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2.1.2 1SO PusL

1. Scope and Field of Application—This SAE Standard establishes a vocabulary and-definit
to the components used in fuel injection systems for compression ignition (diesel) engines.

Section 3-—Fuel Injection Pumps

Section 4-—Fuel Injectors

Section 5+Unit Injectors

Section 61-Governors

Section 71-Timing Devices

Section 81-High Pressure Pipes and Connections

21 Applicable:r Documents—The following jpublications form a part of this specification tg

2.1.1 SAE PuslicaTions—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15

ts thereof.

are separated into six sections by topic as follows:

en the word “fuel” is used in the terms listed it may be omitted providing ther,
understanding.

erein. The latest issue of-SAE publications shall apply.

—Diesel Fuel Injector~Assembly Type 7 (9.5 mm)

D—Diesel Engines/—High Pressure Fuel Injection Pipe End Connections with
Female Cone

n—Diesel" Fuel Injector Assembly—Type 28 (9.5 mm)
caTioNns—Available from ANSI, 11 West 42nd Street, New York, NY 10036-8Q

Foreword—Fuel injection equipment is in worldwide use and the application of such requires precise ter-

This SAE Standard is intended to achieve a universal vocabulary for fuel injection systems and the

ons relating

e can be no

the extent

D96-0001.

60 degree

B—Diesel Engines—Steel Tubes for High Pressure Fuel Injection Pipes (Tubipg)

02.

ISO 8535-2—Compression-ignition engines—oteel tubes for high-pressure fuel injection pipes

2.2 Related Publications—The following publications are provided for information purposes only and are
not a required part of this document. ;

2.2.1 1SO PusLications—Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.
ISO 2710—Reciprocating internal combustion engines—Vocabulary

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability tor any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your

written comments and
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ISO 7876—Fuel injection equipment—Vocabulary -
ISO 7967—Reciprocating internal combustion engines—Vocabulary of components and systems

3. Fuel Injection Pumps

3.1 Basic Definition

3.1.1 FueL Insection Pump—A device which delivers metered volumes of fuel under pressure through a sep-
arate nozzle or nozzles.

3.2 Principle of Operation

3.2.1 Jerk FueL injection Pump—An injection pump in which the force required to move the plunger is re-
ceived directly from the prime motivator.

3.2.2 Accumuthtor FUEL INSECTION PuMP—AR injection pump in which the force required to move the plunger
is drawn|from an energy accumulator.

3.2.3 Servo AueL InvecTion Pump—An injection pump in which the force required, to move| the plunger
comes from an energy source external to the pump, with or without an fintermediate intensifying de-
vice.

3.3 Form of Inergy Input
3.3.1 MecranigaL FUEL InecTion Pump—An injection pump which is actuated solely by mechdnical means.
3.3.2 ErectrichL Fuet Invection Pump—AnR injection pump which\is actuated solely by electrical means.

3.3.3 HyprauLic FUeL InvecTion Pump—An injection pump which is actuated solely by hydraulic means.

Note—An injection pump may be actuated by a combination of the above three energy inputs (e.g.,
hydromechanical, hydroelectrical, etc.)

3.4 Mode of Energy Application

3.4.1 ReciProgaTinG FUEL INJECTION Pump—A Mmechanical injection pump without an integral camshaft for re-
ciprocating the plunger(s) of the pumping element(s).

3.4.2 RotLer FueL Invection Pume (RouLEr Pump)—A reciprocating injection pump with a rollef tappet.

3.4.3 DrivesHAFT FUEL InJecTion PUumP—A mechanical injection pump with an integral driveshafl or camshaft
for actuating the plunger(s) of the pumping element(s).
Such a gump may consist also of a separate cambox having mounted on it a number of individual
fuel injection pumps.

3.4.4 CamsHarT FuebdniecTion Pump—A driveshaft fuel injection pump with an integral camshatft for actuat-
ing the plunger(s) of the pumping element(s) and having any of the types of attachment defined here-
in.

3.5 Cylinder Arrangement

3.5.1 SingLe Cvunper FUEeL INsection Pump—An injection pump with only one pumping element and one out-
let.
Nore—A single cylinder pump serving only one engine cylinder may be termed "individual fuel injec-
tion pump.”
35.2 Inune FueL InvecTion Pump—An injection pump having the axes of its pumping elements arranged
parallel to each other and in one plane.

