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A

General
Precautions

Read this entire manual and all other publications pertaining to the work to be
performed before installing, operating, or servicing this equipment.

Practice all plant and safety instructions and precautions.

Failure to follow instructions can cause personal injury and/or property damage.

A

Revisions

This publication may have been revised or updated since this copy was produced.
To verify that you have the latest revision, check manual 26311 , Revision Status &
Distribution Restrictions of Woodward Technical Publications, on the publications
page of the Woodward website:

www.woodward.com/publications

The latest version of most publications is available on the publications page. If
your publication is not there, please contact your customer service representative
to get the latest copy.

A\

Proper Use

Any unauthorized modifications to or use of this equipment outside its specified
mechanical, electrical, or other operating limits may cause personal injury and/or
property damage, including damage to the equipment. Any such unauthorized
modifications: (i) constitute "misuse" and/or "negligence" within the meaning of
the product warranty thereby excluding warranty coverage for any resulting
damage, and (ii) invalidate product certifications or listings.

A

Translated
Publications

If the cover of this publication states "Translation of the Original Instructions”
please note:

The original source of this publication may have been updated since this
translation was made. Be sure to check manual 26311 , Revision Status &
Distribution Restrictions of Woodward Technical Publications, to verify whether
this translation is up to date. Out-of-date translations are marked with A. Always
compare with the original for technical specifications and for proper and safe
installation and operation procedures.

Revisions—Changes in this publication since the last revision are indicated by a black line
alongside the text.

Woodward reserves the right to update any portion of this publication at any time. Information provided by Woodward is
believed to be correct and reliable. However, no responsibility is assumed by Woodward unless otherwise expressly

undertaken.

Copyright © Woodward 1971
All Rights Reserved




Manual 36694 PG-PL Governor

Contents
]

WARNINGS AND NOTICES ...uiiiitieiiiieeiie et e et e ettt e e e e et e e et e e e et e e et e e et e eeanaes 1]
ELECTROSTATIC DISCHARGE AWARENESS .....uittiiiieiiieeiieeeeetieen e eneeeneeenes \
CHAPTER 1. GENERAL INFORMATION .....uiiitiiiieeiieeeiee e e eet e e e e eereeeaaeeenns 1
T 10T [0 T 1o o RS RRRRR 1
(B2 ox 1] ] o] o DRSPS PP PPPRPPPP 1
[ E] (=] 0] Lo = R PRERR 4
CHAPTER 2. INSTALLATION AND ADJUSTMENT ...civteiiieieieeeieeereeerieeeeaneeenns 5
INSTAIALION ...eviiie e e et e e st e e e st e e e nrraee e 5
LinKage AdJUSTMENT ......coi i e e e e e e e s e e e e e e e e 5
(@1 ISy o =T o] 1 To7= 1o 1 1 6
Y T8£S 11 0 =T £ PR 8
Engine Start SPeed SetiNGS ..uuuviiiii i 8
CHAPTER 3. PRINCIPLES OF OPERATION ...ouiiiiiiiiiiieeiieeeeieeeeiee e e esineeenneees 15
Ta oo [0 Tox i o] o IR T PP UPUTRUTTPPPRTRP 15
Description Of OPeration............coii i a e 15
Theory Of OPEIatiON........c..uvuiiiie e e e e s e e e e e s s e san e ereeeeeesananes 17
Engine Start SPeed SEtlNGS ...uuuiiiiie it 22
CHAPTER 4. MAINTENANCE ... ittt ee et ee e e et e et e et e e et e eaa e eeaaeaes 23
LI (o 18] ] (=] T To 1 1T SRR 23
[ o] o 1 o] o ISP 24
DISASSEMDIY ...t 24
(O[T ] o o T TP PP P P PP PPPPP 25
Ta IS o1 ox i o] o IO TP PP PPUTR PO TUTPPPRTRP 26
Repair or REPIACEMENT.......... i 26
ASSEIMDIY et a e aaa e 27
QL= 1 o PSP URRUR 28
CHAPTER 5. PARTS INFORMATION ....uiiitiiiiiieeei et ee e ee e et e et e e eaaeees 29
[Tt T =T o] F= To =T 1= o | PSR 29
lllustrated Parts BreakdOWN ...........oocuviiiiiiiee e e e 29
Parts LiSt fOr FIQUIE 5-1.....ccoiiiiiiiiiiiiie ettt 29
Parts LiSt fOr FIQUIE 5-2 .....ccoieiiiiiiiiiei ettt 33
CHAPTER 6. AUXILIARY FEATURES ... ccttiiitieiii et eeetee et eea e eataeeeraeees 36
Auxiliary Features (Optional)..........oocciiiiiiiie e 36
CHAPTER 7. DIAPHRAGM SPEED SETTING ..uiiiuiiiitieiiieeeiieeeeiee e eeeieeeans 38
] o o (U1t o] o HA PP 38
Description Of OPEIatiON..........uiiiiiiiiie e 38
AdJUSTMENE AN PArtS LiSt........eiiiiiiiiieiiiiiie et 39
Parts LiSt fOr FIQUIE 7-4 ...t 42
CHAPTER 8. PRODUCT SUPPORT AND SERVICE OPTIONS......ccccvvneeiineeennnnns 45
Product SUPPOIt OPLIONS ........uuiiiiiiee e e s e e s e e e e e e e e e snnrrreeeee s 45
Product Service OPLIONS.........uuuiiiieei it e e e e e e e e e s e e e e e e s s e eanrrreeeeeeas 45
Returning EQUIpMENt fOr REPAITN........cccvvviiiiie e e e e e 46
REPIACEMENT PAIS ...viiiii e e i e e e e e e s s e e e e e e e s 46
ENQINEEING SEIVICES...cciiiii it e ettt s s s e e e e e e e e s s s e eeeaeees 47
Contacting Woodward’s Support Organization ..........ccccoccueeeevriieeennieeee e 47
TEChNICAl ASSISTANCE ... .uuiiiiiieee ettt e e e e e e e e e s e e beeeraeeeeeeanne 48

Woodward i



PG-PL Governor Manual 36694

lllustrations and Tables
]

Figure 1-1. Cutaway View of PG-PL GOVEIMOL .........c..ceeiiuiiieiiiiee e 2
Figure 3-1. Schematic Diagram of PG-PL GOVEINOr..........cccoccuvveeiniiiieeeiiieee e 18
Figure 4-1. Removing Accumulator Retaining RiNG ............ooccviiiiiiieiiiiiiiiieeeeen, 25
Figure 4-2. Removal of Check ValVes..........cccccoiiii e 26
Figure 4-3. Centering Pilot Valve PIUNGEer ..........ooouiiiiiiiiiiieieee e 28
Figure 5-1. Exploded View of Column..........cccccooiiiiiiiiiiie e, 32
Figure 5-2. Exploded VIiew Of CaSe........ccccueeiieeiii ittt 34
Figure 5-3. Outline Drawing of PG-PL GOVEINOL..........ccvveeiiiiiiiiiiieie e eeciveeeeeenn 35
Figure 7-1. Schematic of Diaphragm Direct Speed Setting .......cccccceevvevvvvveneennn. 38
Figure 7-2. Adjustment Points of Diaphragm Direct Air Receiver ............cccce...... 39
Figure 7-3. Reverse Diaphragm Linkage Arrangement ..........cccccovveeeeiniieeeennne 40
Figure 7-4. Exploded View of Diaphragm Column PartS............ccccocveeiniierennnnnn 44
Table 1-1. Power Cylinder Work Capacities. ............cuueiiiiiiiiiiiiieeieiiiiiieeee e 3
Table 2-1. Oil ComparisON Chart..........ccccveeeeiiiiiiieie e 9
Table 2-2. Viscosity Comparison Chart...........ccccvviieeeei i 9

ii Woodward



Manual 36694 PG-PL Governor

Warnings and Notices

Important Definitions
This is the safety alert symbol. It is used to alert you to potential
A personal injury hazards. Obey all safety messages that follow this
symbol to avoid possible injury or death.
e DANGER—Indicates a hazardous situation which, if not avoided, will result
in death or serious injury.
e  WARNING—Indicates a hazardous situation which, if not avoided, could
result in death or serious injury.
e CAUTION—Indicates a hazardous situation which, if not avoided, could
result in minor or moderate injury.
¢ NOTICE—Indicates a hazard that could result in property damage only
(including damage to the control).
e IMPORTANT—Designates an operating tip or maintenance suggestion.

The engine, turbine, or other type of prime mover should be
equipped with an overspeed shutdown device to protect against
runaway or damage to the prime mover with possible personal injury,

Overspeed / loss of life, or property damage.
Overtemperature / The overspeed shutdown device must be totally independent of the
Overpressure prime mover control system. An overtemperature or overpressure

shutdown device may also be needed for safety, as appropriate.

_ The products described in this publication may present risks that
could lead to personal injury, loss of life, or property damage. Always
wear the appropriate personal protective equipment (PPE) for the job
Personal Protective athand. Equipment that should be considered includes but is not
; limited to:

Equipment Eye Protection
Hearing Protection
Hard Hat
Gloves
Safety Boots
Respirator

Always read the proper Material Safety Data Sheet (MSDS) for any
working fluid(s) and comply with recommended safety equipment.

Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against

runaway or overspeed with possible personal injury, loss of life, or

On- and off-highway Mobile Applications: Unless Woodward's control

Start-up property damage.
_ functions as the supervisory control, customer should install a
system totally independent of the prime mover control system that
Automotive monitors for supervisory control of engine (and takes appropriate
Applications action if supervisory control is _Io_st) to protect_agamst loss of engine
control with possible personal injury, loss of life, or property damage.

Woodward i
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To prevent damage to a control system that uses an alternator or
NOTICE battery-charging device, make sure the charging device is turned off

before disconnecting the battery from the system.

Battery Charging
Device

Electrostatic Discharge Awareness

Electronic controls contain static-sensitive parts. Observe the
NOT’CE following precautions to prevent damage to these parts:

e Discharge body static before handling the control (with power to
the control turned off, contact a grounded surface and maintain

E|eCtr03_tatiC contact while handling the control).
Precautions e Avoid all plastic, vinyl, and Styrofoam (except antistatic versions)

around printed circuit boards.
e Do not touch the components or conductors on a printed circuit
board with your hands or with conductive devices.

To prevent damage to electronic components caused by improper
handling, read and observe the precautions in Woodward manual

82715, Guide for Handling and Protection of Electronic Controls,

Printed Circuit Boards, and Modules.

Follow these precautions when working with or near the control.

1.

Avoid the build-up of static electricity on your body by not wearing clothing
made of synthetic materials. Wear cotton or cotton-blend materials as much
as possible because these do not store static electric charges as much as
synthetics.

Do not remove the printed circuit board (PCB) from the control cabinet

unless absolutely necessary. If you must remove the PCB from the control

cabinet, follow these precautions:

e Do not touch any part of the PCB except the edges.

¢ Do not touch the electrical conductors, the connectors, or the
components with conductive devices or with your hands.

e  When replacing a PCB, keep the new PCB in the plastic antistatic
protective bag it comes in until you are ready to install it. Immediately
after removing the old PCB from the control cabinet, place it in the
antistatic protective bag.

Woodward
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Chapter 1.

General Information
]

Introduction

This manual describes the installation, operation, adjustment, and maintenance
for the PG-PL governor.

The PG-PL governor is a basic PG governor (pressure compensated governor)
with a pneumatic speed setting mechanism (direct or reverse) and a short
column that is used primarily for controlling engine or turbine speed. This PG
governor was first used on pipelines, hence the PL, but has since found wide
acceptance on all types of diesel engines, gas engines, steam turbines driving
pumps and compressors, and many special applications. The PG-PL governor
includes a pneumatic speed setting mechanism, standard short column, standard
base assembly, and 12 ft-Ib (16 J) power cylinder assembly.

All PG governors have the same basic components regardless of how simple or

complex the complete control may be. The following components, found in each

PG-PL governor, are sufficient to enable the governor to maintain a constant

engine speed as long as the load does not exceed engine capacity:

e an oil pump, storage area for oil under pressure, and a relief valve by which
maximum oil pressure may be limited

e a centrifugal flyweight head-pilot valve assembly which controls flow of oil to
and from the governor power cylinder assembly

e apower cylinder assembly—sometimes referred to as a servomotor—which
positions the fuel racks, fuel valve, or steam valve of the engine or turbine

e acompensating system for stability of the governed system

e apneumatic speed setting mechanism for adjusting the governor speed
setting

A cutaway view of the PG-PL governor is shown in Figure 1-1.

Description

The governor controls engine or turbine speed by controlling the amount of fuel
or steam supplied to the engine or turbine. Speed control is isochronous—the
governor maintains constant engine or turbine steady state speed, within the
capacity of the unit, regardless of load.

The standard operating oil pressure for PG governors is 100 psi (690 kPa).
However, with appropriate modifications, the oil pressure may be increased, thus
increasing the work capacity of the power cylinder assembly. Output is linear with
1-inch (25 mm) maximum travel or rotary with 30 degrees maximum travel. When
making connection to engine or turbine linkage, use 2/3 of the available governor
terminal shaft travel between no load and full load. Split overtravel at each end
so that the governor can shut down the prime mover and also give maximum fuel
when required. Table 1-1 lists typical governor oil pressures versus power
cylinder work capacities.

Woodward 1



PG-PL Governor

Manual 36694

HIGH SPEED STOP

SPEED ADJ.NUT ADJ. SETSCREW

PIVOT BRACKET

RESTORING LEVER S e

MANUAL SPEED
SETTING KNOB —

(DIRECT) 1

SPEED SETTING
PILOT VALVE PLUNGER

CONTROL AIR /p;ﬂ e =
PRESSURE INLET =,
/. .

