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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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INTERNATIONAL STANDARD

ISO 3046-4:2009(E)

Reciprocating internal combustion engines — Performance —

Part 4:
Speed governing

1 BScope

This

systgms and specifies terms and definitions of typical engine speeds for reciptocating internal

(RIC

This

propgl road-construction and earth-moving machines, agricultural_and industrial types of tr

vehi
spe€

This

ignitipn engines and dual fuel engines, special requirements can apply.

NOTE 1

NOTE 2

spec

2

For the purposes of this document, the following terms and definitions, symbols and subscripts ap

NOT

21

engines. Where necessary, individual requirements are given for particular engine applicatia
part of ISO 3046 applies to RIC engines for land, rail-traction and marine use, excluding eng

les and aircraft. Also excluded are self-governing engines ,and those engines requiring on
d or maximum fuel delivery limitation.

part of ISO 3046 defines requirements for compression=ignition oil engines (diesel engines

fied in ISO 3046-6.

Terms and definitions; symbols and subscripts

E Terms and_definitions related to overspeed devices are given in ISO 3046-6.

Speed-governing systems

211

engi[ne speed governor
devi¢e which under specific engine operating conditions compares the actual speed and the settin

part of ISO 3046 establishes a classification for the requirements and parameéters of spegd-governing

combustion
ns.

ines used to

hctors, road
ly maximum

). For spark

Performance and parameters for speed-governing systems applied to RIC engine driven generating sets are
specified in ISO 8528-2 and ISO 8528-5.

The terms and definitions of typical-engine speeds in connection with overspeed protectiopm devices are

|22

y.

g speed and

causes a modification of the fuel delivery into the engine in order to adjust the actual speed of the RIC engine

towa

rds the setting speed

NOTE 1 See ISO 7967-7:2005, 3.1.1.

NOTE 2  Speed governors can be classified according to:

a) the speed sensing and amplification of their output signal (see ISO 7967-7:2005, 3.3.1);
b) their dynamic behaviour (transfer function) (see ISO 7967-7:2005, 7.2);
c) their related engine application (see ISO 7967-7:2005, 3.3.3).
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21.2

speed-setting device

device allowing adjustment of the set point of a speed governor, depending on the application or required kind
of adjustment respectively

NOTE Adapted from ISO 7967-7:2005, definition 3.1.2.

213

torque control

modification of the maximum natural fuel delivery curve obtained from the fuel injection system at speeds
below the engine declared speed

NOTE Afapted from ISO 7967-7:2005, definition 3.5.3.

2.2 Speefl-governing parameters

2.21
declared speed droop
5”st,r
speed differgnce between the declared no-load speed and the declared speed at‘declared power, exprgssed
as a percenfage of the declared speed at a fixed speed setting, calculated using.the following equation:

iy — Ny

x100

é‘nst,r =
ny

where

n. is the declared speed;

r

n; . is the declared no-load speed

Lr

NOTE Sgee Table 1 and Figures 4 and 5.

2.2.2
load sharing at parallel operation
AP
difference between the proportion of power supplied by an individual engine and the proportion of the|total
declared poyer supplied by all engines; expressed as a percentage, calculated using the following equatipn:

AP:[fi-zP""]xmo
1 A

where
P, is the actual delivered power of an individual engine;
P, is the declared (rated) power of an individual engine
223

maximum force
maximum value of the force at the output of the governor at any specified position of travel

[ISO 7967-7:2005, definition 3.4.1]
224
maximum torque

maximum value of the torque at the output shaft of the governor at any specified position of travel

[ISO 7967-7:2005, definition 3.4.2]

2 © 1SO 2009 - All rights reserved
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225
range of speed setting

Ang

difference between the lowest adjustable no-load speed and the highest adjustable no-load speed
determined by the speed-setting device

NOTE See 2.3.7 and 2.3.10.

