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Foreword

OWER Test Code Committee No. 26 on Speed-Governing of Intemal Com-

bustion Engine-Generator Units was established by the ASME Power Test
Codes Committee in 1955 to meet the needs for a test code for govemning systems
in the internal-combustion engine field.

In 1949 a Joint AIEE-ASME Committee was organized to develop the Recom-
mended Specification for Speed-Governing of Internal Combustion Engine-Gener-
ator Units (AIEE No. 606, January, 1959). To assure the successful completion
of their respective assignments, close coordination of the work of the two com-
mittees was accomplished by the appointment of personnel common to both
groups.

The test code was approved by the Power Test Codes Committee on September
14, 1962. It was approved and adopted by the Council as a standard practice of
the Society by action of the Board on Codes and Standards on November 9, 1962,

November, 1962
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ASME POWER TEST CODES

Test Code for

Speed - Governing Systems for
Internal Combustion Engine - Generator Units
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SECTION 0, INTRODUCTION

0.01 This Code provides standard procedures
for commercial, routine, and acceptance tests for
determination of speed-governing performance
characteristics of internal combustion engine-
generator units. This Code provides acceptable
precision for those tests and measurements which
are required to determine the functional and per-
formance characteristics specified in AIEE-ASME,
‘““‘Recommended ‘Specification for Speed Governing
of Internal Combustion Engine-Generator Units,’’

(AIEE No. 606), January, 1959.

0.02 Unless otherwise specified, all refer-
ences to other Codes refer to ASME Power Test
Codes. The Code on General Instructions (PTC 1-
1945) should be studies and adhered to in detail
when formulating the procedure for testing of
a specific speed-governing system. Attention is
directed to the Code on Definitions and Values
(PTC 2-1945) which defines certain technical
terms and numerical constants used throughout
this Code. These auxiliary documents, where and
to the extent applicable, form a part of this Code.

SECTION 1, OBJECT AND SCOPE

1.01 The purpose of this code is to establish
rules and procedures for the conduct of ‘tests to
determine the following speed-governing character-
istics of internal combustion engine-generator
units.

(@) Steady-state speed regulation

(b) Range of adjustment of steady-state speed
regulation

(c) Steady-state incremental speed regulation

(d) Speed governing stability:
(1) Steady-state governing speedband
(2) Momentary overspeed
(3) Momentary underspeed
(4) Recovery time
(e) Range of adjustment of speed.

1.02 This Code does not cover the testing of
emergency or overspeed governors.

SECTION 2, TERMINOLOGY — — DEFINITIONS AND DESCRIPTION OF TERMS

Par,
No. Term

Symbol

Description Unit

GENERAL
Speed-Governing System

2,01  Speed-controlled

power unit_

The unit comprises the engine-generator

unit considered as a combination of
the speed-governing and speed-
governed systems.

November, 1962
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6 SPEED-GOVERNING SYSTEMS FOR

Par,

No. Term Symbol Description Unit

202  Speed-governing Includes a speed-governing element, a
system speed-governor actuated mechanism,

and the speed-governor controlled
fuel-metering equipment.
2,03  Speed-governing The element which is sensitive to
element change in speed (frequency), or
changes in speed (frequency) and
load and which initiates the speed
corrective action of the speed-
governing system.
2.04 Speed-governor Mechanism elements which consist of
actuated mechanisms levers, linkages, servomotor valves,
and various interconnections, used
to transmit the speed corrective ac-
tion of the speed-governing element
to the speed-governor controlled
fuel-metering equipment of the engine.

2,05 Speed-governor controlled Equipment which controls the energy
fuel-metering equipment input to the engine.
2.06 Speed changer A device by means of which the speed-

governing system can be adjusted to
change the speed or frequency of the
engine-generator unit under condi-
tions of independent operation, or to
change the power output relationship
of the unit with respect to other
prime mover-generator units under
conditions of parallel operation. It
is adjustable while the unit is in

operation,
2.07  Speed-regulation A device by means of which the steady-
changer state speed regulation can be ad-

justed while the engine-generator
unit is in operation.

2,08 Load-limit changer A device which provides an adjusta-
ble means for limiting the maximum
fuel flowing to the engine and there-
by limiting the power output of the
engine to any desired maximum
value. It is adjustable while the
engine-generator unit is in operation.

Speed-Governed System

2.09  Speed-governed system The system includes the mechanical

(prime mover) ' assembly of an internal-combustion
engine and the direct-connected
driven generator. This is con-
sidered as a prime mover assembly
or device for developing power. It
does not include the control means
whereby the power developed by
the engine is adjusted to meet
changes in the load imposed on the
engine.

COPYRI GHT Amrerican Soci ety of Mechanical Engineers
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INTERNAL COMBUSTION ENGINE-GENERATOR UNITS

Par.
No.

Term

Symbol

Description

Unit

OPERATING CONDITIONS

2.10

2.11

2.12

2.13

2.14

Steady-state operating
conditions

Specified or agreed
operating conditions

Sustained oscillation
of speed or power

Independent operation

Parallel operation

Steady-state operating conditions ex-

ist when the engine-generator unit
is functioning with any influences
that are variable coming within
limits that may have been specified
or, if no limits have been specified,
are as nearly constant as is prac-
tically possible. Included may be
the limits that are defined in

Pars. 2.11, 2.18, and 2.29 of this

section.

