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Preface.

The necessity and importance of the standardization of electrical
apparatus was recognized in Germany as early as 1894 and the first
rules (,,Sicherheitsvorschriften fiir elektrische Starkstromanlagen gegen
Feuersgefahr¢) came into force in that country in 1895.

In the U. S. of America the first discussion on Standardization of
Generators, Motors and Transformers took place in 1898 which resulted
in the appointment of a Committee and the subsequent acceptance of
the rules proposed by it.

In England the British Engineering Standards Association was formed
in 1gox. In connection with the British Standards an explanatory note
appears necessary: The B.E.S.A.’s rules have for many years been the
only generally accepted Standards. Since 1913 the British Electrical
and Allied Manufacturers Association, representing the most important
powerful British manufacturing firms, have issued Standardization Rules
of their own which have attained considerable commercial importance,
A special edition of these rules has been issued for export work which
on the whole are guided by ideas similar to those embodied in the
B.ES.A. rules. As far as can be gleaned from the article in the
“Electrical Review” (Vol. 86 Nr. 2, 216, April 16%* 1920) it is intended
to publish a new revision of the B.E.S.A.’s rules which will probably
contain some of the recommendations of the B.E.A.M.A,, so that this will
probably mean the return to one single system of Standards for Britain.

The B.E.AM.A/’s rules being provisional and less important than
the B.E.S.A.’s rules are treated in separate Appendices.

In this connection the International Electrotechnical Commission
Rules must also be mentioned which were adopted at the Plenary
Meeting held in London 19rg9. It must be hoped that some day an
international agreement on the most important points of Standardization
of Electrical Machinery will be arrived at.

The I.E.C. Rules have not been included in the comparison because
in practice they do not form yet the basis for important contract
specifications for which as a rule one or the other national system
of standards is still preferred. These rules are also very similar to
the A.LE.E. rules except in less important details.

In December 1922 a meeting of the I.LE.C.’s Advisory Committee
took place in Geneva. The main topic was the question of rating.
After considerable discussion, a proposal on the lines desired by the
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British delegates was agreed to for submission to the National Commit-
tees to the effect that overload ratings within the LE.C. maximum
continuous rating be recognised and that, for general industrial machines
(the class to be defined later) where overloads have to be provided, the
overload only to be applied under such conditions of air temperature
as will not cause the limits of maximum temperature laid down by
the LE.C. to be exceeded, viz. 50°C for Class A Insulation measured
by thermometer at a maximum ambient air temperature of 40° C.

This means clearly that the overload can only be applied at ambient
air temperatures below 40°C, '

As far as Britain is concerned Report No. 168—1923 of the B.E. S. A.
contains the Standard specification for Industrial Motors and Generators
i. e. Machines from r B.H-P. or kVA upwards with Class A Insulation
wound for voltages not exceeding 7000 Volts having both Continuous- and
Short-Time Ratings. — This report came to hand only late but it was
possible to include the principal requirements which are marked thus: ) ¢

In this connection it is important to note that the American dele-
gates have declared that they object to the Geneva proposals. Under
these circumstances an international agreement on this important
question does not appear to be within easy reach.

In the various countries quite a number of revisions appeared
necessary which had to take into consideration not only the enormous
strides made by the different branches of Electrical Engineering, but
also the experience gained in the application of the rules.

The study of the latest editions of the Standards of the three
countries mentioned above, (the inclusion of other countries would not
have been conducive to lucidity), shows that the views adopted on the
principal points are related closely enough to allow a proper comparison
to be made.

The purpose of this booklet is to enable the engineer or merchant
buying from or selling to foreign countries, to inform himself guickly
on any of the principal points telling in the design and performance
of electrical machinery which he may be called upon to judge.

It is hoped, however, that it will also be of some use to the
student and even to the consulting engineer in framing specifications.

For manufacturers and in cases of disputes, where legal decisions
are involved, it will always be necessary to fall back on the original
wording of the rules published by the bodies mentioned on the
frontispiece; even in cases like this, the collation with the practice
adopted in another country may afford guidance for the settlement
of disputed points, on which the rules of the respective country might
not prove precise enough.

Charlottenburg-Westend 1923. F.N
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SECTION L

Rotating Machines.

Standard pressures and Frequencies and Classification

of Rating.
Germany Britain
U. S. A.
Generators ’ Motors Motors | Consumerl Station
1. D. C. Generators and Motors. Volts.
o Y For industrial
115 110 110 machines (
230 220 220 220 ) 242
460 440 440 440 | 484 none
460
500
2. Three-phase A. C. Generators and Motors. Volts.
) For industrial
130 125 machines (
230 220 220 240 264
400 380 400 416 457
525 500 500
3150 3000 3000 3300 none
5250 5000 6000 6600
6300 6000 (10000) | (11000)
10500 10000
15750 15000
3. Frequencies. Cycles per second.
50 50 l 60 (usual)




Section I.

Rating- Classification.

Germany

Britain

a) Continuous Rating. The
machine shall give itsrated
output for any desired pe-
riod without exceeding the
limits specified for observ-
able temperature and tem-
perature rise.

b) Short-time Rating. The
machine shall give its rated
output for the specified
period without etc. (as
above).

c) Duty-cycle Rating. Peri-
ods under pressure are fol-
lowed by periods during
which the machine is swit-
ched off the total duration
of the cycle being max.
10 minutes.

The intermittency viz.the
ratio of the period during
which the machine is under
current to the duration of
the cycle characterizes the
duty-cycle. The machine
shall be able to work on a
uniform duty-cycle service
without the specified temp.
limits being exceeded. Stan-
dard values for intermit-
tency: 15, 20, 409,.

Y a) The British Standard
for Continuous Rating is
the output at which a
machine can work for
an unlimited period and
comply with these rules.

b) Standards for Short-
time Rating.

1. One hour Rating. The
output at which a ma-
chine can work for
one hour and comply
with the rules.

2. One half-hour Rating.
The output at which
a machine can work
for one half-hour and
comply with the ru-
les. ¢

¢) Duty-cycle Rating (in
special cases) is the
continuous rating which
is the thermal equiva-
lent of the cycle of duty
specified.

a) Continuous Rating.
A machine rated for
cont. service shall be
able to operate contin-
uously at its rated out-
put without exceeding
any of the rules.

b) Short-time Rating.
A machine rated for
short-time service shall
be able to operate at
its rated load for the
time specified in each
case without exceeding
etc. (as above).

Standard Short - time
ralings: 5, 10, 15, 30,
60, 120 minutes,

c) Duty-Cycle Rating.
For purposes of rating
either a continuous or
a short-time equivalent
load may be selected,
which shall simulate as
nearly as possible the
thermal conditions of
the actual duty-cycle.

d) Nominal Rating. For
Railway substation ma-
chines see as for trans-
formers page 32.




Rotating Machines.

Heating.

Germany

Britain

U.S. A,

a) Standard- and max. permissible Temperatures of cooling Media.