22,6
rate of change of speed setting
vl’l
rate ; essed as a
percentage of the declared speed setting per second, calculated using the following equation:
n; =i mi
v, = i,max i,min %100
ne Xt

where

;  is the no-load speed,;

. is the declared speed,;

¢ istime
NOTE1  See ISO 8528-2:2005, 6.3.4.
NOTE 2  For ship propulsion engines, the rate of change<of speed setting will necessarily depend on|the particular
appligation, manufacturer and/or customer demand (e.g. different rate of change of speed setting for mamoeuvring and
normgl acceleration/deceleration).
2.2.7

spegd governor input signal

inpuf
NOT

2.2.8
speeé

signal to the governor, which is a measure of the instantaneous engine speed

Adapted from ISO 7967-7:2005, definition 3.2.1.

d governor output sighal

signal delivered by the speed governor that is used to adjust the fuel delivery

NOT

2.2.9
stea
Bn

width

E Adapted-rem ISO 7967-7:2005, definition 3.2.2.

fy-state-speed band

ofythe envelope of oscillation, An, of speed at constant power around a mean value, exg

perc

cntage Of the declared speed, nr, calcuiated using mne Tonowing equation
An

Pn=—x100
ny

NOTE 1 See Figure 6.

NOTE 2

ressed as a

The operating limiting values for the steady-state speed band over the whole operating range of an RIC

engine depend on the power output and whether the engine is coupled to the driven machinery or not. These operating
limiting values also depend on the declared speed of the RIC engine.

© 1SO 2009 - All rights reserved
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The following

a)

cases can be differentiated.

Engines coupled with driven machinery:
1) n<0,

5ny;

2) n>0,5nand P > 0,25P,;
3) n=>0,5nand P<0,25P,.

b)

Engines not coupled with driven machinery and running at lowest adjustable no-load speed.

The curves given in Figures 1 to 3 have been prepared on the basis of experience. These curves can also be expressed,

as a percenta

ge, using the following equation:

Bn=cn/]|

where the val

NOTE3 T
output of the ¢

2.2.10

work capac
maximum w

2.3 Stead
2.3.1
declared nag

n:

steady-state

m
les of ¢ and m are given in Table 1 for the cases specified in a) and b).

he values of ¢ and m depend on the inertia of the system, the capability of the speed goverfior and the |
engine over the whole speed range, and, in this context, are therefore only important farthe end user.

ty
brk available from the governor as its output shaft or arm moves through its full available trave

y-state engine speeds

-load speed

1,r
high idling gpeed

engine speed without load at the same speed'setting as for the declared speed

ch the engine delivers the declared power

2000, definition 11.1.2]

beed

2.3.2

declared speed
ny

speed at wh
[1SO 2710-1
233

engaging s

n

C

engine speéd at which thedriven device is coupled to the engine

234

engine speé¢d

n

number of ¢

h

[1SO 2710-1

2.3.5

ankshaft ravalutions-in a2 aiven neriod-of time
SHKSASHHeVOrHdHeRSHa-geR-peHoc-o+HHN

:2000, definition 11.1]

fast idling speed

Mg
increased lo

NOTE

west adjustable no-load speed

or automatic adjustment.

[ISO 7967-7

:2005, definition 3.6.1.13]

ower

This speed is often used for cold engine start and during engine warm-up. It can be achieved by either manual

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=008239e239f907f18476cd8255d1bc97

ISO 3046-4:2009(E)

2.3.6
firing speed

Nt
speed to which an engine is accelerated from rest by the use of an external energy supply separate from the
fuel feed system before it becomes self-sustaining

[ISO 2710-1:2000, definition 11.1.5]

NOTE The firing speed (and starting speed) depend upon the ambient and operating conditions of the engine during
start and upon the type of starting system used.

2.3.%
higlJest adjustable no-load speed based on overload speed

M ov
highest steady-state engine speed without load at the same speed setting as for overload speed

NOTE For generating sets, this speed can be selected by the speed governor speed-setting’device (seq ISO 8528-5).