3.5.3 CyunoricaL Fuet Insection Pump—An injection pump in which the axes of its pumping elements are
arranged cylindrically and concentrically with the driveshaft axis.
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3.5.4 Rotary FueL InsecTion Pump—A driveshaft injection pump in which the axis (axes) of the pumping ele-
ment(s) rotate about a common axis to perform the working cycles.

3.6 Type of Distribution

3.6.1 MuLmicvunper FUEL InjecTion Pump—An injection pump having multiple pumping elements and an
equal number of outlets.

Note—A multicylinder pump serving more than one engine cylinder may be termed “block type fuel
injection pump.”

3.6.2 DisTriBUTOR FUEL INJECTION PUMP—AN injection pump in which the fuel deliveries are directed to the

appropriat

e nozzle(s) by at least one distributing device.

3.7 Type of A

3.7.1 Base Moyntep Fuee InsecTion Pump—A driveshaft injection pump having a flat mounting

is parallel

3.7.2 Bast FLa
right angl
and fuel ¢

3.7.3 HigH Fuan

right angles to the axis(es) of the pumping element(s) and with‘the fuel iniet, fuel control

below the

3.7.4 Sipe Mou
element(s

3.7.5 EnD FLan

!

ltachment

to the driveshaft axis and at right angles to the axis(es) of the pumping elen

Ge MounTep FueL INsEcTion Pump—A reciprocating injection pumpwith-a mount
s to the axis(es) of the pumping element(s) and with the fuel inlet, fuel control
utiet above the flange.

GE MounTep FueL INnvecion Pump—A reciprocating injection pump with a mounti

flange.

NTED FuEeL InsEcTioN Pump—An injection pump with’a mounting face parallel to
and parallel to the axis of the camshaft (whether included in the pump or n

e MounTeD FuEL InsecTioON Pump—A driveshaft injection pump having a mountin

ranged p
3.7.6 CraDLE

face coax|al with the driveshatft.

3.8 Fuel Mete

3.8.1 METERING-
fuel injecti

3.8.2 PoRT AND

plunger and one or more ports in the barrel, or inversely.

3.8.3 Steeve M
or closing

rpendicular to the driveshaft.

unTeD FUEL INEcTiON Pump—A driveshaft injection pump having a cylindrical m

ing Process

on system using various means of control.

Heux MeTering=~A system of metering by means of one or more oblique grg

is conftrolled.

plane which
ents.

ng flange at
mechanism

ng flange at
mechanism

e pumping
t).

g flange ar-

punting sur-

—The process of establishing any required fuel delivery within the operating fange of the

oves in the

ETERING=—A system of metering incorporating a movable sleeve by which port opening and/

3.8.4 InLeT MeT|

ERING—

ber during the filling or charging portion of the pump cycle.

3.8.5 VareLe STroke MeTERING—A system of metering by controlling the plunger stroke.

ping cham-

3.8.6 Vawve MeTering—A system of metering by cyclic operation of valve(s) to control the effective pumping

stroke.

3.8.7 SHurTLe (DispLaceMENT) MeTERING—A system of metering by variable displacement of an auxiliary free

piston.

3.8.8 Cam Lirr—The geometric difference between the base of the cam profile and the cam peak.

3.8.9 PLuncer Stroke—The nominal distance through which a plunger moves between two successive re-

versals of

its direction of motion.
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3.8.10 PLunGer LiFT o Cut.orr PorT Closing—That part of the plunger stroke from initial movement of the
plunger to the position at which the cut-off port closes, determining the beginning of geometric deliv-
ery.

3.8.11 AncLe T0 Cut-0Fr PorT CLosng—The angular movement of the driveshaft equivalent to plunger lift
to cut-off port closing.

3.8.12 PLuncer LIFT To SpiLL Port Openine—That part of the plunger stroke from initial movement of the
plunger to the position at which the spill port opens, determining the end of geometric delivery.

3.8.13 ANGLe oF SpiLL Port Opening—The angular movement of the driveshaft equivalent to plunger lift to
spill port opening.

3.8.14 Cur-0oF

R inning of geo-
metric delivery.