Normal: 200C
*)Highest permissible: 359 C

none specified
400 C (air)
) 302 C (air) **)¢

’ 259C (water)
t 409 C (air) -

*) on this Temperature the End Temperatures on page 1z are based.
**) Y when full amount of sustained overload specified on page 19 is required. ¢

b) Determination of End Temperatures and Temperature Rises.

The heating test is to be
carried out at rated load

1) for machines with con-
tinuous rating until the tem-
perature does not rise no-
ticeably but not' longerthan
10 hours.

2) fot machines with short-
time rating for the specified
time, the testing being
started with machine cold
or when the Temperature
of any part of the winding
is not higher than 3°C than
the Temperature of the
cooling medium.

3) for machines for duty-
cyclerating until the tempera-
ture doesnotrisenoticeably.

The temperature is con-
sidered constant if the rate
of increase does not exceed
2° C per hour.

Heating Test.

The temperature
test shall be carried
out at rated output

) 1) for machines with
continuous rating until
sufficient evidence is
available to show
that the max. tempe-
rature and temp, rise
would not exceed the
requirements of the
rules if the test were
prolonged until a
steady finaltempera-
ture were reached.

2) for machines with
short-time rating for
the time required by
the rating. ¢

Note: The tempe-
rature test shall be
carried at any con-
venient air tempera-
ture not exceeding
14000.

Whatever method of tem-
perature measurement (see
Section d) be employed
it is required that:

1) The temperature test
of a machine for continuous
service shall be continued
until sufficient evidence is
available to show that the
maximum temperature and
temperature-rise would not
exceed the requirements
of the rules, should the test
be prolonged until the at-
tainment of a steady final
temperature.

2) The duration of test
of a machine with a short-
time rating shall be the time
required by the rating. It
shall commence only when
the windings and other
parts of the machine are
within §0C of the ambient
Temperature.

Note: A machine may
be tested at any convenient
ambient temperature pre-
ferably not below 10°C.




Section I.

Continuation: Heating.

Germany

Britain

U. S_A.

Same as Britain but
generally valid for
“cooling media’.

‘With large machi-
nes having parts be-
low the floor-line it
is admissible for test
purposes to make
the pit-temperature
equal to the tempera-
ture outside of the pit.

For machines with
forced draught-and wa-
ter-cooling see Trans-
formersNote page34.

The Temperature
of windings is defi-
ned as the higher of
the two values as be-
low:

1. Mean Tempera-
ture rise by the Resis-
tance Method.

2, Temperature rise
of the hottest accessible
spot measured by Ther-

mometer (mercury
or alcohol). Where
Resistance Method
is not applicable the
Thermometer Me-
thod shall be used
alone.

) The air temperature shall
be taken as the mean of
the readings o/ the thermo-
meters taken at equal inter-
vals of time during the last
quarter of the duration of
the test. — For a pipe ven-
tilated or forced draught
machine, the air tempera-
ture is to be measured by a
thermometer placed in the
current of incoming air. (

) 1. Thermometer Method.
Several thermometers
(mercury or alcohol) shall
be applied to the hottest
accessible stationary parts
during the test period and
other thermometers to the
rotating parts as soon as
the machine is stopped 7). ¢
2. Resistance Method.
Thetemperatureriseshall
be calculated from the re-
sistances hot and cold, and
the initial temperature (by
thermometer)ofthe winding
itself. Thermometer mea-
surements shall also be
made to ascertain if there
is any higher observable
temperature. If such is
found it shall be adopted
as the maximum observable

temperature.

c) Methods of measurement of Temperature of the cooling media.

Same as Britain but for
Forced draught machines a
weighted mean shall be em-
ployed, a weight of four be-
ing given to the temp. of the
circulating air and a weight
of one to the room air. —
‘Where machines are partly
below the floor linethe temp. of
the rotor shall be referred to
a weighted mean of the pit-
and room temp. relative to
the rotor portions in and
above the pit. Stator parts
in the pit shall be referred
to the temp. in the pit.

d) Methods of measurement of Temperature rises.

1. Thermometer Method.

Mercury, alcohol, resis-
tance or thermocouple ther-
mometers applied to the
hottest accessible part of
the completed machine.

2. Resistance Method.
Consists in the measure-
ment of thetemperaturerise
of windingsbytheir increase
of resistance. In the appli-
cation of this method ther-
mometer measurements
shall also bemade whenever
practicable without dis-
mantling the machine. The
higher temperature of the
two shall be taken as “ob-
servable” temperature.




Rotating Machines.

II

Continuation: Heating.
d) Methods of measurement of Temperature rises.

Germany

Britain

U.S.A.

(Temp, Coef-
ficient of cop-

per = 235.)

e)
The rules
hold good for
serviceatalti-
tudes wup to
I000 m over
sea level. If
amachinewill
have to work
in high alti-
tudes this
must be spe-
cially stated.

3. Embedded Temperature Detector
Method same as U.S. A, but when
specified with the enquiry only 7).

Compliance with Methods 1 & 2
is however decisive.

(Temp. Coeffic. of copper=234,3.)

Special cases:
D. C. Motors and Generators.
Field coils Method 2 or Method 1
and 5°C lower Temp. rise.
Synchronous Motors and Generators.
Field windings: Method 2.
Stator: Method 2 or Method 1
and with §°C lower temp. rise¥).
Induction Motor or Generator.
Stator & Rotor Method 2 or Me-
thod 1 with 5°C lower temp, rise*).
*) For Machines under sooo Volts Me-

thod 1 alone is also permissible.

Note: 1) ) For industrial machines
thermometer Method is used only.(

+1) Method 3 shall be employ-
ed for machines over 3000 kW
for rated pressures exceeding
3300 Volts

3. Embedded Temperature
Detector Method
consists in the measurement
of the temperature rise by"
thermocouple or by resis-
tance temperature detec-
tors, located as nearly as
possible at the estimated
hottest spot. When required
to be checked by method 2.

(Temp. Coefficient of cop-
per = 234,5.)

Note: Method 2 shall not
be used for circuits of low
resistance (other than trans-
former windings) as inter-
pole windings. Method 3
should be applied to all Sta-
tors of machines having a
width of socm or over. It
should also be applied to all
machines of 5000 Volts or
more, if rated over 500kVA
regardless of core width.

Correction of Temperature Rises for Altitude.

For a machine intended for ser-
vice at an altitude over 1000 m
(3300 ft.) the observable tempera-
ture rise if tested near sea level
shall be reduced 2!/, per cent for
each 1000 feet.

) For industrial machines as
above but reduction 11/, per cent
for each 1000 feet.

Machines for service at alti-
tudes above 10000 feet are not
considered standard. ¢

Generally the height
above sea level at which
a machine is intended for
work is assumed not to
exceed 1000 m. It is re-
commended that when a
machine is intended to work
at altitudes above 1000 m
the permissible temperature
rise at sea level shall be
reduced by 1 per cent for
each 100 m by which the
altitude exceeds 1000 m.
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Section I.

2. Surge Test (Germany only).

The surge test which serves to ensure the efficiency of the insulation
against surges occurring under ordinary working conditions shall be
made with the completely

assembled machine on the
factory test bed as far as
possible in accordance with
the diagrams of connections
as shown below for Syn-

M chronous- and Asynchronous
machines. (G = Generator,
M=Motor.)

