNOR AND |
Idnve shaft, drive shaft bearing, or govemor oil pump gears. NEEDLE VALVE ADJUSTMENT:

When the govemor is installed on the engine or turbine, a ,

gasket should be used between the mounting pad and the When the engine or turbine is started for the first time, or

govemor base. The govemor should be mounted scuarely after the governor has been drained and cleaned, the
and the drive connection properly aligned. governor must be filled with oil, and any air trapped in the

governor removed. To bleed off the trapped air, set the
if the govemor is equipped with a serrated or splined drive governor at idle speed position by means of the air
shaft, it should slip into the internal serrations or splines of controller or the manual speed adjustment. Start the engine

the drive freely. If a keyed type govemor drive shaft is or turbine and open the compensating needle valve (figure

used, the gear must slip on the shaft freely and should be 1) several tums. This should cause the engine to hunt.

checked to insure that it meshes properly. The gears should
run freely without binding or excessive backlash. Loosen the air vent plug (figure 8) far enough to establish a

irregularities caused by uneven gear teeth, shaft runout, leak, and allow the engine to hunt a sufficient length of

etc., will result in erratic governing and shorten governor time to permit all air trapped in tae govemor oil passages to
escape at the vent plug When no more air bubbles arelife. !

.

apparent, tighten the vent plug, and if necessary add oil to
the governor to restore the correct level in the gauge glass.

LINKAGE ADJUSTMENT
7

The linkage from the governor to the fuel or stem control Close the compensating needte valve gradually until hunting

should be properly aligned. Any friction or lost motion is just eliminated. The proper setting depends upon the

should be ehminated. Unless the engine or turbine characteristics of the engine. Keep the needle valve open as

manufacturer has given special instructions, the linkage far as possible to prevent sluggishness. The needle valve

should be adjusted so that when the goveinor power piston setting will vary from 1/16 turn open to 2 turns open. With

is at the end of its stroke in the "OFF" direction, the gas or preloaded buffer springs (optional equipment), the needle

steam valve, or diesel fuel pumps will just be closed. valve should not be more than 1/16 turn open for smooth
operation. The needle valve must never be closed tight, as
the governor cannot operate satisfactorily when thisWhen the govemor has been properly mounted and the
condition exists.linkage connections completed, make the air connections to

the manual or automatic air controller.
On some installations, opening the needle valve will not
cause the engine or turbine to hunt. In such cases, bleed the

OIL SPECIFICATIONS air from the governor by disturbing engine or turbine speed
to cause the governor to move through full stroke in both

infor. nation on ods for use in hydraulic govemors is directions a sufficient number of times to force out all

available in bulletin 25007. Use SAE 20 or 30 oil for trapped air.

ordinary temperature conditions. If governor operating
temperatures are extremely hot, use SAE 40 to 50; if After the needle valve is adlusted correctly for the engine,it

extremely cold, use SAE 10. In most cases, the same oil should not be necessary to change the setting except for a

that is used in the engine or turbine may be used in the large permanent temperature change affecting the viscosity
of the governor od.governor,

4
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SPEED ADJUSTMENT 5. Repeat steps 3 and 4 aoove until specified minimum
speed is obtained with minimum control air pressure and

i The pneumatic speed setting mechanism fumished with the specified maximum speed is obtained with maximum

5 govemor is either (1) a direct type which increases the control air pressure. Speed should begin to increase as tfie
,

,

govemor speed setting as the control air pressure signal control air pressure begins to increase from minimum.

increases or (2) a reverse type which increases governor
speed setting as the control air pressure signal decreases. 6. Apply maximum control air pressure for maximum

4 ;
.g Perform the following procedures as applicable to set the speed. Adjust the liriting valve adjusting screw so that it

maximum and minimum operating speed of the govemor. just contacts the bei in the maximum speed limiting valve.
,,

See figures 1 and 2. Increase control air pressure slightly above specified
.g

manirnum; the enaximum speed limiting valve should open*

i prior to enghe reaching 5 rpm above specified maximum

DIRECTSPEED SETTING MECHANISM speed. Readiust screw as necessary.

7. Apply minimum control air pressure signal for
1. Set the manual speed adjusting knob to the minimum

minimum engine speed. Perform step a or b as applicable.speed position (fully counterclockwise until clutch slips).

a. If engine is to go to low speed upon loss of
2. Adjust the high speed adjusting setscrew as required

control air pressure signal to the governor, set
,

until upper end of screw is flush with top of speed setting
the pneumatic low speed adjusting screw to just

screw.
~ contact the stop pin in the restoring lever with

the engine running at low speed. Shutdown
i 3. Apply specified minimum control air pressure signal
I to the unit; adjust the speed adjusting nut as required to nuts are usually omitted on governors which are

1 obtain corresponding specified minimum speed (clockwise arranged to go to low speed upon loss of
control Sir pressure. If nuts are included butto decrease); be sure the pneumatic low speed adjusting

screw does not touch the restormg lever at this time. not used, Icwer nut should be a minimum of
,

'? 1/32-inch above the speed setting piston rod

'b 4 Adjust limiting vafve adjusting screw as required so with engine running at low speed.
ithat it does not unseat the maximum speed limiting valve as-

speed is increased. Set governor speed range to control air b. If engine is to shut down upon loss of control
.

pressure range as follows: air pressure signal to the governor:.

a. Slowly increase control air pressure signal to
(1) Lift up on the shutdown rod to take outmaximum. Be sure engine does not exceed

any slack or lost motion; do not lift thespecified maximum speed.
.

rod so far as to cause the engine speed to
drop. While holding the rod up, position

b. If specified maximum speed is obtained before
the lower shutdown nut 1/32-inch abovecontrol air pressure signal is increased to
the top of the speed setting servo pistonmaximum, adjust the pivot tracket to move the
rod and lock in position with upper nut.ball bearing pivot toward the speed setting

servo.

1 (2) Turn the piston stop setscrew down until
c. If specified maximum speed is not obtained it touches the speed setting piston then

with maximum control air pressure signal, turn the screw counterclockwise 2 turns
adjust the pivot bracket to move the ball'

and lock in position with nut. This' bearing pivot away from trie speed setting adjustment limits the upper movement of

) 88'V O- the piston when the engine is shut down,
and it minimizes the cranking required

d. Adjust the pivot bracket as follows: Loosen the when the engine is restarted.
socket head screw in top of the pivot bracket;
loosen knurled nut on appropriate side of
bracket and turn opposite knurled nut to move (3) Adjust the pneumatic low speed adjusting

bracket; tighten screw and knurled nuts. screw so that it is 0.040-0.050 inch below

..
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the stop pin in the restoring lever. Tu n speed adjusting screw should not touch the stop pin in the

off control air pressure signal to the restoring lever and the piston stop setscrew should not stop

govemor (engine will shut down). Adjust the speed setting piston as it moves up to decrease speed.

the adjusting screw so that it is from
if specified minimum speed is obtained before the control0.002 to 0.005 inch below the stop pin in
air pressure signal is mcreased to specified maximum, adjust

the restoring lever,
the pivot bracket to move the ball bearing pivot toward the

8. With control air pressure signal removed (engine does speed setting cylinder.

not go to shutdown with loss of control air pressure signal),
Adjust the adjustable pivot bracket as follows: Loosen thetum the manual speed adjusting knob clockwise to increase
socket head screw in top of pivot bracket; loosen knurled

engine speed to maximum. Turn the high speed adjusting
nut on appropriate side of pivot bracket and turn opposite

setscrew in until it just touches the high speed stop pin (this knurled nut to move the pivot bracket; t:ghten screw and
adjustment stops the downward movement of the speed

knurled nuts.adjusting nut at high speed).

REVERSE SPEED SETTING WECHAN/SM 7. Repeat steps 4 5. and 6 above until specified
minimum speed is obtained with maximum control air

1. Set the manual speed adjusting knob to the minimum pressure signal and specified maximum speed is obtained
with specified minimum control air pressure signal. Insurespeed position (fully counterclockwise until clutch slips).*

engine s;md begins to increase as the control air pressure

2. Adjust the speed adjusting nut so that the speed signal begins 70 decrease from maximum,

setting screw protrudes approximately 1/4-inch above the
8. After setting speeds pneumatically, apply minimum

nut.
control air pressure signal (govemor will go to maximum

3. Adjust the high speed adjusting setscrew as required speed setting). Turn manual speed adjusting knob
counterclockwise until specified minimum speed isuntil screw is flush with the top of speed setting screw,

' obtained. Alternately turn speed adjusting nut 1/2 turn
counterclockwise (increasing speed) and adjustmg knob

4. Adjust the limiting valve adjusting screw as required
counterclockwise (decreasing speed) until adiusting knob isso that it does not unseat the maximum speed limiting valve
fully counterclockwise. Turn off control air supply (speedas speed is increased. Apply minimum control air pressure

signal t.o the govemor (pressure at which specified will rise slightly). Adjust speed adjusting nut to obtain

maximum engine speed is to be ootained). Be careful that specified minimum speed.

engine does not exceed specified maximum speed.
If adjusting nut is turned fully counterclockwise without

5. Turn the manual speed atusting knob clockwise to reaching the specified minimum speed, turn off control air
supply (speed will rise slightly). Adjust speed adjusting nutincrease engine speed to specified maximum. Tum the high
to obtain specified minimum speed.speed adjusting setscrew in until it just touches the high

speed stop pin. If screw is tumed down too far, speed will

decrease.
9. With the engine operating at specified minimum

'

if the specified maximum speed is not obtained with the * " " " " *
manual speed adjusting knob fully clockwise, turn the knob '* " '

approximately 2 turns counterclockwise, back out high ".
#'

speed stop adbsting setscrew a few turns, then turn speed the piston when the engine is shut down, and it minimizes
adjusting nut counterclockwise until specified maximum * 9 "" "" '

speed is obtained. Turn high speed adjusting setscrew down

i until it just touches the high speed stop pin (if the screw is
turned down too far, speed will decrease). Turning the 10. If shutdown nuts are used, lift up on the shutdown
speed adjusting knob fully clockwise should not increase rod to take out any slack or lost motion;do not lift the rod
speed beyond the specified maximum. so far as to cause the engine speed to drop. While holding

the rod up, position the lower shutdown nut 1/32-inch
6. Slowly increase control air pressure signal until above the top of the speed setting servo piston rod and lock

specified minimum speed is obtained. The pneumatic low in position with upper nut.

6 .
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f 11. With the control air pressure signal tumed off, turn 12. Turn the manual speed solusting knob fully
j ! the manual speed adjusting knob clockwise to ine ease counterclockwise and apply maximum control air pressure

engine speed to maximum. Adjust the limiting valve to the governor. Adjust the pneumatic low speed adjusting; .

adjusting screw so that it just contacts the ball in the screw to just contact the stop pin in the restoring lever with*
,

Y maximum speed limiting valve, increase engine speed the engine running at low speed.

,' slightly above the specified maximum; the maximum speed
limiting valve should open prior to engine reaching 5 rpm

'

,i above maximum speed. Roadjust screw as necessary.
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SECTION lil/ PRINCIPLES OF OPERATION

INTRODUCTION The governor drive shaf t passes through the governor base
into the pump drive gear, which is direct connected to the

The sectional view of the PG-PL governor (see figure 1) rotating pilot valve bushing. The flyweight head is secured'

serves to indicate the relatrve position of the various to the upper end of the pilot valve bushing, thus providing a

governor components in the complete assembly. The
direct drive from the engine to the flyweights. At any speed

connecting oil passages between parts are not necessarily in setting of the governor, vvhen the engine is on speed, the

their correct location, but are simplified to facilitate their centrifugal force of the flyweights will balance the opposing

location. The lower part of the governor consists of the force of the speeder spring with the flyweights in the

base and power case and the basic components of the vertical position, and the control land of the pilot valve

hydraulic PG isochronous governor, which functions to plunger will be covering the regulating ports in the rotating

maintain a constant engine speed by controlling the fuel pilot valve bushing.

supplied to the engine. The upper part of the governor
consists of the column, coser, and related parts; it also Pressure seal grooves are supplied with pressure oil through
consists of the pneurr:3 tic speed setting mechanism, and the regulating port to prevent the oil trapped between the
optional shutdown ano protectrve devices where applicable. power piston and the buffer piston from leaking past the

power piston, power piston rod and pilot valve stem. To
** * # '** '9' ' ' " ' ' ' ' ' " * " *"*P*'' * * "

DESCRIPTION OF OPERATION in a steady state position against the power spong - when
the engine is on speed with a steady load - the pilot valve

The schematic ciagram (figure 2) illustrates the essential lunger will be below cente enough to supply the required
parts of the governor and speed setting mechanism which ;

are required to regulate fuel and control engine speed.

The governor oil pump supplies pressure oil to the rotating
Speed adjusting in the governor is effected by controlling pilot valve bushing, speed setting pilot valve bushing,
the position of the speed setting servo piston. Movement of

pressure seal grooves, and to the accumulators, with excess
the servo piston to a higher or lower speed setting is

oil (at maximum pressure) bypassing from the accumulators
obtained by admitting or draining pressure oil to or from

to the governor sump. Duplicate suction and discharge ball
the area above the servo piston. check valves at the pump permit rotation of the governor in

either direction.
The flow of governor oil to or from the area above the
servo piston is controlled by the speed setting pilot valve The pilot valve plunger moves up and down in the rotating
plur:ger contained in a rotating bushing - which is actuated pilot valve bushing to control the flow of oil to or from the
by a controlled air pressure signal or by a manual control power cylinder assembly. When the pilot valve plunger is

centered b.e., the control land of the plunger exactly covers
the control port of the bushing), no oil flows to or from the

After each speed setting change, a restoring lever connected power cylinder assembly.
between the servo piston rod and speed setting pilot valve
plunger returns the plunger to the closed port position,
stopping the flow of oil to or from the area above the servo The greater of two forces moves the pilot valve plunger up

piston, thus holding the piston at the position for the or down. The centnfugal force developed by the rotating

particular speed setting of the governor. flyweights is translated into an upward force which tends to

O
8
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GIMPEL MACHINE WORKS,INC., Langhorne,Pa.19047

OPERATING INSTRUCTIONS EASY FLOW BODY COMBINED TRIP THROTTLE VALVE

OQ *Applicaties up the unit to check the pressure in the
'~ chamber after the pilot valve has been

his valve is used as a hand throttle ope ned. his pressure should be not less
valve for admitting steam to the turbine than 107. of the line operating pressure.
when bringing it up to speed. Another After an adjustment has been made, close
function of this valve is to act as an this opening with a steel pipe plug.
emergency closing valve, tripping shut
in less than 0.3 seconds upon turbine he tripping medium of the valve varies
overspeed, loss of oil pressure, power, with the type of turbine overspeed mech-
etc. anism provided with the turbine.

1. Mechanical Trip Gear
Cons tree tion: The trip crank is attached to the

trip hook shait. Ope ration of tur-
There a re two types of assemblies of bine overspeed governor ur. larches hook
va lv es , top mechanism and inverted. The faces.
drawing accompanying these Ins tructions
indicates ths type. The drawing is 2. Oil Trip Cylinder
typical and is not intended to 'show act- his trips valve upon loss or reduction
ual physical assembly. of oil pressure.

Valves are designed for maximum operating 3. Solenoid Trip
pressures and temperatures specified, his trips valve either upon opening
he steam is admitted to the above seat or closing of an electric circuit.
side of the valve. he. forces for clos-

p ing the valve consist of spring pressure, 4. Steam, Air or Vacuum Trip
g weight of moving parts and steam pres- These either in form of diaphragm

sure above the valve disc. he valve is mechanism or piston activa ted by either4

cushioned in closing by the dash pot a rise or fall in pressure.
action of the disc piston in the cylinder.
The body opening is closed by a bolted In many cases a switch is applied to the
on yoke (cover inverted valve) with a valve and actuated by the spindle coupl-
gasket at the joint. ing. his switch can be made to either

open or close a circuit at either end of
he s tuf fing boxes are supplied with the valve stroke ( va lve shut or open
extra long hardened bushings with either position).
single or double leak-of f connections.
Soft asbestos packing with gland is
furnished only when specified. Ope ra t ion:

he valve cover is equipped with a throttle Af ter valve has been tripped shut, turn
screw. his screw re gula tes the amount the handwheel clockwise. De rotation
of steam admitted from the inlet side of of the screw will raise the sliding nut
the valve to the chamber above the main and latch lever where it will engage
disc. To eliminate the cha ttering o f with the trip hook,
main disc, if any, it is necessa ry to
increase the leaka ge to the chamber by With the latch lever and trip hook engaged,
turning the throttle screw outwa rd. If turn the handwheel clockwise to closethe handwheel e f fort appears excessive, and counter clockwise to open the valve.
it can be reduced slightly by turning
the throttle screw inward. With the firs t movement of the screw in

(h") A pipe tap is provided in the cover to will be lif ted of f its seat. Be fo re the
the opening direction the pilot valve

be used for a pressure gauge in starting valve disc is unseated the s team from
a c. , r ' '

tjE '

i)* * G M WI 103 ll/72 10 M
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th3 chamber cb:va the dice cill be dic- Thio io to incuro prepar olign: nt end
charged thr ugh th2 pilot valvo to tho c:rking cl cr:necc. If the volv2 sh:uld
outlet side of the valve. his reduces fail to close instantaneously, it is
the pressure above the valve disc since recommended that valve be opened up for
the steam is discharged from the chamber inspection. It is further recommended
faster than same can be admitted through that a s team strainer be installed on
the clearances and throttle screw port. the inlet side of the valve, perforations
The reduction of pressure above the valve on the screen not more than 1/8". Some
disc reduces the unseating effort on the valves are provided with steam strainer
h;ndwheel rim and approximates the bal- basket installed inside the valve body
ccced valve condition. After the pilot around the valve disc.
valve is unseated, continued turning of
the handwheel in the opening direction To dis-assemble top mechanism valve
cill lift the valve disc from its seat. remove nuts which hold cover to top of

va lve body, and li ft up the entire yoke
When the valve comes to the wide open mechanism. Pilot valves, stem, and valve

position the spindle coupling (screw disc will come out at the same time,

spindle collar on inverted valve) contacts
the bottom of the sliding nut. here is For the inverted valve remove nuts which
na danger of jamming these parts to impede hold cover and remove cover, remove
free closing of the valve since both spindle coupling, insert eye bolt in
cove together in the closing direction tapped hole furnished in disc or pilot
chen the valve is tripped. valve, lifting the eye-bolt in this

. position will remove the pilot valve,
Af ter the valve has been opened wide the stem and valve disc as a unit.
handwheel should be turned at least one
quarter of a turn in the closing direction. In reassembling valve, reverse the pro-
his will prevent locking the valve in cedure described above. It is very
the open position from expansion of the important that all disc flange bolts be
volve parts. inserted and properly locked with plates
The valve should be tripped each time the provided for this purpose.
turbine is shut down and it should be
loft in the tripped position until the After gland has been tightened, same

should be calibrated so as to insuren xt turbine operation. even adjustment of packing. If no self
he valve should be exercised at least sealing packing is available at the time
ence per week by turning the handwheel of overhaul, then insert mica impregnated
in closing direction through the distance asbestos packing with inhibitor. Pos-
cqual to 1/4 of the total lift of the itively do not use a packing with even a
volve. small percentage of rubber.

here are drains provided for above and
Lrbrication and % istenances below sea t sides of the valve. These

should be connected.
Alemite fittings are provided on the
cutside moving parts of the valve. The pilot valve lift varies from 1/8" to
trip gear, sliding nut, screw spindle 1/2" depending upon the size of the
cnd other external guides should be in- y,1y,,
cpected and lubricated periodically so
c3 to insure cleanliness and prevent any
possibility of sticking. When valves An approximate total stroke of valve

cre operating under a high degree of includes pilot. Lif t should be in excess
Orper heat, the a forementioned parts of 0 25% of pipe size. Free passages
become farily hot and for this reason it are provided in the valve body to pro-
io recommended that a high grade of oil vide uninterrupted flow.

be used.
When ordering replacement parts refer to '

All valves are tested in the factory the order numbers stamped on the name
under operating pressure and temperatures. plate located on the handwheel.