3.8.15 SpiLL Hort—The port which is opened by the movement of the plunger at the end-of the geometric
delivery.
3.8.16 InLeT HorT—A port which admits fuel to the pumping chamber.
Note—The inlet port may or may not serve also as the cut-off and/orcspill port(s).

3.8.17 Geomefric FueL Deuvery Stroke—That part of the plunger stroke between the beginning and end
of geometric fuel delivery.

3.8.18 ReTragTion VoLume (UnLoabing VoLume)—The volume by which the volume of the high pressure sys-
tem is increased after the end of delivery.

3.8.19 Geomefric Rerraction Voume—The geometric volumie by which the volume of the high pressure
system is increased after the end of geometric fuel.delivery.

3.8.20 RetradTion STRoKE—The calculated or real patt;of the plunger stroke corresponding to the retraction
volume or the geometric retraction volume.

3.8.21 Errectjve Stroke—The difference between the delivery stroke and the retraction strofe, geometric
or otherwise, respectively.

3.8.22 RemanDer STRoke—The part of-the plunger stroke, if any, between the end of geometric fuel deliv-
ery stroke and the end of the.plunger stroke.

3.8.23 Heap CLearance—The distance between the top surface of a fuel injection pump p|ungI: (or plunger
assembly) at the end_0f.the plunger stroke and the nearest component that would limit its further
movement.

3.8.24 FueL Deuvery—The metered volume of fuel delivered by a fuel injection system during one working
cycle.

3.8.25 Geomerric’ FueL Deuvery—The nominal volume of fuel displaced as defined by the geometric fuel
delivery stroke.

3.9 Components and Assemblies

3.9.1 Inection Pump AssemseLy—AN assembly consisting of the injection pump proper, governor, supply or
feed pump, and any other additional devices which together form a unit.

3.9.2 Pumping ELement—The combination in an injection pump of a pumping plunger and its barrel.

3.9.3 Pumping AssemBLy—That combination of parts in an injection pump extending between the plunger
foot and the high pressure pipe (or nozzle in a pump injector).

3.9.4 MeTering SpiLL VALve—A controllable valve the operation of which controls the commencement and/
or termination of the geometric delivery by permitting spill from the pumping chamber.
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3.9.5 SeiLL VaLve—A valve which by cyclic operation permits spill from the pumping chamber and therefore

controls the commencement and/or termination of the geometric delivery.

3.9.6 INET VALvE—AN automatic valve which permits fuel to enter the pumping chamber.

3.9.7 MeteriNnG INLET VaLve—A device which performs inlet metering.

3.9.8 Deuvery Vave—A valve located at the outlet of the pumping chamber. Various types of delivery
valves, by suitable design, can perform one or more of the various functions listed as follows:

a. non-return
. constant volume unloading
. variable volume unloading

b
c
d.
e
f.

variable pressure unloading

3.9.9 Deuvery |VAve Holber—A device which retains the delivery valve and associated com

sometimes forms a pump outlet.

3.9.10 InjecTioN Pump Housing—The housing which contains or holds the functional compone
jection pymp proper including the driveshaft or camshaft when incorporated in the pum

ponents and

nts of the in-
p.

3.9.11 FueL GALLery—The passageway(s) of an injection pump throtigh which fuel is transfered to and/or

from the pumping elements.

3.9.12 Controt Roo (Rack)—The rod by means of which the*fuél delivery is controlled.

3.9.13 Control Arm (PiNioN)—AN intermediate component or assembly which engages the metering device

(plunger) jand the control rod (rack).

3.9.14 MeterNg SLeeve—A movable component by\which sleeve metering is achieved.

3.9.15 MaximuM FueL Stop (FuL Loan Stop)—A déevice which limits the maximum fuel delivery| of an injec-

tion pump for a given application.

3.9.16 Hvorautic Heap AssemeLy—The assembly containing the pumping elements, and meteting and dis-

tributing gomponents and may_include the delivery valve(s) for a distributor fuel injectio

3.10 Auxiliary| Devices

N pump.

3.10.1 Excess FueL Device=A-device (automatic or manual) which permits, for engine starting only, a fuel

delivery i excess ofthat controlled by the maximum fuel stop.

3.10.2 Boost CoNTRoL (BoosT Pressure CoNnTRoLLED Maximum FueL Stop)—A device which limits the maxi-

mum fuel|delivery in relation to the engine boost (charge air) pressure.
3.10.3 ALmmupe —

€ maximum

fuel delivery in relation to the altitude pressure (barometric pressure) where the engine operates.