P .

.T. The machine on test
%ﬁ" %_% shall be connected to cab-

les or static condensers (C)
over sphere spark-gaps (F) with solid spheres of at least 5o mm

diameter.
The Test Capacitance of the cables or condensers shall be as follows:

‘ﬁ

Rated voltage E Capacitance. in each
KV pha'se min, u F.
(Mikrofarads)
2,5 to 6 0,0§
up to 1§ 0,02
over I§ 0,01

Each spark-gap shall be set for 1,1 times rated Voltage. The ma-
chine shall be excited by a d. c. supply to abt. 1,3 times rated voltage
at rated speed or with 3-phase a.c. at rated frequency respectively.
The spark-gaps shall be caused to break down in any manner (say by
temporarily reducing or bridging of the gap) and the arcing maintained
for a period of 10 secs. During the test the spark-gap shall be placed
in an air current of a velocity of 3 m per sec.

Care shall be taken to make all connections for the purposes of
this test as short as possible, '

Polyphase machines may be tested in single phase connection. The
connections shall in this case be changed as often as necessary so that
every phase will be subjected to the surge test.




3. Test on Turns.

Rotating Machines.
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2. Insulation Resistance Test.

Germany

Britain

U.S. A

The test on turns
shall be made under
no-load condition by
increasing the supplied
and generated voltage
respectively (Motors &
Generators) up to the
values given below.
The frequency and
speedrespectivelymay

be increased corre-

spondingly.
Duration of Test:
3 Minutes
Test
vol-~
Lo tage
Winding
Rated
vol-
tage
a| All windings
I!
exceptItemb 3
b‘ "Polyphase |
Windings j
\
with fixed i
(not dis- !'
connectable) | 1,5
connections
between the
| different
parts

same as U, S. A,

YMegohms
Rated volts

The insulation resistance
may afford a useful indi-
cation as to whether the
machine is in suitable c-on-
dition for application of
The in-

sulation resistance test shall

the dielectric test.

be made with all circuits
of

ground connected together.

equal voltage above

Circuits or groups of cir-
cuits of different voltage
above ground shall betested
separately.

Test pressure if possible
D.C. 500volts. The minimum
value of insulationresistance
at operating temperature
shall be:

Megohms

voltage at terminals

= RatedkVA or HPF-1000"

" rating in kVA 4 1000

The formula applies only
to dry apparatus not for

oil-immersed types.

Megohms
Rated |— —

voltage 100 1000 | 10000
kVA | kVA | kVA
5 100 |0,091 [ 0,05 | —
1000 {0,9I |0,50 0,091
10000 (9,1 [5,0 [0,9I

100000 | — |50 |9,

Nettel, Comparison,
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Section 1.

Overloads, Starting, Commutation Test.

Germany

Britain

U.S.A.

All machines with conti-

nuous rating — must be
capable of withstanding

1,5 times rated current for
2 Minutes, following cont.
full load run, without dele-
terious effect or resulting
lasting deformation.

This test shall be carried

out for
Motors & Rotary Converters

at rated pressure; for Gene-
rators the pressure should
be regulated as closely as
possible to the rated pres-
sure,

(See Note below.)
Motors shall be required

to develop the following
max.
more) without stalling.

running torques (or

. max. Torque

Rating: (°], of rated)
Continupus 16 9
Short-Time °
Intermittent 20 %,

A. C. Motors shall be re-

quired to develop a starting
torque of at least 309/, of
therated torque,when work-
ing with a suitable starter
during the whole starting
period in each position.

Note: Generators should

be amply designed so as to
enable them to generate
rated pressure at rated
speed, power factor and
exciter
1259, of rated current.

voltage and at

The machines shall be
capable of withstanding
on test the following Ex-
cess currents or torques in
excess of those corre-
sponding to their Brit,
Stand. Rating the pres-
sure being maintained
as near the rated value
as possible:

a) Machines for conti-
nuous service.
Excess Am-

peres: I50 per cent

Duration: I5 seconds.

b) Induction Motors for
continuous service,
Excess torque

without stal-

ling: I75 per cent
(except for abnormally
low speed motors or

high frequencies).

c) D. C. shunt wound
Motors or squirrel cage
induction motors for inter-
miltent service.

Excess torque
when run-

ning: 200 per cent
Duration: 30 seconds.
d) All other motors

for intermittent service
shall have starting tor-
ques equal to 200 per
cent of rated torque.

Continuously rated ma-
chines shall be required
to carry momentary loads
of x50 per cent of the
amperes corresponding
to the continuous rating
keeping the rheostat
for rated load excita-
tion,

Motors for continuous
service shall be requi-
red to develop running
torque at least 175°/, of
that corresponding to
the running torque at
their rated load without
stalling.

Machines with nominal
rating. See as for Trans-
formers. page 32.

Obviously  dutycycle
machines must carry
their peak load without
stalling.
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Overloads, Starting, Commutation Test.
) Britain: Industrial machines only. { })
Motors Generators Sustained Momentary
BHP EW or kVA Overload Overload
)] :
E:) per 1000 Revs. p. M. Torque or current respectively
5]
[+
not totally enclosed o . ° R
[totally enclosed] o Duration lo Duration
below 4 to 1|below 3 to 1{| 25 1/, hour .
! [—=] _ 50 1 Min
0 [50] [15 secs]
§ 4 & upwards |3 & upwards
=
= D.C.up to . 100 15 secs
2 |lis0 H.P.incl - 25 2 hours 15 secs
S 5 [—] [ [75] [15 secs]
A.C. all _ 100 15 secs
sizes*) [75] [15 secs]
g all sizes all sizes — — 100 30 secs
s [~ -] [ro0] | [30 secs]
1) not for motors of abnormally low speeds or high frequency.
*) for single phase motors overloads are not yet specified.
Germany Britain U.S.A.
Commutation Test. Commutation Test. Commutation
Limitation.

Machines with Commuta-
tors shall work practically
sparkless from no-load to
full load. At overload test
they must commutate in
such a way so that neither
commutator nor brushes are
injured.

Machines with Commu-
tators shall work practi-
cally sparkless with fixed
brush setting as follows:

without | with

auxiliary poles

from from
0,25 to no load to
1,0 load full load

)D. C. machines shall
work throughout the
range from no load to
the highest momentary
load specified with fixed
brush setting. The ope-
ration must be practi-
cally sparkless from no
load to full load and
without injurious spar-
king up to the highest
momentary load speci-
fied. ¢

Continuously rated ma-
chines shall be required
to commutate success-
fully momentary loads of
150°%, of the Amperes
corresponding to the
continuous rating keep-
ing the rheostat set for
rated load excitation.

Machines for duty-cycle
opeiation shall commu-
tate successfully under
their specified condi-
tions. Successful opera-
tion is such that neither
brushes nor commu-
tator are injured by the
test.
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Section 1.

Efficiency *).

1) General

Germany

Recognized Efficiences:

1. Directly measured Efficiency

__Output
" Input’

2. Conventional Efficiency (deter-
mined from losses).

General

Unless otherwise specified the
conventional efficiency is to be
employed.