SPEED SETTING

PNEUMATIC RECEIVER B | [
|

SHUTDOWN NUTS AND ROD

SERVO PISTON ROD

LEMITING VALVE ADJ. SCREW

MAX. SPEED LIMITING VALVE
PISTON STOP SETSCREW

SERVO PISTON

SERVO PISTON SPRING

SPEEDER SPRING
FLYWEIGHTS

POWER CYLINDER

POWER CYLINDER
SPRING ‘

PILOT VALVE g
BUSHING ;
COLUMN i
| @
PILOT VALVE J L i
BUSHING ! s ™y l
PILOT VALVE : T
PLUNGER e L
COMPENSATING | {@ E E -
LAND = =
POWER CASE ~—

BUFFER SPRING W e i

BUFFER PISTON %

ACCUMULATOR

CHECK VALVE T i

BASE ASSEMBLY

DRIVE SHAFT

Figure 1-1. Cutaway View of PG-PL Governor

—-POWER
PISTON

CONTROL
LAND

COMPENSATING
| l NEEDLE VALVE
C PISTON ROD

1

| ——

Woodward



Manual 36694 PG-PL Governor
Table 1-1. Power Cylinder Work Capacities
Rated Work Capacity
Spring Loaded Differential
Power Cylinder Power Cylinder
12 ft-lb 17 ft-lb 29 ft-Ib 200 ft-Ib
(16 J) (23J) (39J) (2719)
Stroke Rotary Linear Rotary Linear Linear Rotary Linear Rotary
(32°) | (125 mm) ] (32°) | (1725 mm) | (2"/51 mm) | (32°) | (1"/25 mm) (40°)
100 psi 12 ft-lb 12 ft-lb 17 ft-lb 29 ft-lb 29 ft-Ib 200 ft-Ib
(690 kPa) | (16) (16 J) (239) (39 J) (399) (271 9)
GOveInOT 130 psi 381t | 38 ftlb
Pressure (896 kPa) (52 J) (52 J)
200 psi 16 ft-Ib 33 ft-Ib 58 ft-Ib 58 ft-Ib
(1379 kPa) (229) (45J) (719 J) (79J)

Usable work is 2/3 of rated work

An air pressure signal from a pneumatic air transmitter or controller supplies air
to the governor speed-setting mechanism. The governor controls the engine at a
definite speed for each air pressure. Direct or reverse, with 3 psi (21 kPa)
minimum and 100 psi (690 kPa) maximum control air pressure, the ratio of high
air control signal must be greater than 2.5 to 1, but less than 10 to 1. Typical
pneumatic ranges are 3 to 15 psi (21 to 103 kPa) and 10 to 60 psi (69 to 414
kPa). The governor speed range normally falls between 250 and 1000 rpm, but a
low speed of 200 rpm or a high speed of 1600 rpm can be obtained. Contact
Woodward for recommended control air pressure to governor speed-setting
relationship to meet the requirements of the particular installation.

The pneumatic speed setting mechanism (direct or reverse) is a bellows-type
mechanism and is standard equipment on all PG-PL governors now
manufactured by Woodward. The speed setting unit is an accurate, durable
mechanism which virtually eliminates the hysteresis loops encountered with less
sensitive pneumatic speed setting elements. (A hysteresis loop is a plot of the
speeds obtained at various control signal pressures—one portion is recorded as
speed setting signals are being increased, the other portion as the signals are
being decreased.) Bellows-type speed setting provides a definite, accurate
relationship between speed and speed set point signal.

The speed setting mechanism is available for use with air input signals of varying
range and magnitude [such as 3 to 15 psi (21 to 103 kPa), 20 to 70 psi (138 to
483 kPa), etc.]. Depending on the exact configuration installed in the governor,
speeds may be adjusted up to a 5-to-1 range. The speed-setting mechanism can
be furnished to increase governor speed setting for an increase in control air
pressure (direct type) or to increase governor speed setting for a decrease in
control air pressure (reverse type).

The manual speed setting knob permits manual operation when the air pressure
signal is not available.

This also raises the pneumatic signal range. Normally, the manual speed setting
knob must be set at minimum on direct speed-setting governors to ensure that
the pneumatic signal range is correct. On reverse speed-setting governors, the
manual speed-setting knob must be set at maximum.

Woodward 3
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Diaphragm receiver models of the governors are obsolete and no longer
manufactured as a complete unit. However, replacement parts for these units are
available, and detailed information on the units can be found in Chapter 7.

Throughout this manual, the words PRIME MOVER refer to either
’MPORTANT engine(s), turbine(s), or other types of prime movers.

Reference
Manual No. Title
36404  Analysis and Correction of PG Governing Troubles
36600 PG Governor Basic Elements
36602 Basic Elements, PG Governor with Differential Servomotor
36605  Overspeed Trip Test Device
36618 PG-200/300 Case, Accumulator and Power Cylinder
36641  Governor Oil Heat Exchanger Remote and Integral Types
36650  Solenoid Operated Shutdown Assembly
36651 Pressure Actuated Shutdown Assembly
36680 Buffer Springs
36684 Booster Servomotor
36692 PG Power Cylinder Assemblies
36693 PG Base Assemblies
36694 PG-PL Governor
54052 PG-PL Governor Installation
4 Woodward
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Chapter 2.

Installation and Ad!ustment

Installation

Refer to Figure 5-3 for physical dimensions of the governor. Adequate clearance
must be provided for installation, removal, and servicing. At all times, use care in
handling the governor; be particularly careful to avoid striking the drive shaft.
Such treatment could damage the governor drive shaft, drive shaft bearing, or
governor oil pump gears.

When the governor is installed on the engine or turbine, use a gasket between
the mounting pad and the governor base. The governor should be mounted
squarely and the drive connection properly aligned.

If the governor is equipped with a serrated or splined drive shaft, it should slip
into the internal serrations or splines of the drive freely. If a keyed-type governor
drive shaft is used, the gear must slip on the shaft freely and should be checked
to ensure that it meshes properly. The gears should run freely without binding or
excessive backlash. Irregularities caused by uneven gear teeth, shaft runout,
etc., will result in erratic governing and shorten governor life.

Before making any adjustment to a governor on an operating prime
mover, make sure that the overspeed shutdown system is operating
properly. Life threatening overspeeds are possible should the

adjustment be made in the wrong direction or should an adjustment
make the governor unable to control engine speed.

Linkage Adjustment

The linkage from the governor to the fuel or steam control should be properly
aligned. Any friction or lost motion should be eliminated. Unless the engine or
turbine manufacturer has given special instructions, the linkage should be
adjusted so that when the governor power piston is at the end of its stroke in the
“OFF” direction, the gas or steam valve, or diesel fuel pumps, will just be closed.
The fuel control should be fully open slightly before the governor reaches
maximum position. For more detailed information concerning linkages and
linkage adjustment, see manual 54052, PG-PL Governor Installation.

When the governor has been properly mounted and the linkage connections
completed, make the air connections to the manual or automatic air controller.

Should the governor and steam valve, fuel pump, or gas valve,
remain in a fixed position for an extended length of time, governor
control may be affected. Make sure the governor, linkage, and fuel or

steam control are not sticky or frozen. This could create instability
and allow excessive off-speed or overspeed, resulting in personal
injury and/or equipment damage.

Woodward 5
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Oil Specifications

Use Tables 2-1 and 2-2 as a guide in the selection of a suitable lubricating
hydraulic oil. Oil-grade selection is based on viscosity change over the operating
temperature range of the governor.

This guide is NOT intended to be used in the selection of the lubricating oil for
the engine, turbine, or other type of prime mover.

Governor oil is both a lubricating oil and a hydraulic oil. It must have a viscosity
index that allows it to perform over the operating temperature range, and it must
have the proper blending of additives that cause it to remain stable and
predictable over this range. Governor fluid must be compatible with seal
materials (nitrile, polyacrylic, and fluorocarbon). Many automotive and gas engine
oils, industrial lubricating oils, and other oils of mineral or synthetic origin meet
these requirements. Woodward governors are designed to give stable operation
with most oils, if the fluid viscosity at the operating temperature span is within a
50 to 3000 SUS (Saybolt Universal Seconds) range. Ideally, at the normal
operating temperature the viscosity should be between 100 and 300 SUS; Poor
governor response or instability might be an indication that the oil is too thick or
too thin.

A loss of stable governor control and possible prime-mover overspeed may result
if the viscosity of the oil used is outside the 50 to 3000 SUS range.

Excessive component wear or seizure in a governor indicates the possibility of:

1. Insufficient lubrication caused by:

An oil that flows slowly either when it is cold or during start-up.

¢ Anoil sump that is located too far from the governor.

e Anoil line with restrictions caused by either obstructions within or
bends in the line.

e No oil in the governor.

2. Contaminated oil caused by:
¢ Dirty oil containers.
e A governor exposed to heating-up and cooling-down cycles, which
create condensation of water in the oil.

3. Oil not suitable for the operating conditions caused by:
e Changes in ambient temperature.
¢  Animproper oil level which creates foamy, aerated oil.

Operating a governor continuously beyond the high-limit temperature of the oil
will result in oil oxidation. This is identified by varnish or sludge deposits on the
governor parts. To reduce oil oxidation, lower the governor operating
temperature with a heat exchanger or other means, or change to an oil more
resistant to oxidation at the operating temperature.

Specific oil viscosity recommendations are given on the chart. Select a readily
available good brand of oil, either mineral or synthetic, and continue using it. Do
not mix the different classes of oils. Oil that meets the APl (American Petroleum
Institute) engine service classification in either the “5” group or the “C” group,
starting with “SA” and “CA” through “SF” and “CD”", is suitable for governor
service. Oils meeting performance requirements of the following specifications
are also suitable: MIL-L-2104A, MIL-L-21 04B, MIL-L-21 04C, MIL-L-461 52, MIL-
L-461 52A, MIL-L-46152B, MIL-L-45199B.

6 Woodward
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Replace the governor oil if it is contaminated. Also change it if it is suspected of
contributing to governor instability. Drain the oil while it is still hot and agitated;
flush the governor with a clean solvent having some lubricating quality before
refilling with new oil.

seals and gaskets in the governor, requiring factory overhaul.

Be sure the solvent is compatible with seals. If in doubt, contact
NOTICE Woodward. Improper solvents could cause extensive damage to

If drain time is insufficient for the solvent to completely drain or evaporate, flush
the governor with the same oil it is being refilled with to avoid dilution and
possible contamination of the new oil.

To avoid recontamination, the replacement oil should be free of dirt, water, and
other foreign material. Use clean containers to store and transfer oil.

Observe manufacturers’ instructions or restrictions regarding the
use of solvents. If no instructions are available, handle with care. Use
the cleaning solvent in a well ventilated area away from fires or

sparks. Solvents can cause dangerous life threatening explosions if
improperly used. Improper use of some solvents can cause illness
and death.

Qil that has been carefully selected to match the operating conditions and is
compatible with governor components should give long service between oil
changes. For governors operating under ideal conditions (minimum exposure to
dust and water and within the temperature limits of the oil), oil changes can be
extended. If available, a regularly scheduled oil analysis is helpful in determining
the frequency of oil changes.

Any persistent or recurring oil problems should be referred to a qualified oil
specialist for solution.

The recommended oil temperature for continuous governor operation is 140 to
200 °F (60 to 93 °C). Measure the temperature of the governor or actuator on the
outside lower part of the case. The actual oil temperature will be slightly warmer
by approximately 10 °F (6 °C). The ambient temperature range is —20 to +200 °F
(~29 to +93 °C).

The primary concern in the selection of a suitable lubricating
’MPORTANT hydraulic oil is for the hydraulic fluid properties in the governor.

Oil Level

With the engine idling, fill the governor with oil to the mark on the oil level gauge.
If the oil level gauge has two marks, fill the governor with oil to a level visible
between the two marks with the engine idling. Oil must be visible in the oil level
gauge under all other conditions.

Woodward 7



PG-PL Governor Manual 36694

The oil must never be above the line where the case and column castings meet.
Oil above this level will be churned into foam by rotation of the flyweight head.
The oil capacity of the governor is 1.6 US quart (1.5 L) for the 29 ft-Ib (39 J)
rotary servo governor. The total capacity depends on the type of servo. Servos
with smaller work ratings require slightly less oil.

Always check governor oil level during operation once the governor
has reached normal operating temperature. Add oil if necessary to
the required level. The oil level can drop during initial operation of a

governor, causing the governor to lose control of engine speed, with
resulting property damage and possible personal injury or loss of
life.

Adjustments

Normally, the only requirements for putting a new or overhauled governor into
service are filling the governor with oil and adjusting the compensation needle
valve to obtain maximum stability. All other operating adjustments are made
during factory testing according to engine manufacturer’s specifications and
should not require further adjustment. If it is necessary to change or readjust
speed settings or other operating adjustments, refer to the engine manufacturer’'s
instructions. Do not attempt internal adjustment of the governor unless
thoroughly familiar with the proper procedures.

Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against
runaway or overspeed with possible personal injury, loss of life, or

property damage.

Engine Start Speed Settings

For maximum safety during start-up, the speed adjusting knob should always be
at its minimum speed setting (counterclockwise) position. This prevents
erroneous pneumatic pressures from causing overspeeds, which could damage
the engine and endanger the life of the operator.