3.10.4 Toraue ContrRoL—A device which modifies the maximum fuel delivery at speeds below engine rated

speed.

3.11 General Terms

3.11.1 DirecTioN oF Rotation—The direction of rotation is designated “clockwise” or “counterclockwise”

when viewing the driven end of the driveshatft.

3.11.2 FueL INnjecTion Pump Seeep—The speed of the injection pump driveshaft when incorporated in the
pump; alternatively, if the driveshaft is not incorporated in the pump, the frequency of delivery from

an outlet.
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3.11.3 Inection Oroer—The order in which the several pump outlets, with a specific direction of driveshaft
rotation, deliver fuel. Where applicable the outlets shall be numbered in ascending sequence with
number one nearest the driven end of the camshaft. In other cases the outlets shall be identified.

3.11.4 ResibuaL Pressure—The mean pressure at the high pressure outlet of an injection pump before the
start of any event related to the next working cycle.

3.11.5 PHasina—The geometric (commonly angular) relationship of the delivery periods between two or
more fuel injection pump or system outiets.

3.11.6 Staric PHasing (SpiL PHasing)—A method of phasing in which the beginning or end of delivery is
established by observation of changes in spill flow.

tered vol
Specific
specified

4.1.2 NozzLe—
needie),

4.1.3 Nozzie |

ctor—Assembly comprising a nozzle (2.2) and a nozzle holder(2.3) through
pme of fuel under high pressure is injected into the combustion chamber.
Hesigns of injector may include the nozzle as an integral part of the nozzie hol
in SAE J347/J1984).

through which the fuel is atomized when open.

HoLoer—Assembly to which the nozzle is, attached for location in the cylinder |

prises al| parts of an injector except the nozzle.

4.2 Principle

of Operation

4.2.1 Aromization—Conversion of liquid fuel under high pressure into a high velocity spray(s)

droplets.
4.3 Method o

4.31 (CONVEN[

4.3.2 MEecHaNI
4.3.3 ELECTRIG

4.3.4 HvprauL
Nore—A

f Operation

ionAL) Fuet Invecror—Injector actuated solely by the pressure of the metered
AL FueL INnjector—Injector actuated by external mechanical means.

AL Fuer INyecTor—Injector actuated by appropriate electrical means.

c Fué( Inector—Injector actuated by hydraulic means separate from the fuel
N Gnjector may be actuated by a combination of the four methods of operation

s established

which a me-

der (which is

 Valve comprising two principal components, namely the nozzle body and the needie (valve

ead. It com-

pf very small

fuel.

pressure.
given in this

clause (e.g., hydromechanical, etc.).

4.4 Means of

Angular Location

4.4.1 Fixeo Fuange-LocaTep InecTor—Injector where the angular location in the engine is determined by a
fixed (integral) flange on the nozzle holder body.

4.4.2 Fuats-Locatep INnNector—Injector where the angular location in the engine is determined by the fiats
on the nozzle holder body and the corresponding shape of the retaining flange or clamp.

4.4.3 Baw/Dowet-Locaten InecTor—Injector where the angular location in the engine is determined by a
ball or dowel on the nozzle holder body and a corresponding slot in the mounting hole.

4.5 Types of

Attachment
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4.5.1 Frange-Mounteo FueL InecTor—Injector held in the engine by means of a loose or integral flange ar-
ranged perpendicular to the axis of the injector and secured with a minimum of two studs or bolt(s).

4.5.2 Ciamp-Mountep FueL InsecTor—Injector held in the engine by means of a single or double finger
clamp and secured with stud(s) or bolit(s).

4.5.3 Screw-Mountep FueL InsecTor—Injector held and secured in the engine by means of a gland nut.

4.5.4 Screw-IN FueL INjecTor—Injector held and secured in the engine by means of an external thread on
the nozzle holder body or nozzle retaining nut.

4.6 Nozzle Holder Types and Components

4.6.1 HigH Sprtve—Nozzte-Horoer—Design-where-the—spring s Temote—fromthe pressure tacy

4.6.2 Low Serng Nozzie Hober—Design where the spring is near the pressure face.

Y

4.6.3 Two SeriNc Nozzie HoLber—Design which provides two stage nozzle actuatiph!
4.6.4 CooLep Nozzie HoLoer—Design which contains passages through which a'coolant is ppssed.
4.6.5 Non-Leakiorr Nozzie Hober—Design which does not require a back-leakage connectioh.