Efficiency figures shall corre-
spond to normal working condi-
tions unless stated otherwise. When
using method 2 the resistances
measured by D. C. shall be cor-
rected to a reference temperature of
75%9C. For measurement of other
losses no temperature correction
shall be made.

,

1. Directly measured Efficiency
__Output
" Input ’

2. Conventional Efficiency (deter-
mined from losses).

conditions:

Unless otherwise specified the
is to be
employed. Efficiency figures shall
correspond to rated load,
wave form, temperature of reference
(at all loads) 75°C (tests shall
preferably not be made at an am-

conventioal efficiency

sine

bient temperature of less than
159 C).
nators shall be stated at the rated
power factor,

The efficiency of alter-

Sine wave shall
be standard unless different wave
form is inherent in the operation
of the system.

*) Britain: Neither Definition nor Specification regarding measurement
stated. )For industrial machines the declared (actual) efficiency shall
include stray load losses estimated or ascertained as closely as possible. ¢




Rotating Machines.

Efficiency.

1) General

Germany

Miscellaneous losses:

All losses due to auxiliary apparatus —
but these only — of the machine
itself shall be charged against the
machine efficiency. Such are:

a) Losses in Regulating-, Series-, Cali-
brating-, Shunt- and similar resis-
tances, Choking coils, Auxiliary
transformers etc. which are neces-
sary for the regular working.
(Exception see under c.)

b) Exciter losses in case of direct or

indirect coupled exciter; not in

case of separate excitation.

~

C

-~

Losses in booster machines of Rotary
Converters, if they form part of the
converter proper butnot the losses
of the transformers and choking
coils belonging to the converter.
These losses shall be stated se-
parately.

d) Losses in bearings supplied with the
machine but not in bearings sup-
plied by another firm.

€

~

The power consumption of the
ventilating blower if this is part of
the machine proper. The power
consumption in case of separate
ventilating blower as also that of
water and oilpumps is not to be
charged against the machine effi-
ciency but shall be stated se-
parately.

a) Field-Rheostat Losses shall be in-

cluded in the generator losses
where there is a field rheostat
in series with the field magnets,
even when the machine is separa-
tely excited.

b) Ventilating Blower. When a blower

is supplied as part of a machine
set, the power required to drive
it shall be charged against the
complete unit, but not against the
machine alone.

c) Other Auxiliary Apparatus such as

a separate exciter for a generator
or motor, shall have its losses
charged against the plant of which
the generator and exciter are
a part and not against the
generator. An exception should
be noted in the case of Turbo-
generator sets with direct-connected
exciters, in which case the losses
in the exciter shall be charged
against the generator. The
actual energy of excitation and
the field-rheostat losses, if any,
shall be charged against the
generator.

d) For the Booster type of Synchronous

Converters where the booster forms
an integral part of the unit its
losses shall be included in the
total converter losses.

21
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Section L

2. Determination of Losses for Conventional Efficiency Test.

References to Explanations given below.

(Britain none specified.)

12 R Losses Other Losses
no-load | load Brush
. friction
Type Stan- || o L2 Be'ar.mg of Brush Stray
of Machines dards §.§ _;é tﬁ:“a:d fl‘l::dl’ﬂ cc::::xsx- Core loss c;::;ct Load
E0 25 gun . 4 Losses
S 8w | Series |windage| an Loss
ﬁ.e &8 windings| collector
T e rin
gs
D. C. G. 1a) l ib) 2b, d) 3 4a,b)
Commutating
Machines | U.S.A. Ta) Ia, c)| Il a) | 1Va) v —_
A.C. G | 1a) | 1p) 2a,d) | 3 | —
Commutating :
Machines |U.S.A. Ia) Ila) [ 1Ia) \ 1Va) v —
G. 1a) l[b,c) 2¢,d) 3 |teef)

Synchronous ne-f‘,:i- nﬁ:ﬁ:i-

Motors and eilce;t egtlc_e;t

Generators ||U.S.A. Ia) IIa,c)| when IVDb) when | VIa)

armat. armat.
revol- revol-
ving ving
Synchronous G 12) I 19 2a, d) 3 4¢)
Converters ||.S.A., Ia, ¢) IIa) } IIIa) [ IVa,b) | V —
G. — | 10 2a .3 44d)
Induction ) ifany
Machines v
U.S.A. Ia, b) IIb) \ IIIa) | IVa,c) |, VIb)
if any
Cascade G. :
Converters | only.| ! a) | 1d) 28, d) - 4¢)
References:
Germany (G.) U.S.A.
1. I® R Losses. 1. I% R Losses.

a) I2 R losses at no-load shall be a) The I2R losses shall be based
calculated from resistances measured | upon the current and the measured
by D.C. resistance.

: b) The I2R loss in the Rotors of
2

b) 12R losses due to foad current shall Polyphase Induction Motors should be
be calculated from resistances mea- d ined f he sli h
sured by D.C. etermined from the slip whenever

the latter is accurately determinable

c) For Induction Motors the 12R | using the following aquation:
losses in the secondary circuit should Rotor I®R loss = 2PtPut x slip
be calculated from the slip. 1 —slip
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Continuation: Determination of Losses for Conventional Efficiency Test.

Germany

U.S. Al

d) For Rotary (Synchronous) Con-
verter the I?R losses in the armature
windings shall be calculated from those
corresponding to its use as D.C. Ge-
nerator by using the following factors:

Number
of I 2 3 6
phases:

12

Number
of 2| 44}13]6
_ sliprings:

12

Factors: |1,45]0,39 /0,58 0,27 | 0,2

e) Synchronous Motors and Generators.
Determination of /2 R plus stray load
losses.

a) Short-circuit method: The machine
with short circuited armature win-
ding shall be driven by a calibrated
auxiliary motor at rated speed and
excited so that the current is equal
to rated current. The input exclusive
of I?2R loss at no load, bearing
friction and windage, brush fric-
tion and core loss is considered
equivalent to /2 R losses due to load
plus stray load losses.

B) Over-excitation method: The ma-
chine at no-load at rated pressure
and frequency shall be overexcited
so as to carry rated current. The
input equivalent as under «).

2. Bearing friction, Brush friction
windage and core losses.
Motor method: Machine shall be
worked as motor at no load.

a) A.C. machines at rated pressure,
rated frequency and at no load speed.

b) D.C. machines at rated pressure
+4- or — the ohmic pressure drop and
at rated speed.

c) Synchronous machines with exci-
tation regulated so as to take the
minimum current.

For a)—c):

The input minus I%® R loss and
excitation losses is considered equi-
valent to bearing-, brush friction and
windage losses as above plus core losses.

In large Slip-ring motors in which
the slip cannot be directly measured
by loading, the rotor I®R loss shall
be determined by direct resistance
measurement; the rotor full-load
current to be calculatéed by the
following equation:

Current per ring
watts output

rotor volts at standstill><\/§><K
This applies to 3-phase motors; for
2-phase rotors use 2 instead of

V3. For motors of 150 kW or larger
K =0,95. For smaller motors K
decreases; no specific value stated.