Direct Acting Governors

Direct acting governors, which use minimum air pressure for minimum speed and
maximum air pressure for maximum speed, normally operate with the manual
speed setting at minimum.

Reverse Acting Governors

Governors which require a maximum pneumatic pressure for minimum speed
normally operate with the speed adjusting knob at its maximum (clockwise)
position (high speed). Unless the operator knows that the maximum air signal is
at the governor, the knob should be turned to its full counterclockwise position
before starting the engine.

8 Woodward
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RECOMMENDED ~ RECOMMENDED
UPPER LIMIT  UPPER LIMIT
ANY OIL LISTED IS ONLY A SUGGESTION. USE OF PETROLEUM OF SYNTHETIC
THE OIL OF YOUR CHOICE WITH THE CORRECT OL IS 200F  OIL IS 2507F
VISCOSITY AS INDICATED IN THE CHART.
/
OSSRVA%G —40°F 0F 40°F 80F 120F 160°F 200F  240°F
TEMPERATURE, —40C  —18C 4C 27°C 49°C 71°C 93¢ 18C
V %] ‘ SAE 40
POUR POINT V SAE 30
\
W SAE 20 N~
50 SUS LIMIT
SAE 10
PETROLEUM %I | (7.5 ¢sT)
olLs
SAE 10W30 W/
SAE 10W40
W SAE 20W40
SAE 15W40
AUTO TRANS TYPE A—F
FLUD DEXRON I
ALL PROOF 10WS0
(POLYOLESTER)
AMSOIL 10W40
(DIESTER)
DN 600
SYNTHETIC (HYDROCARBON)
oS MOBIL 1
(SYNTHESIZED
HYDROCARBONS)
DELVAC 1
(SYNTHES\ZED
HYDROCARBONS)
LIMITED OPERATION AT  IDEAL OPERATING  LIMITED OPERATION
LOW TEMPERATURE RANGE AT HIGH TEMPERATURE
POUR POINT \ /
\V % /(I /’E%\aj ¥
7.5 CST
LEGEND ( )
3000 SUS 300 SUS 100 SUS RECOMMENDED
(650 CST) (85 CST) (20 csT) UPPER
TEMPERATURE
ACCEPTABLE OPERATING RANGE LIMITS
250-079 E
91-08-30 MCL
Table 2-1. Oil Comparison Chart
VISCOSITY COMPARISONS
CENTISTOKES SEC%E%%LT(SBQ‘)VEN%@LNAL SAE MOTOR SAE GEAR .
CST, CS, OR CTS APPROXIMATE APPROXIMATE
( ) AT 100 DEGREES F ( ) ( )
15 80 5W 15
22 106 sW 22
32 151 10w 75 32
46 214 10 75 46
68 310 20 80 68
100 463 30 80 100
150 696 40 85 150
220 1020 50 90 220
320 1483 60 115 320
460 2133 70 140 460

Table 2-2. Viscosity Comparison Chart

250-087
97-11-04 skw
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Compensation Needle Valve Adjustment

The compensation needle valve is an adjustable part of the compensation
system. Its setting, which directly affects governor stability, depends on the
individual characteristics of the prime mover.

1. With the prime mover operating at IDLE, open the compensation needle
valve several turns to cause the engine to hunt. In some cases, opening of
the needle valve alone may not cause the engine to hunt, but manually
disturbing the governor speed setting will induce the governor to move
through its full output stroke. Allow several minutes of hunting to remove
trapped air in the hydraulic circuits.

2. Close the compensation needle valve gradually until hunting is just
eliminated. Keep the needle valve open as far as possible to prevent
sluggishness in the governor response. The needle valve setting varies from
1/16 to 2 turns open. Never close it tight—the governor cannot operate
satisfactorily with the needle valve closed.

3. Check the governor stability by manually disturbing the governor speed
setting. The compensation adjustment is satisfactory when the governor
returns to speed with only a slight over- or undershoot. Once the needle
valve adjustment is correct, it is not necessary to change the setting except
for large, permanent changes in temperature which affect governor oil
viscosity.

Remote servo applications may require venting to remove air in
IMPORTANT addition to the needle valve adjustments outlined above.

4. Loosen the vent plug (see Figure 5-3) on the side of the governor case
enough to establish an oil leak. Bleed until air bubbles stop.

The vent screw is under pressure. Should it be removed while the
governor is operating, high-pressure hot oil will flow from the
governor. This will cause governor failure and possible governor

damage. Prime mover overspeed with possible personal injury or
loss of life could occur.

5. Tighten the vent screw and refill the governor with oil. Check the vent screw
for leaks after tightening.

6. Repeat steps 1 through 3.

Higher scale buffer springs can be installed to help control stability.
“ IMPORTANT

With preloaded buffer springs (optional equipment), the needle 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 with the needle
valve closed.

10 Woodward
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Speed Adjustment

The recommended speed range for the PG governor is 250 to 1000 rpm with a
maximum speed range of 200 to 1600 rpm. The speed setting of the governor is
set at the factory to the specifications. Do not make adjustments unless the
governor has been disassembled or the factory speed settings need to be
changed.

The pneumatic speed setting mechanism furnished with the governor is either (1)
a direct type which increases the governor speed setting as the control air
pressure signal increases or (2) a reverse type which increases governor speed
setting as the control air pressure signal decreases. Perform the following
procedures as applicable to set the maximum and minimum operating speed of
the governor. See Figures 1-1, 3-1, and 5-1.

Direct Speed Setting Mechanism

1.

Set the manual speed adjusting knob 45 to the minimum speed position
(fully counterclockwise until clutch slips).

Adjust the high speed adjusting setscrew 61 as required until upper end of
screw is flush with top of speed adjusting nut 59.

Apply specified minimum control air pressure signal to the unit; adjust the
speed adjusting nut as required to obtain corresponding specified minimum
speed (clockwise to decrease); be sure the low speed adjusting screw 22
does not touch the restoring lever 13 at this time.

Adjust limiting valve adjusting screw 85 so that it does not unseat the
maximum speed limiting valve 90 as speed is increased. Set governor
speed range to control air pressure range as follows:

a. Slowly increase control air pressure signal to maximum. Be sure that
the engine does not exceed specified maximum speed.

b. If specified maximum speed is obtained before control air pressure
signal is increased to maximum, adjust pivot bracket 68 to move the
ball bearing pivot toward the speed setting servo.

c. If specified maximum speed is not obtained with maximum control air
pressure signal, adjust the pivot bracket to move the ball bearing pivot
away from the speed setting servo.

d. Adjust the pivot bracket as follows: Loosen the socket head screw in
top of the pivot bracket; loosen the knurled nut on appropriate side of
bracket and turn opposite knurled nut to move bracket; tighten the
screw and knurled nuts.

Repeat steps 3 and 4 above until specified minimum speed is obtained with
minimum control air pressure and specified maximum speed is obtained
with maximum control air pressure. Speed should begin to increase as the
control air pressure begins to increase from minimum.

Woodward
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6.

Apply maximum control air pressure for maximum speed. Adjust the limiting
valve adjusting screw so that it just contacts the ball in the maximum speed
limiting valve. Increase control air pressure slightly above specified
maximum; the maximum speed limiting valve should open prior to engine
reaching 10 rpm above specified maximum speed. Readjust the screw as
necessary.

Apply minimum control air pressure signal for minimum engine speed.
Perform step a or b as applicable.

a.

1)

()

(1)

(@)

3)

If engine is to go to low speed upon loss of control air pressure signal
to the governor:

Set low speed adjusting screw 22 to just contact the stop pin in
restoring lever 15 with the engine running at low speed. Shutdown nuts
(77) are usually omitted on governors which are arranged to go to low
speed upon loss of control air pressure. If nuts are included but not
used, lower nuts should be a minimum of 1/32 inch (0.8 mm) above the
speed setting piston rod with engine running at low speed.

Set speed setting servo piston stop (83). With the governor at idle
position, turn the screw in until it contacts the piston and then back it
out 2 turns.

If engine is to shut down upon loss of control air pressure signal to the
governor:

Lift up on the shutdown rod 222 to take out any slack or lost motion; do
not lift the rod so far as to cause the engine speed to drop. While
holding the rod up, position the lower shutdown nut (77) 1/32-inch (0.8
mm) above the top of the speed setting servo piston 89 rod and lock in
position with upper nut.

Turn the piston stop setscrew 83 down until it touches the speed
setting piston, then turn the screw counterclockwise 2 turns and lock in
position with nut. This adjustment limits the upper movement of the
piston when the engine is shut down and it minimizes the cranking
required when the engine is restarted.

Adjust low speed adjusting screw 22 so it is 0.040-0.050 inch (1.02—
1.27 mm) below the stop pin in the restoring lever. Turn off the control
air pressure signal to the governor. The engine will stop. Adjust the
clearance between the adjusting screw 22 and stop pin 15 so it is from
0.002 to 0.005 inch (0.05 to 0.13 mm).

Set the high speed adjusting setscrew 61 to stop the speed adjusting nut
from moving down at high speed.

a.

Increase the speed with the manual speed adjusting knob (when the
governor is set to shutdown on loss of air signal) to prevent the engine
from stopping.

Close the air signal to the governor.

Turn the manual speed adjusting knob to the right to increase the
engine speed to maximum.

Turn high speed adjusting setscrew 61 to the right until it touches high
speed stop pin 51.

12
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Reverse Speed Setting Mechanism

1.

Set the manual speed adjusting knob 45 to the minimum speed position
(fully counterclockwise until the clutch slips).

Adjust the speed adjusting nut 59 so that the speed setting assembly
protrudes approximately 1/4-inch (6 mm) above the nut.

Adjust the high speed adjusting setscrew 61 as required until screw is flush
with the top of speed setting screw.

Adjust the limiting valve adjusting screw 85 as required so that it does not
unseat the maximum speed limiting valve 90 as speed is increased. Apply
minimum control air pressure signal to the governor (pressure at which
specified maximum engine speed is to be obtained). Be careful that the
engine does not exceed the specified maximum speed.

Turn the manual speed adjusting knob clockwise to increase engine speed
to the specified maximum. Turn the high-speed adjusting setscrew 61 in
until it just touches the high speed stop pin 51. If screw is turned down too
far, speed will decrease.

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 the high speed stop adjusting setscrew 61 a few
turns, then turn speed adjusting nut 59 counterclockwise until specified
maximum speed is obtained. Turn the high speed adjusting setscrew down
until it just touches the high speed stop pin (if the screw is turned down too
far, speed will decrease). Turning the speed adjusting knob fully clockwise
should not increase speed beyond the specified maximum.

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 restoring lever and the piston stop setscrew 83 should not
stop the speed setting piston 89 as it moves up to decrease speed.

If specified minimum speed is obtained before the control air pressure signal
is increased to specified maximum, adjust the pivot bracket 68 to move the
ball bearing pivot toward the speed setting cylinder.

Adjust the adjustable pivot bracket as follows: Loosen the socket head
screw on top of the pivot bracket; loosen knurled nut on appropriate side of
pivot bracket and turn opposite knurled nut to move the pivot bracket;
tighten screw and knurled nuts.

Repeat steps 4, 5, and 6 above until specified minimum speed is obtained
with maximum control air pressure signal and specified maximum speed is
obtained with specified minimum control air pressure signal. Ensure that
engine speed begins to increase as the control air pressure signal begins to
decrease from maximum.

After setting speeds pneumatically, apply minimum control air pressure
signal (governor will go to maximum speed setting). Turn the manual speed
adjusting knob counterclockwise until the specified minimum speed is
obtained. Alternately turn the speed adjusting nut 1/2 turn counterclockwise
(increasing speed) and the adjusting knob counterclockwise (decreasing
speed) until the adjusting knob is fully counterclockwise. Turn off the control
air supply (speed will rise slightly). Adjust the speed adjusting nut to obtain
the specified minimum speed.

Woodward
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If the adjusting knob is turned fully counterclockwise without reaching the
specified minimum speed, turn off control air supply (speed will rise slightly).
Adjust the speed adjusting nut to obtain specified minimum speed.

9. With the engine operating at specified minimum speed, turn the piston stop
setscrew down until it just touches the top of the speed setting piston; then
turn the screw 2 turns counterclockwise; lock in position with locknut. This
adjustment limits the upward movement of the piston when the engine is
shut down, and it minimizes the cranking required when engine is restarted.

10. If shutdown nuts are used, lift up on the shutdown rod to take out any slack
or lost motion; do not lift the rod so far as to cause the engine speed to drop.
While holding the rod up, position the lower shutdown nut 1/32-inch (0.8
mm) above the top of the speed setting servo piston rod and lock in position
with upper nut.

11. With the control air pressure signal turned off, turn the manual speed
adjusting knob clockwise to increase engine speed to maximum. Adjust the
limiting valve adjusting screw 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 10 rpm above maximum speed. Readjust screw as necessary.

12. Turn the manual speed adjusting knob fully clockwise and apply maximum
control air pressure to the governor. Adjust the pneumatic low speed
adjusting screw to just contact the stop pin in the restoring lever with the
engine running at low speed.

13. Turn the manual speed setting knob fully clockwise for normal pneumatic
speed control operation.

14 Woodward
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Chapter 3.

Princieles of Oeeration

Introduction

Figure 1-1 shows a sectional view of the PG-PL governor, which indicates the
relative position of the various governor components in the complete assembly.
The connecting oil passages between parts are not necessarily in their actual
locations, but are simplified for clarity. The lower part of the governor consists of
the base and power case and the basic components of the hydraulic PG
isochronous governor, which functions to maintain a constant engine speed by
controlling the fuel supplied to the engine. The upper part of the governor
consists of the column, cover, and related parts; it also consists of the pneumatic
speed setting mechanism, and optional shutdown and protective devices where
applicable.