Specified or agreed operating condi-

A

tions include: the ambient tempera-
ture, humidity and barometric pres-
sure conditions in which the engine-
generator unit is to operate; and any
specified or agreed temperature and
pressure conditions of the fuel as
supplied to the engine. Under this
definition, it is presumed that the
temperatures and pressures and
other operating conditions associ-
ated with the engine-generator unit
and its accessories, even though
not separately specified or agreed,
will meet the requirements of ac-
cepted standards and good practice.
sustained oscillation of speed or
power consists of recurring changes
with respect to a mean It is a
periodic deviation of speed or power
having alternating positive and nega-
tive values. Succeeding deviations
are not necessarily of the same
magnitude. The magnitude of the
sustained oscillation is measured
by the sustained periodic deviations
of greatest amplitude.

Independent operation is the condition

that exists when an engine-generator
unit under control of its speed-

governing system is operating as the
only source of energy for the electric

power system to which it is connected.
Parallel operation is the condition that

exists when an engine-generator unit
is operating with its driven generator

connected to an electric power system

in common with generators of other
prime mover-generator units,

—
/
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8 SPEED-GOVERNING SYSTEMS FOR

Par.

No. Term Symbol Description Unit
POWER

2.15  Rated power output P, Rated power output is the stated or guar- kw

anteed net electrical power output that
is obtainable continuously from the
engine-generator unit when it is func-
tioning at rated speed under the speci-
fied or agreed operating conditions.

2.16- Power output P Power dutput is the net electrical power  kw
that is obtained from the engine-
generator unit. It is the electrical
power output at the generator terminals
after deductions have been made for
the electrical energy used by any
auxiliaries that by agreement are con-
sidered to function in effect as essen-
tial parts of the basic engine-generator
unit.

2.17  Electrical load Electrical load is the power that the con- kw
nected electrical system demands from
the engine-generator unit. It is equal
to the power output of the unit.

2,18  Steady-state Steadysstate electrical load is any elec-  kw
electrical load trical load having a constant mean
value, "It may have random deviations
not exceeding +0.25 per cent of rated
power output and/or periodic devia-
tions not exceeding $0.1 per cent of
rated power output.

2.19  Rated speed n, Rated speed is the stated number of rpm
revolutions per minute corresponding
to the rated power output.

2.20 Mean-governed speed Mean-governed speed is the average rpm
rotative speed that occurs in a given
period with the speed-governing system
in control. It is the arithmetic mean of
all the instantaneous values of speed
occurring during the period under con-
sideration.

2.21  Steady-state speed By ny, Steady-state speed is the mean-governed rpm
speed occurring when the engine-
generator unit is functioning with
steady-state operating conditions as
defined in Par. 2.10 of this section.

2.22  Speed at zero n Speed at zero power output is the mean:  rpm
power output governed speed occurring under con-
" ditions at zero power output.

’/Q\_MWM—\“\\_
rs y — S—
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INTERNAL COMBUSTION ENGINE-GENERATOR UNITS 9
Par.
No. Term Symbol Description Unit
2.23 Midspeed Midspeed is the average speed obtained  rpm

from the maximum and the minimum
instantaneous speeds included in the
observed speedband, Fig, 2, of an
engine-generator unit, when operating
under conditions of a steady-state
electrical load,

2.24 Speed drift Speed drift is a very gradual deviation
of the mean-governed speed above or
below the desired governed speed.

2.25 Deadband Deadband is the total speed change

' within which the speed-governing
system makes no measu.able correc-
tion to the setting of the fuel-
metering equipment of the engine.

PERFORMANCE CHARACTERISTICS
2,26 Steady-state speed R Steady-state speed regulation is the per

S
regulation increase in steady-state speed cent

when the steady-state electrical
load on an engine-generator unit
is reduced from conditions of
rated power output at rated speed
to zero power output without any
adjustment of the speed changer
or speed-regulation changer. [t
is expressed in per cent of rated
speed thus:

n —-n
RS=( °——") x 100, %
,

where:
n_ =rated speed ) rpm
n = speed at zero power rpm
output
2,27 Steady-state speed regu- Steady-state speed regulation is de-
lation test point termined under conditions of in-

dependent operation. Since the
numerical value of the steady-state
speed regulation may vary with dif-
ferent settings of the speed changer,
the determination is made when the
speed changer is set to obtain rated
speed with rated power output.

2.28 Stability Stability of the speed-controlled power
unit is that property which causes it
to develop restoring forces among its
electrical and mechanical elements
to establish and maintain steady-
state speed conditions. It is evalu-
ated by observation of the steady-

@€OPYRI GHT Anerican Soci ety of Mechani cal Engi neers
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SPEED-GOVERNING SYSTEMS FOR

Par.
No.

Term Symbol Description

Unit

2.29

2.30

2.31

state governing speedband, the mo-
mentary overspeed, the momentary
underspeed and the recovery time.

Steady-state governing S Steady-state governing speedband is

speedband a range of speeds which has upper

and lower limits about a mean-
governed speed. These limits repre-
sent, respectively, the maximum and
minimum instantaneous speed devia-
tions actually contributed by the
speed-governing system of an engine-
generator unit when operating under
given steady-state conditions. This
amplitude is expressed in per cent
of rated speed

P nax = Mmin
Ss= _-I;(—zn—) x 100, %

2
Prescribed speedband S Prescribed speedband is established
by certain maximum and minimum
limits for speed deviations. These
limits represent, respectively, the
values of the maximum and minimum
instantaneous speeds to be used
when determining the instant of
termination of a recovery time ob-
servation, as defined in Par. 2.33 of
this section. The values of these
limits are specified by means of a
magnitude which is taken with re-
spect to the midspeed of the ob-
served speedband as illustrated

by G, Fig.3. The magnitude is ex-
pressed in per cent of rated speed.