2-
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STYL.E 100-S .
.

| .

I _ A.P. Pyr6x Itet. Itings MEOPRU)EGask. (2)
Size Body (1) Mal. Disc (2) (2) Mtl.' Fibre Gash. (2) Flap (1) Mtl. Flap Rod Mtl.

1
1

1/8"- S-102 1-1/4" X l-3/8" - 12 1-1/4" X - 102 |
| 3/8" 3/16" |

+

1/2" S-104 STEEt, 1-3/4" X l-7/8" - 12 EROWLE l-3/4" X l C, 106 STAlutA55 SrAtute55 '

3/4" 1/4" $TCEL. STt!.fr. L.- |,

la S-108 2" X 3/8" Z-1/8" - 12 2" X 903B ; ,

- t

1-1/4" S-112 3" X 1/2" 3-1/8" - 12 3" X 112 .

1-1/2" f

2" S-Il6 3-5/8" X 705DX 3-5/8" X 116
5/8"

. ,

a

NOTE: Stect Bolts (4) only on 2" Unit
'

Size 1/2" X 6" ,

,

Tag: CEllTIFIED dl4,
_

mconMAT.!Q4 tJ O T U 'l -

111; u p m es < e ~ -

, ,, , 74 3

JACOBY TARDOX CORP.
.-

- * 803 NEPPERilAN AVE.
YONKERS,H.Y.

,

cost. & P. o. , n_:... .y crces, nsaine co, 4 67C,94 T-3768G -A-8> JJW 12/24/(
hG429A

DH A 59. D T D 41 t* OH AvespeG NO.
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AIRPA X Not PT. Na W. ADPIR El NPT
PART NO. 'A- - k-IBUNF-2 A

^ ~- -~ ~~ _ _ _ _ . _ _ _ _ . |"""

GE f 4ERAL PURPOSE '
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1 II. og l.125 4 GTD. LEt4GTH

LOCK NOT CABLE (STO) TERMINATION CABLE CLAMP TERMINATION .

1.oon GEt4ERAL PURPOSECABLE CLAMP
.< . _ p w 1 |l.0003 2.625 5[

,

106 OI A. ]
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| _ i|| ,|| CABLE. CLAMP TERMINATION ij j ; rL__ SS'I= __

c4 5._ _m2- GENERAL PURPOSE.- ~2-
IA| 2 'l1-O001 5(1656 f 4f1.125 ST D. LE NGTH2 003 |

'/2 CONDUlT TERMit4ATION*D -
__ .

iD3 8 - -

GENERAL PURPOSEg*E- 2 11-O0 01 76651 1.125 4[
= .

LTo. LENGTH4 *

V.1 CONDUIT TERMINATION
FIG.1 GENERAL PURPOSE ~ CABLE CLAMP TERMIN ATION GEtJERAL PURPOSE,

2 11-O003 59656 g 2.625 6* LONG REACH
-PC.NO.*B* CONDUIT ADAPTE R 8/2 CONDUlT TERMINATLordAIRPAX USE IN PLACC OF CABLE CLAMP5PART NO. *A* g-18 0r4F-PA MS3057-4, ADAPTER TO BE GENERAL PURPOSEOR EQuiv INSTALLED BY T.S.T Ca AT ASSY. g | g.0003 76651 4 2.625 6" LONG REACH
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Models 210 and 310 Tachometer Meters

J
- Model 210 Meter7
,a **.I

". The Model 210 Meter is a highly precise moni-
toring instrument withan accuracy of i1% or

[" ~ ' better. It has a mirror-backed scale-plate
9..

- . ' for parallax correction. The standard meter
movement is 0-1 mA de full-scale. Meter
resistance is 60 ohms 10 %

Model 210E Meter -

,2

- g.. . , . . <

/gd - . t c: iron, explosion-proof housing for applications
The Model 210E Meter is enclosed in a cast

'
.;g

" ' ~ ~ ' ' '
#$| where dust, fumes or other hazards may be

^ h encountered. The housing meets the require-
.

. - , ,

N.- . ) ments of a Class 1, Group D enclosure. i

NS, },$;),

Model 310 Meter--

The rugged Model 310 Modeloffers a 250' arc
scale having alength 2-1/2 times that of stand- )
ard 90* meters. The meter movementis 0-1 1

mA de full-scale. Accuracy is 2% Meter ;

O,,
resistance is 200 ohms 10% Scale diameter l

, . ' , is 2. 75 inches."

' Model 310E Meter l'.'
|

The Model 310E Meter is enclosed in a cast |iron, explosion-proof housing for applications ,,
' wilere dust, fumes or other hazards may be l

encountered. The housing meets the require- ;; g.,

-3 ments for a Class 1, Group D enclosure.
,$1|

E''f :D[g}~$jOO!
' '

st-

$. __ g . pa.
- - - - . |,Q gj Q. ... -

H. d . L U 4 s
..

a inru n>-

.
.,

[_ AIRPAX ELECTRONICS ;

CONTROLS DIVISION l

P. O. Box 8488 FORT LAUDERDALE. FLORIDA 33310

i Phone:(305) 5871100 . TWX; $10 955 9866 . Teles: $14448
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210 METER 310 METER

" Sad ~'hN .

/

rr
'7"" .l__ #h'

= = = " THRTHR N

-h |-}9.!00
-

-} 9.500 aA

"" .750 - *.750 -

a --y.-u-
_

,

T - gn w 7250-----i T- 10J00C. 7M

210E METER 310E METER [
The following standard scale ranges are available at no extra cost. Each scale range
shown can be marked in RPM, FPM, CPS, MPH, etc. Special scales are available .

MODELS 210 AND 210E

0-3 0-16 0-60 0-300 0-1500 0-7000 0-10x1000 0-40x1000
0-4 0-18 0-70 0-400 0-2000 0-7500 0-12.5x1000 0-50x1000
0-5 0-20 0-75 0-500 0-2400 0-8000 0-14x1000 0-55x1000
0-6 0-25 0-100 0-600 0-3000 0-9000 0-15x1000 0-60x1000
0-10 0-26 0-120 0-700 0-4000 0-10,000 0-16x1000 0-75x1000
0-12 0-30 0-125 0-750 0-4500 0-12,000 0-18x1000 0-100x100
0-12.5 0-35 0-180 0-800 0-5000 0-13,000 0-20x1000 .

"
0-14 0-40 0-200 0-1000 0-6000 0-15,000 0-30x1000
0-15 0-50 0-250 0-1200 0-6500 0-20,000* 0-35x1000

MODELS 310 AND 310E

0-1 0-5.0 0-20 0-80 0-300 0-900 0-4,000 0-5x1000
0-1.5 0-6. 0 0-25 0-90 0-400 0-1,000 0-5,000 0-10x1000 g
0-2.0 0-8.0 0-30 0-100 0-500 0-1,500 0-6,000 0-12x1000 r

0-2.5 0-9.0 0-40 0-150 0-600 0-2,000 0-7,000 0-15x1000
0-3.0 0-10 0-50 0-200 0-750 0-2,500 0-8,000 0-20x1000
0-4.0 0-15 0-60 0-250 0-800 0-3,000 0-9000 0-50x1000

0-10,000
,

.j

. _ _.__. _._ _ __ ,
i
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[ AIRPAX ELECTRONICS FORT LAUDERDALE, FLORIDA 33315 '..
|,

i

ADDENDUM TO THE OVERSPEED MONITOR INSTRUCTION MANUAL NO. 3201382
'

I,

o - 2000 HzFSS-1090 RANGEPART NUMBER

?
_ SINGLE SET POINT X DUAL SET POINT

.

THE FOLLOWING CHARACTERISTICS DI??ER FROM THOSE OF THE
STANDARD OVERSPEED MONITOR AS DESCRIBED IN INSTRUCTION
MANUAL NO. 3201382.

*

High Sensitivity Input Signal: .050 to 5.0V RMS, with the j_

" Loss of Signal" dropout feature. ;
i-

_

High Sensitivity Input Signal: .050 to 5.0V RMS, with the
_

" Loss of Signal" dropout feature disabled.
-

Input signal conditioning for pulse inpu: signals ,
f
i

_

-4 Set Point #1 adjus, table from to_

%
'

!Set Point #2 adjustable from to.

u -

Set Pcint #1 has a % hys:erests. j
;-

Set Point #2 has a % hys:eresis.
i

| " Verify" test is set to lower the switch ;:oint #1 to j
_

and switch point #2 to .

U O "*X Set Point #1 ts factory adjusted to switch at i.

1584 Hal

i X Set Point #2 is factory adjusted to switch at |_ .

!

Other: SET POEIT #1,1728 H:, I3 WIRE AS ll: CVERSPEED POET

( NORMAL RELAI LOGIC ). SE2 POINT #2, 13 % Hz, IS WIRED AS AN
,

'

(EIDERSPEED PODT ( RE7ERSE RELAY LOGIC ). 125V DC POWER INPUT (+)
, ,

3 L h. t

i
em

$

i .

|
' "" " ' "'

INFORMATION ONLY |
- - - -- - -
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INSTRUCTION MANUAL NO.3201382

.

. .

SINGLE & DUAL SETPOINT
.4

OVER/UNDER SPEED MONITORS
.

Units with special calibration or modifications are designated with
|

special part numbers. Refer to the attached addendum sheet for des-'

i cription of units not included in the table below. This instruction
manual is for the following units:

B Style P/N E Style P/N

Frequency Single Dual Single Dual
Range Set-Point Set-Point Set-Point Set-Point

0- 50 cps FSS21 FSS41 FSS71 FSS91

j 0- 100 cps FSS22 FSS42 FSS72 FSS92
I

j 0- 200 eps FSS23 FSS43 FSS73 FSS93

! 0- 500 eps FSS24 FSS44 FSS74 FSS94 i

O- 1,000 ces FSS25 FSS45 FSS75 FSS95'

[ 0- 2,000 cps FSS26 FSS46 FSS76 FSS96

0- 5,000 cps FSS27 FSS47 FSS77 FSS97
0 - 10,000 cps FSS28 FSS48 FSS73 FSS98
0 - 20,000 cps FSS29 FSS49 FSS79 FSS99

.

rm

f-
" *

.; ,

wv 4

f ''
...

'
~

[,B STYLE E STYLE
l ,

M
'\ I

N.' ,i ;J.-
u

'

'

a:q - f
,

! u ..
,

'

u

AIRPAX ELECTRONICS

| SEMINOLE DIVISION
'

P.O.80X 8488j
*'s FORT LAUDERDALE, FLORIDA 33310

PHONE:(305) 587 1100 ,C # 7 0 N I[' h 4) h b ! hT*

'' 'U 'i "* # $U ~

TWX 510 955 9866.

TELEX: 051444 8
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SPECIFICATIONS-

[] SINGLE & OUAL OVER/UNDER SPEED MONITORS
'

:b
j INPUT: 0.5 to 25 VRMS, variable frequency. High RESPONSE TIME: 50 milliseconds nominal.

'

sensitivity overspeed monitors are available for

input signal ranges from as low as 0.025 to 25

VRMS.
~

i

SPECIAL FEATURES: Custom made units may con-
INPUT IMPEDANCE: 900 ohms nominal. tain any of the following features. Custom antts

are furnished with an instruction manual contain-
TEMPERATURE: -20*P to +120 *T operating:-40 *T ing an addendum sheet that tabulates thest fea -
to +165 *F storage. Typical temp.coeff.20.01%/*F. tures . Optional features are:

RELAY CONTACT RATINGS: $ amperes at 28VDC. (I) High sensittvity inout etreuttry, for verylow
3 amperes at 117VAC, resistivW load;SPDT action. level input signal amplitudes of .050 to 25 V
Relays ce-energize at and above the switchpoints. RMS. with " loss of signal" dropout feature.

TRIGGER I.EVEL ACOUitACY: 21% under power line (2) High sensitivity input etreuttry, for verylow
and temperature ranges listed. level input signal amp!!tudes of .025 to 5.0V2

RMS (very low speeds), with the " loss of stqnal"
POWER REQUIPEMENT: Il7VRMS, 210%, 50-400 dropout feature disabled.
CPS cr 22-30VDC; 8 watts maximum.

(1) Pulse shaping input circuitry. for use with
SWI CHPOINTS: Adlustable 20-100% of fullscale very widely separated slots, proiections or gear
with resolution of the set-potnt adjustment of teeth.

; 0.2%.
(4) Narrow set-point adjustment range for safety

j METT9 OUTPUT: 0 to 1 ma proportional to the requirement or tmproved resolution.
O signal frequency, 0.25% lineartty. The meter
\ outputis normally calibrated forthe 60 ohm tests- (5) Wide switchpoint hysterests, rolay on and;

! tance of the Model 210 meter, but canbe adjusted off points separated by prescribed hysterests ex-
for up to a 1,000 chm meter load. Output current pressed in RPM or CPS.
Is adjustable 210% of full scale when using the

"
Model 210 meter. (6) Factory adjustment of the " verify" test to

tower the switchpoint to a credetermined value
MTSSING SIGNAL PROVISION: Output relay of set- when thn " verify" test is performed.

1 point el de-energt::es for signal amplitudes below
~

0.5VRMS unless over-ridden by lumpering reset (7) Operation from a 220V Af : ".0-400 CPS power
terminals. sourco .

|~ FART l'
'

.
GENERAL DESCRIPil0N

1.1 INSTRUMENT FUNCTION The potenttometers are accessible by re-
moving the snap button plugs and can be

The Over/Under Speed Monster is an elec- adjusted with a screwdttver,
trenic solid-state module that deenergtzes
an internal relay (s) when a preset speed Located on the top of the dual set-point
(frequency) is exceeded. !! the power in- unit are the SW. PT. ADJ. No. I and No. 2.'

put is interrapted. the internal relays also and METER ADJ. The potentiometers are
de-energtze'. The module also generates a accessible by removing the snap button plug "

DC output current proportional to speed and can be adjusted with a screwdttver.
(frequency) .

The potenttometers are normally set at the
1.2 ADJUSTMENTS factory to specific customer's requirements '

,f~ and should not be readjusted execpt to
e Located on the top of the single set-point change the calibration of the untt.

' ' \. unit are the METER ADJ. and SW. PT. ADJ.
1
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APPLICATIONS

O
e FREQUENCY SENSITIVE SWITCHING j
s TURBINE OVERSPEED AIARM AND CONTROL
E RPM MEASUREMENT, WARNING, AIARM AND CONTROL
5 CONTROL CR MONITORING OF GENERATOR FREQUENCY
E GO/NO-GO TESTING OF TONES, OSCILIATORS,' HORNS AND VIBRATORS
5 MACHINE SLOW DOWN DETECTOR

|
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PART 11
i

! (*~ OPERATlell

j k ,

| 2.1 SINGLE SET-POINT CIRCUITRY

. The set-point of the single set-point unit other tnan Airpax Model 210 is used, this-

j is adjustable from 20% to 100% of full adjustment pctentiometer may be adjasted '

*

scale. The output relay of a single set- to compensate for the resistance of the

f'. point urut. being used as an overspeed meter specified.
' monttor, has electronic latching action. !

i After the set-potnt has been exceeded, the 2.4 STANDARD FREQUENCY RANGES |
relay remains de-energized (evenif the sig- i;

nel frequency returns below the set-potnt) Input signal levels for all frequency senst- !
*

i unless the automatte reset terminals 10 and ttve switches may be from 0.5 to 25V RMS |

11.are jumpered or closed wtth a push- over frequency ranges up to 0-100KC.This |
button. With terminals 10 and 11 Jumpered, frequency range capability makes possible ,

( the output relay automatically re-energszes the measurement and control of any practt- !

! when the stgnalinput returns to a value be- cal RPM range. For in.tance, a 0-20,000

! low the set-potnt. If the reset terminals CPS range would be spectfled if the RPM

i are closed, the missing signal proviston is range is 0 '20,000, and if the signal is

! also overridden. The missing signal trans- dertved from a 60 tooth gear. The frequency i

| 1stor switch deenergizes the output relay if to RPM relationship is shown by the for- !

j the signal tnput to the monitoris interrupted mula: .

j or is less than 0.5V RMS when the reset
J terminals are open. Frequency (CPS) = RPM x Number of Gear Teeth
1 60

-

j 2.2~ DUAL SET-POINT CIRCUITRY j

| Block diagram "B" shows the etreutt fer a 2.5 RESET CPERATION
dual set-point unit. A dual set-point mon- r

ttor provides a second 20% to 100% adjust. After the unit is installed and connected {
able switch-point. In such a monitor, the with the power on and the signal input i'

1 output relay of the No. 2 set-point also de- appiled (machinery running), it is t ocessary*

]. energizes at, and remains de-energized to seset the No.1 set-point by shcrting ter-
] above the switch-potnt and on loss of minals 10 and 11. This must be done every

,

power, however, no missing signal or re- time the No. 1 set-point threshold is ex- !
-

4

i mete reset is provided. The No. 2 set-point coeded (or if the power or stqnal inputs |
; relay re-energsges automatically when the are interrupted and if the signal input i

j signal returns below the switch-point amplitude falls below approximately 0.5V !

whether reset terminals 10 and 11 are jump- RMS) . If desired, automatte resetting may |

} ered or not, as long as power is appited. be obtained simply by installing a jumper I
1 across terminals 10 and 11. f
.I I

i 2.3 METER OUTPUT NOTE: No. 2 set-point has automatte re- I
.

i s etting . !