Description of Operation

The schematic diagram (Figure 3-1) illustrates the essential parts of the governor
and speed setting mechanism which are required to regulate fuel and control
engine speed.

Speed adjusting in the governor is effected by controlling the position of the
speed setting servo piston. Movement of the servo piston to a higher or lower
speed setting is obtained by admitting or draining pressure oil to or from the area
above the servo piston.

The flow of governor 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 by a controlled air pressure signal or by a manual control knob.

After each speed setting change, a restoring lever connected between the servo
piston rod and speed setting pilot valve plunger returns the plunger to the closed
port position. This stops the flow of oil to or from the area above the servo piston,
and holds the piston at the position for the particular speed setting of the
governor.

The governor drive shaft passes through the governor base into the pump drive
gear, which is directly connected to the rotating pilot valve bushing. The flyweight
head is secured to the upper end of the pilot valve bushing, thus providing a
direct drive from the engine to the flyweights. At any speed setting of the
governor, when the engine is on speed, the centrifugal force of the flyweights will
balance the opposing force of the speeder spring with the flyweights in the
vertical position, and the control land of the pilot valve plunger will cover the
regulating ports in the rotating pilot valve bushing.

Pressure seal grooves are supplied with pressure oil through the regulating port
to prevent the oil trapped between the 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 in a steady state position
against the power spring—when the engine is on speed with a steady load—the
pilot valve plunger will be below center enough to supply the required amount of
oil through the regulating port.
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The governor oil pump supplies pressure oil to the rotating pilot valve bushing,
speed setting pilot valve bushing, pressure seal grooves, and to the
accumulators, with excess oil (at maximum pressure) bypassing from the
accumulators to the governor sump. Duplicate suction and discharge ball check
valves at the pump permit rotation of some governors in either direction.

The pilot valve plunger moves up and down in the rotating pilot valve bushing to
control the flow of oil to or from the power cylinder assembly. Then the pilot valve
plunger is centered (the control land of the plunger exactly covers the control port
of the bushing), and no oil flows to or from the power cylinder assembly.

The greater of two forces moves the pilot valve plunger up or down. The
centrifugal force developed by the rotating flyweights is translated into an upward
force which tends to lift the plunger. The centrifugal force is opposed by the
downward force of the speeder spring. When the opposing forces are equal, the
pilot valve plunger is stationary.

With the pilot valve plunger centered and the engine running on-speed, a change
in either of the two forces moves the plunger from its centered position. The
plunger will be lowered (1) if the governor speed setting is unchanged but an
additional load slows the engine and governor (thereby decreasing the
centrifugal force developed by rotating flyweights) or (2) if the engine speed is
unchanged but the speeder spring force is increased to raise the governor speed
setting. Similarly, the pilot valve plunger will be raised (1) if the governor speed
setting is unchanged but load is removed from the engine causing an increase in
engine and governor speed (and hence, an increase in the centrifugal force
developed by the rotating flyweights), or (2) if the engine speed is unchanged but
the speeder spring force is reduced to lower the governor speed setting.

The thrust bearing atop the flyweight toes permits the pilot valve bushing to
rotate while the pilot valve plunger does not rotate. In this way, static friction
between the bushing and plunger is minimized.

There are several styles of flyweight head assemblies available. The exact model
used in any one governor depends on the application.

A “solid” head assembly is used in governors on prime movers which afford a
smooth drive to the governor.

“Spring driven” and “spring driven, oil damped” head assemblies are used to filter
torsional vibrations which may be imparted to the governor by the drive from the
engine. (These torsional vibrations may originate from a source other than the
drive itself but reach the governor through the drive connection.) Unless
minimized or eliminated, the flyweight head will sense these torsional vibrations
as speed changes and continually adjust the fuel valve or racks in an attempt to
maintain a constant speed.

Movements of the power piston are transmitted by the piston rod to the engine
fuel linkage. Regulated oil pressure under the power piston is used to raise the
power piston—to increase fuel—and the power spring above the power piston is
used to lower the power piston to decrease fuel.
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Located between the pilot valve bushing and the power piston is the buffer
compensating system, consisting of the buffer cylinder and piston, the buffer
springs, and the compensating needle valve. Lowering the pilot valve plunger
permits a flow of pressure oil from the pilot valve bushing into the buffer system
and power cylinder to raise the power piston and increase fuel. Raising the pilot
valve results in a flow of oil from the power cylinder and buffer system to the
governor sump, and the power spring moves the power piston down to decrease
fuel to the engine.

This flow of oil in the buffer system—in either direction—carries the buffer piston
in the direction of flow, compressing one of the buffer springs and releasing the
other. This action creates a slight differential in the pressures of the oil on
opposite sides of the buffer piston, with the higher pressure on the side opposite
the spring which is compressed. These differential oil pressures are transmitted
to the areas above and below the compensating land on the pilot valve plunger,
producing an upward or downward force on the compensating land which assists
in re-centering the pilot valve plunger whenever a fuel correction is made.

The vertical position of the flyweights with the control land of the pilot valve
covering the regulating port indicates that the engine is on-speed.

Theory of Operation

See Figure 3-1 for the schematic diagram of the essential components of the
basic governor and speed setting mechanism and the relative positions they
assume when the engine is operating on-speed under steady-state conditions.
Differences may exist in the actual design details of these components from one
governor to another, but the scheme of operation is the same in each.

The schematic arrangement of the “direct” speed setting mechanism (governor
speed increases as the control air pressure signal increases) is incorporated into
the diagram of Figure 3-1. The inset shown on the figure shows the “reverse”
speed setting (governor speed decreases as the control air pressure signal
increases) version.

The following theory of operation describes the direct speed setting mechanism.
The sequence of events occurring in the governor take place more or less in a
simultaneous manner, rather than step by step as described in the following
paragraphs.

Speed Increase

An increase in the control air pressure signal to the pneumatic receiver assembly
is sensed by a bellows.

Through a mechanical connection to the speed setting pilot valve plunger, the
bellows movement—caused by changes in the input signal pressure—displaces
the speed setting pilot valve plunger to change the governor speed setting. The
increased pressure compresses the bellows to lower the speed setting pilot valve
plunger. Pressure oil flows to the area above the speed setting servo piston to
force the piston down, and thus increase the governor speed setting.
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Figure 3-1. Schematic Diagram of PG-PL Governor
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As the servo piston moves down, a restoring lever—connected between the
servo piston rod and speed setting pilot valve plunger on a ball bearing pivot—
increases the lifting force on a restoring spring attached to the restoring lever.
When the lifting force of the restoring spring is equal to the downward force
resulting from the increased pressure signal, the speed setting pilot valve plunger
is returned to its centered position.

Increasing the speed setting of the governor increases the downward pressure of
the speeder spring on the toes of the flyweights and the flyweights move in,
lowering the pilot valve plunger and opening the control port.

Opening the port in this direction admits pressure oil into the buffer system,
causing the buffer piston to move to the right and transfer an equal volume of oil
to the power cylinder, forcing the power piston up in the direction to increase fuel.

As the buffer piston moves in the direction of the oil flow—from pilot valve to
power cylinder—the right buffer spring is compressed and the left spring is
relieved. This produces an intermediate oil pressure on the left side of the buffer
piston which is higher than the pressure of the trapped oil on the right side of the
buffer piston and spring displacement.

Simultaneously with the movement of the power piston and buffer piston, the
differential oil pressures on opposite sides of the buffer piston are transmitted to
the upper and lower sides of the compensating land, with the higher pressure on
the lower side causing an upward force on the compensating land which will
increase until (added to the upward force of the flyweights) it will balance the
speeder spring force, raise the pilot valve plunger enough to cover the control
port, and return the flyweights to the vertical position. As soon as the control port
is covered the power piston will be stopped at a new position corresponding to
the increased amount of fuel needed to operate the engine at the desired higher
speed. The engine is still accelerating toward the new speed setting.

As the centrifugal force of the flyweights increases to a higher value with engine
acceleration, the upward oil force at the compensating land is reduced to zero by
the equalization of the oil pressures in the buffer system through the
compensating needle valve. If the needle valve is correctly adjusted the oil
pressures will equalize at the same rate as the increase in the centrifugal force of
the flyweights, and the flyweights will remain in the vertical position, keeping the
control port covered by the control land of the pilot valve, and holding the power
piston stationary at the new position. Equalizing the oil pressures in the buffer
system allows the buffer springs to return the buffer piston to center in the buffer
cylinder.

The engine will now be running at a higher speed with an increased fuel setting.

Speed Decrease

A decrease in the control air pressure signal to the bellows of pneumatic receiver
assembly allows the restoring spring—attached to restoring lever—to lift the
speed setting pilot valve plunger. QOil drains from the area above the servo piston,
the servo piston spring forces the piston to rise and thus decrease the speeder
spring compression and lower the governor speed setting.
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The restoring lever follows the movement of the servo piston, moves up and, in
so doing, decreases the lifting force on the restoring spring. When the servo
piston and right end of the restoring lever has moved up sufficiently to balance
the upward force of the restoring spring to equal the decrease in downward force
resulting from the decrease in control air pressure signal, the speed setting pilot
valve plunger will have returned to its centered position.

Lowering the speed setting of the governor decreases the downward pressure of
the speeder spring on the toes of the flyweights and the flyweights move out,
raising the pilot valve plunger and opening the control port.

Opening the port in this direction permits oil to flow from the buffer system to the
governor sump. This will lower the oil pressure in the buffer system and the
power spring will force the power piston down in the direction to decrease fuel.
As the buffer piston moves in the direction of the oil flow—from power cylinder to
pilot valve—the left buffer spring is compressed and the right spring is relieved.
This produces a pressure in the trapped oil, on the right side of the buffer piston
which is higher than the intermediate oil pressure on the left side of the buffer
piston, by an amount proportional to the displacement of the buffer piston and
spring.

Simultaneously with the power piston and buffer piston movement, these
pressures will be transmitted to the compensating land, with the higher pressure
now on the upper side of the land, causing a downward force which will increase
until (added to the downward force of the speeder spring) it will balance the
flyweight force, lower the pilot valve plunger enough to cover the control port, and
return the flyweights to the vertical position. As the control port is covered the
power piston will stop at a new position to correspond to the reduced amount of
fuel required to operate the engine at the desired lower speed. The engine will be
still decelerating toward the new speed setting.

As the centrifugal force of the flyweights decreases with engine deceleration, the
downward oil force at the compensating land will again be reduced to zero by the
equalization of the oil pressures in the buffer system through the compensating
needle valve. With the needle valve correctly adjusted the oil pressures will
equalize at the same rate as the decrease of centrifugal force in the flyweights,
and the flyweights will remain in the vertical position, keeping the control port
covered by the control 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 engine will now be running at lower speed
with a reduced fuel setting.

Bypass ports are provided in the buffer cylinder to facilitate large corrective
movements of the power piston. A large increase or decrease in the speed
setting of the governor, or a large increase or decrease of load on the engine, will
require a correspondingly large movement of the power piston to make the
necessary correction to the fuel setting. Under such conditions, the buffer piston
will move only far enough to the left or right to effect an opening at the bypass
port (pressure or drain). Oil will then flow directly to or from the power cylinder
through the bypass port without further increasing the differential oil pressure
force existing on the compensating land.

As soon as sufficient governor movement and fuel correction has occurred to
effect a correction of engine 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 described in the previous paragraphs.
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With a large decrease in load, the power piston assembly moves to the “no fuel”
position. This closes the compensating oil passage from the power cylinder to the
compensating needle valve and blocks passage of oil from the right end to the
left end of the buffer cylinder. The needle valve cannot equalize buffer oil
pressures in the usual manner. The buffer piston having moved off center to the
left will be held there by the oil now trapped between the power piston and the
buffer piston.

The higher pressure of the oil on the right side of the buffer piston—produced by
the compression of the left buffer spring—will act on the receiving compensating
land to add to the effect of the speeder spring setting and provide a temporary
higher speed setting of the governor.

As the engine decelerates to a speed slightly below this higher speed setting, the
governor will respond to raise the power piston (and restore fuel supply) in the
normal manner, uncovering the port to permit passage of oil through the
compensating needle valve so that the governor and engine will stabilize at the
speed corresponding to the actual speed setting of the governor. This minimizes
possible under-speeding of the engine when a large load decrease occurs.

Manual Speed Setting

The manual speed setting mechanism can be used to adjust the speed setting of
the governor to any point within the normal speed range when the control air
pressure signal is not available.

With no air signal, the restoring spring holds the low speed adjusting screw in
contact with the pin on the restoring lever. The speed setting pilot valve plunger
is thus mechanically connected to the movement of the restoring lever. The
grounded loading spring which keeps the restoring lever against the ball bearing
pivot continually urges the bearing and speed setting screw in the downward
direction.

Turning the manual speed adjusting knob clockwise (to increase the governor
speed setting) lowers the stop collar under the speed adjusting nut. The speed
setting screw with the ball bearing pivot will move down with the stop collar until
the high speed stop adjusting setscrew hits the high speed stop pin; further
clockwise turning of the manual knob will have no effect on the speed screw
position.

As the speed setting assembly and the ball bearing pivot are lowered, the left
end of the restoring lever pushes the low speed adjusting screw down and, in so
doing, lowers the speed setting pilot valve plunger. QOil flows to the speed setting
cylinder to push the speed setting piston down and raise the governor speed
setting. The downward movement of the piston raises the left end of the restoring
lever to “lift” the pilot valve plunger back to center.