Momentary overspeed S Momentary overspeed is the maximum
momentary increase in speed above
the mean-governed speed occurring
at the second operating condition
incident to a sudden decrease be-
tween two given steady-state elec-
trical loads having values within
limits of the rated power output of
the engine-generator unit, It is ex-
pressed in per cent of rated speed,
thus:

(a) for a load decrease from rated
power output to zero power output

n - n
S =(la";_")x 100, %
r

per
cen;

per
cent

per
cent

COPYRI GHT Anerican Soci ety of Mechani cal Engineers
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Par,

No. Term Symbol Description Unit
where:

n, = rated speed rpm
! n, = mean-governed speed at rpm
¢ zero output
: R .. = maximum momentary rpm
speed incident to a sud-
den and complete loss
of load from conditions
at rated speed and a
steady-state electrical
load equal to rated
power output.
() for a load decrease having a
value less than rated power output
n.—n
1
S =<L ) x 100, %
n
r
where:
n, = rated speed rpm
n, =mean-governed speed at rpm
the second steady-state
electrical load
Ppax = maximum momentary rpm
speed incident to a sud-
den reduction between
two steady-state elec-
trical loads.

2.32 Momentary underspeed S, Momentary underspeed is the maximum  per
momentary decrease in speed below  cent
the mean-governed speed occurring
at the second operating condition
incident to a sudden increase between
two given steady-state electrical
loads having values within limits of
the rated power output of the engine-
generator unit. It is expressed in
per cent of rated speed, thus:

n., =17

5, =2 "5 ) x 100, %
n,
where:

n, =rated speed rpm

n, = mean-governed speed at rpm
the second steady-state
electrical load

Ppin = minimum momentary spe ed rpm

incident to a sudden in-
crease between two
steady-state electrical
loads

@€OPYRI GHT Anerican Soci ety of Mechani cal Engi neers
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12 - SPEED-GOVERNING SYSTEMS FOR
Par.
No. Term Symbol Description Unit
2.33 Recovery time T, Recovery time is the interval between sec

two conditions of speed that occur
with a given sudden change in the
steady-state electrical load on an
engine-generator unit. It is the
time in seconds from instant of
change from the initial load condi-
tion to instant when the decreasing
oscillation of speed finally enters
a prescribed speedband as defined
in Par. 2.30 of this section. The
prescribed speedband (refer to H
in Fig. 4) is taken with respect to
the midspeed of the observed
speedband occurring at the subse-
quent steady-state load condition,
2.34 Steady-state speed- The steady-state speed power output
power output curve curve for an engine-generator unit
indicates the relationships between
the mean-governed speeds and the
corresponding steady-state power
outputs. This curve indicates
these relationships over the full
range between zero and the agreed
largest value of power output.
2.35 Steady-state incremen- R, Steady-state incremental speed- per
tal speed-regulation regulation is the rate of change cent
of speed with respect to power
output under conditions of steady-
state electrical load. It is repre-
sented by the slope of the tangent
to a steady-state speed-power
output curve with the point of
power output under consideration
obtaining at rated speed. It is ex-
pressed in per cent of rated speed
when the difference in speed, ex-
Eressed in per cent of rated speed,
etween any two points on the de-
fined tangent is divided by the
difference in the corresponding
power outputs at these points ex-
pressed as a fraction of rated
power output, thus:

n,—n, P,
- 1
Ri_( "% >x (P‘ —Pz )x 00, &

where:
n_ =rated speed correspond- rpm
ing to the larger power
output, P,
n, = speed corresponding to’ rpm

the lesser power output, £,
P =rated power output.

/‘H

i/ s
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INTERNAL COMBUSTION ENGINE-GENERATOR UNITS 13

SECTION 3, GUIDING PRINCIPLES

3.01 For guidance in the general conduct of
the test, the Code on General Instructions (PTC 1),
the Code on Definitions and Values (PTC 2), and
the Supplement on Instruments and Apparatus,

Part 1 on General Considerations (PTC 19.1)
should be used.

3.02 Items on Which Agreemen. Shall Be
Reached. The object of the test should be clear-
ly defined and stated in writing prior to the prepar-
ation for and the conduct of the test.

3.03 Prior to any tests, there shall be agree-
ment on the exact method of testing and the me-
thods of measurement.

3.04 Among the items not covered in this Code,
upon which agreement should be reached are the
following: .

(@) Intent of test requirements, if ambiguities or
omissions appear evident

(6) Apportionment of cost of test and allocation of
responsibility

(¢) Method of operating any auxiliary equipment,
the performance of which may influence the
test results

(d) Methods of maintaining constant operating con-
ditions as near as possible to those specified

(e) Duration of operation under test conditions be-
fore test readings are started

(f) Duration of test runs including steady-state
recording

(2) Repetition of test runs

(k) Test agenda, including definite values of test
loads and rotating speeds of the unit at which
each individual test run is to be concluded.