In both block diagrams, terminals 14 and |
] 15 are brought out so that a meter may be ;

used to monttor the RPM or frequency. These 2.6 VERIPY CIRCUIT
'

terminals deltver 0-1 MA DC to a meter [
q such as the Airpax Model 210. The Model Both single and dualuntts have the "Vertfy" '

! 210 meter and magnette pickups often used, provision, which is particularly useful in .

are supp!!ed by Altpax !! spectited. The overspeed monitoring applications. Short- |
Model 210 meter has a resistance of 50 ohms ing terminals 12 and 13 effectively shtits f

nominal. The meter adlust potentiometer the switch-point to approximately one-half '

i on the frequency monitor is normally set for of the RPM value for which tt is set. Clos- !,

f - a load of 50 ohms which is typical of com- Ing these vertly terminals permits the op-
Ii monly used 1 MA panel meters. If a meter eretor to simulate an alarm condition by

I 3

i ,y n q ;o 3 < r y n?| V-

j diU.fi' i I Vi*'
|

**
,

'
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O



.

bringing the switch-point into the nor$al single or duas unit, the No. I relay will
*

operating speed. This procedure tests the deenergize andwillnot reenergtzo until tho
i.tonttor and associate alarm ctreutts with- reset terminals are shorted and power is
OJt having to enteran actual alarm or over- applied. This provides a fat!-safe function
speed condition, against power fatture.

3.7 FAIL-SAFE FUNCTION The No. 2 relay of the dual unit will also

de-energize.but willautomatically re-ener-
Should power be removed or lost on the gtze when power is restored.

PART lli

INSTALLATION f. CONNECTIONS '

3 1 INSTALLATICN cnergized.
'

3efer ta cuttine drawing Part VI. The unit Not e: To mantmtze any notse ptekup. connect
.ir Le securely mounted in any conventent the input signal using a twisted pair

tut.cn and in sny position. It is not of shicided ca ble and connect the
wfiec:.:d by normal temperature changes or shtold to terminal 4 of the ;ntt only.
shics. Due to 'Olid state construction, it Do not tr.a k e any connection to the
is maintena nce free. Relay contacts are shteld at the other end of in caole.
shewn in normal operating posittort.. relay

3.2 CONN ECTICNS

SINGir 9ET-PO!q ntf at 9t? etMT

1 1" ll?V AC. 50-400 CPS Il 7V AC. 50-400 CPS, ,s - .-

'i-
" 28V DC. CPERATIONAL PCWER 28V DC. CPTION AL PCWER.

_

3- _

6 6'
7 """ N.O. 7 *" N.O.
8 COMMCN R E!.AY NO. I 8 COMMON RELAY NO.1 .

9 N.C. 9 N.C.

10 ~ 10 ""
- RESET SW!!CHgg _ g 3 _" RE"ET SWITCH

*

I2
VERITY VERITY

l3 J 13

14 - -

0-1.0 MA METER CUTPUT I4'
c.1.0 MA METER CUTPUT15

is - N.O.
17 COMMCN RELAY NO. 2
19 , N.C.

)

O
4
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PART IV-

.

CAllBRATION

4.1 CALIBRATION the input frequency to 100% of full
scale and check that the meter output

Monitors are fully calibrated at thes factory is 1.0 MA within .25% of full scale.
and normallydo not require any field recal- Reduce the signal frequency to 10% of
t tration, full scale and check that the meter

output is .10 MA within s.25% of full
for periodic checkout procedures, the scale,

following sections (4.2 and 4.3) provide
an operation test. E. With the set-point adiust potentiometer

fully counter-clockwise, check for a
.

4.2 SINGLE SET-PCINT switching point less than 20% of full
scale. Turn the set-point adjust po-

A. Connect unit as shown in Figure 1. tenttometer fully clockwise and check

that the switching point is rr. ore than

B. Set osctllator at 2V AC intttally. 100% of full scale.

C. Center the METER ADJ potentiometer T. With the relay energized (frequency
and turn the set-point adjust poten- below the set-point ), check for contin-
tiometer fully clockwise, utty between terminals 8 and 9 and

with the relay de-energized (above the
D. Set the signal input frequency to 50% set-point ), check frequency below set-

of full scale andadjust the METER ADI. point for continutty between terminals
potenttometer for .50 MA output. Vary 7 and 8.

_

/

V

F/ G U R E I. + ut fra
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4.3 DUAI. SET-PCINT that the switching point is less than

20% of full scale. Turn both set-point

A. Connect unit as shown in Figure 2. adjust potenticmeters fully clockwise
and check that the switching point is

B. Set the signal input frequency to 50% more than 100% of full scale,

of full scale andadjust the METER ADJ.
potentiometer for .50 MA output. Vary D. With both relays energized (frequency
the input frequency to 100% of full below the set-points), check for conti-
scale and check that the meter output nutty between terminals 8 and 9 (Relay
is 1.0 MA t.25% of full scale. Re- No.1) and 17 and 18 (Relay No. 2).

duce the signal frequency to 10% of With bothrelays de energized (frequen-
full scale and check that the meter cy above the set-points ), check for
output is .10 MA s.25% of full scale, continuity between terminals 7 and 8

(Relay No.1) and 16 and 17 (Relay
C. With both set-potnt adjust potentt. No.2).

ometers fully counterclockwise, check

.

FIGURE 2. + METER
0-10
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MAGNETIC PICRUP MOUNTING

.

.

The mounting for the pickup should be provided should be 16 or less for lower speeds. This is to
,

! with a threaded hole. The standard (*700-0941 ensure high surface speeds when maintaining the

| pickup assembly) has a 5/8" 18 U.N.F. 2A thread. same number of gear teeth and. therefore. more

| Model 725-00021s a hazardous location. Class 1 pickup output. The dimensions of the gear teeth
j Group D pickup having a 3/4"- 20 U.N.E.F. 2A are dictated by the diameter of the pickup pole
i thread. The mounting should'be of sufficiently piece which is .106". The space between tooth

heavy metal to accommodate several complete surfaces should be approximately two or thren

threads in the threaded hole and should be times .106". When the gear teeth become small
attached to a frame free from excessive vibration. with respect to size of the pickup pole piece. the
Normal vibration attendant with machine opera- pickup output decreases. This happens because
tion will not affect the accuracy of the readings maximum output is obtained (for a given speed
obtained. andgap)when the region in front of the pole piece

changes from " full" mass at one instant to com-

Spacing dimensions are shown in the mounting plete absence of material the next. When a very
figure. Screw the pickup into the mounting and fine toothgear is used, the magnetic fic!d fringes
adjust for a clearance of approximately 0.005" into the next toothand never becomes fully inter-
to 0.010* between the pole piece and the gear, rupted.

Make sure there is sufficient clearance between
the pickup and gear toprevent damagingthe pick- Lead length from pickup to the Monitor is not
up. Lock the pickup securely in position withthe critical. A twisted pair of No'.18 AWG wire will

'

+- locknut. suffice . Mode! #725-0002 hazardous location
' pickup is normally furnished with two 18 inch el8

Spacingcan be checked by backingoff the pickup AWG leads. All a700-0941 pickup assemo!!cs are
about a quarter turn. The a700-0941 ptekup will supplied with ten feet of shielded lead for inter-

move 0.056" per turn and the e725-0002 pickup connection between pickup and Monitor. Con-

. will move 0.050" per turn. Any decrease in meter nect the shield to terminal 4 of the Monitor to
indication should be, at most, barely perceptible. minimize the pickup of spurtous AC signals. The
Any sharp decrease denotes excessive spacing. shield should not be connected to the pickup
The diametral pitch (the number of teeth to each housing, and should be entirely insulated. Airpax

.

inch of pitch diameter) of the recommended gear cables are supplied with an insulated shield.

.

MOUNTING BRACKET

m.Eh j; a${
p.mp: '
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PART VI- *

PARTS LIST

SINGLE SET-POINT OVERSPEED MONITOR

The only recommended spar 6 part field replacement is Relay Kl.

DESIGNATION DESCRIPTION MANUTACTURER

R1 Resistor,1W 25% A-B
R2 Resistor, IW, 25% A-B
R3 Resistor, 2.2K ohms,1/2 W, 25% A-B
R4 Resister, 680 ohms,1/2 W, 25% A-B
R5 Resistor, 680 ohms,1/2 W, 25% A-B

R6 Resistor, 82 ohms,1/2 W, 25% A-B
R7 Resistor, 680 ohms, 3W, Wirewound SPRAGU C

R8 Resister, Tactory Trim,1/8 W, 21% RN6OD
R9 Resistor,1.21K,1/8 W, 21% RN60D
RIO Potentiometer, SK, 210%, Type 117 CTS

Ril Resistor, Tactory Trim,1/8 W.11% RN60D
R12 Resistor, 4.53K,1/8 W, 21% RN60D
R13 Resister, 2K Wirewound BALCO Kelvin

.

R14 Resister, 422 ohms,1/8 W, 21% RN60D
R15 Resistor,15.4K,1/8 W, 21% RN60D

R16 Resistor, 4.7K,1/2 W, 2 5% A-B
- R17 Resistor,1. 5K,1/8 W, 21% RN6OD

_

R18 Resistor, 2.2K,1/2 W, 25% A-B
R19 Potentiometer, SK, 210%, Type 117 CTS

R21 Resistor, IK,1/3 W,11% RN60D
R22 Resistor,1.54K,1/8 W, r1% RN60D
R23 Resistor, 7.5K,1/8 W, 21% RN60D
R24 Resister, 2.2K,1/2 W,15% A-B
R25 Resistor, 820K,1/2 W, 25% A-B

R26 Resister, 470 ohms,1/2 W, 25% A-B
R27 Resistor, 47 chms,1/2 W, 2 5% A-B

*

C1 Capacitor, .4 7 ufd,100V (mylar) Goodall
C2 Capacitor,100 ufd, 50V Type PSD Callins

C3 Capacitor, Selected at time of manufacture
C4 Capacitor, 2.2 ufd, 50V, 76T02LC2R2 G , C.

CR1 Diode, IN277 G. E.
CR2 Diode, IN277 G. E.
CR3 Diode, SCE2 Semtech
CR4 Diode, SCE2 Semtech
CRS Diode SCE2 Semtech

CR6 Diode, SCE2 Semtech
CR7 Diode, SCE2 Semtech
CR8 Diode, SCE2 Semtech
CR9 Diode, SCE2 Samtech )
CRIO Diode, SCE2 Semtech -

8
.
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CR11 . Dio'de, IN277 G. E.
CR12 . Diode, SCE2 Semtech

.

CR13 Diode, SCE2 Semtech

) CR14 Diode, Zener,1N963B I. R.
,V CRIS Diode, SCE2 Semtech.

CR16 Diode, Zener, IN936 Dickson

'
* RT1 Thermistor,1K ohm, 31D34 VECO

L1 Choke Filter, 210143 Airpax
K1 Relay, 24V, TF154CC Allied
T1 Magmeter, Transformer Airpax
T2 Transformer, Power Airpax

-

Q1-Q8 Transistor, 2N69 7 G. E.

!-

I.

I DUAL SET-POINT OVERSPEED MONITOR
'

The only recommended spare part field replacement is Relay K1 and Relay K2.

DESIGNATION DESCRIPTION MANUFACTURER

'

R1 Resistor,150 ohms,1W,' 25% A-B'

R2 Resistor,150 ohms,1W.15% A-B
R3 Resistor, 2.2K,1/2 W, 2 5% A-B
R4 Resistor, 680 ohms,1/2 W, 25% A-B

- R5 Resistor, 6d0 ohms,1/2 W, 25% A-B
,

i R6 Resistor, 82 ohms,1/2 W.15% A-B
- R7 Resistor, 680 ohms, 3W, Wirewound SPRAGUE

R8 Resistor Factory Trim,1/8 W.11% RN60D
R9 Resistor,1.21K,1/8 W,11% RN60D
R10 Potentiometer, SK, 210%, Type 117 CTS-

R11 Reststor, Factory Trim,1/8 W, *1% , DNSOD,
" R12 Resistor, 4.53K,1/8 W, 21% RN60D.

R13 Resistor, 2K IRC
R14 Resistor, 422 ohms,1/8 W,11% RN60D
R15 Resistor,15.4K,1/8 W, 21% RN60D

j R16 Resistor, 4.7K,1/2 W, 2 5% A-B
; R17 Resistor,1.5K,1/8 W,11% RN60D .

R18 Resistor, 2.2K,1/2 W, 2 5% A-B
R19 Potentiometer, SK,110%, Type 117 CTS

R20 Potentiometer, SK,110%, Type 117 CTS

R21 Resistor,1K,1/8 W,11% RN60D
R22 Resistor,1.54K,1/8 W, 21% RN60D
R23 Reststor, 7. 5K,1/8 W, 21% RN60D'

R24 Resistor, 2.2K,1/2 W, 25% . A-B
R25 Resistor, 820K,1/2 W, 25% A-B

R26 Reststor, 470 ohms,1/2 W, 25% A-B*

.R27 Resistor, 47 ohms,1/2 W,15% A-B
R28 Resistor,1K,1/8 W, 21% RN60D

(( R29 Resistor,15.4K,1/8 W,- 21% RN60Di

( R30 Resister, 4.7K,1/2 W, 25% A-B

9
~
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DESIGNATION DESCRIPTION MANUTACTURER
,

R31 Resistor, 422 ohms,1/8 W,11% RN60D
'

R32 Resistor, 2.2K,1/2 W, 25% A-B
R33 Resistor, 470 ohms,1/2 W, 25% A-B
R34 Resistor, 47 ohms,1/2 W, 25% A-B

C1 Capacitor. 47 ufd 100V, Mylar Goodall
C2 Capacitor,100 ufd, 50V, Type PSD Callins
C3 Capacitor Selected at time of manufacture
C4 Capacitor, 2.2 ufd, 50V, 76F02LC2R2 G. E.
C5 Capacitor, 2.2 ufd, 50V, 76F02LC2R2 G . E.

CR1 Diode, IN277 G. E. -

CR2 Diode, IN277 G. E.
CR3 Diode, SCE2 Semtech
CR4 Diode, SCE2 Semtech .

CR5 Diode, SCE2 Semtech

CRS Diode, SCE2 Semtech
CR7 Diode, SCE2 Semtech
CR8 Diode, SCE2 Semtech
CR9 Diode, SCE2 Semtech
CR10 Diode, SCE2 Semtech

,

CR11 Dicde, IN277 G. E.
CR12 Diode SCE2 Semtech
CR13 Diode SCE2 Semtech

- CR14 Diode, Zener, IN96 3B I. R. .

CRIS Diodn, SC F') Semtech "I

CR16 Diode, Zener, IN936 Dickson
CR17 Diode, SCE2 Semtech
CR18 Diode, IN277 G. E.
CR19 Diode, Zener, IN963B I. R.
CR20 Diode, SCE2 Semtech

Ql-Q13 Transistor, 2N69 7 G. E.
RTl Thermistor, IK ohm, 31D34 VECO
L1 Choke, filter, 2101043 Airpax-
Tl Magmeter, transformer Airpax

T2 Transformer, power, 2101033 Airpa x ,

K1 Relay, 24V, TF154CC Allied
K2 Relay, 24V, TF154CC Allied

.

10
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TERMINALS:

1 & 2: 117 VAC, 50-400 CPS *

3 & 4: 28 VDC Opt. Pwr. , #3 Pos.
5 & 6: Signal Input
7 6 8: N. O. Relay No.1 Contacts
8 & 9: N. C. Relay No.1 Contacts

10 & 11: Reset Switch
12 & 13: Vertfy

'
14 & 15: 0-1.0 MA Ext. Meter Output #14 Pos.".

*16 & 17: N. O. Relay No. 2 Contacts
*17 6 18: N. C. Relay No. 2 Contacts

* Applies to dual set-point units.

"Normally jumpered. Remove jumper when
using the Ext. Meter Output.
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AIRPAR
' AIRPAX ELECTRONICS
/9 CONTROLS DIVISION
( )
'I P. O. BOX 8488 Fort Lauderdale, Florida 33310

Phone: (305) 587-1100 TWX: 510-955-9866 Telex: 51-4448.,

.

WARRANTY AND RETURN SHIPMENTS STATEMENT
.

'

The materials ordered and agreed to be furnished by Seller are warranted against defect of.,

material or workmanship for a period of one (1) year from the date of shipment, or for their

rated life (whichever period ends first). Seller's obligation under the warranty is limited to
repair or replacement in Seller's option of the defective material at Seller's factory (point of
shipment) and does not extend to equipment other than of Seller's manufacture. The warranty,

shall not apply to any product or part which has been subject to misuse, negligence, accident
or attempted or unauthorized repair or modification. All return shipments must be factory
authorized prior to shipment and shipment will be at Buyer's expense. The only statutory
warranties applicable to the materials are warranties of title and that the materials will be

merchantable and, if manufactured to Buyer's specifications, that the said items conform to
suchspecifications. UNLESS EXPRESSLY STATED ON THE FACE HEREOF, NO WARRANTY.

OF FITNESS FOR ANY PARTICULAR PURPOSE IS TO BE Ih1 PLIED NOR ARE ANY OTHER
WARRANTIES TO BE IMPLIED FROM COURSE OF DEALING OR USAGE OF TRADE. THERE
ARE NOWARRANTIES WHICH EXTEND BEYOND THOSE STATED liEREIN. SELLER'S SOLE
LIABILITY FOR DEFECTS OR BREACH OF WARRANTYSHALL BE REPLACEMENTOF THE
MATERIALS INVOLVED, AND IN NO EVENT WILL THE SELLER BE LIABLE FOR SPECIAL
OR CONSEQUENTIAL DAMAGES. FAILURE TO TEST, INSPECT AND MAKE CLAIMS FOR
BREACH OF WARRANTY WITHIN REASONABLE PERIODS SHALL BE CONCLUSIVE EVID-
ENCE THAT THE MERCHANDISE SHIPPED IS SATISFACTORY IN ALL RESPECTS AND
SUPPLIED IN ACCORDANCE WITH ORDERED SPECIFICATIONS.

-I \
s iv

NC '1CE REGARDING DAMAGE

These units were carefully packed i'4 compliance with carrier regulations and thoroughly in-,

. spected before leaving our plant. Responsibility for their safe delivery was assumed by the
carrier upon acceptance of the shipment. Claims forloss or damage sustained in transit must,,

therefore, be made upon the carrier..

CONCEALED LDSS OM OAMAGE

Concealed loss or damage means loss or damage which does not become apparent until the
merchandise has been unpacked. The contents may be damaged in transit due to rough handling
even though the package may not show external damage. When damage is discovered upon un-
packing. make a request for inspection by the carrier's agent. Then file a claim with the
carrier since such damage is the carrier's responsibility.

VISISLE LOSS OR DAMAGE

Any external evidence of loss or damage must be noted on the freight bill or express receipt
and signed by the carrier's agent. Failure to properly describe evidence of loss or damage
may result in the carrier refusing to honor a claim.

We definitely are not responsible for any damage incurred while merchandine is in transit.
The transportation company will settle promptly all claims as they are insured and their rates
cover this cost. Any correspondence in regard to loss or damage must be accompanied by a

( cooy of the carrier's report.
77
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INSTRUCTION MANUAL
,

BENTLY PROBES AND PROXIMITORS

| FOR GENERAL USE

NO T E:See Port F for Special Notes Regarding MACHINE PROTECTION APPLICATIONS.