2.3.8
no-lpad speed
h
steaqly-state engine speed without load

NOTE Adapted from ISO 2710-1:2000, definition 11.1.4.

2.3.9
lowgst adjustable speed
", mih
lowept steady-state engine speed which can be_selected by the speed-setting device witl] the engine
coupled and operating on the propeller curve or onanother specified power curve

2.3.10
lowgst adjustable no-load speed
i midf
low |dling speed
lowept steady-state engine speediwithout load at the same speed setting as for lowest adjustable speed

NOTE 1 For generating sets, ‘this speed can be selected by the speed-setting device of the speed governor (see
ISO $528-5).

NOTE 2  Adapted from-ISO 7967-7:2005, definition 3.6.1.8.

2.3.11
lowgst continuous full-load speed

)
steagly-State lowest permissible engine speed at full load (fuel control rod for rated power)

2312
lowest continuous speed at partial power
n
p,l
steady-state lowest permissible continuous engine speed on the propeller curve or on another specified
power curve

2.3.13
speed at maximum torque

engine speed at maximum torque on maximum fuel position, including, if applicable, any additional torque
fuel setting

© 1SO 2009 - All rights reserved 5
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2.3.14

no-load speed based on speed at partial power

ni’p
steady-state

2.3.15

engine speed without load at the same speed setting as for speed at partial power

overload speed

Moy

speed at which the engine delivers the overload power declared by the manufacturer

2.3.16

speed at pafrtial power

"p
steady-state

2.3.17
starting spe

ng

maximum speed to which the engine (together with the mechanically-coupled auxilidries) can be accele

by the startir

NOTE1 T

start and upoi the type of starting system used.

NOTE2 T
than the firing

24 Dyna

2.41

overshoot §peed

”d,m_ax
maximum tr

speed settin

NOTE Al
24.2

speed recoy
tn,in

speed reco)
tn,de

time interval

permanent r

243

engine speed between the declared speed and the lowest adjustable speed

ed

g system when the fuel rack is in the stop position

he starting speed (and firing speed) depend upon the ambient and operating conditions of the engine ¢

he starting speed can be influenced by the power requirements of the auxiliary equipment and will be H
speed.

mic speed behaviour

bnsient engine speed which occurs.onychange from a higher to a lower power or on chan
j from lower to higher speed

Hapted from ISO 7967-7:2005, definition 3.6.2.2.

yery time on load increase
yery time on load-decrease

between the departure from the steady-state speed band after a specified load change an
b-entry_of the speed into the specified steady-state speed band at the new speed

rated

uring

igher

e of

d the

transient sg
§ndyn

| dif from initial ) on load i o) load d )

temporary speed difference between undershoot (or overshoot) speed and initial speed during the governing
process following load change

NOTE

Transient speed difference is expressed as a percentage of initial speed where a negative sign relates to an

undershoot after a load increase and a positive sign to an overshoot after a load decrease, calculated using the following
equations respectively:

_ dmin — 7,
Sndyn = —————Lx100
p
ndmax ~lip
+ — ! i
Ongyn=————x100

p
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244
undershoot speed

4, min
minimum transient engine speed which occurs on change from a lower to a higher power or on change of
speed setting from higher to lower speed

NOTE Adapted from ISO 7967-7:2005, definition 3.6.2.1.

2.5 Symbols and subscripts

2.5.1_Symbols

c constant to compute the steady-state speed band

m constant for the exponents to compute the steady-state speed band
P, actual delivered power of an individual engine

declared (rated) power of an individual engine
An width of the envelope of oscillation of speed at constant power around a mean value
ZFa sum of powers actually delivered by all engines operating inparallel

ZF. sum of the declared (rated) powers of all engines operating in parallel

2.5.2 Subscripts

a actual

C coupled
de decrease
dyn dynamic
f full load

[ no load (idling)

in increase

I lowest

n speed

ov overioad

p partial-load power

r declared (rated)

S starting

sf firing

st static deviation (droop)
tq torque

© 1SO 2009 - All rights reserved 7
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3 Classification of speed-governing systems

3.1 For the classification and assessment of speed-governing systems, the following characteristics or
qualities are essential:

a) speed sensing and amplification of the output signal;
b) dynamic behaviour (transfer function);

c) function related to engine application.