3.05 Preparation for Test. The plan of test
and procedures shall be agreed upon in advance
and shall be confirmed in writing, definitely cover-
ing the methods and procedures to be used in meas-
uring all major factors. If experts are retained to
take charge of one or more measurements, their
responsibilities should be stated in the agreement.

3,06 Details of test procedures shall include
statements of manner in which unit will be oper-
ated and the provisions that are to be made for
transfer of load to other units and definite agreed
values of loads required in the discharge of the
test.

3.07 Records shall be made to identify and dis-
tinguish the equipment to be tested. Description,
drawings, or photographs may all be used to give a
permanent, explicit record.

3.08 Any dimensions or information regarding
the physical conditions of parts of the equipment
to be tested, which may be required for the report

should be obtained and recorded before the test is
made. This will include the conditions of any
equipment or accesories affiliated with the unit and
its speed-governing system which might influence
performance when the test is made. Serial numbers
and any plant data should be recorded to identify
all equipment related to the test.

3.09 Test Personnel. Agreement shall be
reached in advance as to the personnel required to
conduct a test, All parties to the test shall be en-
titled to have present such members of their staff
as may be required for them fo be assured that the
tests are being conducted and the observations
taken in accordance with this Code and with
any agreements made prior to the test,

3.10 Personnel shall include a sufficient num-
ber of competent observers to take and record the
various readings. No observers shall be required
to take so many readings that the lack of time may
result in insufficient care and precision.

3.11 The parties to the test shall designate a
person to direct the test and may designate a per-
son to serve as arbifrator in the event of dispute
as to calibration of instrumentation, test condi-
tions or methods of operation.

3.12 Equipment Inspection, Careful inspec-
tion and checks shall be made before, during and
after the test to insure the unit is operating prop-
erly.

3.13 The speed-governing system and all of
its associated equipment shall be carefully
checked and properly adjusted prior to the test.

3.14 Equipment and instruments should be ex-
amined thoroughly to assure acceptability for pur-
poses of the test. Duplicates for those instru-
ments or instrument parts liable to failure or
breakage in service should be provided and cali-
brated as part of the preparation for the test.

3.15 Operation During Test. The parties to
the test shall Lave agreed in advance as to what
conditions will be permissible with respect to the
safety of the unit including:

(@) Permissible acceleration rate

(b) Maximum speed

(c) Adverse vibrations

(d) Possible effect of the speed-governing system
tests upon auxiliaries and other equipment.

3.16 Control by ordinary operating, indicating,
recording or integrating instruments, the prepara-
tion of graphical logs and adequate supervision
shall be established to assure that the equipment
under test is operating in accordance with the in-
tended conditions.

P a
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3.17 The parties to the test may agree to changes
in test conditions while the test is in progress. All
such special agreements shall be made in writing
and included in the report of the test.

3.18 Any points of disagreement as to the con-
duct of the test shall be settled to the satisfaction
of both parties and sufficient results of the test
shall be computed and agreed upon as acceptable
before the testing personnel shall have left the
field and before the test shall be considered ter-
minated or the test equipment removed. All results
shall be agreed upon by both parties before they
are embodied in the final report.

3.19 Adjustments. The adjustment of instru-
ments, recording devices or other test apparatus,
to the unit or to the speed-governing system shall
be made only after full agreement is reached by the
parties to the test with due consideration to the
safety and performance of the unit. No corrections
or changes in setting of the speed-governing sys-
tem shall be permitted during the test except as
otherwise set forth in the agreement.

3.20 Operating Conditions. The operating con-
ditions shall be maintained within limits prescribed
in this and other appropriate ASME Test Codes, Un-
less otherwise permitted by agreement between the
parties to the test, or as specifically defined herein,
operating conditions shall require:

(1) That the performance be observed under steady-

state conditions with

(@) Independent operation

(b) An electrical load at the generator terminals
as imposed by a constant or essentially
unvarying electrical resistance for d-c sys-
tems, or a constant or essentially unvary-
ing electrical resistance and electrical re-
actance for a-c systems

(¢) The mean-governed speed corresponding to
the particular load as influenced by a pre-
established steady-state speed regulation
having the value as specified, no adjust-
ment being made to the speed-governing
system after having established rated
speed at rated power output; and

(2) Thas all considerations of design, construc-

tion, operation, and maintenance of the engine-

generator unit and any other details affecting

its torque response or speed-power perform-

ance are in accordance with accepted stand-

ards and good practice,

3.21 Preliminary Tests. For Code tests, both
parties to the test shall have reasonable opportunity
to examine the equipment, to correct defects, and to

render the equipment suitable in their judgment,
to undergo test.

3.22 Preliminary test runs with log records are
recommended to determine whether equipment is in
condition to undergo test, to check instruments
and methods of measurement, and to train personnel,
Observations during preliminary test runs should be
carried through to the calculation of results as an
over-all check of procedure, layout, and organiza-
tion. If mutually agreed, a preliminary test may be
considered a Code test, provided it has complied
with all the necessary requirements of the ap-
propriate Power Test Code.