Turning the manual speed adjusting knob counterclockwise raises the speed
setting screw and ball bearing pivot, raises the left end of the restoring lever, and
thereby lifts the speed setting pilot valve plunger. As the piston moves up to
decrease the governor speed setting, the restoring lever movement re-centers
the pilot valve plunger.

Woodward 21



PG-PL Governor Manual 36694

Temperature Compensation

Temperature compensation on older governors is incorporated in the speed
setting mechanism through a bimetal strip in the restoring lever. The temperature
compensation in later governors is in the speeder spring and there is no bimetal
strip.

Loss of Pneumatic Signal

“Direct” Type Bellows—The low speed adjusting screw is adjusted to contact
the pin on the restoring lever when the control air signal and governor speed are
at their normal minimum. Thus, if the air signal is interrupted or reduced below
the pressure required for minimum speed, the restoring spring will lift the speed
setting pilot valve plunger until the adjusting screw contacts the pin on the
restoring lever. With the pilot valve plunger raised, the speed setting piston will
move up to the low speed position. At this position, the restoring lever, turning
about the ball bearing pivot and pushing down on the low speed adjusting screw,
will have re-centered the pilot valve plunger. The governor will, therefore, go to
minimum speed setting if the air signal is lost.

“Reverse” Type Bellows—The low speed adjusting screw is adjusting to just
clear the restoring lever when the control air signal is at its normal maximum
setting. Thus, should the air signal be interrupted—either accidentally or
intentionally—the spring under the bellows will act to lower the speed setting pilot
valve plunger and allow the governor to go to maximum speed setting.

Engine Start Speed Settings

For maximum safety during startup, the speed adjusting knob should always be
at its minimum speed setting (counterclockwise) position. This prevents possible
overspeed due to erroneous pneumatic pressures causing overspeeds which
could damage the engine and endanger the life of the operator.

Direct Acting Governors

Direct acting governors, which use minimum air pressure for minimum speed and
maximum air pressure for maximum speed, normally operate with the manual
speed setting at minimum.

Reverse Acting Governors

Governors which require a maximum pneumatic pressure for minimum speed
normally operate with the speed adjusting knob at its maximum (clockwise)
position (high speed). Unless the operator knows that the maximum air signal is
at the governor, the knob should be turned to its full counterclockwise position
before starting the engine.
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Chapter 4.

Maintenance
]

Troubleshooting

Governor faults are usually revealed in speed variations of the engine or turbine,
but it does not necessarily follow that such speed variations indicate governor
faults. Therefore, when improper speed variations appear, the following
procedure should be performed.

Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against
runaway or overspeed with possible personal injury, loss of life, or

property damage.

1. Check the load to be sure that the speed changes observed are not the
result of load changes beyond the capacity of the engine or turbine.

2. If the governor is on an engine, check the operation to be sure that all
cylinders are firing properly and that the injectors are in good operating
condition. If the governor is on a turbine, check the steam valves for proper
operation.

3. Check the operating linkage between the governor and the engine or turbine
to make certain there is no binding or lost motion.

4. Check for steam or fuel gas pressure changes.
5. Check the setting of the compensating needle valve.

6. Check air transmitter for specified output pressure. If neither load nor engine
or turbine irregularities are found to be the cause of the speed variation, the
cause may be either in the governor or in the engine or turbine drive to the
governor.

7. Check governor for specified operating oil pressure. Normal oil pressure for
PG governors is 100 psi (690 kPa). However, this value may vary between
governors, depending on the required output work capacity of the power
cylinder (refer to table). With the engine shut down, remove the plug from
the pressure port on the governor power case and install a pressure gauge
rated above the specified operating oil pressure.

The source of most troubles in any governor stems from dirty oil. The moving
parts within the governor are continually lubricated by the oil within the governor.
Thus, grit and other impurities will cause excessive wear of valves, piston, and
plungers, and can cause these parts to stick and even to “freeze” in their bores.

In many instances, erratic operation and poor repeatability can be corrected by
flushing the unit with fuel oil or kerosene while cycling the governor. The use of
commercial solvents is not recommended as they may damage seals or gaskets.
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If the speed variations of the governor are erratic but small, excessive backlash
or a tight meshing of the gears driving 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.

The engine, turbine, or other type of prime mover should be
equipped with an overspeed shutdown device to protect against
runaway or damage to the prime mover with possible personal injury,

loss of life, or property damage.

The overspeed shutdown device must be totally independent of the
prime mover control system. An overtemperature or overpressure
shutdown device may also be needed for safety, as appropriate.

Lubrication

The oil used in the governor should be clean and free of foreign particles to
obtain maximum performance from the governor. Under favorable conditions, the
oil may be used for six months or longer without changing. Change oil
immediately when it starts to break down or darken.

Disassembly

Disassemble the governor following the sequence of index numbers assigned to
Figures 5-1 and 5-2, giving special attention to the following. Circled index
numbers do not require further disassembly unless replacement parts are
required.

Refer to the applicable modular manual (listed in Chapter 1) for parts information
and disassembly procedures on auxiliary equipment.

1. Clean the exterior surfaces of the governor with a clean cloth moistened
with cleaning solvent.

2. Discard all gaskets, O-rings, seals, retaining rings, cotter pins, clips, etc.,
removed in the process of disassembly.

3. Do not remove press fit components unless replacement is required.

Injury may result if compressed springs are released suddenly. Use
ACAUTION the proper equipment to remove spring and spring covers.

4. Disassemble power cylinder assembly as applicable per instructions
contained in manual 36692.

5. Disassemble base assembly as applicable per instructions contained in
manual 36693.

6. Toremove the compressed accumulator springs and pistons from the power
case, place the power case (260, Figure 5-2) in an arbor or drill press with
the bottom down.
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Figure 4-1. Removing Accumulator Retaining Ring

With a rod against the spring seat (246), compress the accumulator springs (247
and 248) to permit removal of upper retaining ring (245). Remove the spring seat
and spring (see figure 3).

Invert the power case and remove the lower retaining ring and accumulator
piston (249).

7. If necessary to remove check valve assemblies (250 and 251), proceed as
follows:

a. Toremove the inner check valves (250), pry the retainer plate from the
check valve assembly and remove the springs and check balls.

b. To remove the outer check valves (251), press the balls through and
out of the valve case.

c. Then tap all four check valve cases with a 1/4"-28 tap. Using a 1/4"-28
bolt with a small plate as a jack, pull the four valve cases.

d. Remove the two balls from the lower case.

Cleaning

1. Wash all parts ultrasonically or by agitation while immersed in cleaning
solvent (Federal Specification P-D-680 or similar).

2. Use a non-metallic brush or jet of compressed air to clean slots, holes, or
apertures.
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3. Dry all parts after cleaning with a jet of clean, dry compressed air.

Figure 4-2. Removal of Check Valves

Inspection
1. Visually inspect all parts for wear and damage.

2. Inspect the bearings in accordance with standard shop practice. Replace
bearings when there is any detectable roughness.

3. All pistons, valves, plungers, rods, and gears should move freely without
excessive play. Do not lap in parts if possible to free by other means.

4. Mating surfaces must be free of nicks, burrs, cracks, or other damage.

5. Inspect flyweight toes for wear. Replace flyweights if any detectable wear or
doubtful areas are found.

6. Itis recommended that the speeder spring be replaced at time of overhaul if
it is pitted or damaged in any way.

Repair or Replacement
1. Repair of small parts of the governor is impractical and should generally be
limited to removal of nicks and burrs from mating flanges and light
burnishing of mating parts.

2. Replace damaged thread inserts in accordance with standard shop practice.

3. Polish slightly corroded areas with fine grit (600 grit) abrasive cloth or paper
and oil.
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Assembly

Assemble the governor in reverse order of index numbers assigned to Figures
5-1 and 5-2, following the special instructions given below.

A dust free area is recommended for assembly if acceptable results

’MPORTANT are to be obtained.

During assembly, ensure that lint or other foreign matter is present on the parts.
The governor may be assembled dry, or a small amount of clean lubricating oil
may be applied to the parts as they are assembled into the governor. When the
governor is assembled, apply a liberal amount of clean lubricating oil over all
moving parts to ensure initial lubrication. Apply a small amount of joint compound
to pipe plug threads as plugs are installed. Ensure that compound does not enter
the cavity.

Obtain new gaskets, O-rings, seals, retaining rings, cotter pins, etc., to replace
those discarded during disassembly.

1.

Press the spring-loaded check valve (250, Figure 5-2) into the power case
(260) using Woodward tool 360689. Press the plain check valve into the
power case using Woodward tool 360690.

Install the accumulator piston (249) and lower retaining ring (245) into the
power case. Place the power case in an arbor or drill press with bottom
down (see Figure 4-1), and install springs (247 and 248) and spring seat
(246); compress the springs, using a rod on the spring seat, and install the
upper retaining ring.

Attach the base assembly (207) to the power case loosely, rotate the drive
shaft until the splined end engages with the splines in the pump drive gear.
Continue turning the drive shaft to check for alignment and free rotation of
the drive gear and idler gear while tightening base screws.

Attach the power cylinder assembly (203) to the power case in the proper
plan and quadrant; ensure that the holes in the gasket (204) are aligned with
the holes in the power case.

When replacing a power cylinder (servo) on a governor or mounting
pad, it is imperative that the securing bolts be torqued to 45 Ib-ft

IMPORTANT
(61 N+m).

When assembling the flyweight head pilot valve bushing assembly (238),
align the missing tooth in the bushing with the corresponding missing tooth
in the spring coupling assembly (229).

Install the three-piece thrust bearing (218) onto the stem of the pilot valve
plunger (235) (bearing race with the larger hole must be against the
flyweight toes).

When items 216 through 238 have been assembled, center the pilot valve
plunger as follows (see Figure 4-3): apply a slight pressure to the speeder
spring seat (217), adjust the pilot valve plunger nut (216) until the 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 bushing.
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- SPEEDER
. SPRING
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>PORT .
COPENING

Figure 4-3. Centering Pilot Valve Plunger

8. When assembling the speed setting mechanism, ensure that the retaining
ring (30, Figure 5-1) is positioned with the opening in line with setscrew (33).

9. Assemble the manual speed setting shaft assembly (43 through 47), tighten
nut (43) approximately seven turns, insert roll pin (39) to protrude through
shaft (43) approximately 0.090 inch (2.29 mm).

Testing

The PG governor has been manufactured in such a wide variety of arrangements
that it would be impractical to cover specifications and testing procedures for
each model.

It is recommended that the customer contact one of the Woodward offices for
detailed specifications and testing instructions for the particular models at the
installation. When ordering information, it is essential to supply the governor
serial number (as shown on nameplate).
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Chapter 5.
Parts Information

Parts Replacement

When ordering replacement parts it is essential that the following information be

given:

1. Governor serial number and part number (as shown on nameplate).
2. Manual number (this is manual 36694).
3. Part reference number in parts list and description of part or part name.

lllustrated Parts Breakdown

The illustrated parts breakdown (Figures 5-1 and 5-2) illustrates and lists all parts
of the basic PG governor. Index numbers are assigned in disassembly sequence.
Circled index numbers indicate items which do not require further disassembly
unless repair or replacement of the part is required.