4.6.6 Nozzie HoLoer Boov—Component having integral fuel passages/and to which all other [components
are added in forming the nozzle holder.

4.6.7 Aoapter PLate—Component positioned between the nozzlg and the nozzle holder body|to provide a
lift stop far the nozzle needle.

4.6.8 NozzLe Hooer Cap Nut—Component which covers.and seals the adjustment feature for nozzle
opening Aressure.

4.6.9 SeinoLe—Component of some length positioned between the spring and the needte.
4.6.10 Spring BeaT—Short spindle used in low Spring injectors.

4.6.11 Pressure-AosusTiNG Screw—Screw-by means of which the spring force on the needle|is adjusted.
4.6.12 PressuRe-AosusTing SHim—Shim by means of which the spring force on the needle is pdjusted.
4.6.13 Neeoie LiFT Apwusting SHIMShim by means of which the needle lift stop is adjusted.
4.6.14 Spaina Cap Nur—Component which houses the spring and may function as an adjusting screw.

4.6.15 FueL IneT ConnecTign—That part of the nozzle holder to which the high pressure pipelis attached.

4.6.16 FueL INLET CohbnECTOR; INLET STup—Adaptor attached to the nozzle holder body which functions as
an inlet cTnnection.

4.6.17 Eoce FiLter—Type of fuel inlet filter housed in the inlet connector or nozzle body.

4.6.18 Back-Leakage ConnecTion—Part of the nozzle holder to which a pipe is attached to remove back-
leakage.

4.6.19 Nozzie Retaming Nut (Nozzie Cap Nut)—Component which secures the nozzle and adaptor plate
where applicable to the nozzle holder body.

4.6.20 Guano Nut—Freely rotating threaded component assembled coaxially on the nozzle holder body,
used to attach an injector to the engine.

4.6.21 Heat SHIELD (SEAL)—Cdmponent used to reduce the heating effect on the nozzle from combustion.

4.7 Nozzle Types
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4.7.1 PinTie Nozzie—Nozzle which has a needle with a profiled protrusion (the pintle) which extends
through a coaxial hole in the body.

4.7.2 Deway (THroTTLE) PinTLE NozzLe—Pintle nozzle with a needle protrusion profile which throttles the fuel
flow during the initial lift of the needle.

4.7.3 Fuarren PinTLe Nozzie—Delay pintle nozzle with one or more flats on the needle protrusion profile
which influences the fuel flow during the initial needle lift.

4.7.4 PinTaux Nozzie—Delay pintle nozzle with auxiliary hole or holes which permit fuel to bypass the throt-
tling stage of the initial needle lift.

4.7.5 HoLe-Tvre NozzLe—Nozzle with one or more injection/spray holes and a needle which does not affect
hole area. These are commonly termed single- or muilti-hole nozzles.

476 V.C.O. ("Vawve” NeeoLe Coverep ORriFice) Nozzie—Hole-type nozzle with injection/spray holes posi-
tioned in|the body seat which are covered by the needle when closed.

4.7.7 PorreT NozzLe—Nozzle with an outward opening mushroom-shaped needle.

4.7.8 CooLep Nozzie—Nozzle with a body containing passages through which-coolant is pagsed.

4.8 General Terms

4.8.1 Insector|Suank Diamerer—Diameter of the injector which determines co-axial location i the engine.

4.8.2 INJECTOR|SHank LenaTH—Distance from the primary sealing:face of the nozzle retaining rjut (with noz-
zle fitted) to a reference point on the nozzle holder determined by the particular type qf injector at-

tachment.

4.8.3 Pressure Face—Faces on the nozzle body, nozzle holder body and adaptor plate whefe applicable
which ar¢ held together in an assembled injector to form a fuel-tight seal.

4.8.4 Back-LEAKAGE; Leak-oFF—Fue! which leaks through the clearance between the needle arjd the nozzle
body.

4.8.5 InJecTOR|(NozzLE) OPENING PressuRE-{NOP)—Lowest hydraulic pressure (applied at a slgwly increas-
ing rate) [at which flow through'the injector commences.