3.23 Records. Complete written records and
chart recordings of the test shall be included in the
Test Report. The test observations shall be of in-
strument chart recordings in so far as possible
with other records entered on carefully prepared
forms. The original chart recordings and log
sheets, being documents of validity, should, there-
fore be such as to permit exact reproductions as,
for example, by carbon copies or by photographic
process. A complete set of exact reproductions of
original log sheets and recorded charts shall be-
come the property of each of the principal parties
to the test, and of such others as may be agreed
upon. The observations shall include the date
and time of day. They shall be the actual read-
ings without application of any instrument correc-
tions. The log sheets should constitute a com-
plete record including details that at the time may
seem trivial or irrelevant. Particular care should
be taken to record any adjustments made to any
equipment under test whether made prior to a run
or between the runs. The reason for each adjust-
ment shall also be stated in the test record. Era-
sures on or destruction of any log sheet or chart
recordings shall not be permitted under any cir-
cumstances. [f correction is needed, the altera-
tion shall be entered so that the original entry re-
mains legible, and an explanatory note should
forthwith be attached.

3.24 Rejection of Test Results. If the test
results or other observations indicate malfunc-
tioning of the unit or any of its accessories, the
defects shall be corrected and the test series
shall be repeated.

3.25 If, during the conduct of a test, or during
the subsequent analysis or interpretation of ob-
served data, an obvious inconsistency is found,
the parties should make every reasonable effort to
adjust or eliminate the inconsistency. Failure to
reach an agreement requires repetition of the test.
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SECTION 4, METHODS OF MEASUREMENT AND REQUIREMENTS FOR INSTRUMENTS

1 - - Methods of Measurement

4,01 General. This section describes the
measurements necessary to establish the perform-
ance characteristics of a speed-governing system
and the required measuring instrument character-
istics and calibrations.

4.02 Ii is necessary to measure and record
the following:

(@) Time
(8) Speed or frequency
(¢) Power output.

4.03 After stable operation has been estab-
lished, the engine-generator unit shall be run at
rated speed and rated power output in prepara-
tion for the following tests.

4.04 Steady-State Speed Regulation. Record-
ings of engine-generator unit speed (or frequency)
and load are required under conditions of inde-
pendent operation for this test. The speed
changer shall be set to obtain rated speed with
rated power. A recording of speed (or frequency)
is then required at 100 per cent power output. The
electric load on the unit shall be reduced to zero
power output withoui any adjustment of the speed-
governing system. A recording of speed (or fre-
quency) is required at zero power output. The dif-

ference in speed (or frequency) between zero power

output and 100 per cent power output can be read
and the steady-state speed regulation determined.
Tests with maximum and minimum adjustment or
otherwise suitable adjustment of the speed regu-
lation changer are required to verify steady-state
speed tegulation performance. Normal speed and
power scales shall be used (see Pars, 4,14 and
4.22 and Fig, 1).

4.05 Steady-State Incremental Speed Regula-
tion. Simultaneous recordings of speed (or fre-
quency) and power output are required under con-
ditions of independent operation. The determina-
tion of portions of several steady-state speed-
power output curves is required for this test. The
steady-state regulation shall be adjusted to the
specified value. Without further adjustment of
the steady-state speed regulation, the speed
changer shall be set to obtain rated speed with
corresponding specified or agreed value of power
output for each test point. After recording the
specified values, recordings shall be made while
gradually decreasing the power output from an
agreed power level greater than the specified
value to an agreed power level lower than the

@@PYRI GHT Anerican Soci ety of Mechani cal Engineers
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specified value. Similar recordings are required
with gradually increasing power output over the
same range. For other test points, the speed
changer shall be set to obtain rated speed at the
other specified or agreed values of power out-

put. It is recommended that test points be

selected! at intervals of 10 per cent of rated load
between 10 per cent rated power output less than
the largest specified or agreed power output and
20 per cent rated power output. Intervals of 5
per cent rated power output are recommended be-
tween 20 per cent rated power output and 5 per
cent power output. A total range -of gradual
power adjustment for each test point equal to
twice the interval between the test point and the
test point of next larger power output is recom-
mended. For each test point, a decreasing load
output versus speed curve and an increasing load
output versus speed curve may be plotted. The
mean of these two curves is a portion of a steady-
state power output curve used as described in
Par. 5.04 to evaluate steady-state incremental
speed regulation.

4.06 Speed-Governing Stability.

(a) Steady-State Governing Speedband -- Record-
ings of speed (or frequency) and power are
required under specified steady-state condi-
tions and at the agreed power outputs. The
speed (or frequency) recordings are to be
made with expanded scale. (See Pars. 4.17
and 4.22 and Fig, 2.)

(b)) Momentary overspeed, Momentary Under-
speed, and Underspeed Recovery
Time - - Recordings of speed (or fre-
quency) and power are required during
specified power output changes and
specified steady-state speed regula-
tion. These recordings are made with
normal scale. (See Pars. 4.10, 4,12,

4.14, and 4.22 and Figs. 3 and 4.)
4.07 Speed Changer -- Adjustment Range. The
engine-generator unit shall be operated over the
specified speed (or frequency) range while carry-

! As abasis for determining the number of test points
required under Par, 4,05, the following procedure is
suggested: A steady-state speed-power output curve,
with rated speed either at 80 or 100 per cent rated
power output plotted as the mean of a decreasing
power output versus speed cutve covering the maxi-
mum agreed or specified power output ranges and an
increasing power output versus speed curve covering
the same ranges,
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ing the specified power outputs. A record of
steady-state speeds indicating the adjustable
range is required, Normal speed and power scales

shall be used (see Pars. 4.14 and 4.22).
II -- Requirements for Instruments

4.08 The complete measuring system is to pro-
vide continuous and simultaneous line records of
speed (or frequency) and power output as func-
tions of time under various operating conditions.
Features which will provide means for instrument
calibration are to be included.