Unpacking and Inspection

Bently Nevado 3000 Series Probes and Proximitors have been carefully inspected and tested prior to
being shipped. Although adequate packing material hos been used, a thorough inspection of the
equipment should be made for possible damage during shipment. Should any damage be found, it

| shou'd be reported to the factory.

A. General Description

Ber rly Probe and Proximitor systems operate on inductive principles and therefore do not touch the
object to be observed. They con be used to observe any material that is electrically conductive and'

conversely, are completely unaffected by any material in the Probe gap that is not electrically
conductive. Therefore, oil, air, gas, etc., between the Probe and the observed surface has no effect

,

on % system.r
,

s The Probes are tronufactured from materials inert to most chemicals and environments. The Probe
coils are sealed in epoxy resin to prevent most corrosive elements from attacking the wire. The
Probes are mounted in epoxy, steel, or other type cases depending upon model and customer
specifications.

The Bently Proximitor is contained in on aluminum extrusion that measures la X l-3/B" X 3-1/8".
Mounting flanges run the length of the housing and may be used to mount the Proximitor to a variety
of surfaces.

,

,.

L The Proximitor is designed to operate a Bently Probe with a negative 18 volt at 25 ma power supply,
i' such as the Bently S-18-4. The Proximitor supplies electrical energy from the power supply to h

Probe and odiusts the signal returned from the Probe to provide a voltage signal that is proportional
to the distance change detected by the Probe.

;

8. Installation

1. Probes
|- ;

i The Probes are usually installed by means of a small mounting bracket or threaded into on existing i

part , in any case, the mount must be rigid enough to prevent its vibrating. Such vibration will ,

!
create false reading and impair the system occuracy. The Probe must be solidly locked into its
mount by a lock not or clomp.i <

!O
! waaMATION OMY

|
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' When installing a Probe that has a lead directly attached, rather than the "Q" type which has a
cable disconnect attached directly to the Probe, care must be taken to rotate the cable with the*

.

,

~ Probe when threading the Probe into the mount. Do not allow high twist loads to occur at the
v Probe-Cable joint as cable damage or a broken connection may result.

In the complete installation there should be no metal within 0.150 inch of the Probe face except
the observed surface. Counterboring, chamfering or other re lieving may be necessary to achieve-

th.is. Operation is possible without this precaution, but difficulties achieving linearity, range
and calibration may be experienced.

2. Proximitors
:

All standard Proximitor models are stabilized for environmental temperatures over a range of about
18' to 65' C ( 0* - 1500 F ). If the Proximitor is to be operated in varying temperatures above or
below this rsgion, consult the factory for a modified model to fit the environment. The Proximitor is
not offected by vibration, dust, or humidity.

Different Proximitor mode |s are available for work with various ranges of cable lengths. Standard,

models are the 3106, 3109, 3115, 3120 with adjustable gain controls. For longer cable usage the
3140, plus other special Proximitors, are available. Su Catalog for details.-

]- Whenever cable length between the Probe and Proximitor is changed the Proximitor must be
recalibrated. The cable may be cut and a wide variety of connectors may be used to reconnect it

' without impa' ring occuracy. Cable length between Proximitor and readout Instrumentation is
non-critical except where very high motion frsquencies are being observed, in which case the! -

N capacitance tu common from output should be kept as small as possible. See special section on
Proximiter to Probe connecting cable.

3. Probe to Proximitor Connecting Cable

The Proximitors are designed to operate with a specific length of 95 ohm coaxial cable. Thei

proper length is noted in the last two numbers of the Proximitor model number f.e. 3106, 3109,
3115, 3120 . However, for mechanical reasons, a smaller 50 ohm cable is used for pfg~tallWads
on standard Probes. When a 95 ohm extension cable is used in conjunction with a 50 ohm Probe
lead, an adjustment in total length must be made in accordance with the following:

;

$' One foot of 50 ohm lead is the equivalent of 2 feet of 95 chm lead.

i
For instance, with a 3115 Proximitor and 2-1/2 feet of 50 ohm Probe lead, use a 10 foot

! 95 ohm extension cable. Physical length equals 12-1/2 feet, electrical length equals
; 2 X 2-1/2 feet plus 10 feet for 15 feet total.
!

! C. Power Reautrements
-

The Bently Probe and Proximitor require a regulated Power Supply that will deliver negative 18 volts
d.c. at 25 ma. The Bently Nevada S-18 Power Supply is ideally suited for this purpose although

.| other power supplies of similar quality may be used. "P" type Proximitors require both positive and
,,

Supp y voltage may be any level from 6 to 25 volts, but unlessnegative output Power Supplies. l' '
.

' the Power Supply is well regulated, errors in output signals can occur. Output scale factor is
always directly proportional to supply voltage.

i@Chn..h..-92 ,

,,4
.

'
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If.a battery is desired as the source of primary power, very good performance may be obtained by
using a 22.5 voit battery with a series resistor and a silicon voltage reference diode, in shunt

'

with the Proximitor as a voltage regulator. Recommended components would include a Burgess
j No. 4156 battery, a Motorola IN 1525 reference diode and a 390 ohm, I watt resistor.g

D. Proximitor Output

1. General

The output of the Proximitor is a voltage that varies between 0 to 16 volts d.c. at approximately'

2500 ohms impedance. The output voltage vorles proportionally as the distance between the Probe.,
' and the measured surface varies.

The output voltage may be used to drive numerous devices including the Bently 5000 Series
Machine Protection Systems, pulse counters, oscilloscopes, oscillographs, DC voltmeters, strip
chart recorders, x y plotters, digital voltmeters, variable trip point relays, AC voltmeters, tope
recorders, and other readout Iristruments.

2. Output bim ngi

When it is requred to have the output signal operate both sides of zero, such as when recording*

on a golvonometer or magnetic tope, it may be accomplished by using a bias battery with a shuntj

; resistance, or, for more precise blas, a DC Coupled Differentiated Amplifier may be used. This
Amplifier will shift the "Zero Voltage Output", point to any place on the output curve and may
be used to either increase or decrease scale factor simultaneously. Sard Pass limiting may also be
incorporated in this Amplifier.

3. Observation of High Speed Motion

All Standard Probe and Proximitor combinations occurately follow at least twenty five
thovsond cycles per second sinusoidal motion. Model 3500 Proximitors will observe up to one
hundred thousand cycles per second.

..

E. Calibration and Operation

; 1. Observed Surface

Any surface that is electricolly conductive may be observed by the Probe. Wn it is desired
'to observe a non-conductive surface, it is often possible to attach a small conducting surface to

the material. A thickness of 10 mils or greater is desireable.

For maximum range and linearity, the fixed conductive surface, usually formed by the Probe
mounting or housing, should be chamfered or counterbored from the face of the Probe to a distance
at least equal to the range to be observed. It will give reliable measurements when encased, but
with shortened range and reduced linearity.

2. Calibration

O- Calibration of the Probe and Proximitor system is best accomplished by using a spindle micrometer
'

such as the 8ently Model SM-100. For dynamic calibration of read-out units we recommend the

arnnn!n7 M}VMrw o'ut|eqy4

nu-3-
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(] Bently TK-3 "wobulator" which also contains the SM-100 micrometer. The following procedure
V is based upon using a SM-100 but any method that will allow precise setting of the gap between

the Probe and the observed surface is satisfactory. Feeler gages may also be used to set the gap.

a. Lock the Probe to be calibrated into the spindle micrometer unit so that the observed
sample lightly contacts the Probe face when the micrometer setting is at ZERO. The

,

observed material must be the some as will be observed when in service.
,

b. Connect the Probe to the Proximitor using the connectors provided on the Probe cable
:

and Proximitor. Be sure to use the proper Proximitor model to match the Probe lead
length,

c. Connect the Proximitor to o regulated -18 volts d.c. supply.
.

d. Connect the output terminal of the Proximitor to o Simpson Model 260 Multimeter, or
equivalent. Set the Multimeter to read DC volts.

e. Turn the Micrometer unit to 10 mils, giving o 10 mils gop between the Probe and the
observed surface, continuing in 10 mil increments and recording, on graph paper, o
record of the voltage reading vs gap distance. A graph paper graduated in 0.10 inches
with a vertical scale of 2 volts per inch and a horizontal scale of 10 mils per inch is
recommended.

.m

(] It is normal to obtain no voltage reading for the first 20 mils gap from zero. Depending
V upon the type of Proke and Proximitor, and particularly upon the type of material being

observed, o steep response to opproximately 2-1/2 volts will occur somewhere between
20 and 30 mils Probe gap. As the Probe gap continues to increase the response will
become linear at opproximately 30 mils and remain so through a range of 50 to 100 mils,
depending again, upon the particular Probe, Proximitor, and the observed material.-

f. Most Probes and Proximitors are factory calibrated to a scale factor of .200 volts per
mil when observing 4140 type steel. Most of the 4000 and 1000 type steels have very
similar electrical characteristics and it is not necessary to recolibrate when changing
between these steels.

For other, unusual types of material, the Proximitors may be factory collbrated to gain
factors other then .200 volts per mil

g. The scale factor of the volts vs distance re>ponse may be odiusted on all but 2620
and 2800 type Proximitors by simply turning the ediustable gain potentiometer located
on the end of the Proximitor near the Probe connector. This is a 15 - turn potentiometer
and a light clicking will be heard when it is turned to either extreme. By adjusting
this potentiometer and re-running the volts vs distance response graph a different scale
factor will be obtained. Generally, the range con be greatly extended by reducing
scale factor at some sacrifice in linearity.

-
i

h'') On 2620 or 2800 type Proximitors it is necessary to adjust the fixed resistors located on
the tip of the Proximitor to odiust the scale factor.'"

n . || T T j p p( (v; e" ? j U-4- L.'
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(v) 3. Probe Gap

Probe Gap to be used in service is determined by consulting the graph supplied with the Probe+

or as determined in preceding sections. Operation should be in the middle ronge of the Probe as
indicated by the graph. Once determined, this gap can be set by a feeler gage plastic shim, or

; by observing the voltage output from the Proximitor. This last method is porticularly helriul in
blind hole locations. Be especially careful in blind holes to assure that the Probe is observing the
reautred surface and not the rides of the hole.

[ F. Special Notes for Use of Bently Probes in MACHINE PROTECTION SERVICE

Standard Probes for relative motion measurement may be mounted at any location on or in the machine
with the end of the Probe facing the machine shaft. The machine shaft surface should be bearing
type finish, if at all possible, in order to minimize mechanical runout " noise". The serial number
and location of each Probe should be recorded for your future reference.

The Probes observed gop distance from the Probe face to the running shaft. Therefore it is necessary
for accurate measurement of vibration, that the holding structures of the Probes do not vibrate at-

emplitudes or frequencies of Interest for the measurement to be made, if a Probe connot be mounted
in a solid location on the machine, such as the bearing structure, be certain the beam itself cannot
vibrate oppreciably in a plane that will change the gap distance. The rescnont frequency of any
such mounting structure should be field checked by topping lightly and observing the Proximitor

Such dato should be incorporated in your permanent installation dato0 output an on oscilloscope.
for that point.

When installing a Probe that hos a lead attached, rather than the "Q" type which has a cable
disconnect attached directly to the Probe, care must be taken to rotate the cable with the Probe
when threading the Probe into the mount. Do not allow high twist loads to occur at the Probe-
Cable joint es cable demoge or a broiren connection may result. The Probe must be solldly locked
into its mount by a locknut, clamp, or other vibration secure device.

When installing a Probe be certoln that the mounting hole is clear of obstructions. Do not |om the
Probe against the observed surface with more than finger tight twist. If the observed surface la
moving, take care to prevent the Probe face from sever rubbing,

initial gap is determined by consulting the Probe Collbration graph. In open Installations the gap
con be set by a feeler gage or plostic shim. The gop may also be set by observing the Proximitor
output and ad[usting the Probe gap until the Proximitor voltage output corresponds to the equivalent
voltage output for the recommended gap indicated by the Probe Calibration Graph. Thl lost method
is particularly helpful in blind Installations or with running shafts in which feeler gages or shims connot
be used, in blind holes be certain that Probe is observing the shalt by moving the Probe to increase
and decrease gop while observing the output voltage.

With factory calibrated Proximitors, and if the shaft is a 4000 or 1000 Series steel, or similar, and
it is not practical to run a pop vs distance calibratinn graph, soilsfactory operation may be obtained
by setting Probe gap to give on output voltage of app oximately 8 volts for 302 or 304 type Probespd and approximately 6 volts for 306 type Probes. These gup voltages will set the gap at the approximate
middle range for the Probes,

.>. .,
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In the complete installation there hld be no metal within 0.150 inch of the Probe face except
the observed surface. Counter boring, chamfering, or other relieving may be necessary to achieve

?, s

this cleorocce. i
j.

(r
; The Probe cable may be permanently ottoched when the Probe has been Installed. Use teflon tope

to cover all cable junctions. Solid or flexible conduit should be employed to mechanically protect !
the Probe cable from mechanical demoge. j

,

p
Core should be tok m to cover the end of the connector to keep them clean and prevent demoge.'

:-
Proper installot'on of Probes for Machine Protection Service is very important. Please consult a ;"

tently Instruction Manuel for Series 5000 Machine Protection Monitors and general monvol entitled !

j "OR SITS" for further discussion. Both of these publicotlons are ovelloble upon request from the
'

factory,
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<( ASSEMBLY PROCEDURE ,

PG-PL GOVERNOR & SYNCIIRONIZING MOTOR je.

The synchronizer gear motor is mounted to the PG-PL governor housing
o via a bracket, a coupling and misc. hardware refer to assembly
5 dwg. 99606-C.
E Refer to Woodward Governor Co. bulletin No. 36694-B for particular
$Q}' gov. item numbers referenced herein.
o Refer to Terry Bill of Material 9-99470 for Terry supplied items.

NOTE: Care must be taken to insure that parts are not lost or
^

;

damaged during this adaptation of motor to governor. .

'Read entire procedure and be familiar with Woodward Bulletin noted
above. ,

PROCEDURE
:

" 1. Assemble connector on bracket per dwg. 99606-C. ;

%

2. Hand assemble bracket, motor & coupling to governor. . Locate & mark0
* (4) holes in bracket from motor mounting flange and (4) holes in
g gov. case from bracket. ,

u
3. Drill & tap bracket (4) 1/4-20 holes in bracket. ;

| y
1

| 4. Remove governor cover item 7 by removing 2 attaching bolts item 2.

5. Inspect unit and identify location of major components mentioned
below f rom Woodward bulletin's illustrated exploded views.

e 6.
+, Remove only items mentioned below. Keep parts covered in a clean

place waen removed from governor.

7. Re=ovo receiver bracket item 75 and speed setting cylinder item 91
as an assembly with all parts attached as folloss
(a) Locate item 77 shutdown nuts. Notice and record no. of threads
exposed beyond nuts for re-assembly purposes. Remove item 77
nuts (2).
(b) Remove items 16 and 17 screw & lock washer which connects
speed setting plunger assembly item 99 to pilot valve link item 21.
(c) Remove item 18, 19 & 20 bolts & washers holding down item 75
bracket.
(d) Remove item 78 and 79 bolts & washers holding down item 91
cylinder.

_
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7. (Continued)

(e) Lift assembly off column item 113 set aside complete assembly.-

(f) Lift of 2 packing rings items 76 notice & mark location.
(g) Lift of spring item 80.

o
3 8. Remove speed setting plunger assembly and attached parts
3 (consisting of items 97, 98, 99, 100 and 101) from column item 113j {f] as follows:g
o (a) Remove (2) screws & washers items 94 & 95.

(b) Remove retainer item 96.
,

(c) Lift out plunger assembly.
(d) Remove spring item 102.

9. Remove colunn item 113 from power case item 260 by removing (4)
bolts & washers item 92 and 93. Disconnect tube item 106 at elbow
item 105.

10. Remove bushing gear item 103 from column.

" 11. Insert clean rag into gov. column pocket to collect chips. Drill
y and tap (4) 1/4-20 holes located in gov. column (marked in step 2

above).

y 12. Clean all chips from gov. column. Inspect to insure; all chips.
g rag and any foreign particles have been removed.
G

13. Assemble motor bracket to column item 113 using (4) 1/4-20 x 7/8''

Allen screws lock washers, loctite and/or RTV in accordance with
assembly dwg. 99606-C.

, ,,,

14. Reassemble governor. Follow steps 7 thru 10 in reverse order.
Operate knob item 45 to insure free motion of parts.

15. Remove head screw assembly as follows:
(a) Remove item 43 nut, item 44 washer, item 45 knob, item 46
spring (discard spring) .
(b) Remove item 36 dial plate and 38 spring.
(c) Position head screw item 47 so pin 39 is vertical and press
out roll pin item 39 with a drift pin or punch.
(d) Unscrew " head screw" item 47 from lead screw nut item 57.
(Caution - Do not loose item 40 and 41 washers). Remove item 47
head screw from governor.

16. Rework " head screw" item 47 per TST dwg. 96292-B.
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i. .

|

k
17. Reassemble head screw assembly in reverse order (see step 15).

Note - discard item 46 spring.

18. Insert new 3/32 x 5'/8 roll pin in new hold in head screwg d (step 16). <

,E O |
j 19. Set screw item 55 musc be replaced by new 8-32 x 1/2 flat point

set screw and screwed-into(item 57) nut, so that an equal amount of4

Q @ the screw is protruding thru each side of nut. This screw provides
.

for anti-binding when the head screw is rotated full CW & CCW
position. The two 3/32 roll pins should strike this screw at right
angles providing positive end stops as the lead ~ screw nut (item 57)
travels to each of its extreme positions.

20. Adjust self-locking nut item 43 so that knob slips when end stops
(step 19) are reached and does not slip while knob is rotated fromn
full CW to CCW positions.

o
21. Assemble coupling to knob and motor shaft. Assemble & tighten

n motor to motor bracket using (4) 1/4-20 x 3/4 hex-head bolts &
$ lock washers.

. 56
G 22. Wire motor to power source see applicable wiring diagram 75755A01

(115 VDC) or 75755A02 (115 VAC).

23. Operate motor and verify " slip clutch" at full CW & CCW ends of
r head screw travel.

I 24. Connect wiring to connector per applicable wiring diagram'

,

* (see 22 abovel '. e-

25. Assemble conduit adaptor to plug for customer, use or for wiring
in conduir system.

26. Any further governor adjustments are to be per Woodward bulletin
referenced above,

s 4

+

.
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The Terry Steam Turbine Co.
WCo. 4t s , .

BILL OF MATERIALg
NO. ,

ITE] PIECE PATT. OR
PART DwG. No. MAf TRIAL PER I

C C. N O. FORGING NO. TURI. l
.i

1 919978 FOTOR M0t.t4T 919970 D4-102 1 i

'

' i
.

gunu.mb .