4.8.6 InsecTOR|(NozzLe) Working” PRESSURE—Stabilized nozzle opening pressure for the corregt function of
the injector in the engine.

4.8.7 Injector|(NozzLe) SefTing PressuRe—Nozzle opening pressure at which an injector is ifitially set to
ensure the correct.working pressure after stabilization.

4.8.8 Invector|(Nozzie) Crosing Pressure—Highest hydraulic pressure at which the needle starts to close.
4.8.9 SEALNG mmmm—mmw i inj =ti i ngine. Com-

monly this face is on the nozzle retaining nut.

4.8.10 DirrerenTiaL ANGLE—Difference between the angles of the mating conical sealing surfaces of the
needle and nozzle body.

4.8.11 DirrerenTiaL Ratio—Ratio of the needle guide diameter to the needle seat diameter. This is ex-
pressed in terms of the diameter values in millimeters (e.g., 6 x 3).

4.8.12 Spray CoNe AnGLE—Included angle of the cone embracing the axes of the injection/spray holes in
a multi-hole nozzle. Particular nozzle designs may have more than one spray cone angle.

4.8.13 Sprrav DispersaL ANGLE—Included angle of the cone of fuel leaving a pintle or poppet nozzle or a
single-hole injection/spray hole in a hole-type nozzle.
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4.8.14 Spray Cone OFrFseT ANGLE; SPRAY INCLINATION ANGLE—ANGIe between the axis of the spray cone angle
and the axis of the nozzle.

4.8.15 Overap—Length of the throttling (delay) portion of the pintle penetrating the orifice in a delay pintle
nozzle, measured closed.

4.8.16 NozzLe Sac; Sac HoLe—Chamber within a hole-type nozzle tip from which the fuel enters the injec-
tion/spray holes.

4.8.17 NozzLe Sac VoLume—Volume within a hole-type nozzle tip between the needle and the entry to the
injection/spray holes determined with the nozzle closed.

4.8.18 NozzLe SeatT—Contact line/surface between the needle and body of a closed nozzle which prevents
fuel flow te-injeet

4.8.19 Injector Deap Vowme—High pressure volume contained inside an injector between the needle:
when seated and the bottom of the cone of the inlet connection.

5. Unit Injectors

5.1 Main Defipition

5.1.1 UniT InecTorR—AN assembly which combines the features of a single: cylinder pump and an injector
in one urlit through which a metered volume of fuel under high pressure is injected into |the combus-
tion chamber.

5.2 Types of Unit Injector—Unit injectors are categorized by three principal features. Thesg are:
a. Actuation (Energy Input)
b. Timing Control
c. Metering Control

Possible forms of these features may be mechanical, hydraulic, electrical, or electronic. A full descrip-
tion of a |unit injector shall specify all the ‘previously mentioned features.

Example—A mechanically actuated udit'injector with electronic timing and metering coptrol.
5.3 Components

5.3.1 TappPeT (FoLLoweRr) AssemBLy—=The component(s) that transmits linear movement to the [plunger from
external driving parts.

5.3.2 Tarrer HeaD—A separate part of the tappet assembly that contacts the external driving parts.

5.3.3 Turust Rap—That\part of the tappet assembly which is positioned between the tappet flead and the
plunger.

5.3.4 TapperT BoDys—That part of the tappet assembly which slides in contact with the tappe{ guide.

5.3.5 Taprer GuDbe—The component or feature of the body that guides the movement of the tappet or tap-
pet assembly.

5.3.6 Taprer RevaNeR—The component that retains the tappet assembly in its assembled configuration
when the unit injector is not mounted in the engine.

5.3.7 ReTturN Spring—The component(s) that maintains contact of the tappet with the external driving parts
and returns the plunger to the beginning of its stroke.

5.3.8 UniT InjECTOR BoDy—AN assembly or sub-assembly which contains the pumping element.
5.3.9 NozzLe Sering Housing—The component which holds the nozzle spring and has fuel passages.

5.3.10 NozzLe Spring—The spring which applies a predetermined force to the needle of the nozzle.
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5.3.11 Sering Housing ReTaming Nut (Sering Housing Cap Nut)—The component which secures the spring
housing and intermediate parts where applicable, to the unit injector body assembly.

5.3.12 Nozzie Retaining Nut (Nozzie Cap Nut)—The component which secures the nozzle and adapter
plate where applicable, to the spring housing.