4.09 The speed (or frequency) and power re-
cordings are to be inscribed as separate traces.
Required expanded scale recordings may be pro-
vided with separate traces. Superimposed record- "
ings of the separate traces are acceptable. All
traces are to be presented on a common strip
which will serve as a time base. Several select-
able speeds for the strip are desirable.

4.10 For dynaemic calibrations, the
strip which serves as a time base must have a
speed of movement of at least 4.5 in. per sec and
a time marking at least once every 0.1 sec. For
recovery time measurements, the strip must have
a speed of movement no less than 0.9 in. per sec
and a time scale marking at least once every 1.0
sec. The error in the time representation caused
by chart motion error in all cases shall not ex-
ceed £2.0 per cent of the true time interval.

4.11 For static calibrations, standards of
specified precision are required and shall be ap-
plied to the input of the complete measuring sys-
tem. These standards are to provide scale mark-
ings on the recording strip.

4,12 For dynamic calibrations, specified step
changes applied to the input of the compléte meas-
uring system must produce a recording deflection
which, at a time not greater than 0,1 sec,? shall
reach and remain in a band between 97 and 103
per cent of an average final deflection

-4.13 Speed or Frequency Recordings. The
speed (or frequency) signals may be obtained
either from a d-c or a-c electric generator or other
device, providing the output quantity used as a
measure of speed is continuously directly propor-
tional, within the range of measurement, to engine

*The dynamic response of the complete measuring sys-
tem has been defined in terms of settling response
time, This value has been carefully chosen to meet
the requirements of the AIEE-ASME *‘Recommended
Specification for the Speed Governing of Internal Com-
bustion Engine-Generator Units,’’ (AIEE No. 606,
January 1959).

Ve E
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crankshaft speed. The proportionality 1ust be
such that the ratio of the output quantity to the
true speed, throughout the range of measurement,
will remain equal to the ratio at nominal speed
within 0.1 per cent.

4.14 Normal scale is considered to be the range
of recording indicating +15 per cent of the nominal
speed (or frequency). Normal scale recordings will
be made when the engine-generator unit is oper-
ating with variable power output including sudden
and extreme changes in power output. The scale
used for reading strip chart deflections shall have

. readable divisions, in this case, representing not

more than 0.6 per cent of nominal speed (or fre-
quency).

4,15 Static calibration standards, normal scale,
are to provide deflection markings, indicating
values of nominal speed (or frequency), nominal
speed (or frequencygJ plus 15 per cent of nominal
speed (or frequency) and nominal speed (or
frequency) minus 15 per cent of nominal speed
(or frequency). These standards shall provide a
magnitude (or frequency) which is equal to the
speed transducer output quantity at the same
speed within 10.1 per cent.

4,16 Dynamic calibration, normal scale, re-
quires input step changes of 15 per cent of
nominal speed (or fréquency).

4.17 FExpanded scale is considered to be the
range of recording indicating +1.5 per cent of any
sustained mean speed (or frequency). Expanded
scale recordings will be made with various steady-
state (essentially constant) power outputs. The
scale, used for reading strip chart deflections,
shall have readable divisions, in this case repre-
senting not more than 0.06 per cent of nominal
speed (or frequency).

4.18 Static calibration standards, expanded
scale, are to provide deflection markings indi-
cating values of nominal speed (or frequency) plus
1.5 per cent of nominal speed (or frequency) and
nominal speed (or frequency) minus 1.5 per cent
of nominal speed (or frequency). These standards
shall provide a magnitude (or frequency) which is
equal to the speed transducer output quantity at
the same speed within £0.01 per cent.

4.19 Dynamic calibration, expanded scale, re-
quires input step changes of 1.5 per cent of nomi-
nal speed (or frequency).

4,20 Power Output Recordings. The generator
power output recording and calibrating instruments
shall be connected to the Engine-Generator Units
under test in accordance with I & A, Part 6 on
Electrical Measurements in Power Circuits

(PTC 19.6-1955).
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4.21 The instrumentation® is to supply a record

of watts of electrical power delivered by engine-

generator units designed to supply d-c systems or.

designed to supply single or multiphase a-c power
systems. These units may have possible speed
(or frequency) deviations of 10 per cent of their
nominal speed (or frequency).

4.22 The normal power scale is considered to
be the range in recording from zero power to rated
power output, inclusive. Chart deflection for full
scale power range is to be of such magnitude as
to accommodate power output recordings in the
range from O per cent to not less than 125 per
cent of rated power output. The scale, used for
reading strip chart deflections, shall have read-
able divisions representing not more than 5 per
cent of rated power output.

4.23 A static calibration standard is to be
used to measure rated power output when power
is applied for chart calibration. This standard
shall have an error not greater than +1.5 per cent
of rated power output.