¢) Synchronous Converters. 1% R losses
in armature windings from losses
corresponding to its use as D.C.
generator by using suitable factors.

II. Bearing friction and windage:
a) General: Drive the machine from
an independent motor, the output of
which shall be suitably determined.
The machine under test shall have
its brushes removed and shall not be
excited. The output represents the
bearing friction and windage.

b) Induction motors: Losses as above
may be measured by running motors
free at the lowest voltage at which
the motors will rotate continuously
at approximately rated speed; the
watts input minus I?*R loss, under
these conditions being taken as the
friction and windage.

c) For Engine-type Generators losses
as above are very small and shall be
neglected.
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Continuation: Determination of Losses for Conventional Efficiency Test.

U.S.A.

Germany |

d) Generator mothod: The machine
shall be driven at no-load and rated
speed by a calibrated auxiliary motor
and excited to rated pressure. The
mechanical input minus excitation
losses are equivalent to losses as
under c).

Note: For D.C. machines plus or
minus the ohmic pressure drop.

3. Brush ContactI? R loss is cal-
culated by assuming the pressure drop
in each brush as follows:

Carbon and graphite brushes 1 Volt.
Metal-graphite brushes 0,3 Volt.

4. Stray load losses. See also 1e«)
and f). Stray load losses for other
types are determined in accordance
with the following approximate values.
The per cent values correspond to
output in the case of generators, to
input in the case of motors, to D.C.
output in the case of rotary con-
verters. It is assumed that they vary
with the square of the current.

a) Compensated D.C. machines 0,5/,
b) Not compensated D.C. ma-

chines with or without
commutating poles 1%,
c) Rotary converters 0,5%,

d) Asynchronous machines
e) Cascade Converters

0,5%,
1%,

II1. Brush friction of Commutator
and Collector Rings.
General; Machine shall be driven
as under Ila) but with brushes in
contact. The brush friction is equi-
valent to the difference of motor out-
put obtained in test Ila) and this test.

IV. Core loss.

a) General: Machine shall be driven
as under III but excited so as to
produce at the terminals a voltage
corresponding the calculated internal
voltage for the load under considera-
tion. The core loss is equivalent to
the difference of motor output ob-
tained by this test and that in test III.

b)Synchronous Machines:Theinternal
voltage shall be determined by
correcting the terminal voltage for
the resistance drop only.

c) For Induction Motors the core
loss is determined by measuring the
watts input when running free at
rated voltage and frequency minus
no-load copper loss, bearing friction
and windage.

V. Brush Contact I2R loss.

Carbon and graphite brushes 1 Volt
Standard (pigtails attached).

Carbon and graphitebrushes 1,5Volt
Standard (pigtails not attached).

Metal-graphite brushes considered
special.

VI. Stray load losses

a) for Synchronous Machines s. 1. 1.
are determined as under 1ec) (Ger-
many) minus I2 R losses for polyphase
generators and motors. For single-
phase machines stray load losses are
large but not yet specified.

b) Induction Machines with rotor
removed, measure the input to the
stator with different currents. Deduct
I2 R loss determined from resistances.
The difference represents approxi-
mately the stray load losses at the
different currents,
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Section I.

Overspeed Test.
(Britain none specified.)

Germany U.S.A.
Duration: 2 minutes none specified
[ ine Type of machine Test speed Test speed
Rated speed Rated speed
1 | Generators except lines 2 & 3 1,2 1,25
Generators driven by tested for max.
2 1,8
waterwheels ! runaway speed
h 1,25 d 1,2
. when equippe =,
3 Generators driven by with emergency when equipped
steam turbines . with emergency
governor acting at
o governor
109/, overspeed
Synchronous and Cascade L2 .
4 Converters !
Test speed
5 Motors for constant speed “no-load speed 1,25
1,2
6 Motors with several Test speed Test speed
rated speed max.no-load speed || max. speed (rated)
1,2 1,25
7 Motors with speed variation 1,2 1,25
Test speed
mazx. rated speed
8 Motors with series 1,2 ¢ specified
isti not specifi
characteristic Test speed P
rated speed
L5
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Tolerances.
(U.S.A. none specified.)
Tolerances
Guarantees for:
Germany Britain
Output 49/, of rated
o to 1,1 kW 10
Speed of Shunt wound | 1,1 KW =4 59/,0f speed at the
Motors ! 75 temp. of full load
over 11 kW 5
. o to 1,1kW 15 + 7,59, of speed at
o peed a
Speed ofuf:;::s wound ,1to 11 kKW 10 the temp. of full
over 11 kW 7 load

Speed variation of D.C.
Motors

109, of specified
variation

Speed variation of
Asynchronous machine

209, of specified slip

Inherent Pressure
Regulation of Generators

59/, of rated pressure

Inherent Pressure Regu-
lation
of Rotary Converters
of Cascade Converters

+ 19, of rated pressure
+3% » »n "

Momentary short-circuit
current of Synchronous
Machines

209/, of specified value

Stationary short-circuit
current of Synchronous
Machines

159/, of specified value

Max. running torque of
Motors

109/, of specified value

Starting torque of
Motors

109,

Efficiency =19

1—7
10

rounded up to

1 -
——; but minimum 0,01
1000

Power Factor = cos ¢

1— cosg@

6 rounded up

I .
to ——; but min. 0,02
1000

Temperature Rise

expressly none.




Section I.

Appendix to Section I.

British Electrical and Allied Manufactures Association Rules.
Fourth Edition 1920.

I

Standard pressures
and Frequencies.

1. Generators:

D.C. JAC
230 440
460 550
525 2200

3000
6600
11000
2. Motors:

D. C. A. C.
110 100
220 200
440 400
500 500

at consumers ter-
minals.

3. Standard Highs
pressure Systems
for A.C.:

2000, 3000, 6000,
10000, 20000 V.

4. Frequencies:
5o and 25.

Classification
of Rating:

a) continuous

b) short-time

Heating.

a) Standard and max.
permissible  Tempera-
tures of Cooling Media:

Normal 25°C (air)
Max. 35°C (air).
b) Determination of

End-Temperatures and
Temperature Rises

2
Temperature Test.

The temp. test shall
be carried out at
rated output for:

1. Machines with con-
tinuous rating
until the temperature
rise is practically con-
stant, that is until the
rate of increase of
temperature does not

exceed 19C per hour.

2. Machines with
short-time rating
for the period defined

by the rating.

c) Methods of mea-
surement of Tempera-
ture of the cooling media
same as B.E.S.A. rules.

d) Methods of mea-
surement of Tempera-
ture rises.

1. Thermometer
Method (generally)

2. Resistance Method
(for special cases).

e) Correction of Tem-
perature Rises for
Altitude.

Temp. Rise to be
reduced 2!/, per cent
for each 1000 feet.

3
f) Permissible

Temperature Rises.

Insu-
lation
Part of
machine

Ventilation

unob-

o structed
obstruc-
ted
Totally
enclosed

@]
+ partially

=
w
~
@]

TROC

All
wind-
ings
whose
in-
sulation
consists
wholly
orinim-
portant
part, of
cotton,
paper,
varni-
shed
cloth or
similar
ma-
terials.

|

47
(therm.)