WALDRON NYLIGN COUPLING TYPE 4
,

'2

WITH 1.135 BCRE ONE END .501 BCRE _

OTbER EPO. COMPLETE WITH 2 #8-32

FLAT POINT SET SCREWS (OPTICNAL)

! TEM 2 C#4 BE FABRICATED BY

REWRX OF STOCK WALDRON TYPE __

4 COUPLING PER TST OWG 96466B _

1
AND 962869 ~

JT'
--

-

MOTOR-BCDINE INSH-12RH FCCEL 439I

1

1 125 NDC _
_

} -
--.

-

4 ALLDJ CAP SCREW 1/4-20 X 7/8 STD STL 4

5 HEX HD DOLT STD STL 4

6 $PLIT LOCKhASHER 1/4 STD STL 8

SET SCREW FLT. PT 8/32 X 1/4 STD STL' 1

7
h

SET SCREW FLT PT 8-32 X 1/2 STD STL
P _

ROLL P!N 3/32 X 5/3 (MS9048-071) STL ?

9

ALLD4 CAP SCREW 4-40 X 3/8 STD STL 4
10 -

SPLIT LOCKWASHER 94 S1D STL 4
11 __

1

12| CCttiECTOR tG 3100A-18-11P
_

1

13 PLUG iG3106A-115
l~~~~

L* 95047A05 COfEUIT ADAPTER 9504/A
.-

181LL - ~

REQUIRED PARTS TO ADO FOTOR SYNCHRON!ZER TO V)00 WARD
Arv.
Aho

PG-PL CO'EPtJOR ASSEPELE PER 99606C 40 85022A
-._

CHO. " " " " ' ~ ~

NO.
_ . . .

suNO. g.86321 sf R.P. Dart 12/13/74 ffPE GS FILE 38$8/
|

,

------
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The Terry Stoom Turbino Co. . <

. .-c...
I ) DlLL OF MATERIAL

_ _

NO,'

lit] Pt.C. PAff.04
t 2, N O. PORGING NO. PART DWG, NO, M Af TRIAL, FIR

TUNR.

1 919978 FOTOR FOt.M 919970 EM-102 1

-

WALDRON NYL!GN COUPLIPG TYPE 42 .

WITH 1.135 DORE Cr4E DD .50100Rf!

fOTHER EPU. COMPLETE WITH 2 _

88-32 FLAT POINT SET SCREWS __

(Of TICeel) ITDi 2 CN4 DE FABRICATLD

BY RDORX OF STOCX WALDRON TYPE _

4 COUPL!f4 PER TST DWG 964660 NL -

1

] 962860

Q"O
- ..

FOTOR-800!f.'E ONSI-12RH MODEL ..|3 -

1
! 353 (115 VAC) -

4 ALLENCAPSCRCW1/4-20X7/} STD STEEL le

HEX to BOLT 1/4-20 X 3/fe STD STICL le

5
_

__

6 SPLIT LOCVWASHER 1/4 STD STEEL li
~

_

SET SCRCW FLT PT, 8-32 X 1/ft STD SittL 1

7 -

| .-

i8 SET SCREW FLT. PT. 8-32 X 1/2 STD STEtt 2

ROLL P!ti 3/32 X 5/8 (MS90f+3-071) STEEL 1

v/d sp~"'" ,,y,

Pact 1 cr 2 , , " ,^* - - -

NO.
=. .__

- - - -

- - -- - - - - - - . , _ _ _ _
_,_s

y_',. 7C ,
" -

_ , _

_
_

.

p;., CW3
o A,. of m 7,, ,,,, c5 ,,a 38387

. ~ . ,_w.7a_i

- ----
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The hvey Steam Turbino Co.
,

DILL OF MATERIAL 1

4 g e

NO.'

litM PitCE PAff.04
PAAT Dwo. No, MAf tstAL Ptn

C '). N O. F040lNQ NO. TURO.

ALLEN CAP SCREW 4-40 X 3/8 STD STEEL 4
10

_-

SPLIT LOCXWASHER W STD STEEL 4
11 -

1
CCm ECTOR MS 3100A-18-11P12

1

13 PLUG MS3106A-18-115

-

1

14 95047A05| CCt00!T /0 AMER 95047A ,

1 - . _ .
-

j .__

J

*% -

- -

.

| -

,

_

-

-
..

.-

__.-.*

.

4,/L,' . , ,q~/,,

fIiLt %

PC7)! RED PNITS TO /00 FOTOR SY?CH0rl!ZER TO V4tHAPD
nay.

' AND -

FG-PL GOVEPICR A50rPELC PER 99606C NO 85022A
PAGC 2 Of 2 cofo.i . _'

| NO.
"- '-

, - _ __ . .._

, , __ _

8f CWS 0 Att 9/30/14 fTre C5 rns 3081 i, ;

|.| 84 40 9 99470-2 i i

. _ _ _ _ _ _ _ _
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REPLACEMENT PARTS
SECTION 3OlO 8 . BODINE ELEcmc CO.

PAGE 10
cHK AGO 18,lLL.

ITEM QTf*
DESCRIPTION OF PArr PART No. Pmer -

No. Rtch

l N f43
1 PL Af t, S ALL $4 AtlNG END (Clost0)

4 N-If s
1 Scate, B Att ItallNG IND PL Af t

8 5 844
3 SClie, SnitLO

3 See Note (t) Sole.
4 $8vlM

3 See Note (f) tele.
I SPtING, laulM

4 S Cit w, StulMMOL0tt C AP 2 N*Isf3

7 SMitLO, P RONT AlllMBLY (VINitL Af t0) | Noltet

F SMitLO, PRONT AlllMBLY (INCLOllo) 1 Haftef

2 N*Isf4
8 seulMMOtott

9 $C tt w, StulMMOtott Stf f NetSf s

1 N=If44
10 w ASMit, SpetNG

11 w ASMit, SP ACING As Reg's Nat42

1 N-3287LG-3
12 SI AtlNO, SALL

13 PIN, N AMtPL Af t i SA-319

i NellFS
14 NAutPLAft

l les Neee (1) lete.
Il stNo & PitLO AnstuBLY (wouNO CouPttit)

to Atuatutt, wCUNO COMPttf t i S ee Note (Il t ete. [

h.I N 447
87 6All .

*
4 l*I44-8/2

te SCela, SAll

19 $Catw, PAN lit i Nel364

ft PAN (VENilL Af t0 MOf ot ONLY) i N.el3 b
$

1 N-2 3 80LG = 3
J1 StAttNG, 6ALL

ft w alHit, SP ACING (.410* f MICE) As tee'd N 403

21 m AS Mit, $P ACING (,833* TMICE) As Reg'd N.903

34 1844, Olt (wMtN 880ui000) 1 N= fed

I lee Neto (1) tele.
is wCIM

to Nuf, nota LOCK 1 Neff$$

37 MouslNo, Ot At & st At SMitLO AlllMILY (VINilL Af t0) | N*Tf7

27 MOutlNO, Glas & st At SMitLO AlltutLY (INCLOll0) i N.Ffe

is sNetMitto AllistLY, OR At MOutlNG (tXf tNilON ENO) | N= fife

39 SI AL, 4t At MOutlNO IND$MitLO 1 Nefett

la IN0lMitLO, Ot at MOutlNG I N*faft

i k.2493
31 elC E , FILt

32 SC at w, 0148 MOul|NQ IN0lnitLO 6 S.It0

33 01L88, Qt At MOullNG IN0lMitt0 f Neff4

34 w AIM 4 8, $ PACING As let'4 IA*Ill

Il G al e s t, Otat MoullNG INolMitLO f N.fttf

I lee Neee (t) este .
34 Glat & Otivt SM APT

37 C Als ti, Glat MOutlNO PLuo I N-tete

30 PLUG, Gt At MOutlNo f Nel47

If IN0lMitLO AlflMetf, Olat MouliNQ (NONet sitHllON IND) l Ne3499

l N*tf 41
s$ w A&Mit, SP AING

O
IMPOffANt, PLlatt Olvt uOf 00 lit | AL Muutta ON Att 080809 708 Patts,

N Ofts
fMtst PAAfl vat 1 *tfM VOLT Act, M. P ANO $Pt80, fptetPCet, plt Alt Orve PtAt NMatPLAff DAf A, INCttetNO litl A6 Nuptet.O)
*CUNO ARMAfustl ANO Ptite mNotNO Allemtull AAt NOf NOtmALLY CAtttto IN If0CE.
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SECTION I/ GENERAL INFORMATION
.

. INTRODUCTION DESCRIPTION

.

This bulletin provides description, operation, installation. The governor controls engine or turbine speed by
y adjustment, maintenance, and replacement parts controlling the amount of fuel or steam supplied to the
'j information for the PG.PL governor. engine or turbine. Speed control is isochronous, i.e., the

governor will maintain constant engine or turbine steady
The basic PG governor (pressure compensated governor) state speed, within the capacity of the unit, regardless of
with a pneumatic speed setting mechanism (direct or load.
reverse) and a short column that is used primarily for

,

controlling engine or turbine speed has been assigned the The standard operating oil pressure for PG governors is 100
a

designation PG.PL governor. This PG governor was first psi. However, with appropriate modifications the oil
used on pipe lines, hence the PL, but has since found wide pressure may be increased, thus increasing the work
acceptanca on all types of diesel engines, gas engines, steam capacity of the power cylinder assembly. Table 1 lists

,

'I turbmes driving pumps and compressors, and many special typical governor oil pressures versus power cylinder work
applications. The PG-PL governor includes a pneumatic capacities.

speed setting mechanism, standard short column, standard*

base assembly, and 12 foot pound power cylinder assembly.g
' The repair marwel for the PG-A governor (similar to the

. PG-PL in speed setting, but with a long column to house

( various options for load control) is bulletin 36699. Table 1. Governor Oil Pressure Versus Power Cylinder*

"# Work Capacities (Typicall
*

All PG governors have the same basic componer.ts Governor Operating Power Cyl. Work Capacities in Ft Lb,

4 *
regardless of how simple or complex the complete control Oil Pressure (PSI) 12 17 29
may be. The following components found in each PG-PL 100 (std.) 12 17 29
govemor, are sufficient to enable the governor to maintain 130 22 38,

-

a constant engine speed as long as the load does not exceed 200 34 58
engine capacity:+

1. an oil pump, storage area for oil under pressure,
- and a retief valve by which maximum oil An air pressure sigr:al from a pneumatic air transmitter or

pressure may be limited; controller supplies air to the governor speed setting
mechanism. The governor will control the engine at a
definite speed for each air pressure. The most common air2. a centrifugal flyweight head-pilot valve

assembly which controls flow of oil to and pressure range for the governor is from 315 psi. Normal

. from the governor cylinder assembly; minimum control air pressure is 3 psi; however, a minimum
of 1 osi and a maximum of 100 psi can be, accommodated.

3. a power cylinder assembly-sometimes referred The governor speed range normally falls between 250-1000
to as a servomotor-which positions the fuel rpm, but a low speed of 200 rpm or a high speed of 1600
racks, fuel valve, or steam valve of the engine or rpm can be obtained. Contact Woodward Govemor

'. turbine; Company for recommended control air pressure to

governor speed settmg relationship to meet the
4. a compensating system for stability of the requirements of the particular installation.

governed system;-.

The pneumatic speed setting mechanism (direct or reverse)m
.e 5. a pneumatic speed setting mechanism for is a bellows type mechanism and is standard equipment on

.[mg adjusting the governor speed setting. all PG-PL governors now manufactured by Woodward.The
.

V A cutaway view of the PG-PL governor is shown in figure 1. speed setting unit is an accurate durable mechanism which

| w; ; |* h ~| Q ; $ R *|"**n g s
~
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O.
j ' virtually eliminates the hysteresis loops encountered with governor speed setting for a decrease in control air pressure

J less sensitive pneumatic speed setting elements. (A (reverse type).
* ; hysteresis loop is a plot of the speeds obtained at various

control signal pressures; one portion is recorded as speed The manual speed setting knob permits manual operation
,

setting signals are being increased, the other portion as the when the air pressure signal is not available,i

signals are being decreased.) Bellows type speed setting
provides a definite, accurate relationship between speed and Diaphragm receiver models of the governors are obsolete

;

speed signal. and no longer manufactured as a complete unit. However,*

replacement parts for these units are available and detail
3

The speed setting mechanism is available for use with air information on the units is found at the end of this manual.''

J' , it'out signals of varying range and magnitude (e.g. 3 to 15
.f p i. 20 to 70 psi, etc.). Depending upon the exact As is the case with any governor of any type,it is essential

configuration installed in the governor, speeds may be that the engine or turbine be equipped with a separate
1 adjusted up to a 5 to I range. The speed setting mechanism overspeed shutdown device to prevent runaway in the event

can be furnished to increase governor speed setting for an of failure of the governor, the mechanism which drives it,
increase in control air pressure (direct type) o to increase or the control it operates.
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SECTION ll/ INSTALLATION AND ADJUSTMENT
,

.Q
- J

INSTALLATION Keep the governor oil level between the lines on the glass of

the oil level gauge when the engine or turbine is running.

Refer to figure 8 for complete physical dimensions of The oil should never be above the line where the case and

the governor. Adequate clearance must be provided for column castings meet. Oil above this level will be churned

installation, removal, and servicing. At all times, use care in into foam by rotation of the flyweight head. The governor

.
handling the govemor: be particularly careful to avoid can run safely with the oil level quite low in the gauge glass.

i striking the drive shaft. Do not drop or rest the govemor on
its dnve shaft. Such treatment could damage the governor PURGING AIR FROM GOVERNOR AND'

drive shaft, drive shaft bearing, or govemor oil pump gears. NEEDLE VALVE ADJUSTMENT

When the governor is installed on the engine or turbine, a
gasket should be used between the mounting pad and the When the engine or turbine is started for the first time, or

- govemor base. The govemor should be mounted squarely after the governor has been drained of oil, cleaned and

and the dnve connection property aligned. refilled with oil, any trapped air in the governor must be
removed. Use the following steps to remove any trapped

if the governor is equipped with a serrated or splined drive air,

shaft, it should slip into the internal serrations or splines of
the drive freely, if a keyed type governor drive shaft is 1. Start the engine or turbine and run it at idle for at

used, the gear must slip on the shaft freely and should be least 15 minutes to allow the governor and engine to

checked to insure that it meshes properly. The gears should warm up.

run freely without binding or excessive backlash,
irregularities caused by uneven gear teeth, shaft runout, 2. Add oil to the govemor to maintain the oil level "
etc., will result in erratic governing and shorten governor between oil level lines on the gauge.

' life.
3. Back off needle valve (ccw) several turns to allow

the governor to hunt. Close the needle valve (cw)

LINKAGE ADJUSTMENT until hunting just stops. If the need|e valve closes
completely before hunting stops proceed with the

The linkage from the governor to the fuel or steam control next step,

should be property aligned. Any friction or lost motion
should be eliminated. Unless the engine or turbine The final needle valve setting should be between 1/16

manufacturer has given special instructions. the linkage to 2 turns open. Check this once stability is
should be adjusted so that when the governor power piston established.*

is at the end of its stroke in the "OFF" direction, the gas or
steam valve, or diesel fuel pumps will just be closed. 4. If hunting has not stopped open the needle valve

several turns to allow the governor to hunt for about

When the gwemor has been property mounted and the 5 minutes using as much terminal shaft travet as

linkage connections completed, make the air connections to possible.

the manual or automatic air controller.
5. Repeat step 3. If the governor continues to hunt

proceed with the following.

OlL SPECIFICATIONS
CAUTION

information on oils for use in hydraulic govemors is
available in bulletin 25007. Use SAE 20 or 30 oil for The vent screw is under pressure. Do not

ordinary temperature conditions. If governor operatin9 remove while operating the governor.

temperatures are extremely hot, use SAE 40 to 50; if
extremely cola, use SAE 10. In most cases, the same oil 6. Loosen the vent screw (refer to figure 8), on the side

that is used in the engine or turbine may be used in the of the governor case, enough to establish an oilIsak
Bleed until the air bubbles stop, about 1/2 cup of o

governor.
_

.

4



C'
h 7. Tighten the vent screw and refill the governor with to decrease); be sure the pneumatic low speed adjusting

1, oil, if the vent screw leaks after tightening shut down screw does not touch the restoring lever at this time.

,w/= the engir's and remove the plug. Coat the plug with a
4- Adjust limiting valve adjusting screw as required sogood grade of pipe sealant, replace the plug and

tighten it. that it does not unseat the maximum speed limiting valve as
speed is increased. Set governor speed range to control air

8. Repeat step 3. pressure range as follows:

a. Slowly increase control air pressure signal to9. Run at normal maximum operating speed and check
maximum. Se sure engine does not exceedgovernor stability. The needle valve may have to be
specified maximum speed.closGd slightly to achieve stability.

.
b. If specified maximum speed is obtained beforeWith preloaded buffer springs (optional equipment), the

control air pressure signal is increased toneedle valve should not be more than 1/16 turn open for-

maximum, adjust the pivot bracket to move thesmooth operation. The needle valve must never be closed
ball bearing pivot toward the speed settmgtight, as the governor cannot operate satisfactorily when
servo.

this condition exists.

/ On some installations, opening the needle valve will not c. If specified maximum speed is not obtained
cause the engine or turbine to hunt, in such cases. bleed the with maximum control air pressure signal,
air from the governor by disturbing engine or turbine speed adjust the pivot bracket to move the ball
to cause the governor to move through full stroke in both bearing pivot away from ttie speed setting

; directions a sufficient number of times to force out all servo.
trapped air.

d. Adjust the pivot bracket as follows: Loosen the
* * *" *#

After the needle valve is adjusted correctly for the engme. itv
, *

should not be necessary to change the setting except for a*
. bracket and turn opposite knurled nut to move

.arge permanent temperature change affecting the viscosity
''

of the governor oil,

5. Repeat steps 3 and 4 above until specified minimum
SPEED ADJUSTMENT speed in obtained with minimum control air pressure and

specified maximum speed is obtained with maximum
The pneumatic speed settmg mechanism furnished with the control air pressure. Speed should begin to increase as the
governor is either (1) a direct type which increases the control air pressure begins to increase from minimum.
governor speed setting as the control air pressure signal
increases or (2) a reverse type which increases governor 6. Apply maximum control air pressure for maximum
speed setting as the control air pressure signal decreases- speed. Adjust the limiting valve adjustmg screw so that it
Perform the following procedures as applicable to set the just contacts the ball in the maximum speed limiting valve.
maximum and minimum operating speed of the governor. Increase control air pressure slightly above specified
See figures 1 and 2. maximum; the maximum speed limiting valve should open

'

prior to engine reaching 5 rpm above specified maximum
DIRECTSPEED SETTING MECHANISM speed. Readiust screw as necessary.