4.24 Dynamic calibration requires input step
changes of 100 per cent rated power outputs.

%If a recording wattmeter of suitable response charac-

teristics is not available and providing that at any
given load the voltage, power factor, and phase bal-
ance are constant, a cutrent recording may be sub-
stituted if it meets the following requirements: The
current recording must be annotated to satisfy Pars,
4,22 and 4.23 and conform with the dynamm calibra
tion requirements of Par, 4.12 when input step changes
of current cotresponding to changes of 100 per cent
rated power outputs are made,

Speed
rpm
L'IIILL‘;;,-.
125$ RATED OUTPUT &
Power
kw

FIG.1 Speed and Power Record Used for Determination of Steady-State Speed Regulation
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FIG.2 Observed Speedband of an Engine-Generator Unit with ‘*Constant Load"’
A -- Expanded scale record of speed

B -- ‘Steady-stdate governing speedband

C -- Moximum instantaneous speed

D -- Minimum instantaneous speed

E -- Midspeed of observed speedband. Equals one-half of speeds C plus D

F -- Mean-governed speed. Obtained with separate tachometer
P -~ Record of power output

Mechani cal Engi neers



ASME PTC*x2bL L2 B 0759L70 005326k 2

INTERNAL COMBUSTION ENGINE-GENERATOR UNITS

F1G.3 Momentary-Overspeed, So, Following a Sudden and Complete Loss of Electrical

Load from Steady-State Conditions at Rated Speed and Rated Power Output with
a Pre-established Steady-State Speed Regulation, R, Having a Value Greater
than Zero

A -- Steady-state governing speedband with initial steady-state electrical load

B -- Midspeed of speedband, A

C -- Instant of loss of electrical load

D -- Steady-state governing speedband with zero power output

E -- Midspeed of speedband, D

F -- Maximum instantaneous speed

G -- Prescribed speedband

H -- Instant decreasing oscillation of speed finally enters speedband, G, and
indicated by speed recording instrument

T, -- Coincident recovery time

-- Speed increase E minus B depends on steady-state speed regulation, R,

Measurement of G, H, and recovery time, T, is not required for establishing
stability in the case of complete loss of electrical load

o TN
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FIG. 4 Momentary-Underspeed, §,, and Coincident Recovery Time, T,, Following a Sudden

Increase Between Two Steady-State Electrical Loads with a Pre-established Steady-
State Speed Regulation, R, Having a Yalue Greater than Zero

A -- Steady-state governing speedband with initial steady-state electrical load

B -- Midspeed of speedband, A

C -- Instant of sudden increase in steady-state electrical load

D -- Steady-state governing speedband at subsequent steady-state electrical load

E -- Midspeed of speedband, D

F -- Reduction in speed-dependent on magnitude of pre-established steady-stafe
Ispeded regulation, R,, and magnitude of increase in steady-state electrical
oa

G -- Minimum instantaneous speed

H -- Prescribed speedband

| -- Instant decreasing oscillation of speed finally enters speedband, H, as indi-
cated by speed recording instrument

T -- Coincident recovery time
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SECTION 5, COMPUTATION OF RESULTS

5.01 Computations. The computations shall be
performed to obtain those quantities, required in
the Report of Results, which are not directly re-
corded on instrument charts but derived therefrom.

(Values taken from instrument recording charts
will be substituted into the proper expressions
which are given in Section 2, Pars. 2.26 through
2.35.)

5.02 Symbols not defined in this section of the
Code are explained in Section 2.

5.03 Steady-State Speed Regulation. The
steady-state speed regulation is determined by
" substituting the values recorded in Par. 4.04 in
the following formula:

n_ =n
R, =(_2_’>>< 100, %
nr

5.04 Steady-State Incremental Speed Regulation.

Determination of steady-state speed versus power
output curves is described in Par. 4.05. Draw tan-
gents of the points of maximum and minimum slope
between 0 and 10 per cent rated power output and
at the points of maximum and minimum slope be-
tween 10 per cent rated power output and the lar-
gest power output which is separately agreed to.
The mirror method* of establishing these tangents
is recommended. Extend the tangents to determine
suitable values for substituting in the following
formula:

n, —-n, Pc
Ri =( n, >X<P'—P2) x 100, %

5.05 Speed-Governing Stability. The speed-
governing stability is measured by four factors,
three of which require determination by substi-

tution of the va}ues recorded in Par. 4.06 in the
following formulas:

n -n
S == mh Yy 100, %
S 2n,
n -n
S = (== ° }x 100, %
o nr
n -n
S =(%‘ )xlOO,%
r

- n, -n |
S <—2—"‘3 ) % 100, %
u 2

5.06 Speed-Changer —— Adjustment Raage.
Convert the values obtained under Par. 4.07 to
per cent of rated speed, n,. These are the limits
of the speed-changer adjustment range.

* The mirror method of establishing a tangent (or nor-
mal) to a continuous curve requires the use of a flat
first-surface mirror with a square, straight bottom edge.
It must be supported in a holder which can be shifted
easily about and so arranged that the mirror will be
vertical to the surface of the graph with its straight
edge firmly resting thereon, in such a manner that the
straight edge may be used in tracing a line on the
graph, It should be long enough (3 — 6 in.) so that a
reasonable length of line can be established, Place
the mirror in its holder on the graph so that the reflect-
ing surface cuts the line of the curve at the point where
the tangent (or normal) is to be established, and in a
position such that the reflection of the line in the mir-
ror visually appears as a continuous extension of the
portion of the line of the curve without a break at the
mirror’ s edge. The trace of the edge of the mirror in
contact with the surface of the graph is the normal to
the curve at the point of intersection. For the tangent,
erect a line perpendicular to the normal at the point
under consideration,
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ASME POWER TEST CODES

Test Code for

Speed - Governing Systems for
Internal Combustion Engine - Generator Units

SECTION 6, REPORT OF RESULTS

6.01 General. The Report of Test shall be prepared for the purpose of formally recording observed
data and computed results. It shall contain sufficient supporting information and computation to
prove that all objectives of any tests conducted in accordance with this Code have been attained.