55
(therm.)

40
(therm.)

Mica
As-
bestos
Prepa-
rates

Higher values
permissible
(not specified)

Raw,
Mica
Por-
celain,
fire
proof
Ma-
terials

Higher values
permissible
(not specified)
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Continuation: Appendix to Section I.

4 5
High Pressure Tests
Ventilation and Insulation Re-
. sistance.
Insu- . = @
. o B = © [ Nature of tests etc. as
lation L9 = -
232 |@Bg| 39 |B.E.S.A. rules!
Part of g‘é o8| =8 .
machine] 85 |g.2 A. High Pressure
ZERE - Test.
TROCITR°CTRC
Test
. Rated pressure
Corc in terminal | , @
Wl}lf(‘—lh pressure E| 5 §*§
Tngs | 4° | 47 | 55 > =2
are em- Not more
bedded than 1000| —
333 Volts
Commu- Above 333
tator butnotmore 3 E [1500
and 55 than
Slip- 1500 Volts
rings Above
1500 but not .
) more than [43°°
Alterna- 55 2250 Volts
tor field R :
coils | { es) t Above 2E | —
| 2250 Volts
R | Note: -
Sél_wll;t : Field wind-
1€ i f syn-:
I 60 65 . 7o |ngs olsyn-
coils of i chronous
D.C.ma- (Res.) | (Res.) | (Res.) machines
chines l ' intended to |
| i be started '
7 77 |from the A. .
C. side are |
to be tested i
with 5000/ —
Machines for Tropical con- E:llgsii?:_ :
ditions or other cases where ingsarepro- '
the air temperature is in excess } vided witha :
of 35°C (the permissible Tem- “br_ea::‘up” :
perature rises as above) are to wssﬁlt:h:,;);s
be reduced by 209/, except for | pe short cir- i
Mica, Asbestos and fire proof| cuited at ;
materials. starting ;

6

Note: E represents:

1. The test must be
based on the highest
pressure to which the
windings may be sub-
jected. H. P. tests on
field windingsareto be
based on the excitation
pressure.

2. In the case of ma-
chines driven by wa-
terwheels and exposed
to runaway conditions
or otherwise exposed
topossible excess pres-
sureitis recommended
that pressure-limiting
devices shall be pro-
vided, otherwise test
as under 1) necessary.

B. Insulation
Resistance Test.

In general the follow-
ing insulation resis-
tance is sufficient evi-
dence that the wind-
ings are in condition
to receive the High-
pressure test.

Rated Resis-
tance
pressure | Megohm
Low o2
pressure 25
above ! .
350 Volts °




30 Appendix to Section I (Rotating Machines).
Overloads, Commutation
. Tolerances.
Test, Starting.
a)Machines with continuous rating Subject Tolerance
having limits of full-load tempera-| Speed of o
ture rise and unobstructed ventilation | Shunt wound *5% ;’f dsfeed at full
are to be capable of withstanding Motors oad temp.
259/, overload for the periods: Sefi%esegv:lfn d +7,5%, of speed at full
load temp.
Outputs Duration Motors
Speed
100 kW or HP 2 hours | variation of | 50%, on the listed value
and above Asynchron- of slip
Below 100 kKW or HP ous machines
not below 25 kW or HP 1 hour Inherent
Pressure £ cge
Below 25 kW or HP| | Regulation of 04 of specified value
not below 2 kW or HP /s hour Generators
Below 2 kW or HP | 5 Min. Full load Ef-
ficiency 9/,*) Tolerance®/,:
b) Machines as above but with 295 0,5
partially obstructed ventilation are to < 95t093 0,75
be capable of withstanding 75%,| Efficiency | <93too90 I
overload for the periods as above. <9oto 85 1,5
c) Machines as above but of the <8 :o ;5 2
totally enclosed class have no over- <75 60 5 3
load rating except momentary as|=—-= <65 4
required for commutation tests. \ Fl‘;uFlg;‘d Tolerance?),:
Motors with short-time rating are oo o
to be capable of carrying: P Fact 290 2
ower Factor |~ =55 85 3
Overload torque|  Duration < 85 to 75 4
100 %/, l 30 Secs < 75t0 65 6
< 65 8
. (t/, load Efficiency > 4) } o
Commutation test. plus B
D. C. machines must operate Average load (®/, load " =< 3) ¢S
throughout the range from no load Guarantee for plus ' =
to the highest specified overload Efficiency 1/, load " =<2 )3
with fixed brush setting. The Tolerances as above
ti must be acticall
operation mus practically | Z=——=mrr

sparkless from no load to full load
and without injurious sparking up
to the maximum specified overload.

of Temp. Rise

2%,

*) Above values apply to conventional Effici¢ncy.
For directly measured efficiency the tolerance should
be increased 1/3%/, for Efficiencies = 889/, and 1%,
for Efficiencies < 889/,
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Transformers.

Rating-Classification.

Germany

Britain

a) Continuous Rating. The T. shall give
its rated output for any desired period
without exce:zding the limits specified
for observable temperature and tempe-
rature rise.

b) Continuous Rating with short-time load.
The T. shall give the rated output for
the specified period without exceeding
the limits mentioned under a). The load
period is assumed to be shorter than
the time required by the T. to reach
the constant end temperature condition;
the no-load period (secondary windings

disconnected) is assumed to be of such |

duration to enable the T. to reach the
constant no-load temperature.

c) Continuous Rating. Intermittent load.
Load periods of max. 5 min. are fol-
lowed by no-load periods the duration
of which is not sufficient to enable the
T. to reach constant no-load tempera-
ture. The T. shall give the rated out-
put with the specified relative load pe-
riods for any desired period without
exceeding the limits mentioned under a).

a) Continuous
Rating

is the output
at which a T.
canwork con-
tinuously for
an unlimited
period and
comply with
these rules.

a) Continuous Rating.
The T. shall be able
to conti-
nuously at its rated
output, without ex-
ceeding any of the
limitations establish-

ed.

operate




Section II.

Continuation: Rating-Classification.

Germany

Britain

U.S. A,

d) Short-Time Rating.
The T. shall give the
rated output for the
specified period without
exceeding the limits
mentioned under a).

e) Duty-cycle Rating.
Periods under pressure
of max. 5 Min. are fol-
lowed by periods during
which the T. is switched
off (entirely), the dura-
tion of which is not
sufficient to enable the
T. to reach the tempe-
rature of the cooling
medium. The T. shall
give the rated load
under the same condi-
tions as mentioned un-
der c).

f) Agricultural Rating.
100 0/, overload is ad-
missible for 12 hours
per day and during
approx. 500 hours per
year. The T. shall give
160°/, of the rated load
continously without ex-
ceeding the limits men-
tioned under a)
100, overload as above
the specified limits for
temperature and fempe-
rature rise may be ex-

ceeded by 10° C.

on

b) Short-Time Ra-
ting is the output
at which aT. can
work fora limited
period (to be spe-
cified in each
case) and comply
with these rules.
c) Duty-cycle
Rating
(in special cases)
is the continuous
rating which is
the thermal equi-
valent of the cy-
cle of duty speci-
fied.

b) Short - Time Rating. The T.
shall be able to operate at its
rated output during a limited
period to be specified in each
case without exceeding any of
the limitations established.