In addition, it is important to know the type of speed-setting device used.

3.2 For examples of speed-governing systems relating to compression-ignition oil engines, see-Figures 4
and 5. For ap example of an RIC engine running at constant speed, see ISO 8528-2:2005, Figure, 1"

4 Dynamic speed behaviour

The dynami¢ speed behaviour (see Figure 6) is dependent on:

a) whethen a turbocharging system is installed on the RIC engine;

b) the brae mean effective pressure (p,,) of the RIC engine at declared power;
c) the spegd governor behaviour;

d) the opefating behaviour of the driven machinery;

e) the rotational inertia of the RIC engine and driven machinery;

f)  the coupling between the RIC engine and driven machinery.

Since the o¢perating behaviour of the driven machinery is unknown to the engine manufactureqf, no
specifications or values for transient engine\behaviour can be stated.

5 Additipnal regulations-and requirements
The following are additionakto the requirements given in Clauses 6 to 8.
— For endines used on ships and offshore installations which have to comply with rules of a classification

society,| the additional requirements of the classification society shall be observed. The classification
society ghall be-stated by the customer prior to placing of the order.

— For non=classedengines;suchadditionat requirements—are;,imeachcase;subject toagreement between
the manufacturer and customer.

If other special requirements are to be met, for example regulations imposed by an inspecting or legislative
authority, then such authority shall be stated by the customer prior to placing the order.

Any further additional requirements shall be subject to agreement between the manufacturer and customer.

8 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=008239e239f907f18476cd8255d1bc97

ISO 3046-4:2009(E)

6 Technical requirements for speed-governing systems

The customer or the engine manufacturer shall specify the technical requirements for the operating limiting-
values and the accuracy of the speed-governing system in accordance with Clause 8. The engine
manufacturer usually selects the speed-governing system to meet these requirements.

The range of speed setting (Ang) shall be defined in agreement between the engine manufacturer and the
customer depending on the engine application (see Figures 4 and 5).

In the case of parallel operation of all engines on one shaft, the engine load sharing depends on the speed
droop and the accuracy of the governor speed-setting device. By using an automatic load-sharing device, the
limit¢d values may be reduced. When adjusting the speed governor and the speed-setiing dewc£ the limited

valugs for the lowest engine power at the lowest adjustable speed and the declared power at"de¢lared speed
shalllbe smaller. To keep the limited values when load sharing, the speed droop shall be within th¢ limits given
in Tgble 1.

7 [Testing of speed-governing systems
The |speed-governing system shall be tested either during the acceptance-test or, if necessary, during the

operpting test of the engine coupled to the driven machinery agreed to frthe contract (see 1ISO 3046-1). The
limiting values shall be checked and recorded.

8 [lassification of performance and steady-state limiting values for speed-governing
systems

As the dynamic behaviour for the speed-governing;system is dependent on the application and the driven
machinery, only the steady-state limiting values_are laid down in this part of ISO 3046 (see Tlable 1). The
limiting values for generator sets are given in |1SO 8528-5:2005, Clause 16.
The fequirements for speed-governing accuracy are specified by the following four performance classes.
— M1: reduced requirements over a wide range of engine speed (see Figure 1).

— M2: normal requirementsiover a wide range of engine speed (see Figure 2).

— MB3: high requiremernits,over a wide range of engine speed (see Figure 3).

— M4 requirementsishall be by agreement between the manufacturer and customer.