6.02 Only those items required to satisfy the stipulated objectives need be reported.

6.03 The complete Report of Test shall contain, in addition to the tabulated test results, authenti-
cated copies of the original log sheets. Instrument readings shall be recorded as observed. Correc-
tions and corrected values shall be entered separately in the test record.

6.04 Test Record Form. Tests shall be reported in accordance with the applicable portions of the
form presented herewith and shall include the following parts in the order given:

I Title page
II Table of contents
HI Object of test
IV Conclusions
V  Description of equipment tested
VI Agreed test conditions
VII Test methods
VIII Test performance
IX Observed data and computations
X Supporting data,
6.05 Part I, Title Page.
Test of speed-governing . ... ... ...t e .
Report No. oo i it i i i e i e i s e e e e e e
Unit designation (No.) . ............... fae b e e a e e
Location (Plant) . .... .. ... ... .. it it iee i
Owner (Purchaser) . .. ... ..ottt iias ittt et tnaeaessanaan
SUPPliEr L .. e e e e e e
Engine manufacturer . . ... ........... Generator manufacturer . ............
TYPE vttt it Type «vovvun.n. e
Serial No. ......... e e Serial No. . ... e e
Date supplier declares systemready fortest . ............ .. ... .
One party to the test (Purchaser’s representative) . . ... ............ e
Other parties to the test (Supplier’s representatives) ... ............... e
Testconducted by . ... ... . . . i e e
Report prepared by . . . . . .. . it e e e e b e
Reportapproved by . . . . . . . . 0 i i i e e for ...,
Reportapproved by . . . . .. .. .. . i e for ..........
Statement that testing, computing and reporting have conformed to the ASME Test Code for
Speed-Governing Systems for Internal Combustion Engine-Generator Units.

6.06 Part Il, Table of Contents. This part aids in finding subdivisions of the report devoted to dif-
ferent objectives.

6.07 Part IlI, Objects of Test. This part shall include an explicit statement of the objects of the
tests covered in the report as set forth in Par. 3.04 of this Code.

22
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6.08 Part IV, Conclusions. This part shall include conclusions concerning the results of the test
and any recommendations or supplementary comments.

6.09 Part V, Description of Equipment Tested.. This part should include complete name plate data
or rated conditions specified by the supplier for the complete engine-generator unit. Diagrams, draw-
ings, and photographs should be used where advantageous.

6.10 Part VI, Agreed Test Conditions. Operating conditions which have been specified, as well as
others agreed upon prior to each test, shall be reported.

6.11 Part VII, Test Methods. This part shall include a detailed description of the instruments and
apparatus used to measure the quantities from which the primary objects are determined.

6.12 A description of any methods of measurement shall be included if different from the prescribed
rules of this Code.

6.13 "The following additional information shall be included:

(@) Statement of departures from the rules of this Code which have been agreed to by the
parties to the test, including any extensions of permissible deviations from operating
conditions of the test from those specified in this Code.

(b) Description of calibration methods if not carried out by a recognized authority or if
methods have been used other than those prescribed in Section 4 of this Code or in
ASME Supplements on Instruments and Apparatus.

6.14 Part VIII, Test Performance. In this part, final results of tests are reported in the form of
graphs and tabular summaries, as specified in Section 5 of this Code.

6.15 Part IX, Observed Date and Computations. This section shall include a general log of the
test recording the ambient conditions, the operating conditions of the engine-generator unit, adjust-
ments of the governor, chronological record of the procedure, notes regarding deviations from pro-
cedure, ete. It shall include facsimiles of charts and recordings used in the computations of results.
It shall also include record of observations, corrected for instrument calibrations and average condi-
tions prevailing, correction values and calculations for each test run.

6.16 The final results are to be listed in the following order as required:
(1) Steady-state speed regulation: Maximum . . . . . . %; Minimum. . . . . . . %

(2) Steady-state incremental speed regulation.
(Steady-state speed regulation setfor 2%) . . . . .. . . .. .

(@) Incremental regulation between 10% rated power output and largest power output
agreed to: Maximum . . . . . ., % Minimum . . . . . . %

(b) Incremental regulation within the first 10% of rated power output:

Maximum . . . . . . . % Minimam . . . . . . . %
(3) Speed-governing stability:
(@) Steady-state governing speedband . . . . . . . . .. S %
(b) Momentary overspeed . . . . . . . . . .. e e e e e ]
(¢) Momentary underspeed . . . . . . . . %, w1th sudden change of power output
between. . . . .., . % and . .. . ... ... ... ... e e .. %
(d) Recovery time . . . . . . sec (corresponding to (c))

(4) Speed-changer —— adjustment range:
(a) At rated power output: 100 to 102% rated speed ——
Yes . . . . . B I Range . . . . . e
(6) At proportlonately reduced power output: 100 to 95% rated speed ——
Yes . . . . . No. .. ... ... Range . . . ... . . ...
(c) At zero power output 90 to 106 or 107% rated speed ——
Yes . . . . .. B . 2 Range . .
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