1. Set the manual speed adjustmg knob to the minimum 7. Apply minimum control air pressure signal for
speed position (fully counterclockwise until clutch slips). minimum engine speed. Perform step a or b as applicable.

2. Adjust the high speed adjusting setscrew as required a. If engine is to go to low speed upon loss of
until upper end of screw is flush with top of speed settmg control air pressure signal to the governor. set
screw, the pneumatic low speed adjusting screw to just

' contact the stop pin in the restoring lever with
' 3. Appiy specified minimum control air pressure signal the engine running at low speed. Shutdown

( to the unit; adjust the speed adjustmg nut as required to nuts are usually omitted on governors which are
7' obtain corresponding specified minimum speed (clockwise arranged to go to low speed upon loss off

{v /
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control air pressure. If nuts are included but 4. Adjust the limiting valve adjusting screw as required.

not used, lower nut should be a minimum of so that it does not unseat the maximum speed limiting valve .*

1/32-inch above the speed setting piston rod as speed is increased. Apply minimum control air pressure -

with engine running at low speed. signal to the governor (pressure at which specified -

maximum engine speed is to be obtained). Be careful that

b. If engine is to shut down upon loss of control engine does not exceed specified maximum speed.
2

air pressure signal to the governor:
5. Ts.rn the manual speed adjusting knob clockwise to
increase engine speed to specified maximum. Turn the high

(1) Lift up on the shutdown rod to take out speed adjusting setscrew in until it just touches the high
- any slack or lost motion; do not lift the speed stop pin, if screw is turned down too far, speed will

rod so far as to cause the engine speed to
y decrease,

drop. White holding the rod up, position
the lower shutdown nut 1/32-inch above if the specified maximum speed is not obtained with the
the top of the speed setting servo piston manual speed adjusting knob fully clockwise, turn the knob

*

rod and lock in position wi'h upper nut. approximately 2 turns counterclockwise, back out high
speed stop adjusting setscrew a few turns, then turn speed

(2) Turn the piston stop setscrew down until adjusting nut counterefockwise until specified maximum
it touches the speed setting piston then speed is obtained. Turn high speed adjustmg setscrew down

turn the screw counterclockwise 2 turns until it just touches the high speed stop pin (if the screw is
and lock in position with nut. This turned dov.n too far, speed will decrease). Turning the
adjustment limits the upper movement of speed adjusting knob fully clockwise should not increase
the piston when the engine is shut down- speed beyond the specified maximum.
and it minimizes the cranking required
when the engine is restarted. 6. Slowly increase control air pressure signal until

specified minimum speed is obtained. The pneumatic low
speed adjusting screw should not touch the stop pin in the j

(3) Adjust the pneumatic low speed adjusting
restoring lever and the piston stop setscrew should not stop,

screw so that it is 0.040 0.050 inch below the speed setting piston as it moves up to decrease speed.
the stop pin in the restoring lever. Turn
off control air pressure signal to the

if specified minimum speed is obtained before the control
governor (engine will shut down). Adjust

air pressure signal is increased to specified maximum, adjust
the adjusting screw so that it is from

the pivot bracket to move the ball bearing pivot toward the
0.002 to 0.005 inch below the stop pin in-

speed setting cylinder.
the restoring lever,

Adjust the adjustable pivot bracket as follows: Loosen the,

8. With control air pressure signal removed (engine does socket head screw in top of pivot bracket; loosen knurled
not go to shutdown with loss of control air pressure signal), nut on appropriate side of pivot bracket and turn opposite
turn the manual speed adjusting knob clockwise to increase knurled nut to move the pivot bracket; tighten screw and
engine speed to maximum. Turn the high speed adjusting

knurled nuts.
setscrew in until it just touches the high speed stop pin (this

,

adjustment stops the downward movement of the speed
7. Repeat steps 4, 5. and 6 above until specified

adjusting nut at high speed). minimum speed is obtained with maximum control air-

pressure signal and specified maximum speed is obtained
REVERSE SPEED SETT/NG MECHAN /SM with specified minimum control air pressure signal. Insure

engine speed begins to increase as the control air pressure
1. Set the manual speed adju:t;ng knob to the minimum

signal begins to decrease from maximum.
speed position (fully counterclocxwise until clutch slips).

8. After setting speeds pneumatically, apply minimum
2. Adjust the speed adjustinv nut so that the speed

~

control air pressure signal (governor will go to maximum
setting screw protrudes approximately 1/4-inch above the speed setting). Turn manual speed adjustir.g knob
nut, counterclockwise until specified minimum speed is

obtained. Alternately turn speed adjusting nut 1/2 turn
3. Adjust the high speed adjusting setscrew as required counterclockwise (increasing speed) and adjusting knob
until screw is flush with the top of speed setting screw.

6
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counterclockwise (decreasing speed) until adjusting knob is 10. If shutdown nuts are used, lift up on the shutdown,

fully counterclockwise. Turn off control air supply (speed rod to take out any slack or lost motion;do not lift the rod
;

'

will rise slightly). Adjust speed adjusting nut to obtain so far as to cause the engine speed to drop While holding
specified minimum speed. the rod up, position the lower shutdown nut 1/32-inch

above the top of the speed setting servo piston rod and lock
in position with upper nut.

If adjusting nut is tumed fully counterclockwise without 11. With the control air pressure signal turned off, turn
*

reaching the specified minimum speed tum off control air the manual speed adjusting knob clockwise to increase
supply (speed will rise slightly). Adjust speed adjusting nut engine speed to maximum, Adjust the hmiting valve
to obtain specified mmimum speed, adjusting scrww so that it just contacts the ball in the

} maximum speed limiting valve. increase engine speed
slightly above the specified maximum; the maximum speed
limiting valve should open prior to engine reaching 5 rpm
above maximum speed. Readjust screw as necessary.

9. With the engine operating at specified m. .inimum
speed, tum the piston stop setscrew down until it just
touches the top of the speed setting piston; then turn the 12. Turn the manual speed adjusting knob fully
screw 2 tums counterclockwise; lock in position with counterclockwise and apply maximum control air pressure
locknut. This aciustment limits the upward movement of to the governor. Adjust the pneumatic low speed adjusting
the piston when the engine is shut down, and it minimizes screw to just contact the stop pin in the restoring lever with
the cranking required when engine is restarted. the engine running at low speed.
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SECTION lil/ PRINCIPLES OF OPERATION

.

INTRODUCTION The governor drive shaf t passes through the governor base
into the pump drive gear, which is direct connected to the

The sectional view of the PG PL governor (see figure H rotating pilot valve bushing. The flyweight head is secured

serves to indicate the relative position of the various to the upper end of the pilot valve bushing, thus providing a

governor components in the complete assembly. The
direct drive from the engine to the flyweights. At any speed

connecting oil passages between parts are not necessarily in
setting of the governor, when the engine is on speed, the,

their correct location, but are simplified to facilitate their centrifugal force of the flyweights will balance the opposing
'

location. The lower part of the governor consists of the force of the speeder spring with the flyweights in the

base and power case and the basic components of the vertical position and the control land of the pi|ot valve

hydraulic PG isochronous governor, which functions to plunger will be covering the regulating ports in the rotating

maintain a constant engine speed by controlling the fuel pilot valve bushing.

supplied to tne engine. The upper part of the governor
consists of tne column, cover, and related parts; it also Pressure seal grooves are supplied with pressure oil through
consists of the pneumatic speed setting mechanism, and the regulating port to prevent the oil trapped between the
optional shutdown and protective devices where applicaole. power piston and the buffer piston from leaking past the

power piston, power piston rod and pilot valve stem. To . .

make up leakage of the seal oil and hold the power piston
'

-9 DESCRIPTION OF OPER ATION in a steady state position against the power spring - when . . .
the engine is on speed with a steady load - the pilot valve

The schematic diagram (figure 2) illustrates the essential g, g g g g g*

parts of the governor and speed setting mechanism which g
are required to regulate fuel and control engine speed.

The governor oil pump supplies pressure oil to the rotating
Speed adjusting in the governor is effected by controffing pilot valve bushing, speed setting pilot valve bushing,
the position of the speed setting servo piston. Movement of

pressure seal grooves, and to it'e accumulators, with excess
the servo piston to a higner oi lower speed setting is oil (at maximum pressure) bypassing from the accumulators
obtained by admitting or draining pressure oil to or from to the governor sump. Duplicate suction and discharge ball
the area above the servo piston. check valves at the pump permit rotation of the governor in

either direction.

The flow of governor oil to or from the area above the
servo piston is controlled by the speed setting pilot valve The pilot valve plunger moves up and down .in the rotating
plunger contained in a rotating bushing which is actuated pilot valve bushing to control the flow of oil to or from the
by a controlled air pressure signal or by a manual control power cylinder assembly. When the pilot valve plunger is
knob' centered (i.e., the control land of the plunger exactly covers

the control port of the bushing), no oil flows to or from the
Af ter each speed setting change, a restoring lever connected power cylinder assembly,
between the servo pistcn rod and speed setting pilot valve

plunger returns the plunger to the closed port position,
stopping the flow of oil to or from the area above the servo The greater of two forces moves the pilot valve plunger up

or down. The centrifugal force developed by the rotatingpiston, thus holding the piston at the position for the
flyweights is translated into an upward force which tends tr ,

particular speed setting of the governor.
;

8
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' the plunger. The centrifugal force is opposed by the permits a flon of pressure od from the pelo

nward force of the speeder spring When the opposing into the bJf fer system and power cyhnd-

ges are equal, the pilot valve plunger is stationary. powei piston and inctease f uel. R aising
results in a flow of od from the power cyli

With the pilot valve plunger centered and the eng:ne system to the 91vernor sump, and the pow <

running on speed, J change in either of the two forces will the power piston down to decrease fuel to it

move the plunger from its centered position. The plunger
will be lower ed (1) if the governos speed setting is This flow of oil in the buf fer system - in e

unchanged but an additional load slows the engme and car ries the tuffer piston m the dir e<

governor (thereby decreasing the centrifugal force compressing one of the buffer springs an

developed by totating flyweights) or (2) if the eng:ne speed othe, This action creates a shght diff-

is unchanged bat the speeder spring force is increased to presures o' t"e od on opposite sides of tto

raise the go.ernor speed setting Similarly, tht pdot salve with the Wer pressure on the side opp.

plunner wd4 be raised (1) of the governor spet f setting is which es compressed These dif ferentiai (

unchanged but load is removed from the engine causing an transmitte<1 to the areas above and below tb

increase in engine and gasernor speed (aro ience. ao land on tre p. tot valve plunger, producm

increase in the centrifugal force developed by t' e rotating downward force on the compensating land

flyweights), or |2t if the engine speed is unchant'ed but the re centering the pilot vahe plunger at

speeder spring force is reduced to lower the governor speed correction is made.

setting
The vertical position of the hyweights with

The thrust bearing atop the bailarm toes permits the pdot of the pdot watve covering the regulating po

vaive bushing to rotate while the pilot valve plunger does the engine is on speed.

not rotate. In this way, static friction between the bushing
and plunger is minimated. THEORY OF OPERATION

are several styles of flyweight head assembhes See figure 2 for the schematic d;aaram
bie. The exact model used in any one governor components of the bash governor an<

mpends upon the appbcation. mechanism and the relative positions they .

engine is operating on speed under steady--
A "sohd" head assembly is used in governors on prime Differences raay exist in the actual desigr
movers which af ford a smooth drive to the governor. components from one governor to anothe;

of operation is the same in each.

" Spring driven" and " spring driven, oil damped" head
assembhes are used to filter torsional vibrations which may The schematic arrangement of the "direc
be imparted to the governor by the drive from the engine. mechanism (governor speed increases as
(These torsional vibrations may originate from a source pressure signal increases) is incorporated
other than the drive itself but reach the governor through of figure 2. The inset shown on figu.
the drive connection). Unless minimited or eliminated, the " reverse" speed settmg (governor speed

flyweight head will sense these torsional vibrations as speed control air pressure signal increases) versior

changes and continually adjust the fuel valve or racks in an
attempt to maintain a constant speed The following theory of operation dest

speed setting mechanism. The sequence of

Movements of the power piston are transmitted by the in the governor take plxe more or less i-

piston rod to the engine fuellinkage. Regulated oil pressure manner, rather than step by step as t

under the power piston is used to raise the power piston . fodowing paragraphs.

to increase fuel - and the power spring above the power
piston is used to lower the power piston to decrease fuel, SPEED /NCREASE

,

1 An increase in the control air pressu-Located between the pilot valve bushing and the power
piston is the buffer compensating system, consisting of the pneumatic receiver assembly is sensed

i

[ 'r cylinder and piston, the buffer springs, and the Through a mechanical connection to the si

ansating needle valve. Lowering the pilot valve plunger valve plunger, the bellows movement - c;'

I
l
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} |(jes in the input signal pressure - displaces the speed setting at the compensating land is reduceo to zero by the
! pilot valve plunger to change the governor speed setting. equalization of the oil pressures in the buf fer syster,'

The increased pressure compresses the bellows to lower through the compensating neecle valve. If the needle valve
the speed setting pilot valve plunger. Pressure oil flows is correctly adjusted the oil pressures will equalize at the
to the area above the speed setting servo piston to same rate as the increase in the centrifugal force of the
force the piston down, and thus increase the governor speed flyweights, and the flyweights will remam in the vertical
setting, position, keepmg the control port covered by the control

'

land of the pilot valve, and holding the power piston
( As clie servo piston moves down, a restonng lever ~ stationary at the new position. Ecualizmg the oil pressures

connected between the servo piston rod and speed setting ,m the buffer system allows the buffer springs to return the
pilot valve plunger on a ball bearing pivot - increases the buffer piston to center in the buffer cylinder,,

liftmg force on a restoring spring attached to the restoring .,

lever. When the liftmg force of the restoring spring is equal The engine will now be runnmg at a higher speed with an
to the downward force resultmg from the increased increased fuel setting.
pressure signal, the speed setting pilot valve plunger will be
returned to its centered position. SPEED DECREASE

increasmg the speed settmg of the governor increases the A decrease in the control air pressure signal to the bellows
downward pressure of the speeder spnng on the toes of the of pneumatic receever assembly allows the restoring spong -
flyweignts and the flyweights move in, lowering the pilot attached to restonng lever - to sitt the speed setting pilot
valve plunger and opening the control port. valve plunger. Oil drains from the area above the servo

piston, the servo piston sonng forces the piston to nse and
Open ng the port in this airection admits pressure oil int thus decrease the speeder sonng compression and lower the
the buffer system, causmg the buffer piston to move to the governor speed settmg.p
nght and transfer an equal volume of oil to the power

(Q cylmder, forcing the power piston up in the direction to The restonng lever follows the movement of the servo

A j :ncrease fue!. piston, moves up and, m so doing, decreases the lif ting
iV% force on the restonng spnng. When the servo piston and
*

As the buffer piston moves in the direction of the oil flow - right end of the restoring lever has moved up sufficiently to

from pilot valve to power cylinder - the ocht buffer spnng balance the upward force of the restonng spong to equal
,

is compressed and the left spring is relieved. This produces the decrease in downward force resulting from the decrease

an intermediate oil pressure on the left side of the buffer in control air pressure signal, the speed settmg pilot valve

piston which is higher than the pressure of the trapped oil plunger will have returned to its centered position.
I on the nght side of the buffer piston and sonng

displacement. Lowermg the speed setting of the governor decreases the
downward pressure of the speeder spring on the toes of the

Simultaneously with the movement of the power piston flyweights and the flyweights move out, raismg the pilot
and buffer piston, the differential oil pressures on opposite valve plunger and opening the control port,

sides of the buffer piston are transmitted.to the upper and
lower sides of the compensating land, with the higher Openmg the port in this direction permits oil to flow from
pressure on the lower sede causmg an upward force on the the buf fer system to the governor sump. This will lower the
compensating land which will increase until (added to the oil pressure m the buffer system and the power spring will
upward force of the flyweights) it will balance the speeder force the power piston down in the direction to decrease
sonng force, raise the pilot valve plunger enough to cover fuel As the buffer piston moves in the direction of the oil
the control port, and return the flyweights to the vertical flow- from power cylmder to pilot valve - the left buf fer
position. As soon as the control port is covered the power sprmg is compressed and the right sonng is reliesed. This
piston will be stopped at a new position corresponding to produces a pressure m the trapped oil, on the Nght side of
the increased amount of fuel needed to operate the engine the buffer piston whK.h is higher than the mtermediate oil
at the desired higher speed. The engme is still acceleratmg pressure on the left side of the buffer piston, by an amount

/ toward the new speed settmg. proportional to the displacement of the buffer piston and
spring.s

[*,. As the centrifugal force of the flyweights mcreases to a

[ )f iigher value with engme acceleration, the upward oil force Simultaneously with the power piston and buffer piston
%q
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faovement, these pressures will be transmitSd to the manner. The buffer piston will have moved off center to .:-
,

compensating land, with the higher pressure now on the the left and will be held there by the oil now trapped'

upper side of the land, causing a downward force which will between the power piston and the buffer piston. ',j
increase until (added to the downward force of the speeder
spring) it will balance the flyweight force, lower the pilot The higher pressure of the oil on the right side of the buffer

valve plunger enough to cover the control port, and return piston - produced by the compression of the lef t buffer

the flyweights to the vertical position. As the control port spring will act on the receiving compensating land to add

is covered the power piston will stop at a new position to to the effect of the speeder spring setting and provide a*

correspond to the reduced amount of fuel required to temporary higher speed setting of the governor,
i

operate the engine at the desired lower speed. The engine
will be still decelerating toward the new speed setung. As the engine decelerates to a speed slightly below this ,

higher speed setting, the governor will respond to raise the

A5 the centrifugal force of the flyweights decreases with power piston (and restore fuel supply) in the normal
engine deceleration, the downward oil force at the manner, uncovering the port to permit passage of oil
compensating land will again be reduced to zero by the through the compensating needle valve so that the governor

equalization of the oil pressures in the buffer system and engine will stabilize at the speed corresponding to the

througn the compensating needle valve. With the need:e actual speed setting of the governor. This minimizes
valve correctly adjusted the oil pressures will equalize at the possible under speeding cf the engine when a large load
same rate as the decrease of centrifugal force in the decrease occurs.

flyweights, and the flywerghts will remain in the vertical
position, keeping the control port covered by the control

AfANUAL SPEED SET 7/NG
*

land of the pilot valve, and holding the power piston

stationary at the new position. Again, the buffer piston will
be returned to center by the action of the buffer springs. The manual speed setting mechanism can be used to adjust

The ens,ir'e will now be running at a lower speed with a the speed setting of the governor to any point within the
reduced fuel setting. normal speed range when the control air pressure signal is ;, ,

'
not available. L

CBypass ports are provided in the buffer cylinder to
fallitate large corrective movements of the power piston.
A farge increase or decrease in the speed setting of With no air signal, the restoring spring holds the pneumatic

the governor, or a large increase or decrease of load low speed stop screw in contact with the restoring lever,

on the engine, will require a correspondingly large move- The speed setting pilot valve plunger is thus mechanically

ment of the power piston to make the necessary correction connected to the movement of the restoring lever. The

to the fuel setting. Under such conditions, the buf fer grounded loading spring which keeps the restoring lever

piston will move only far enough to the left or right against the ball bearing pivot continually urges the bearing

to effect an opemng at the bypass port (pressure or drain). and speed setting screw in the downward direction. Turning
.