Parts List for Figure 5-1

Ref. No. Part Name........ooiiii e Quantity Required
36694-1 Screw, hex hd., 5/16-24 X 5-13/32.......cccceeiiiiiiieiiieiieesie e 2
36604-2 Washer, lock, 5/16 (MS35338-45) (7.9 MM).....cceiiiiiiiiniiiiiieniee e 2
36694-3 Washer, plain, 5/16 (MS27183-12) (7.9 MM) ......ccoiiiiiiiiiiiiieee e 2
36694-4 Screw, drive #2 X 3/16 (ANS35-2-3) ...coiiiiiiiiiiiiiee et 4
36694-5 NBMEPIALE ...t 1
36694-6 (O] I8 11 T= or= o B PP P P PP PUPPP PP 1
36694-7 GOV ittt 1
36694-8 COVET QASKET ... .t 1
36694-9 (oY= To [ o I o] 10T FR TSP PP PUPP TP 1
36694-10 RESTOMNG SPIING vttt e e e e reeeeeeas 1
36694-11 Cotter pin, 1/16 X 3/8 (MS24665-1 30) ......cceeerurierrieriiienieeniree e 1
36694-12 Pivot pin (ReSLOMNNG I@VET) ..ot 1
36694-13 RESIONNG IOV ..ot 1
36694-14 Pin (102diNg SPriNG) ...eeeoeeeiieiiiiee it 1
36694-15 Stop pin (Iow SPEEd-PNEUMALIC) .. ..vvviiriee it e e 1
36694-16 Screw, SOC. Nd., 5-40 X /2 ....cceiiiiiiiiiiiiecee e 1
36694-17 Washer, 10CK, #5 (AN935-5) ....cciiiiiiiiiiiiiie et 1
36694-18 Screw, soc. hd., 1/4-28 X 1-1/4 (MS 16998-46) .........cccevvvrirveenieriiireeneenes 1
36694-19 Screw, soc. hd., 1/4-28 X 2 MS1 6998-49 .........cccoviriiiriieiiieenee e 1
36694-20 Washer, lock, 1/4 (MS35338-44) (6.4 MIM)......cccuemiiiiiieaieeiieeeieeesiee e 2
36694-21 PIlot VAIVE TINK. ... 1
36694-22 Low speed adjuSTiNG SCrEW ........cccviriiiiiiieiiieee st e st 1
36694-23 Nut, hexX., 10-32 (MS35650-302) .......ccuuriirimrreeiiiieeeniiie e 1
36694-24 BElIOWS SPIING 1oeeiiiiiiiiiee ettt e e et e e e e s e e e e s e s anrraaeaa s 1
36694-25 BellOWS COUPIING.....uvviiiieeiiiiiiiii et e e raaa e e e 1
36694-26 Setscrew, soc. hd., cup pt. 8-32 x 5/16 (MS51973-30)......ccceerurrrrereerannnnns 1
36694-27 PaSSAGE SCIEW ... 1
36694-28 Washer, SOft COPPEN ...eeiiiiiiieee e 1
36694-29 ReCeiVer CUP QASKEL .......ciiiiiiiii e 1
36694-30 Retaining ring, int., 1.660 OD (42.2 MM OD).......ccoeiiiiiiiiiiee e 1
36694-31 BEIIOWS ...t 1
36694-32 Packing, preformed, 1-1/2 OD (38.1 mm OD) (NA51593-028)................... 1
36694-33 Setscrew, soc. hd., cup Pt., 5-40X 1/4 ......ccccuvviiiieiiiiiieiee e 1
36694-34 PNeumMatiC rECEIVEI CUP ....ciiiiiiiiiiiiiei ettt 1
36694-35 Screw, Phillips, rd. hd., 6-32 x 3/8 (MS35206-25) ........ccccerviervreririeneeeens 4
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Ref. No. Part Name ... Quantity Required
36694-36 DAl PIALE ...vvvveiie et 1
36694-37 SPACET ..t 4
36694-38 FriCtioN SPIING «ooeoiiieee e 1
36694-39 Roll pin, 3/32 X 5/8 (MS9048-071) ....cceeiiuriaiueeaiiiiaiieeniee e 1
36694-40 SEOP WASKNET ...ttt e e e e e as 1
36694-41 Spring washer, 1/4” (6.4 MM)......ocoiiiiiiiiee e 1
36694-42 Washer, plain, 25/64 1D X 5/8 OD .......ccoiiiiuiiieieeeiiiiiieee e eeiieea e 1
36694-43 Nut, hex., slflkg, 1/4-28 (MS21 083N4) ......cccceveviiiiiiiiiieiie e 1
36694-44 Belleville washer, 1/4" (6.4 MM) .......coiiiiiiiiiee et 2
36694-45 Knob (Manual speed adjusting) .........ccccvieiieeiiiiiiiiiieee e 1
36694-46 CIULCN SPIING .ttt e e 1
36694-47 Shaft (NEAA SCIEW) ......eeiiiiiiiiiiieeie e 1
36694-48 Receiver bracket gasket ...........eooiiiiiiii e 1
36694-49 Screw, soc. hd, 10-24 X 1/2 (MS1 6997-44) .......cccccooieniiiiiienieenieesee e 2
36694-50 Washer, 10ck, #10 (MS35338-43) ....ccuieiiiiiiiiiiieeesiiiiiieee e e eeiiieee e e e e 2
36694-51 Stop Pin (HIgh SPEEA) ......eeiiiiiii e 1
36694-52 COlIAT . 1
36694-53 PIVOL PN e 4
36694-54 LINK et 1
36694-55 Setscrew, soc. hd., dog Pt., 8-32 x 3/8 (MS51977-31)......ccccuvvvvvreeeinniinnnn. 1
36694-56 Thread insert, scr. 1kg., 8-32 x 1/4 (MS21 209C081 5) .......ccvvveeeeeeriinnnn. 1
36694-57 NUL (LEAA SCIEW)....eeeieeieietieii e e e ettt ettt e e e e e e et e e e e e e e e e ennaeeeeeaaeeaan 1
36694-58 Thread iNsert, 7/16-20 X 7/16 .........oeeiieeieiie e 1
36694-59 Speed adJUSTING NUE ....covviiiiiiie e 1
36694-60 GUILE .ttt 1
36694-61 Setscrew, soc. hd, oval Pt.,10-32x 1 (MS51982) .........cccoevuvrieeeeeiiiirirennn. 1
36694-62 LU A 10T L= TR 2
36694-63 Screw, SOC. Nd., 10-32 X 1-1/8 .....coiieiiiiie e 1
36694-64 Washer, lock, hi-collar, #10 (MS51848) ........ccouiiiiiiiiiiieieeee e 2
36694-65 Screw, soc. button hd., 10-32 X L....ceuiiieiiiiee e eeaas 1
36694-66 SPACET .t e e 1
36694-67 Ball DEAING ... 1
36694-68 PIVOL BraCKeL ......cvviiiiiiiiie e 1
36694-69 Thread insert, scr. 1kg., 10-32 x 3/8 (MS21 209F 120)........cccccvveeeeercnnnnnn. 1
36694-70 SpPeed SELHNG SCIEW.....ceiiiiiiiiiiiiiiee e 1
36694-71 Pin (Loading Spring anChor) ...t 1
36694-72 FriCtion SPriNG SEAL........oiieiiiiiie et ea e e 1
36694-73 [0 1Y =] N o] T o TP RURP SR 2
36694-74 Thread insert, scr. 1kg., 8-32 x 1/4 (MS21 209C081 5) .....ccvvvvvrvveeeiineeens 1
36694-75 RECEIVEN DIaCKeL .......cciiiiieiiic e 1
36694-76 Packing, preformed, 3/8 (9.5 mm) OD (NAS1593-010) .......cccceeevvvuvrrenrnnn. 2
36694-77 Nut, hex., 8-32 (MS35649-282)........c.ccccevuieririiiiieiiii e 2
36694-78 Screw, hex. hd., 1/4-28X 1-3/16 (MS90726-9) .......ccceerverneriiiiieiie e 2
36694-79 Washer, plain, 1/4 (6.4 mm) (AN960-41 66) ..........ccuureeieeeiiiiiiiieieeee i 2
36694-80 Speed setting PIStON SPIiNG........ueiiiiiiiiiiiiie e 1
36694-81 Nut, hex., 10-32 (MS35650-302)......c..uceiueeriieiieeiiieiiee e eniee e seee e 2
36694-82 [CTU]To (=N o] T TR 1
36694-83 Setscrew, soc. hd., oval Pt., 10-32 X 7/8 (MS51982) .......cceeevvrieeriineenne 1
36694-84 Screw, soc. hd., 10-32 x 3/8 (MS 16998-26)

36694-85 Adjusting screw (MaxX. SPEEM) .......uuviiiieeiiiiiiiiei et e e e e e
36694-86 Thread insert, scr. 1kg., 10-32 x 9/32 (MS21209F 1-15) ......cccccveveeerrnnnnn. 1
36694-87 AdJuSting SCrEeW DracCKet ..........coouiiuiiiiiiiiiiiie e 1
36694-88 FUICTUM e e 1
36694-89 Speed Setting PISTON ......ooiiiiiiieei e 1
36694-90 Check valve assembly (Max. Speed) .........cceeeeiiiiiiieiieeiiiiiee e 1
36694-91 Speed Setting CYNNAET ... 1
36694-92 Screw, hex. hd., 5/16-24 X 5 (MS90726-52).........cceeiviiieririieiiiiieeninee e 4
36694-93 Washer, lock, int. tooth, 5/16(7.9 mm) (MS35333-41) ........ccccvvvveeeeenrnnnnnn, 4
36694-94 Screw, Phillips, rd. hd., 10-32 x 3/8 (MS35207-53)......cccccecvvervieriiienieenn. 2
36694-95 Washer, 10ck, #10 (MS35338-43) ......cecivieiiieiiiienie et 2
36694-96 RELAINET ..ceiiee it e e e e et e e e e e 1
36694-97 SPACET ..t 1
36694-98 TRPUSE DEANNG ... .eeeeee et e e e e e e e e 1
36694-99 Speed Setting PIUNGET ......oieiiiiii e 1
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Ref. No. Part Name ... Quantity Required
36694-100 PIUG .. e 1
36694-101 Speed setting BUSNING ........ooiiiii e 1
36694-102 Bushing 10ading SPriNg .....ccoooiiuiiiiiiieeei e 1
36694-103 BUSHING QAN ..t 1
36694-104 BEArNG STUA ..o a e 1
36694-105 EIDOW, 90 0.ttt 3
36694-106 TUDING, 1/4-INCH....eiiiiieiee e 1
36694-107 [0 1Y =Y N o] 1 PO ST PRPPT PP 2
36694-108 COVET UOWE ...t 2
36694-109 DoWel BUSHING ... 2
36694-110 Thread INSErt, 5/16-24 .......couniiie e 2
36694-111 Pipe plug, soc. hd., 1/16-27 NPTF (AN93251) ........ccceenvririieeiieenire e 5
36694-112 Taper screw (Not used with solenoid or pressure actuated

SHULAOWN OPLION) ..ciiiiiiiieeiee et e e e e e e e e e e enes 1
36694-113 COIUMN Lt e et e e e e e 1
36694-114 Cotter pin, 1/32" X 3/8” (0.8 X 9.5 MM)...cuviiiiiiiiiiiiieee e 2
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Figure 5-1. Exploded View of Column
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Parts List for Figure 5-2

Ref. No. Part Name........ooiiii e Quantity Required
36694-201 Screw, SOC. NA,3/8-16X 11/4 ......cccoviiciiriieiiieniieree e 4
36694-202 Washer, 10ck, 3/8 (9.5 MM) ......ooiiiiiiiiii e 4
36694-203 Power cylinder assembly (refer to Manual 36692) ............ccccceeeiiiiiinneneenn. 1
36694-204 Gasket, power CYIINAET CASE .....c.oiuuiiiiiiee e 1
36694-205 Screw, heX Nd., 5/16-18 X L.....cuiiiiiiieiiie et e et e e raae e 8
36694-206 WaAShET, [OCK, 21/64 ...t 8
36694-207 Base assembly (refer to Manual............ccoveeiiiiiieiniii e 1
36694-208 Power case-base 0il Seal fiNG.........oooiiiiiiiiiieii e 1
36694-209 [0 (=T o [T LR ETR PP 1
36694-210 TAIEE STUG.... et 1
36694-211 DIV GBA ... ettt ettt e e e et e e e e 1
36694-212 GASKEL ..ttt 1
36694-213 Speeder Spring ChECK PIUQG ...coooo i 1
36694-214 Sy o L=T<To [T aY o] T o [P TP UUUPRRP 1
36694-215 Cotter pin, 1/16 X 5/8 (1.6 MM X 15.9 MM) ...ocvvviiiiiiieiiiieeeieee e 1
36694-216 Pilot valve PIUNGET NUL........ooiiiieiie e 1
36694-216A  Spring, SHULAOWN rOd .......cooiiiiiiiiie e 1
36694-217 Speeder SPriNG SEAL .........uviiiiii et e e e e 1
36694-218 TRPUSE DEANNG .o 1
36694-219 Washer, adjuSting SPIiNG .......ueeeeeeeiiiiiiiieiee e 1
36694-220 Yo 103 (] gTo I o o TP 1
36694-221 Not used
36694-222 SHRULAOWN FOO ...t e e e e e e st e e e e e e e enees 1
36694-223 Cotter pin, /16X 1 (1.6mMm X 25.4 MIM) ...cvvviiiiiieiiiieeeiiiee e 8
36694-224 Flyweight pin-limit Pin .........ooooiiiiieee e 4
36694-225 FIYWEIGNT ... s 2
36694-226 Flyweight DEAIING ......ccooiiiii e 4
36694-227 Screw, rd. Nd., 8-32 X 5/16 ......oooieiiiiieiieeeiie e 1
36694-228 AV =T 1] R (o T =< TR 1
36694-229 Spring coupling aSSEMDBIY ..o 1
36694-230 Screw sems, pan head, 5-40 X 5/16 ........occuviiiiieeiiiiiiiiiiee e 8
36694-231 Not used
36694-232 Flyweight head sub-assembly ...........cccoveiiiiiiiiii e, 1
36694-233 RELAINING FINQ coieiiiiiiieee e e e s e e e e e e e e aatraeeaeeas 1
36694-234 Compensating BUSHING ........coiiiii e 1
36694-235 Pilot VAIVE PIUNGET ... 1
36694-236 215 14 o TP 1
36694-237 (O] IET=T | 1] o Vo PP PUPURPUUPRRPT 1
36694-238 Flyweight head-bushing assembly ..........cccccoiiiiiii 1
36694-239 REAINING FING -.eeeeiitiee e 1
36694-240 (O 1o To TSP PP T USUPRRPR 1
36694-241 PIUG . 1
36694-242 201 {=T Y o] ] o PP EEPR PP 2
36694-243 BUFEI PISTON .. 1
36694-244 BUFTEI SEAL....eeiiiieei e 1
36694-245 RELAINING FINQ oo e e e s e e e e e e e e nnraneeaeeas 4
36694-246 ST o] 1010 JEST= T | TR URRRT 2
36694-247 Small aCCUMUIALOT SPIING ...vvveiiieieiiiiee ettt 2
36694-248 Large accumulator SPriNG .........eeeiirreeiiiiie et 2
36694-249 ACCUMUIALOT PISTON ...eiiieeiiiiiiiiee et e e et e e e e s e eaareeeaa s 2
36694-250 Spring loaded check ValVe............cuuviiiiiiiii e 2
36694-251 Plain ChECK VAIVE.........ouiiiiiiiiie e 2
36694-252 DIAIN COCK ...ttt 1
36694-253 EIDOW . 1
36694-254 (O] 1o = To [ PP RUP T SUPUUPRRPT 1
36694-255 Not used
36694-256 Not used
36694-257 PiIpe PIUG, /8 oot 4
36694-258 Pipe PIUG, 1716 it 2
36694-259 DOWEI PNt 2
36694-260 POWET CASE... ..o 1
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36600-B-27

Figure 5-2. Exploded View of Case
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Figure 5-3. Outline Drawing of PG-PL Governor
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Chapter 6.