Custbmers should select the minimum performance class that will meet their requirements.

NOTE Accuracy of the speed governor operating behaviour can be affected by thermal drift in the speed governor
and pdoad change of the RIC engine. Therefore, it is assumed that all measurements are made aj steady-state

i a notant | =
temperature-and-constantoad:

The engine manufacturer shall state the normal period of time required after engine start to establish
controllability within the limiting values specified in Table 1.

When, depending on the engine application, a normal period of time is not required or must be reduced, the

periods of time and technical measures to be taken shall be agreed between the engine manufacturer and the
customer.

© 1SO 2009 - All rights reserved 9
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Table 1 — Operating limit values

of parallel opefation with a generating set) shall be agreed between the manufacturer and customer.

Parameter Symbol Unit Operating limit values for performance class?

M1P M2¢ M3 M4

Declared speed droopd o e

(see 2.2.1) Ongt Yo <15 <10 <5 AMC

Steady-state speed band o . . . e

(see 2.2.9) pn ) See Figure 1 | See Figure 2 | See Figure 3 AMC

Steady-state speed band

with engine coupled to — — c m c m c m AMCS®

driven machipery where:

n<0,5n, — — 48 |(0,440| 70 |[0545| 48 |0,530 AMC

n>05n, an1i P>025Pf — — 39 |0,455| 49 |0,540( 40 |0,550 AMC

n>05n, an(li P<025pPf — — 48 |(0,440| 70 |0,545| 48 |0,530 AMC

Steady-state[speed band

with engine ot coupled to

driven machipery and — — 68 |0,460| 104 | 0,550 | <63 | 0,530 AMC

running at loyvest

adjustable nq-load speed

Rate of chanpe of speed v, %ls AMC® AMC® AMC® AMC

setting (see 2.2.6)

Load sharing|at parallel

operation (sgveral engines AP o <10 <10 <10 AMC

driving one shafte) ° = = =

(see 2.2.2)

NOTE Hor propulsion systems with shaft driven generators, the_required transient speed variations and load sharing (in the|case

2  The value)
and G1 applie

b Pperforma

¢ Performa

d  Forsome

€ Agreemer
f

sufficiently ada
However, in s
be exceeded.

t between manufacturer and customer.

applications there is no declared-speed droop (i.e. isochronous control).

5 for classes A1 and A2 included in ISO 3046-4:1997 have been incorporated into ISO 8528-5 as performance classg¢s G2
to RIC engine-driven generating sets.

ce class M1 corresponds to class B2 of 1IS©.3046-4:1978.
ce class M2 corresponds to class B4.ofNSO 3046-4:1978.

As a resylt of technical conditions'(e.g. parallel running of engines with different power outputs with speed control not hpving
ptable characteristics);"a higher value for AP may be specified by agreement between the manufacturer and custpmer.
ch cases the permissible power output of the smaller engine corresponding to the relevant operating condition shgll not

10
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eclared speed, n, (min~")
dteady-state speed band, £n (%)

ngine not coupled to driven machinery.
<0,5n,0rn>05nand P<0,25P,.
>0,5n,and P> 0,25 P,.

Figure 1 — Operating limit values for performance class M1
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YA
12

10

—_——tr——— ==

0 500 1000 1500 2000 2500 3000

X declared ppeed, n, (min~1)
Y steady-state speed band, fn (%)

a8  Engine not coupled to driven machinery.
b n<05nlorn>=05nandP<0,25P,.
¢ n>=05n{and P > 0,25 P,.

Figure 2 — Operating limit values for performance class M2
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12
10
il
6 It
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\J

X declared speed, n, (min~")
dteady-state speed band, £n (%)

<
)

@  Hngine not coupled to driven machinery.
b 14<0,5 n.orn > 0,5nand P<0,25 P,.
n>0,5nand P> 0,25 P,.

Figure 3 — Operating limit values for performance class M3
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