Oil will then flow directly to or from the power cylinder the manual speed adjusting knob clockwise (to increase the

through the bypass port without further increasing the governor speed setting) lowers the stop collar under the
differential oil pressure force existing on the compensating base speed adjusting nut. The speed setting screw with the

land. ball bearing pivot will move down with the stop collar until
the high speed stop adjusting setscrew hits the high speed

As soon as sufficient governor movement and fuel stop pin; further clockwise turning of the manual knob will
correction has occurred to effect a correction of engine have no effect on the speed screw position.
speed toward the speed at which the governor is set, the
differential oil pressures - still present - will act on the
compensating land to re-center the pilot valve plunger, as As the speed setting screw and the ball bearing pivot are

described in the previous paragraphs. lowered, the lef t end of the restoring lever pushes the
pneumatic low speed adlusting screw down and, in so

With a large decrease in load the power piston assemoly doing, lowers the speed setting pilot valve plunger. Oil ficws

moves to the "no fuel" position, closing the compensating to the speed setting cylinder to push the speed setting

oil passage from the power cylinder to the compensating piston down and raise the governor speed setting. The /

needle valve and biccking passage of oil from the right end downward movement of the piston raises the lef t end of the
-'to the left end of the buffer cylinder, so that the needte restoring lever to " lift" the pilot valve plunger back to

valve Cannot equalize buffer oil pressures in the usual center. ,

12
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, Turning the manual speed adjusting knob counterclockwise minimum. Thus, should the air signal be interrupted -
. will raise the speed setting screw and ball bearing pivot, either accidentally or intentionally - or be reduced below

? faise the left end of the restoring lever, and thereby lift the the pressure required for minimum speed, the restoring
I speed setting pilot valve plunger. As the piston moves up to spring will lift the speed setting pilot valve plunger until the
A decrease the governor speed setting, the restoring lever adjusting screw contacts the restoring lever. With the pGot
.;. movement recenters the pilot valv" plunger, valve plunger raised, the speed setting piston will move up

to the low speed position. At this position, the restoring
TEMPERA TURE COMPENSA TION lever, turning about the ball bearing pivot and pushing.

. . ' , down on the adjustmg screw, will have recentered the pilot
Temperature compensation on older governors is valve plunger. The governor will, therefore, go to minimum-

incorporated in the speed setting mechanism through a speed setting if the air signal is lost.,

bimetal strip in the restoring lever. The temperature*

compensation in later governors is in the speeder spring and REVERSE" TYPE BELLOWS. The pneumatic low speed
there is no bimetal strip, adjusting screw is adjusted to just clear the restoring lever

" ' * * * " " ' * * " * ' '' ' " '**' * * " ~ ~
LOSS OF PNEUMA TIC SIGNAL setting. Thus, should the air signa! be interrupted + either
" DIRECT" TYPE BELLOWS. The pneumatic low adjusting accidentally or intentionally - the spring under the bellows
screw is adjusted to contact the restoring lever when the will act to lower the speed setting pilot valve plunger and
control air signal and governor speed are at their normal allow the governor to go to maximum speed setting.
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SECTION IV/MAINTEN ANCE

.

d

: TROUBLESHOOTING The source of most troubles in any governor stems from
dirty oil. Grit and other impurities can be introduced into ,

Governor faults are usuaily revealed in speed variations of the governor with the oil, or foam when the oil begins to
the engine or turbine, but it does not necessarily follow break down (oxidize) or become sludgy. The moving parts
that such speed variations ind:cate governor f aults. within the governor are continually lubricated by the oil
Therefore, when improper speed variations appear, the within the governor. Thus, grit and other impurities will
following procedure should be performed: cause excessive wear of valves, pistons, and plungers, and

can cause tnese parts to stick and even " freeze" in their

bores.
1. Checx the load to be sure that the speed

changes obsemed are not the result of load changes beyond
the capacity of the engine or turbine. In many instances erratic operation and poor readability

can be corrected by flushing the unit with fuel oil or
kerosene while cycling the governor. The use of commercial

2. If the governor es on an engine, check the solvents is not recommended as they may damage seals or
operation to be sure that all cylinders are firing properly

gaskets.and that the injectors are in good operating condition. If
.

Sthe governor is on a turbine, check the steam valves for If the speed variations of the govemor are erratic but small, *

proper operation. excessive backlash or a tight meshing of the gears driving
,

, -

the governor may be the cause. If the speed variation is
3. Check tne operating linkage between the erratic and large and cannot be corrected by adjustments

govenor and the engine or turbine to make certain there is the governor should be repaired and/or replaced.
- no binding or lost motion.

LUBRICATION

4. Check for steam or fuel gas pressure changes.
The oil used in the governor should be clean and free of
foreign particles to obtain maximum performance from the

5. Check the setting of the compensating needle governor. Under favorable conditions, the oil may be used
valve. for six months or longer without changing Change oil

immediately when it starts to break down or darken.

6. Check air transmitter for specified output

pressure. If neither load nor engine or turbine irregularities DISASSEMBLY
are found to be the cause of the speed variation, the cause
may be either in the governor or in the engine or turbirie Disassemble the governor following the sequence of index

dnve to the governor. numbers assigned to figures 6 and 7, giving special attention
to the following. Circled index numbers do not require

7. Check governor for specified operating oil further disassembly unless replacement parts are required.

pressure. Normal oil pressure for PG governors is 100 psi.
However, this value may vary between governors, Refer to the applicable modular bulletin (refer to section i)

depending upon the recuired output work capacity of the for parts information and disassembly procedures on
power cylinder (refer to taole). With engine shut down, auxiliary equipment.

remove plug from pressure port on governor power case and
install a pressure gauge rated above specified operating oil 1. Clean exterior surfaces of governor with clean

cloth moistened with cleaning solvent. , _/pressure.

4
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.

Discard all gaskets, o-rings, seals, retaining rings, a. To remove inner check valves (250), pry
| 2. <

|,; .
cotter pins, chos, etc., removed in the process of the retainer plate from the check valve !

!'4 disassembly. assembly and remove springs and check balls.

|*i '

3. Do not remove press fit components unless b. To remove outer check valves (251), press

replacement is required. the check valves through and out of the*
,

| valve case.

4. Disassemble power cylinder assembly as'
i

j applicable per instructions contained in bulletin 36692. c. Then tap all four check valve cases with

!~, 1/4" 28 tap. Using a 1/4".28 bolt with a
5. Disassemble base assembly as applicable per

j , , gg

i instructions contained in bulletin 36693.
' '

. d. Remove two balls from the lower case.
6. To remove accumulator springs and pistorn I

from the power case, place the power case (260, figure 7) in CLEANING
'

an arbor or drill press with the bottom down. With a rod
1. Wash all parts ultrasonically or by agitation j

against the spring seat (246), compress accumulator springs i i F i ifi n |

(247 and 248) to permit removal of upper retaining ring P-D 680 or similar).;

,i
(245). Remove spring seat and springs. (see Figure 3)

i
- 2. Use a non-metallic brush or jet of compressed

7
f. air to clean slots, holes, or apertores.

$ 3. Dry all parts af ter cleaning with a jet of clean.'
!

N - ] dry compressed air,

i
. %

_

-3 sy,
_

I- ., ,,
,

, t 2
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$PRING
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! Figure 3. Removing Accumulator Retaining Ring
#

|
}'

Invert the power case and remove lower retaining ring and .C |[ p
accumulator piston (249). ; g-)i

;. n. .

,

; q ,~.$ ;.*
+

mi ,

j 7. If necessary to remove check valve assemblies

( (250 and 251), proceed as follows: Figure 4. Removal of Check Valves
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INSPECTION pipe plug threads as plugs are installed. Insure compound '\
does not ente cwity. *

1. V.'sually inspect all parts for wear and damage. .-y
Obtain new giskets, o-rings, seals. retaining rings, cotter

2. Inspect bearings in accordance with standard pins, etc., to replace those discarded during disassembly.

shop practice. R eplace bearings when there is any
d;tectable roughness. 1. Press spring loaded check valve (250, figure 7)

into power case (260) using Woodward tool 360689. Press

3. All pistons, valves, plungers, rods, and gears plain check valve into power case using Woodward tool
should move freely without excessive play. Do not lap in 360690.'

parts if possible to free by other means.
7 g

retaining ring (245) into power case. Place power case in an
- 4 Mating surfaces must be free of nicks, burrs, arbor or drill press with bottom down, (see figure 3)

cracks or other damage. install springs (247 and 248) ind spring seat (246); com-
press springs, using a rod on spring seat, and install

5. Inspect flyweight toes for wear. Replace
upper retaining ring.flyweights if any detectable wear or doubtful areas are

found. 3. Attach base assembly (207) to power case

loosely, rotate drive shaf t unt:1 splined end engages with
6. It is recommended that speeder spring be splines in pump drive gear. Continue turning drive shaft to

replaced at time of overhaul. check for alignment and free rotation of the drive gear and
idler gear while tightening base sc.ews.

REPAIR OR REPLACEMENT
4. Attach power cylinder assembly (203) to power

1. Repair of small parts of the governor is imprac- case in the proper plan and quadrant; insure holes in gasket '

tical and shall generally be limited to removal of nicks and (204) are abgned with holes in power case, 'c ,

burrs from mating flanges and light burnishmg of mating . j

parts. 5. When assembling the flyweight head pilot valve
- 2. Replace damaged thread inserts in accordance bushing assembly (238), align the missinc tooth in the

with standard shop practice. bushing with the corresponding missing tooth in the spring
coupling assenoiy (220).

3. Polish slightly corroded areas with fine grit
(600 grit) abrasive c!oth or paper and o l. 6. Install three piece thrust bearing (218) onto

stem of pilot valve plunger (235) (bearing race with the
ASSEMBLY larger hole must be against the flyweignt toes).

Assemble governor assembly in reverse order of index 7. When items 216 through 238 have been
numbers assigned to figures 6 and 7 following tne special assembled, center pilot valve plunger as follows: (see
instructions given bemw. figure 5) apply a slight pressure to speeder spring seat

(217), adjust pilot valve plunger nut (216) until flyweights
NOTE (225) move from tneir extreme inward to their extreme

outward position and there is the same amount of control

A dust free area is recommended for assembly if land showing in the control port at each extreme. The
control ports are the bottom holes in the pilot valveacceptable results are to be obtained.
bushing.

8. When assembling speed setting mechanism,
*

During assembly insure no lint or other foreign mattar is insure retaining nng (30, figure 6), is positioned with
present on the parts. The governor may be assembled dry or opening in line with setscrew (33).
a small amount of clean lubricating oil may be applied to
the parts a, they are assembled into the governor. When the 9. Assemble manual speed setting shaf t assembly
governor is assembled. apply a liberal amount of clean 43 through 47), tighten nut (43) approximately seven
lubricating oil over all moving parts to insure initial turns; insert roll pin (39) to protrude through shaf t (43)
lubrication. Apply a small amount of joint compound to approximately 0.090 inch.

%
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n
I TESTING

f. $PetDie
The PG governor has been manufactured in such a wideFLYwtoGHT t i

variety of arrangements that it would be impractical to
cover specifications and testing procedures for each model..

,

,$ 4
, \..

lt is recommended the customer contact Woodward
9

3 i

\ Governor Company, Engine and Turbine Controis Divi $ ion,e. p g., g,,
' Fort Collins. Colorado, for detail specifications and testing.

.*- - =
.

'
'

O IINN'" f instructions for the particular models at the installation.,

., ,
* " Q When ordering information it is essential to supply the3

,/ [ f* governor serial number (as shown on nameplate).
*

9
N *

1 iw w e
., ' * | | | /,

4
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- Figure 5. Centering Pilot Valve Plunger
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SECTION V/ PARTS INFORMATION -

.v
PARTS REPLACEMENT ILLUSTRATED PARTS BREAKDOWN

,

When ordering replacement parts it is essential that the The illustrated parts breakdown { figures 6 and 7) illustrates

following information be given; and lists all parts of the basic PG governor, index numbers
are assigned in disassembly sequence. Circled index

1, Governor senal number and part numbe- (as numbers indicate items which do not require further'

shown on nameplate). disassembly unless repair or replacement of the part is
required.

'

j 2. Bulletin number (this is bulletin 36694).

3. Part reference number in parts list and

description of part or part name.

PARTS LIST FOR FIGURE 6

REF. NO. REF, NO,

NO. PART NAME R E O'D, NO, PART NAME R EO'D,

36694- 1 Screw, hex bd., S/16-24 x 513/32 2 36694 27 Passage screw 1

36694- 2 Washer, leck,5/16 (MS35338 45) 2 36694- 28 Washer, soft copper 1

366 M- 3 Washer, plain, S/16 (MS2718312) 2 36694 29 Receiver cap gasket 1

36694- 4 Screw, drive,:2 x 3/16 36694 30 Retaining ring, int.,1.660 OD 1

( AN535 2 3) 4 36694- J1 Bellows 1 f 7
36694- 5 Nameplate 1 36694- 32 Packing, preformed.1 1/2 O D

'

'~
36694- 6 Oil filler cap 1 (N AS1593-028) 1

36694 7 Cover 1 36694 3') Setscrew, soc. t.d., cone pt.,

36694- 8 Cover gasket 1 5-40 x 1/4 1,

36694 9 Loading sonng 1 36694 14 Pneumatic recerver cup 1

36694 10 Restonng sonng 1 36694- ?S Screw, Phillips, rd, hd.,6 32 x 3/8
36694 11 Cotter pin,1/16 x 3/8 (MS35206-25) 4

: (MS24665-130) 3 3G694 36 Dial plate 1

36694 12 Pivot pin (Restonog lever) 1 36694- 37 Spacer 4

36694- 13 P estoring lever 1 36694 38 Friction spring 1

36694 14 Pin (loading spring 1 366% 39 Roll pin,3/32 x 5/8 (MS9048 071) 1

36694 15 Stop pin (Iow speed pneumatic) 1 36694 40 Stop washer 1

36694- 16 Screw, soc. hd.,5-40 x 1/2 1 36694- 41 Sonng washer,1/4 1

36694 17 Washer, lock, =5 ( AN935 5) 1 36694- 42 Washer, plain. 25/6410 x Si8 OD 1

36694 18 Screw, soc. hd.,1/4 28 x 1 1!4 36694 43 Nut, hex., slfikg,1/4 28
(MS16998-46) 1 (MS21083N4) 1

36694 19 Screw, soc. hd.,1/4 28 x 2 36694 44 Belleville washer,1/4
IMS16998-491 1 36694 45 Knob (Manual speed adiosting) 1

36694 20 Washer, lock,1/4 (MS35338-44) 2 36694 46 Clutch spring 1

36694 21 Pilot valve link 1 36694 47 Shaf t (head screw) 1

36694 22 Stop screw flow speed-pneumatic) 1 36694 48 Receiver bracket gasket 1

36694 23 Nut, hez.,10 32 (MS35654302) 1 36694 49 Screw, soc. hd.,10L24 x 1/2

36694- 24 Bellows spring 1 (MS16997 44) 2

36694- 25 Bellows coupling 1 36694- 50 Washer, fock, #10 (MS35338 43) 2

36694- 26 Setscrew, soc. hd., cone pt., 36694 51 Stop pin (Hign speed) 1
'

8 32 x 5/16 (MS51973 30) 1 36694 52 Collar 1

~
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PARTS LIST FOR FIGURE 6 (CONT.) ,

REF. NO, R E F, NO.
NO, PART NAME R E Q'D, NO, PART NAME R EQ'D.

36694 53 Pivot pin 4 36604 84 Screw. soc. hd.,10 32 x 3/8
36694- 54 Link 1 (MS16998 26) 1

36694 55 Setscrew, soc. hd., dog pt., 36690 85 WWwhW I

' , ' ' ' ' "''

36694 56 Thre ser scr. Ikg 32 x 1/4 ,g
(MS21209CO815) 1

36694 57 Nut (Lead screw) 1 36694 87 Adsusting screw bracket 1

36694 58 Thread insert. 7/16 20 x 7'16 1 36694 88 Fulcrum 1

36694 59 Speed adjustmg nut 36604- 89 Speed setting piston 1

,

(Low speed manual) 1 36694 90 Check vahie assembly (Max. speed) 1

36634- 60 Guide 1 36694 91 Speed setting cylinder 1

36694 61 Setscrew, soc. hd , oval pt., 36694- 92 Screw, heu. nd ,5/16-24 x 5
10 32 x 1 (MS$1982) 1 (MS90726 52) 4

36694 62 Nut, knurfed 2
30 33 #'# ''' # ' '" * ' ' *'36694 63 Screw, soc. hd ,10 32 x 1 1/8 1

WS35333 4 0 4
36694 64 washer, lock. hi-collar, # 10

(MS$1848) 2 3C694 94 Screw, Phillips, rd, hd.,10 32 x 3/8
36604 65 Screw, soc. button hd.,1032 x 1 1 (MS35207 531 2

36694 95 Washer, lock, #10 (MS35338 43) 2694 6 Ba earing
,

,

36694 68 Prvot bracket 1 36694 96 Retainer 1

36694 69 Thread insert, scr. Ikg ,10 32 x 3/8 36604 97 Wacer, plain,3 8 ID x 3,4 OD 1
(MS21200F 120) 1

36694 98 Thrust bearing 1
36694 70 Speed setting screw 1

36694 99 Speed setting p6unger 1
36694 71 Pin (Load;ng spring anchor) 1

360 00 Pig 136694 72 Friction soring seat 1
*

36694 101 Speed setting plunger 1
36694 73 Dowel pin 2

36694 102 Bushing loading spring 1
36694- 74 Thread insert, scr. Ikg.,8 32 x 1/4

36694 103 Bushing gear 1
(MS21200CO815) 1

36694 104 8 earing stud 136604 75 Receiver bracket 1
36694-105 Elbow, 00 336694 76 Pachirig, preformed, 3 '8 OD
36694 106 Tubing.1/4 inch I

(N AS1593 010) 2
36694 107 Dowei pin 2

36694- 77 Nut, hex ,8 32 (MS35649 282) 2 36604 108 Cover dowei 2
36694 78 Screw. hex hd.,1/4 28 x 13/16 36694 109 Dowet bushing 2

(MS90726 9) 2 36094 110 Thread insert. 5/1& 24 2
36694 79 Washer, plain,1/4 ( AN960 4166) 2 36694 111 Pipe plug, soc. hd.,1/16 27 NPTF
36694- 80 Speed inting piston spring 1 ( AN932S1) 5
36694 81 Nut, hem.,10 32 (MS35650 302) 2

36694 112 Taper screw (Not ased with solenoid or
36694- 82 Guide pin 1

pressure actuated shutdown option) 1
36634 83 Setscrew, soc hd., oval pt ,

10 32 x 7/8 (MSS 1982) 1 36604-113 Column 1

s
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PARTS LIST FOR FIGURE 7

,

, REF. NO. REF. NO.