¢) Duty - Cycle Operation. For
purposes of rating either a con-
tinuous or a short-time equiva-
lent load may be selected which
shall simulate as nearly as pos-
sible the thermal conditions of
the actual duty-cycle.

d) Nominal Rating. (For special
cases). The nominal rating of a
substation transformer®*) carrying
traction load shall be the KVA-
output at a stated power factor
input, which, having produced
a constant temperature in the
transformer may be increased
509/, for 2 hours, without produ-
cing temp. rises exceeding by
more than §59C the limiting va-
lues stated hereafter. These T.s
should be capable of carrying
1009/, overload for one minute with-
out disqualifying them for conti-
nuous service.

e) Rating of Protective Reactors.
P.R. shall be rated by:

1. KVA absorbed by normal cur-
rent.
. Normal current, frequency as

lim (delta) voltage."

. Short circuit current which the

P.R. is required to stand.

* also for Substation machines.




Transformers.

Heating

3

3

Germany

Britain

1 U.S.A.

a) Standard- and max. permissible Temperatures of Cooling Media.

Normal 200C
Max. permissible air 35°C
Max. permissible water 25°C
Max. permissible oil 959C

40°C

(provisionally
adopted)go°C

} —_—
40°C
259C

90°C

b) Determination of End-Temperatures and Temperature Rises.

Heating Tes

The Heating Test shall be carried out at
rated load with the exception of T.s with
agricultural rating:

1. For T.s with continuous rating until the
attainment of a steady Temperature. (Test
started with T. warm or cold.)

2. For T.s with continuous rating and short-
time load. The test shall be started with
the T. at constant no-load temperature and
carried on for the specified period.

3. For T.s with short-time rating. The test
shall be started with cold Transformer i.e.
with the temperature of the windings within
39 C (max. higher) of the temp. of the cooling
medium and carried on for the specified
period.

4. For T.s with intermittent ratings as under
¢ and e on pages 31 & 32. The T.shall be sub-
jected to an intermittent load of the speci-
fied relative load periods and carried on
until the attainment of a steady temperature.
It shall be discontinued at the end of the
last load period. For the test the duration
of a load-cycle shall be 10 Minutes.

Note: For Ratings a, ¢ and e (pag. 31 & 32)
the Heating Test may be considered satis-
factory if the rate of increase of temperature
does not exceed r0C per hour and if the
temp. Is 50C below the guaranteed value.

s. For T.s with agricultural rating. For
the purposes of Heating Test the 609/, over-
load is considered as rated load. The 1009/,
overload heating test is started with the
Transformer on constant rated load tempe-
rature and continued until the attainment
of a steady temperature but not longer
than 12 hours.

t.
As one page 7.

Air blast
Transformers
Correction of

observed Temp.
Rise:

The Temp.
Rise as stated
on page 36 &
37 shall be re-
duced by 1 per
cent for each
20C that the

temperature
of the air en-
tering the
Transformer
isbelow40°C.

As on page 7.
Further:

Air-blast Trans-
formers. Correction
of observed temp.
rise due to dif-
ference in resis-
tance when temp.
of ingoing air ¢
differs from that
of the standard
of reference i. e.
409 Cels.

2745
2345+t

Loading of T.s for
Temperature Test.

The conditions
shall be such to
give losses as
nearly aspossible
equal to those
obtained under
normal or speci-
fied load con-
ditions.

Nettel, Comparison.
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Section II.

Continuation: Heating.

Germany

‘ Britain

|

U.S. A.

c) Methods of measurement of Temperature of the cooling media.

For 1. Transformer with air-cooling
(self-cooling).

For 2. Transformer oil-immersed,
self-cooling.

For 3. Transformer oil-immersed
with separate oil cooler (air cooled)
and forced oil circulation.

The temp. of the cooling medium
is to be taken as the mean of the
ambient air temperatures during the
last quarter of the test period.

For 4. T.s of air blast type.

For 5. T.s oil-immersed, tank forced
air cooled.

For 6. T.s oil-immersed, tank forced
air cooled also forced oil circulation.

For 7. T.s oil-immersed with sepa-
rate oil cooler which itself is forced
air cooled and forced oil circulation.

The temp. of the cooling medium
is to be taken as the mean of the
temperatures of the air at the air
inlet taken during the last quarter
of the test period.

For water cooled types:

8. With individual parts only cooled.
‘Windings not immersed.

9.0il-immersed,cooler inside of tank.

1o. Oil-immersed, cooler outside of
tank and forced oil circulation.

The temp. of the cooling medium
shall be taken as the mean of the
temperatures of the water at the water
inlet taken during the last quarter
of the test period.

If the amount of heat carried off
by the ambient air is considerable,
the temp. of the cooling medium is
to be considered the mean value
derived from the formula

Ty

Twm = mean value of temp. of cooling
medium.

T[ = temp. of ambient air.

Tg = temp. of other cooling medium.

WL =heat carried off by ambient
air kW.

Wk = heat carried off by other me-
dium kW,

The air
temperature
shall be taken
as the mean
of the read-
ings of the
thermometers
taken at equal
intervals dur-
ing the last
quarter of the
duration

pipeventila-
tion or forced-
draught, the
air temp. is to
be measured
by a thermo-
meter placed
in the current
of the in-
coming  air.

of .
the Test. For '

The value to be adop-
ted for theambienttemp.
during atest, is the mean
of the readings of the
thermometers taken at
equal intervals during
the last quarter of the
duration of test.

Water-cooled T.s. The
temp. rise shall be based
entirely upon the temp.
of the cooling water. If
under assumed standard
conditions (water 250,
air 40°C) the amount
of heat carried off by
the air is 159, or more
of the total, the temp.
of the cooling water

. during test should be

maintained within 5°C
of that of the surround-
ing air, Where this
is impracticable the
ambient temperature
should be determined
from the change in the
resistance of the wind-
ings, using a disconnec-
ted Transformer,

supplied with thenormal
amount of cooling water
until the temp. of the
windings has become
constant.
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Continuation: Heating.

Germany

Britain

U.S.A.

d) Methods of measurement of Temperature rises.

The temperature rise of
windings of air cooled t.s is de-
fined as the higher of the two
values as below

I. Mean temperature rise by
Resistance Method.

2. Temperature rise of the hot-
test accessible spot measured
by Thermometer.

For oil immersed T.s Method 1
only shall be used.

For T.s for very heavy currents
the Resistance method is
not exact; special arrange-
ments for measuring oil
temperature only are re-
commended.

Temp. rise of core shall be
determined by Thermometer
Method at the hottest acces-
sible spot.

Temp. rise of oil shall be
determined by Thermometer
measured near oil surface in
the tank.

Resistance
Method for
windings

Temp. rise
of core
same as

Germany.