Auxiliarz Features

Auxiliary Features (optional)

Many auxiliary devices are available for use, either singly or in combination, on
the PG governor to meet the numerous control requirements of the installation
requiring precise speed setting. Each governor is designed to meet the needs of
the engine or turbine and the operating requirements of the installation.

Auxiliary equipment may be supplied as original equipment in the governor and
some may be installed in the field. It is recommended that the customer contact
Woodward Governor Company on any field installations as some auxiliaries
cannot be installed in the field.

The following paragraphs give a brief description of some of the auxiliary
equipment available from Woodward Governor Company and list the manuals
where detail information may be obtained.

Manual No. Title

36641 Governor Heat Exchanger

36650 Solenoid Operated Shutdown Ass.
36651 Pressure Actuated Shutdown Ass.
36680 Preloaded Buffer Springs

36684 Booster Servomotor

36692 PG Power Cylinder Assemblies
36693 PG Base Assemblies

Governor Qil Cooler

A governor oil cooler is required if operating temperatures exceed 200 °F (93 °C),
and speeds exceed 1200 rpm on an engine application and 1100 rpm on a steam
turbine. It may also be necessary to use an oil cooler at lower governor drive
shaft speeds if the governor is mounted close to valves or steam lines which
result in high ambient temperature.

Water (or some other liquid coolant) from an external supply enters the oil cooler
cover and passes through a tube to the oil cooler body. The water circulates
through the body cavity to the discharge.

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 already in service, the governor should be returned to the factory for
conversion.
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Shutdown Devices

A shutdown device can be incorporated in the PG governor to stop fuel to the
engine or turbine if equipment fails. This is not a primary overspeed protective
system and should not be construed as such. This is an auxiliary system only.
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 following arrangements to suit the particular operating conditions:

The shutdown solenoid must not be used as an overspeed protection
device. Overspeed protection must come from a unit completely
separate from the PG-PL Governor. Overspeed protection must be

designed to protect against governor failure. It must be separate
from the governor to prevent damage to the engine, turbine, or other
type of prime mover with possible personal injury or loss of life
should the governor fail.

1. Shutdown assemblies which will operate from air, oil, or water pressure.
These assemblies are generally supplied where electrical devices cannot be
used. The air, oil, or water shutdown 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 and ac voltages.

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 fuel linkage movements resulting
from changes in speed due to misfiring or pump instability. 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 terminal shaft) moves when responding to small or
momentary off speeds. The output piston (or terminal shaft) moves at the normal
rate for large speed changes.

Booster Servomotor

The booster servomotor is used in conjunction with the PG governor to assist the
engine in starting quickly. The function of this device is to supply oil under
pressure to the governor at the instant starting air is supplied to the engine; this
enables the governor to move the engine linkage to the fuel-on position
immediately.

PG Base and Power Cylinder Assemblies

A number of different base and power cylinder arrangements are available to
conform to engine or turbine manufacturer’s specifications. These are factory
installed.

The base assembly can be furnished with either a serrated or keyed drive shaft.
Refer to manual 36693.

Power cylinder work capacities are available from 12 to 200 ft-Ib (16 to 271 J).
Manual 36692 explains the various power cylinders while manual 36618 explains
the PG 200 governor.

Woodward 37




PG-PL Governor Manual 36694

Chapter 7.
Diaehragm SBeed Setting

Introduction

Many of the earlier PG-PL governors are still in operation. These governors are
of a type that uses an air receiver diaphragm instead of a bellows. The linkage
for speed setting is also different and requires other instructions for adjustment.
Both direct and reverse mechanisms are available in the diaphragm PG-PL
governor. This section deals with the description, setting, and parts lists for the
diaphragm type speed setting.

Description of Operation

The following is a description of how the diaphragm direct speed setting
mechanism operates (see Figures 7-1 and 7-2). When a higher air pressure is
sent under the pneumatic receiver diaphragm, the diaphragm rises against
atmospheric and spring pressures on the opposite side. This movement, carried
by the diaphragm link, pivots the speed control lever and pushes the speed
setting pilot valve down through the action of the connecting link and the lower
floating lever. The displacement of the speed setting pilot valve allows pressure
oil to be admitted above the speed setting piston. The piston moves downward
until the upper floating lever, floating lever link, and lower floating lever restore
the pilot valve to its steady-state position.

SPEED CONT.

DIAPHRAGM LEVER
LINK \ CONNECTING LINK
LOW SPEED 0

UPPER FLOATING LEVER

RECEIVER
SPRING

FLOATING LEVER
PRESSURE ——= LINK

DIAPHRAGM

AIR RECEIVER

LOWER FLOATING LEVER

SPEED SETTING
\SI:EL\EIE ,SE TTING PILOT PISTON

P —

SPEEDER
SPRING

HYDRAULIC PRESSURE —

36600-A-16

Figure 7-1. Schematic of Diaphragm Direct Speed Setting
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With a lower air pressure signal, the receiver diaphragm would lower because of
the receiver spring pressure atop it. Through the linkage previously described the
speed setting pilot valve is raised, opening the port to sump and allowing the
piston return spring to raise the piston. The linkage attached to the speed setting
servo shaft closes the pilot valve again.

The diaphragm reverse mechanism runs the engine or turbine at high speed for
minimum control air pressure, and low Speed for maximum control air pressure.
The special linkage arrangement is shown in Figure 7-3. Note that the base
speed setting nut pivot and upper end of the floating lever link have exchanged
places from the arrangement shown in Figure 7-2. A special speed setting pilot
valve plunger is used. It must now move upward to admit oil to the speed setting
servomotor. Converting a governor from direct operation to reverse speed setting
involves changing a few parts so it is preferable, though not absolutely
necessary, to specify the correct arrangement when a governor is ordered. See
the description of operation in Chapter 3 for information on the rest of the
governor.

Adjustment and Parts List

Air pressure versus engine or turbine speed relationships are set at the factory
with more precise measuring instruments than are available in the field. The
governor speed settings normally will never need to be readjusted, and under no
circumstances should they be altered without thorough knowledge of the
procedure. If it is necessary to change or reset the governor speed settings, first
determine the pressure range of the associated air pressure instrument, and the
engine or turbine speed range corresponding to this pressure range.

RIGHT END OF  SHUTDOWN

SPEED CONTROL ROD
TCUEVER . aerrED
»a SETTING

SERVD
MOTOR
PIRTON
sSTOR
FLOATING
LEVER:
LAWK

BASE SPEED SETTING NUTw

HIGH SPEED STOP SCREW

YDLE SPEED SCREW =
LOCK NUT
SLIDING
BLOC

LEFT END OF+  SLIDING BLOCK -SPEED CONTROL
SPEED CONTROL  LOCK SCREW =~ LEVER
LEVER AND NUT '

Figure 7-2. Adjustment Points of Diaphragm Direct Air Receiver
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Back off the high speed stop screw, shown in Figure 7-2. Loosen the idle speed
screw locknut and the sliding block lockscrew and nut. The sliding block can now
be moved freely to either end of the slot. Set it at approximately the mid-point in
its travel and lock it with the lockscrew and nut. Turn the idle speed screw (see
Figure 7-2) counterclockwise (ccw) so that it does not control the pilot-valve
plunger position. Start the engine or turbine following the prime mover
manufacturer’s instructions and apply zero psi air pressure. Adjust the base
speed setting nut for 15 rpm less than idle speed. Apply the specified low air
pressure. Adjust the idle speed screw for idle speed.

Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against
runaway or overspeed with possible personal injury, loss of life, or
property damage.

Adjust the base speed setting nut to obtain the specified engine speed
corresponding to minimum air pressure. Screw down to decrease speed, or up to
increase speed. Slowly raise control air pressure to the specified maximum
value, making sure the engine does not overspeed. The speed obtained will
probably be either higher or lower than the desired maximum. Check to be sure
the high speed stop screw is not limiting speed by touching the screw head
below it.

 LOV SPEED STOP
SASESPEED SETTING NUT

FLOATING LEY
LINK

Figure 7-3. Reverse Diaphragm Linkage Arrangement

If the maximum speed obtained is too low, loosen the sliding block lockscrew and
nut and the idle speed screw locknut. Move the sliding block (see Figure 7-2) a
short distance to the right. Moving the sliding block to the right (toward the pivot)
increases the amount of rpm change that results from a specified air pressure
change.
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It is now necessary to start over again with the specified air pressure at
minimum, and adjust and lock the idle speed screw as explained previously. Set
the base speed setting nut as before to obtain the specified minimum speed
corresponding to minimum air pressure. Again apply maximum specified air
pressure and check the speed. Repeat this process until the desired high and
low speeds are obtained.

When desired speeds have been obtained for the specified air pressures, adjust
the high speed stop screw so it just contacts the screw head below it at
maximum specified air pressure. Tighten the locknut.

Make sure the diaphragm link between the diaphragm and the idle speed screw
does not rub on the edge of the hole where it passes through the pneumatic
receiver casting. This could happen if the sliding block were either too far from or
too near the pivot. If it is too far from the pivot, use a stronger receiver spring. If it
is too near the pivot, use a weaker spring.

See Figure 7-3 for PG-PL governors equipped with reverse speed setting
(minimum control air pressure produces maximum speed). With zero pressure
applied and the idle speed screw adjusted so that it does not control the pilot-
valve plunger position, adjust the base speed nut for 15 rpm over high speed.
USE CAUTION NOT TO OVERSPEED ENGINE. Apply the specified low air
pressure and adjust the idle speed screw for high speed. Slowly raise air
pressure to the specified maximum. If speed is not to specification, adjust the
sliding block and lock nut, and repeat the procedure. When correct range is
obtained, adjust the low speed stop at minimum speed to just touch the speed
control lever.

Speed Setting Servomotor Piston Stop Screw Adjustment

Set the governor for the minimum speed position. Turn the speed setting servo
motor piston stop screw down until it contacts the top of the piston, then back it
off 1-1/2 turns and tighten the locknut.

Information and Parts Replacement

When ordering replacement parts it is essential that the following information be
given:

1. Governor serial number and part number (as shown on nameplate).

2. Manual number (this is manual 36694).

3. Part reference number in parts list and description of part or part name.
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Parts List for Figure 7-4