N O. PART NAME R EQ'D NO. PART NAME R EO'D.
,

36694-201 Screw, soc. hd.,3'8-16 x 1 1/4 4 36694 231 Washer, lock, #5 8
' y

36694 202 Washer, lock,3/8 4 36694 232 Flyweigh t hea(' sub-assembly 1
4 ,

36694 203 Power cyhneer assembly 36694 233 Hetaining ring 1 **

(refer to bulletin 36692) 1 36694 234 Compensating bushing 1

36694 204 Gasket, power cyfinder case 1 36694 235 Pilot valve plunger 1

36694-205 Screw, hes hd.,5/16-18 x 1 8 36694 236 Bearing 1.

36694 206 Washer, lock,21/64 8 36694 237 Oil seal ring 1

36694 207 Base assembly (refer to bulletin 36693) 1 36694 238 Flyweight head bushing assembly 1

36694 208 Power cast base oil seal nng 1 36694 239 Retaining nng 1 i

36694 209 idler gear 1 36694 240 0-ring 1

36694 210 Idler stud 1 36694 241 Plug 1

36694 211 Drrve gear 1 36694 242 Buffer spring 2
36694212 Gasket 1 36694 243 Buffer piston 1

36694 213 Speeder sonng check plug 1 36694 244 Buffer seat 1
~

36694 214 Speeder spring 1 36694 245 Retaining nng 4 .
'

3669& 215 Cotter pin,1/16 x 5/8 1 36694 246 Spring seat 2 / s e

36694 216 Pilot valve plunger nut 1 36634 247 Small accumulator spnng 2 '\ .
3669& 217 Speeder sonng seat 1 36694 248 Large accumulator sonng 2

~

36694 218 Thrust beanng 1 36694 249 Accumulator piston 2
36694 219 Washer, adjusting sonng 1 36694 250 Sonng loaded check valve 2
36694 220 Adiusting sonng 1 36604 251 Plain check valve 2

36694-221 Retaining nng 1 36694-252 Drain cock 1

36694-222 Shutdown rod 1 36694 253 Elbow 1

36694 223 Cotter pin,1/16 1 8 36694 254 Oilgage 1
'

36694-224 Flyweight pin limit pin 4 36694 255 Screw, rd, hd. dr. 3

36694-225 Flyweight 2 36694-256 Instruction plate 1

36694 226 Flyweight bearing 4 36694 257 Pipe plug 1/8 AR
36694 227 Screw, rd. hd.,8-32 x 5/16 1 36694 258 Pipe plug,1/16 AR
36694 228 Washer, lock, n8 1 36694-259 Dowel pin 2

36694 229 Sonng couphng assembly 1 36694 260 Power case 1

36694 230 Screw, fit, bd ,5 40 x 9/32 8

9
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t SECTION Vl/ AUXILIARY FEATURES

,

AUXILIARY FEATURES (OPTIONAL) governor is mounted close to valves or steam lines which
result in high ambient temperatures.

] Many auxiliary devices are available for use, either singly or Water (or some other liquid coolant) from an external
in combination, on the PG governor to meet the numerous,

supply enters the oil cooler cover and passes through a tube
control requirements of the installation requirmg precise

i TM e Wm W@ W
| speed setting. Each governor is designed to meet the needs m m dimy

of the engine or turbine and the operating requirements of
* the installation. A special governor case raay be required to mount the oil
-

cooler or to connect to the extemal heat exchanger. Where
it might be desirable to add an oil cooler to a governorAuxiliary equipment may be supplied as original equipment
already in service, the govemor should be returned to thein the governor or it may be installed in the field; it is
factory for conversion.recommended that the customer contact Woodward

Governor Company on field installations..

SHUTDOWN DEVICES
The following paragraphs give a brief description of some
of the auxiliary equipment available from Woodward A shutdown device can be incorporated in the PG governor
Govemor Company and list the bulletins where detail to stop fuel to the engine or turbine if equipment fails.
information may be obtained. These assemblies are used in a variety of applications

including plants where automatic safety devices are a
# necessity. Shutdown devices can be supplied in the

Bullet n No. Title f !!owing arrangements to suit the particular operating
'[. conditions:

1 \

d" 36034 PG Governor Heater
36641 Governor Heat Exchanger
36650 Solenoid Operated Shutdown Assembly 1. Shutdown assemblies which will operate from

36651 Pre.wre Actuated Shutdown Assembly air, oil, or water pressure. These assemblies are

36680 Preloaded Buffer Springs generally supplied where electrical devices

36684 Booster Servomotor cannot be used. The air, oil, or water shutdown

36692 PG Pown Cylinder Assemblies device can be arrar'ged to shut down the engine

36693 PG Base Assemblies or turbine on either high or low signal pressure.

2. A solenoid shutdown device which can bePG GOVERNOR HEATER
arranged to energize or de-energize to shut
d wn. S len id coils are available toAn electric heater is available for PG governors used on
accommodate most common DC voltages.engines which are shut down for lengthy periods in cold
Power required is 6 watts. For AC operation, aclimates. By applying heat to the governor power case
separately mounted transformer or rectifier

during shutdown periods-or for a time before start-up-the
anemW cone E VMage M me mquMgovernor oil viscosity is maintained at a point which enables

voltage.the oil to flow freety through passages of the governor. This
allows normal governor operation as soon as the engine is
started- PRELOADED BUFFER SPRINGS

GOVERNOR OIL COOLER Preloaded buffer springs are often installed in PG govemors
used on two-cycle spark ignition engines and on some

' A govemor oil cooler is required when governor drive shaft engines driving reciprocating pumps. As a result of
%

.I
,

speed exceeds 1200 RPM on an engine application, or 1100 preloading, the governor minimizes fuellinkage movements
RPM on a steam turbine. It also may be necessary to use an resulting from changes in speed due to misfiring or pump
oil cooler at lower governor drive shaft speeds if the strokes. The use of preloaded buffer springs does not affect

v> e~ ~-)- ,
,

i.

/
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,
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the capability of the governor to recognize and respond to PG BASES AND POWER CYL/NDER ';'

}
speed changes. Preloaded buffer springs do retard the rate ASSEMBL/ES ['
at which the governor output piston (or shaft) moves when

y

.! responding to small or momentary offspeeds. The output A number of different base and power cylinder
piston (or shaft) moves at the normal rate for large speed arrangements are available to conform to engine or turbine
mangn manufacturer's specifications.,

The base assembly can be furnished with either a serrated
BOOSTER SERVOMOTOR or keyed drive shaft. Refer to bulletin 36693.

,.
,

The booster servomotor is used in conjunction with the PG The work capacity of the power cylinder assembly,

- governor to assist the engine in starting quickly. The normally furnished with the governor is 12 foot-pounds. A
'

function of this device is to supply oil under pressure to the maximum of 8 foot pounds can be used to move the fuel or

governor at the instant starting air is supplied to the engine; steam control linkage over the full range of governor travel,

this enables the governor to move the engine linkage to the Power cylinders with work capacity up to 58 foot-pounds
fuei-on position immediately. are available. Refer to bulletin 36692.

.~
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^ SECTION Vil/ DIAPHRAGM SPEED SETTING,
I

j INTRODUCTION With a lower air pressure signal, the receiver diaphragm
would lower because of the receiver spring pressure atop it.

j Many of the earlier PG-PL governors are still in operation. Through the linkage previously described the speed settmg
These governors are of a type that uses an air receiver pilot valve is raised, opening the port to sump and allowing
diaphragm instead of a bellows. The linkage for speed the piston return spring to raise the piston. The linkage

,,

i setting is also different and requires other instructions for attached to the speed setting servo shaft closes the pilot
adjustment. Both direct and reverse mechanisms are valve again.,
available in, the diaphragm PG-PL governor. This section;

, deals with the description, setting, and parts lists for the The diaphragm reverse mechanism runs the engine or
diaphragm type speed setting. turbine at high speed for minimum control air pressure, and+

% low speed for maximum control a;r pressure. The special
DESCRIPTION OF OPERATION linkage arrangement is shown in figure 11. Note that the,

base speed setting nut pivot and upper end of the floating-

The following is a description of how the diaphragm direct lever li1k have exchanged places from the arrangement
speed setting mechanism operates. See figures 9 and 10. shown in figure 10. A special speed setting pilot valve
When a higher air pressure is sent under the pneumatic plunger is used. It must now move upward to admit oil to
receiver diaphragm, the diaphragm rises against atmospheric - the spcM setting servomotor. Converting a governor from
and spring pressure on the opposite side. This movement, direct operation to reverse speed setting involves changing a
carried by the diaphragm link, pivots the speed control few parts so it is preferable, though not absolutely
lever and pushes the speed setting pilot valve down through necessary, to specify the correct arrangement when a
the action of the connecting link and the lower floating governor is ordered. See description of operation, page 9,

Q lever. The displacement of the speed setting pilot valve for information on the rest of the governor.
, allows pressure oil to be admitted above the speed setting ADJUSTMENT AND PARTS LIST

'

| piston. The piston moves downward until the upper
.,

.

floating lever, floating lever link, and lower floatmg lever Air pressure versus engine or turbine speed relationships are f
o-

restore the pilot valve to its steady state position, set at the factory with more precise measuring instruments

\ CONNECTING LtNML vtR

LOW SPEED QCPp
STOP bp ) e UPPER FLOATING LEVER

, , , ,

RECEJVtR
^ |

SPRING #
k - FLOATING LEVER^ ^ h'/ 'LINKPRES $URE - =-

4 - DIAPHRAGM
!AIR RECEIVER j- g,

LOWER FLOATING LEVER
_

[h#EED SETTINGSPEED $ETTING PILOTm _ 5VALVE N ,

a
c=

2

-$PEEc E R-

-] W '
SPRINGMYDRAULIC PRES $URE

,

i . (h--R [ W.
I I, .

-

j Figure 9. Schematic of Diaphragm Direct Speed Setting
,. .
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than are available in the field. The governor speed settings locknut. Move the shding block a short distance to the
'

normally will never need to be readjusted, and under no right. Moving the sliding block to the right (toward the
g

circumstances should they be altered without thorough pivot) increases the amount of RPM change that results ,,
u

knowledge of the procedure. If it is necessary to change from a specified air pressure change Moving the shding

or reset the governor speed settings, first determine the block to the left (away from the pivot) reduces the amount

pressure range of the associated air pressure instrument. of RPM change obtained for a given air pressure change.
4

and the engine or turbine speed range corresponding to,

It is now necessary to start over again with the specified air
this pressure range.

pressure at minimum and adjust and lock the idle speed*

Back off the high speed stop screw, shown in figure 10. screw so the lef t end of the speed control lever just touches,
Loosen the idle speed screw locknut and the sliding block or as explained previously, almost contacts the casting. Set.

.

lockscrew and nut. The sliding block can now be moved g
freely to either end of the slot. Set it at approximately the minimum speed corresponding to minimum air pressure.
mid-point .m its travel and lock .it with the lockscrew and.

.

Again apply maximum specified air pressure and check the
nut. Start the engine or turbine and apply the specified low s eed. Repeat this process until the desired high and low
dr pressure (generally three psi). Adjust the idle speed speeds are obtained.
screw up or down, as required, until the left end of the
speed control lever just touches or is a few thousandths
(roughly the thickness of tissue paper) short of touching air pressures, adjust the high speed stop screw so it just

.

the pneumatic receiver casting which serves as the low contacts the screw head below it at maximum specified air
pressure. Tighten the locknut.

Adjust the base speed setting nut to obtain the specified di @ m M W m N @ @ p W
engine speed corresponding to minimum air pressure. Screw the idle speed screw does not rub on the edge of the hole
down to decrease speed, or up to increase speed. Slowly where it passes through the pneumatic receiver casting. This
raise control air pressure to the specified maximum value, could happen if the sliding block were either too far from
making sure the engine does not overspeed. The speed ;, .

'

obtained will probably be either higher or lower than the necessary to use the next heavier or lighter air receiver
desired maximum. Check to be sure the high speed stop ~

s ring.,

screw is not inmiting speed by touching the screw head
On PG PL governors eauipped with reverse speed settingbelow it.
(minimum control air pressure produces maximum speed),

if the maximum speed obtained is too low, loosen the the procedure for setting speeds is basically the same;

sliding block lockscrew and nut and the idle speed screw however, the left end of the speed control lever rests on the
,

.

J

Figure 10. Adjustment Points of Diaphragm Figure 11. Reverse Diaphragm Linkage
'

Arrangement _

Direct Air Receiver
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housing casting at maximum engine speed, and the high /NFORMA T/ON AND PARTS REPLACEMENT
weed stop screw now serves as the low speed stop.

,

.. e When requesting additional information concerning

i SPEED SETT/NG SER VOMOTOR P/STON
governor operation, or wnen ordenne repair parts, it is

STOPSCREW ADJUSTMENT
essential that the following information accompany the
request.

Set the governor for the minimum speed position. Turn the 1. Governor serial number shown on the nameplate.*

speed setting servomotor piston stop screw down until it 2. Bulletm number. (This is bulletin 36694).
*

contacts the top of the piston, then back it off 1-1/2 turns 3. Part reference number, name of part, or description
and tighten the locknut. og p ,t

*
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'PARTS LIST FOR FIGURE 12.

,

REF. NO. PAR T NAME QUANTITY REF. NO. PA R T NAME QUAN TITY
,

36694-301 5/16 24 x 5-15/32 hex head sctew 2 36694 339 Speed setting pilot valve plunger 1
;

36694-302 5/16 shakeproof washer 6 36694 340 Pilot valve plunger spring 1

36694-303 Oil filler cup 1 36694 341 Speed setting pilot valve bushing 1

36694 304 Set screw (knob) 1 36694-342 Pilot valve bushing spring 1

36694-305 Control knob 1 36694 343 Column assembly 1

36694-306 Taper pin 1 36694-344 Gear 1

36694-307 Drive screw AR 36694-345 Bearing stud 1'

36694 308 Manual speed adjustment plate 1 36694 346 Thrust bearing 1

36694-309 Friction plunger 1 36694 347 Bushing retainer 1

36694310 Friction spring 1 36694-348 *10-32 x 3/8 round head
36694 311 5/16 lockwasher AR phillips screw 2

36694 312 Gasket 1 36694 349 #10 lockwasher 2

36694 313 Bushing-dowel 2 36694-350 1/4 x 9/16 dowel pin 4

36694-314 Bushing 2 36694-351 1/4 28 socket head screw 1
'

36694315 5/16-24 x 5/8 threaded insert 2 36694-352 Speed control bracket 1 ,e_
36694-316 Stud 1 36694-353 17/64 x 27/64 x 1/16 lockwasher AR / 1 /

| 36694317 Power piston stop screw 1 36694-354 1/4 28 x 1 1/4 socket head cap screw 1
"

36694 318 *10 32 hex nut 1 36694 355 1/4 28 x 13/4 socket head cap screw 1

36694-319 Acjustable fulcrum screw 1 36694-356 Diaphragm nut 1

36694 320 13/64 x 7/16 x 1/32 washer 1 36694 357 Retaining washer 1

36694 321 Link adjusting sonng 1 36694 358 Diaphragm washer 1

36694-322 Adjustable fulcrum pin 1 36694-359 Diaphragm 1
'

36694 323 *10-32 stop nut 1 36694-360 Spring seat 1

36694-324 Fulcrum link 2 36694 361 Diaphragm spring 1

J 36694-325 Link spacer 2 36604 362 Pivot pin 1

36694 326 Piston fulcrum assembly 1 36694-363 Floating lever link assembly 1

36694-327 Floating lever link 1 36694 364 Diaphragm link assembly 1

36694-328 Floating lever link spring 1 36694-365 Speed control bracket cap 1

36694-329 1/8 straight pin 1 36694 366 Control lever slide 1

36694 330 1/16 x 3/8 cotter pin 6 36694-367 Idle speed setting screw 1,

36694331 Lower floatmg lever assembly 1 36694-368 Needle bearing 2

3C694 332 1/8 x 47/64 dniled pin 2 36694 369 Speed control lever 1

- 36694-333 186 x 3/4 pin 1 36694 370 3/8 washer 1

36694-334 Speeder sonng power cylinder 1 36694-371 3/8-32 hex jam nut 1

36694 335 1/4-28 x 13/8 hex head cap screw 5 36694 372 #10-32 x 3/4 socket set screw 1

36694 336 17/64 x 1/2 x 1/32 washer 2 36694 373 =10 32 hex nut 2

36694 337 Speeder spnng power piston assembly 1 36694 374 210 32 x 1/2 socket set screw 1

36694-338 Speeder spring servo sonng 1 36694-375 Speed adjusting screw I

.-

O
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PARTS LIST FOR FIGURE 12 (CONT.) )
i
'

e

. ;,
": REF. NO. PART NAME QUANTITY

,

36694-376 9/16 x 21/64 x 1/16 washer 1'

; 36694 377 3/32 x 1/2 cotter pin 1

; 36694-378 Solenoid locknut 1

36694-379 Plunger stop plug 1

V 36694 380 Solenoid plunger lock pin 1

36694-381 Solenoid case 1'

36694 382 Insulating paper 1

36694 383 Load spring 1

36694 384 Solenoid coil 1

36694 385 Soldering shield washer 2

36694-386 ''O" ring 2

36694 387 Adjusting screw 1

36694-388 Solenoid plunger assembly '1
36694-389 Solenoid plunger rod 1

36694-390 Solenoid plunger washer 1

36694-391 Plunger guide locating pin 1

36694-392 Shutdown valve body 1

36694 393 Varnished tubing 2

36694-394 Solenoid plunger bushing 2 - s

36694-395 1/4 steel ball 1
J

,

/_T , j36694-396 Unloading spring 1

36694-397 Shutdown valve seat 1 \-
36694-398 "O" ring 1

36694-399 Friction plunger retaining screw 1

36694-400 Nameplate (column) 1

36694-401 Elbow 2

36694-402 Tubing 1

36694-403 Nameplate (cover) 1

36694-404 Orive screw 4

36694-405 Cover 1

' * 36694 406 Oil level decal 1

36694 407 "O" ring 2

36694 408 Plate 1

36694-409 #10 32 x 3/8 screw 1
*

36694 410 Gasket 1

36694 411 Plate 1

36694 412 m10 32 x 1/2 screw 4

36694-413 Gasket 1
'

36694-414 e6-32 x 3/8 screw 4

36694-415 Receptacle 1

36694 416 Plug 1

36694-417 Cable clamp 1

36694-418 5/16-24 x 4 31/32 hex head screw 4

-
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