5.3.13 NozzLe anp Housing Retaning Nut (Nozzie ano Housing Cap Nut)—The component which secures
the nozzle, spring housing, and other components to the unit injector body assembly.

5.3.14 MeTerinag Device—An integral device which determines the quantity of fuel injected. This may utilize
one of the metering processes defined in Section 3 of this document.

6. Governors

6.1 Basic Defjnition

6.1.1 (EnaiNe $reep) Governor—A device which compares the setting speed to actual\speed and, under
specific operating conditions, causes a modification to the fuel delivery into the.ergine in| order to ad-
just the actual speed of the engine toward the setting speed. It may or may ot be part of{the injection

pump.
6.2 Types

6.2.1 SinaLe Speep Governor—A governor which regulates from one‘specified engine speed. In cases
where thg specified speed is the maximum permissible operating speed, this governor may be called
a Maximym Speed Governor.

6.2.2 IoLe aND Limiming Speep (Min-max) Governor—A governer, which regulates at the idling speed and the

limiting speed of the engine. Intermediate speeds are determined by the control lever position and
engine load.

6.2.3 MuLtieLe-sPeep GoverRNor—A governor which\regulates at one of several predetermined engine
speeds.

6.2.4 AL-sreed (VARiaBLE-sPEED) GOVERNOR—A _governor which regulates at any selected enging speed, be-
tween two predetermined limits.

6.2.5 ComeiNaTioN GoverNor—A governor which has similar features to an idle and limiting spepd governor
but with an extended upper @nd/or lower controlled speed range.

6.3 Governor |Action
Note—The dynamic-behavior of the governor depends upon the relationship between th¢ output sig-

nal and the.speed error value. The relationship may have differing characteristics|for different

values ai-the setting speed signal.

6.3.1 PrororTIQNACACTION Governor (P Governor)—A governor where the output signal is proportional to
the speed error vajue. A change in load results in a change of steady-staie speed.

6.3.2 PrororTIONAL INTEGRAL GoverNor (Pl Governor)—A governor where the output signal consists of a
signal proportional to the speed error value modified by a signal which is proportional to the time inte-
gral of that speed error value. A change in load may or may not result in a change of steady-state
speed.

6.3.3 PrRoPORTIONAL INTEGRAL DiFrFerenTiaL GoverNor (PID Governor)—A proportional integral governor
which additionally corrects the output signal proportionally to the rate of speed change.

6.4 Method of Operation

6.4.1 MecHanicaL Governor—A governor where the speed input signal is determined by the centrifugal ac-
tion of a flyweight assembly and the output signal operates directly without any external amplification.

- 10 —
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6.4.2 MecHanicaL-Hyprauuic Governor—A mechanical governor with hydraulic ampilification of the output
signal.

6.4.3 MEecHaNicaL-PNEuMATIC GoveErnOR—A mechanical governor with pneumatic amplification of the output
signal.

6.4.4 Pneumatic Governor—A governor where the input signal is determined by the inlet manifold pressure
and the output signal operates directly.

6.4.5 Hvorauuc Governor—A governor where the speed input signal is hydraulic pressure and the output
signal operates directly.

6.4.6 EvLectronic/ELecTRIC Governor—A governor where the speed input signal(s) is determined by an in-
put sensor(s) and the electrically/electronically amplified output signal operates directly.

6.4.7 Erectronvoraulic Governor—AnN electronic/electric governor with additional hydraulic. amplification of
the outpu} signal.

6.4.8 ELectroPNEUMATIC GovERNOR—AN electronic/electrical governor with additional pneumatjc amplifica-
tion of thT output signal.

6.5 Characteristics/Terms

6.5.1 (Governgr) INPuT SignaL—The signal supplied to the governor which(is'a measure of a system condi-
tion, e.g.,|speed, load, temperature.

6.5.2 (Govenngr) Speep INPUT SigNaL—The governor input signal.which is a measure of the instantaneous
engine speed.

6.5.3 Governor SeETTING SPeep SignaL—The signal supplied-to'the governor which is a measure of the set-
ting speed.

6.5.4 SerTing $reep—A steady-state speed on a speed-power characteristic curve determined by the
speed setting device, according to the required engine power. The setting speed may alsp be defined
as the theoretical speed on the governor characteristic curve at which there would be zefo fuel deliv-
ery.