Temp. rise

of oil shall

be determi-
ned by

thermometer

in oil,

The temperature of
the windings shall be
measured by their in-
crease of resistance and
by thermometers which-
ever measurement yields
the higher temp., that
temp. shall be taken as
the highest observable
temperature by method 2
(page 10).

Temp. rise of core
same as Germany.

Temp. rise of oil
same as Germany.

e) Correction of Temperature Rise for Altitude.

As on page I11I.

As on
page I1.

As on page 11 but
water-cooled T.s are
exempt.
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2. Surge Test (Germany only).

The surge test (Purpose see under Section I) shall be made on the
factory test bed with the completely assembled transformer with windings
for rated voltages from 25 to 60 kV in accordance with the diagrams of

connections as shown below.
[ 9 The Transformer winding on test shall be con-
. nected to cables or condensers (C) over sphere
sparkgaps (F) with solid spheres of at least 50 mm
diameter. — The test capacitance of the cables

or condensers shall be as follows:

Capacitance C
7 7 Rated of cach phase Suitable form of capaci-
Voliage E min, x4 F. tance
kV (Mikrofarads) -
2,5 up to 6 0,05 cable or condenser
F F » n 1§ 0,02 » ” ”
+ + +(‘% lc » n 35 0,01 ” ” ”
T » 1y 60 0,005 condenser
Details of test as for machines Section I
2. Insulation 2. Insulation
. Test on Turns. . .
3 Turns Resistance. Resistance Test.
Germany E Britain t U.S.A.
The winding test shall be made The insulation test may afford
under no-load condition by in- a useful indication as to whe-
creasing of the supplied voltage ther a machine is in suitable

condition for application of the
dielectric test. The insulation
test shall be made with all cir-
cuits of equal voltage above
Duration of Test: 5 Minutes. s(ajm; Zs ground connected together. Cir-

. - | cuits or groups of circuits of

up to the values given below.
The frequency can be increased
correspondingly.

Test voltage different voltage above ground
Output kVA | ——MM —— shall be tested separately,
Rated voltage Test pressure if possible
up to 1000 2 o D. C. 500 V?Its. ‘
. Minimum values in Megohms
over 1000 If possible 2; for dry apparatus (not oil-immer-

| min. 1,3 sed) see page 17.

Working in parallel (Germany only).

It is recommended that T.s of different outputs and with a ratio of
outputs over 1:3 shall not be required to work in parallel continuously.

T.s shall be considered to work in parallel satisfactorily if the rated im-
pedance voltages do not differ from their mean value by more than 4 109/,.
T.s with tappings shall not in every case be required to work in parallel satis-
factorily on all ratios.

Overloads.

In general none specified with
the exception of nominal rating
see page 32.

In general none specified with
the exception of agricultural T.s
see page 32.

none
specified
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Efficiency, Transformer Losses.

Germany

U. S. A,

Recognized Efficiencies: Losses only
mentioned, therefore Conventional
Efficiency implicitly recognized only.

Miscellaneous losses: The power con-
sumption of motors for separate venti-
lating blowers as also that of water-
or oil-circulating pumps shall be
stated separately.

General conditions: see page 20.

No-load Losses are considered equi-
valent to the input at normal rated
pressure on the primary side, at rated
frequency and with the secondary
terminals disconnected. They in-
clude the core loss, the dielectric
loss and the I2R loss due to the no-
load current. The n. 1. 1. are gene-
rally measured from secondary side.

Load Losses are considered equi-
valent to the I?R losses at rated
current and frequency, at working
temperature measured within the
terminals.

They shall be measured by applying
the impedance voltage to the T. with
the secondary windings short cir-
cuited. Stray-load losses due to eddy-
currents are included in the losses
measured as before.

The L R. of a T. at a specified
Power Factor is the rise of the se-
condary voltage in per cent of the
rated secondary pressure if the load
is altered from rated load to no load
and with. primary voltage and fre-
quency constant.

|

1. General.

Recognized Efficiencies:
1. Directly measured Efficiency
Output
" Input
2. Conventional Efficiency (deter-
mined from losses).

General conditions: see page 20.

2. Classification of Losses and their Measurement.

No-load Losses include the core
loss, the I%R loss due to the exciting
current and the dielectric lossin the
insulation.

They shall be measured with open
secondary circuit at the rated fre-
quency, and with an applied primary
voltage giving the rated secondary
voltage plus the IR drop which occurs
in the secondary under rated load
conditions.

Load Losses include I?R losses and
stray load-losses due to eddy-currents
caused by fluxes varying with the
load.

They shall be measured by apply-
ing a primary voltage, at rated fre-
quency, sufficient to produce rated
load current in the with the windings
secondary windings short-circuited.

Inherent Regulation

to be measured at the temperature attained under normal operation.

Britain I U.S.A.

Same as Germany.

Unless a P. F. is speci-
fied the regulation is
understood to refer to

P.F.=1.

Germany . for losses

Tolerances.

10%/, of copper and core losses.

-
Britain , . . . <‘|

for temp.' rise

expressly none,
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Appendix to Section II (Transformers).

British Electrical and Allied Manufacturers Association Rules.
Fourth Edition 1920.

Rating Classification.
a) continuous.
b) short - time.

Heating.

a) Standard- and max. permissible
temp. of cooling media.

b) Determination of End-Temp.
and Temp. Rises.

c) Methods of measurement of
temperatures of cooling media.

d) Methods of measurement of Tempe-
rature Rises:
oil cooled types: Resistance Method,
air 5 : Thermometet ,,
Temp. Rise of oil measured by
thermometer as also core tempe-
rature.

¢) Correction for Altitude same as Ap-
pendix to Section I.

f) Permissible Temp. Rises,

same as Appen-
dix to Section I.

Type
ET *
of Trans- TR?)
former oC oC

Class
of Insulation

High Pressure Test
and Insulation Resistance.

Nature of Tests etc.: same as B.E.S.A.
1. High Pressure Test.

Rated terminal Test pressure
pressure min.
E Volts Volts
not more than 1000 _
333 Volts
above 333 Volts
not more than 3E | 1500
500 Volts
Above 1500 Volts
but not more than 4500 —
2250 Volts
above 2250 Volts 2E —

Note: same as B.E.S.A. page 38& 39.

2. Insulation Resistance. In general
the following insulation resistance
is sufficient evidence that the wind-
ings are in condition to receive the
high-pressure test.

Fibrous mate-| air-cooled
rial as paper,|(generally)
cotton, silk

85 50

oil cooled| 8g 50

Mica and

Asbestos Higher
preparates values
Raw Mica permissible
or other (n0t' speci-
fire-proof fied)
material

*) Method of measurement see un-
der d).

Note: Transformers for tropical con-
ditions or other cascs where the air
temp. is in excess of 35°C the per-
missible temp. rise (as above) is to be
reduced by 20°/, except for Mica or
Asbestos Insulation.

Rated pressure 123:;5::;?
low pressure 0,25
above 350 Volts 1
Overloads.

Overload capacity:
259, for 2 hours,
1009/, for 30 secs.

Tolerances.
Full-load Efficiency
(by summation of Tolerance
losses)
98 9/, or higher 0,25,
below 98 9/, 0,49,
average load see page 30
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