Ref. No. Part Name ... Quantity Required
36694-301 5/16-24 X 5-15/32 hex head SCreW...........cccceviviiiiiiiiii s 2
36694-302 5/16 (7.9 mm) shakeproof Washer ... 6
36694-303 Ol IlIEF CUP e 1
36694-304 St SCrEW (KNOD) ...t 1
36694-305 CONIOI KNOD ... e 1
36694-306 L= 0 1=T g o] o D O OO T PP PUPRP TP 1
36694-307 DIIVE SCIBW ...ttt 6
36694-308 Manual speed adjustment Plate ............ccoocvieiiiieeeiii e 1
36694-309 FriCtion PIUNGET ....vveiiie e a e 1
36694-310 [ o (o] ] o] 1o To [ TSP PPPPRPR 1
36694-311 5/16 (7.9mm) 10CKWASNET .........uiiiiiiiiii e 1
36694-312 GASKEL ..t 1
36694-313 BUSHING-0OWEI ..o 2
36694-314 BUSRING ... 2
36694-315 5/16-24 X 5/8 threaded INSEIt ..........oveiiiiieiiiii e 2
36694-316 3 (1 o L PP TRPPPTR 1
36694-317 POWET PISTON STOP SCIEW ....vviiiieiiii ittt e e e ea e 1
36694-318 H10-32 NEX NUL ..ottt 1
36694-319 Adjustable fUICIUM SCIrEW ........ooiiiiiiieiie e 1
36694-320 13/64 x 7/16 x 1/32 washer (5.1 X 11.1 X 0.8 MM) .....cooviiiriiiiiiiiiiiiieeenn, 1
36694-321 Link adjuSting SPriNG ...c.eeeeeiiiiieieee et e e e e e e 1
36694-322 Adjustable fUICIUM PIN........oo e 1
36694-323 FL0-32 STOP NMUL ... e e e e 1
36694-324 FUICTUM TINK. e 2
36694-325 [T Q= o - Vo =1 TSP S P PPRPR 2
36694-326 Piston fulcrum assembly ............ooooiiiiiiiiiii e 1
36694-327 Floating 1eVer IINK ........cooiiiiii e 1
36694-328 Floating lever lINK SPring .........uveieiiiiii e 1
36694-329 1/8 straight pin (3.2 MM) ..o 1
36694-330 1/16 x 3/8 cotter pin (1.6 X 9.5 MM) ....uuriiiiiiiii e 6
36694-331 Lower floating lever aSSembBIY.........coovviiiiiiiiiiie e 1
36694-332 1/8 x 47164 drilled pin (3.2 X 18.7 MM) ..cciiiiiiiiiiieeiiiie e 2
36694-333 0.186 X 3/4 Pin (4.7 X19.0 MM) 1ottt 1
36694-334 Speeder spring POWEr CYIINAET .........ccoiiiiiiiiiee e 1
36694-335 1/4-28 x 1 3/8 hex head Cap SCrEW ...........ceiieiiiiiiiiiieeeeeeiieeeee e 5
36694-336 17/64x 1/2x 1/32 washer (6.7 X 12.7 X 0.8 MM) .....coveviinniiiiiiieieeiniiieeeenn 2
36694-337 Speeder spring power piston assembly ... 1
36694-338 Speeder SPring SEIVO SPHNG ....uueeeiieae it eee e e et ee e e e e e e e e e e e e e e aneeeeeeas 1
36694-339 Speed setting pilot Valve PIUNGET .........cvviiriiiiie e 1
36694-340 Pilot valve pluNger SPIING .......cooivieeeiiiee e 1
36694-341 Speed setting pilot valve bushing.........cccccvevieiiiiiiii e, 1
36694-342 Pilot valve bushing SPring ........uvveiieiiiiiiieicce e 1
36694-343 Column aSSEMDBIY ......oviiiiiiiii e 1
36694-344 [T T O POTPTPU PP PPPPPTRON 1
36694-345 BEAriNG STUA........eiiiiiiieiiie e 1
36694-346 TRPUSE DEANNG ...t e e e e e e e e e e e 1
36694-347 BUSKING FELAINET ... ..o 1
36694-348 #10-32 x 3/8 round head Phillips SCreW ...........cccevviiiiiiiiee e 2
36694-349 H10 IOCKWASHIET ... 2
36694-350 1/4 x 9/16 dowel pin (6.3 X 14.3 MM) ....vvviiiiieiiiiiiiii e 4
36694-351 1/4-28 SOCKEt NEAU SCIEW ......cccuviiiiieiiie ettt 1
36694-352 Speed CoNtrol BraCket ..........oooiiiiiiiiiii e 1
36694-353 17/64 x 27164 x 1/16 lockwasher (6.7 X 10.7 X 1.6 MM) .......ceeeerrnniirieneenn. 2
36694-354 1/4-28 x 1 1/4 socket head Cap SCreW.......c.cceiiiiuiiiiieeeaei e 1
36694-355 1/4-28 x 1 3/4 socket head Cap SCreW.......c.cceiiiiuiiiiieeeeeiiiiieiee e 1
36694-356 DIaPRragm NUL ... 1
36694-357 REtaiNiNg WASKHET ......cooiiiiiiiiii e 1
36694-358 Diaphragm WasSher..........cooiiiiiiiiic e 1
36694-359 [DIF= o] a1 7= (o | o IO PP PPPPR 1
36694-360 SPFING SEAL....ciie ittt e e 1
36694-361 DIaphragm SPriNG....ccoeeiiiiiieeiee ettt e e e e e e e e e 1
36694-362 (Vo oo U EP PSPPSRI 1
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36694-363
36694-364
36694-365
36694-366
36694-367
36694-368
36694-369
36694-370
36694-371
36694-372
36694-373
36694-374
36694-375
36694-376
36694-377
36694-378
36694-379
36694-380
36694-381
36694-382
36694-383
36694-384
36694-385
36694-386
36694-387
36694-388
36694-389
36694-390
36694-391
36694-392
36694-393
36694-394
36694-395
36694-396
36694-397
36694-398
36694-399
36694-400
36694-401
36694-402
36694-403
36694-404
36694-405
36694-406
36694-407
36694-408
36694-409
36694-410
36694-411
36694-412
36694-413
36694-414
36694-415
36694-416
36694-417
36694-418

Floating lever link assembly
Diaphragm liNk @ssembly ...........coooiiiiiiiiiiiie e
Speed control bracket cap
COoNrol [EVET SHUE.....ceiiieeee e
Idle Speed SEttiNg SCIrEW .........uiiiiie et e ettt e e e e e e e
Needle bearing .........ccccccceeeeeens
Speed control lever ....................
3/8 washer (9.5 mm) ........cceeene
3/8-32 hex jam nut..........cccueeee...
#10-32 x 3/4 socket set screw....
#10-32 heX NUt ....cocvveviiiiieei,
#10-32 x 1/2 socket set screw....
Speed adjusting screw ...............
9/16 X 21/64 X 1116 WASHET ..cceiiiiiiii e
3/32 x 1/2 cotter pin (2.4 x 12.7 mm)
Solenoid locknut
PIUNGEr StOP PIUG ...
Solenoid plunger lock pin
Solenoid case........cccccvervienerenn
Insulating paper....
Load spring...........
Solenoid coil ........ceeeviiiiiiieeneenn.

Soldering shield washer .............

(O ] o I P PP PP PP PP PPPPPPP
AGJUSTING SCIBW ...ttt ettt e e es
Solenoid plunger assembly
S0lenoid PIUNGET O .......ovviiieie et
Solenoid plUNGEr WASNET ........cooiiiiiiiiieeei e
Plunger guide locating pin
Shutdown Valve DoAY ...
Varnished tUDING ......oooi i
Solenoid plunger bushing
1/4 steel ball (6.3 mm)................
Unloading spring .......cccceeveeeeinns
Shutdown valve seat...................
O-TINQG e
Friction plunger retaining SCrEW...........uuuiiiiieiiiiiiiiee e
Nameplate (COIUMN) .......oiiiiii e
Elbow
TUDING e
NaMEPIALE (COVET) ...ttt
Drive screw

#6-32x3/8 screw....
RECEPLACIE ...
PIUG e
Cable clamp
5/16-24 x 4-31/32 hex head screw

Woodward
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308 307

399

( "I 309 310

36600

Figure 7-4. Exploded View of Diaphragm Column Parts
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Chapter 8.

Product Sueeort and Service Oetions

Product Support Options

If you are experiencing problems with the installation, or unsatisfactory

performance of a Woodward product, the following options are available:

1. Consult the troubleshooting guide in the manual.

2. Contact the OE Manufacturer or Packager of your system.

3. Contact the Woodward Business Partner serving your area.

4. Contact Woodward technical assistance via email
(EngineHelpDesk@Woodward.com) with detailed information on the
product, application, and symptoms. Your email will be forwarded to an
appropriate expert on the product and application to respond by telephone
or return email.

5. If the issue cannot be resolved, you can select a further course of action to
pursue based on the available services listed in this chapter.

OEM or Packager Support: Many Woodward controls and control devices are
installed into the equipment system and programmed by an Original Equipment
Manufacturer (OEM) or Equipment Packager at their factory. In some cases, the
programming is password-protected by the OEM or packager, and they are the best
source for product service and support. Warranty service for Woodward products
shipped with an equipment system should also be handled through the OEM or
Packager. Please review your equipment system documentation for details.

Woodward Business Partner Support: Woodward works with and supports a
global network of independent business partners whose mission is to serve the
users of Woodward controls, as described here:

e A Full-Service Distributor has the primary responsibility for sales, service,
system integration solutions, technical desk support, and aftermarket
marketing of standard Woodward products within a specific geographic area
and market segment.

e An Authorized Independent Service Facility (AISF) provides authorized
service that includes repairs, repair parts, and warranty service on
Woodward's behalf. Service (not new unit sales) is an AISF's primary
mission.

e A Recognized Engine Retrofitter (RER) is an independent company that
does retrofits and upgrades on reciprocating gas engines and dual-fuel
conversions, and can provide the full line of Woodward systems and
components for the retrofits and overhauls, emission compliance upgrades,
long term service contracts, emergency repairs, etc.

A current list of Woodward Business Partners is available at
www.woodward.com/directory.

Product Service Options

Depending on the type of product, the following options for servicing Woodward
products may be available through your local Full-Service Distributor or the OEM
or Packager of the equipment system.

e Replacement/Exchange (24-hour service)

e Flat Rate Repair

e Flat Rate Remanufacture
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Replacement/Exchange: Replacement/Exchange is a premium program
designed for the user who is in need of immediate service. It allows you to
request and receive a like-new replacement unit in minimum time (usually within
24 hours of the request), providing a suitable unit is available at the time of the
request, thereby minimizing costly downtime.

This option allows you to call your Full-Service Distributor in the event of an
unexpected outage, or in advance of a scheduled outage, to request a
replacement control unit. If the unit is available at the time of the call, it can
usually be shipped out within 24 hours. You replace your field control unit with
the like-new replacement and return the field unit to the Full-Service Distributor.

Flat Rate Repair: Flat Rate Repair is available for many of the standard
mechanical products and some of the electronic products in the field. This
program offers you repair service for your products with the advantage of
knowing in advance what the cost will be.

Flat Rate Remanufacture: Flat Rate Remanufacture is very similar to the Flat
Rate Repair option, with the exception that the unit will be returned to you in “like-
new” condition. This option is applicable to mechanical products only.

Returning Equipment for Repair

If a control (or any part of an electronic control) is to be returned for repair,
please contact your Full-Service Distributor in advance to obtain Return
Authorization and shipping instructions.

When shipping the item(s), attach a tag with the following information:
return number;

name and location where the control is installed;

name and phone number of contact person;

complete Woodward part number(s) and serial number(s);
description of the problem;

instructions describing the desired type of repair.

Packing a Control

Use the following materials when returning a complete control:

e  protective caps on any connectors;

e  antistatic protective bags on all electronic modules;

e  packing materials that will not damage the surface of the unit;

e atleast 100 mm (4 inches) of tightly packed, industry-approved packing
material;

a packing carton with double walls;

e astrong tape around the outside of the carton for increased strength.

To prevent damage to electronic components caused by improper

NOT’CE handling, read and observe the precautions in Woodward manual
82715, Guide for Handling and Protection of Electronic Controls,
Printed Circuit Boards, and Modules.

Replacement Parts

When ordering replacement parts for controls, include the following information:
e the part number(s) (XXXX-XXXX) that is on the enclosure nameplate;
e the unit serial number, which is also on the nameplate.
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Engineering Services

Woodward’s Full-Service Distributors offer various Engineering Services for our
products. For these services, you can contact the Distributor by telephone or by
email.

e  Technical Support

e  Product Training

e Field Service

Technical Support is available from your equipment system supplier, your local
Full-Service Distributor, or from many of Woodward’s worldwide locations,
depending upon the product and application. This service can assist you with
technical questions or problem solving during the normal business hours of the
Woodward location you contact.

Product Training is available as standard classes at many Distributor locations.
Customized classes are also available, which can be tailored to your needs and
held at one of our Distributor locations or at your site. This training, conducted by
experienced personnel, will assure that you will be able to maintain system
reliability and availability.

Field Service engineering on-site support is available, depending on the product
and location, from one of our Full-Service Distributors. The field engineers are
experienced both on Woodward products as well as on much of the non-
Woodward equipment with which our products interface.

For information on these services, please contact one of the Full-Service
Distributors listed at www.woodward.com/directory.

Contacting Woodward’s Support Organization

For the name of your nearest Woodward Full-Service Distributor or service
facility, please consult our worldwide directory published at
www.woodward.com/directory.

You can also contact the Woodward Customer Service Department at one of the
following Woodward facilities to obtain the address and phone number of the
nearest facility at which you can obtain information and service.

Products Used In
Electrical Power Systems

Products Used In
Engine Systems

Products Used In
Industrial Turbomachinery

Systems

Facility---------------- Phone Number Facility---------------- Phone Number Facility---------------- Phone Number
Brazil ------------- +55 (19) 3708 4800 Brazil ------------- +55 (19) 3708 4800 Brazil ------------- +55 (19) 3708 4800
China ----------- +86 (512) 6762 6727 China ----------- +86 (512) 6762 6727 China ----------- +86 (512) 6762 6727
Germany: Germany------- +49 (711) 78954-510 India --------------- +91 (129) 4097100

Kempen----+49 (0) 21 52 14 51  India --------------- +91 (129) 4097100 Japan-------------- +81 (43) 213-2191

Stuttgart-- +49 (711) 78954-510 Japan-------------- +81 (43) 213-2191 Korea-------------- +82 (51) 636-7080
India --------------- +91 (129) 4097100 Korea-------------- +82 (51) 636-7080 The Netherlands- +31 (23) 5661111
Japan-------------- +81 (43) 213-2191 The Netherlands- +31 (23) 5661111 Poland--------------- +48 12 295 13 00
Korea -------------- +82 (51) 636-7080 United States---- +1 (970) 482-5811  United States---- +1 (970) 482-5811
Poland--------------- +48 12 295 13 00

United States---- +1 (970) 482-5811

For the most current product support and contact information, please visit our
website directory at www.woodward.com/directory.
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Technical Assistance

If you need to contact technical assistance, you will need to provide the following information.
Please write it down here before contacting the Engine OEM, the Packager, a Woodward
Business Partner, or the Woodward factory:

General
Your Name

Site Location

Phone Number

Fax Number

Prime Mover Information

Manufacturer

Engine Model Number

Number of Cylinders

Type of Fuel (gas, gaseous, diesel,
dual-fuel. etc.)

Power Output Rating

Application (power generation, marine,
etc.)

Control/Governor Information
Control/Governor #1

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Control/Governor #2

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Control/Governor #3

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Symptoms
Description

If you have an electronic or programmable control, please have the adjustment setting positions or
the menu settings written down and with you at the time of the call.
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We appreciate your comments about the content of our publications.

Send comments to: icinfo@woodward.com

Please reference publication 36694P.

B36694:P

\..WOODWARD

PO Box 1519, Fort Collins CO 80522-1519, USA
1000 East Drake Road, Fort Collins CO 80525, USA
Phone +1 (970) 482-5811 e Fax +1 (970) 498-3058

Email and Website—www.woodward.com

Woodward has company-owned plants, subsidiaries, and branches,
as well as authorized distributors and other authorized service and sales facilities throughout the world.

Complete address / phone / fax / email information for all locations is available on our website.
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