6.5.5 Sreep-power CHarAcTERISTIC CURVE—A curve of steady-state speeds over the engine power range for
a given speed setting.

6.5.6 Governof CHaracTerisTIC {ControL Rop) Curves—The curves which show the relationship between
governor putput signal and-the steady-state speed of the pump or engine, for different given operat-
ing condifions. '

6.5.7 Speep EARROR VaLuE—A measure of the instantaneous difference between the speed inpyt signal and
the current setting speed signal.

6.5.8 Govesnor Qutrut SignaL—The signal delivered by the governor which is used to adjust tll1e fuel deliv-
ery.

6.5.9 Governor Gain (Lever Ramo)—The ratio of the governor output signal to the speed error value. For
mechanical governors the lever ratio is the ratio of the control rod travel to axial travel of the fly
weight. This is equivalent to steady-state governor gain in such systems. The lever ratio may be
constant or variable over the entire range of the output signal.

6.5.10 Minmum SENsITIVITY OF THE GOVERNOR (INSENSITIMITY)—The maximum variation of input signal which
does not produce a change in output signal, expressed as a percentage of the full range of the input
signal.

6.5.11 Governor RecuwaTion (Speep Droor)—The speed difference between the no-load speed and a
specified speed, at a given power or load, expressed as a percentage of the specified speed, for a
fixed speed setting. (Previously used terms are pull-off, run-out, and permanent droop).

—_ 1 —
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6.5.12 Speep Droor Governing—Governing where for a specified setting speed the speed droop is greater
than 0%. -

6.5.13 IsocHroNous Governing—Governing where for a specified setting speed the governor maintains one
steady-state speed over the load range. The speed droop is 0%.

6.5.14 OversHoot—The transient excess engine speed due to sudden acceleration resulting from a sud-
den reduction in load.

6.5.15 Unpersvoot—The transient drop in engine speed due to engine deceleration or due to sudden load
application.

6.5.16 Loap Controt—Direct control of the injected fuel quantity by the engine or vehicle operator.

6.5.17 Sreep Controt—The governing principle which adjusts the injected fuel quantity in\attempting to
maintain |a selected engine speed whilst subjected to changing load.

6.5.18 Respronse (Recovery TiMe)—The time that it takes for the engine speed to attaina valuer: within some
specified|tolerance of its final steady-state value when it has been disturbed by a spegified sudden
change qgf load or demand.

6.5.19 Toraue| ControL—The modification of the maximum fuel delivery-at, speeds below lengine rated
speed.

6.5.20 Necatve Toraue ControL—Where the torque control increases full load delivery with tespect to an
increase fin speed.

6.5.21 Posimvg Toraue ControL—Where the torque control decreases full load delivery with fespect to an
increase fin speed.

6.5.22 Toraue|ConTroL TRaveL—The maximum change'in control rod position as a result of the operation
of the tofque control device over its speed range.

6.5.23 Loap Bhck-up (Toraue Back-ur)—Where the fuel delivery curve has the characteristic |shape of in-
creasing fuel delivery as speed decreases from the maximum rated speed. This can be dither the nat-
ural fuel delivery curve or be achieéved using a positive torque control device.

6.5.24 Fast Ipie Speeo—An increased-low idle speed setting often used with cold engine staft and during
engine warm up. It may be (either manual or automatic adjustment.

6.5.25 HigH Iofe—The maximum no-load governed speed.
6.5.26 Anmi.sTALL—The prevention of excessive undershoot of engine speed on deceleration

6.5.27 Governpr Conrrot LEver (THroTTLE Lever)—The device by means of which the set point or demand
signal (e.g.,.speed, load, torque) is supplied to the governor.

6.5.28 SetTing STOP—A device or means by which the imits of travel of the governor control lever can be
set.

6.5.29 Work Caraciry—The maximum work available from the governor as its output shaft or arm moves
through its full available travel.

6.5.30 Maximum Force—The maximum value of the force at the output arm at some specified position of
the travel.

6.5.31 Maxmum Toraue—The maximum value of the torque at the output shaft at some specified position
of the travel.

6.5.32 Governor Drive Toraue—The torque required to drive the speed sensing element of the governor.
This normally only applies to independent governing devices.
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