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IEEE Standard 
Requirements,  Terminology,  and Test Procedure  for 

Neutral  Grounding Devices 

1. General 

1.1 Scope. This  standard applies  to devices 
used for the purpose of controlling the ground 
current or the  potentials  to  ground of an 
alternating  current system. These devices are: 
grounding  transformers,  ground-fault  neu- 
tralizers,  resistors,  reactors,  capacitors, or 
combinations of these. 

1.2 Service Conditions. 
1.2.1 Usual  Temperature  and  Altitude  Ser- 

vice  Conditions. Devices conforming to  this 
standard  shall be suitable for operation at  
their  ratings provided that: 

(1) The temperature of the cooling air  (am- 
bient  temperature) does not exceed 4OoC and 
the average temperature of the cooling air for 
any 24-hour period  does not exceed 3OOC. 

N O T E  It  is recommended that  the average tem- 
perature  of the cooling air  be calculated by averaging 24 
consecutive hourly readings. When the outdoor  air is the 
cooling medium, the average of the maximum and min- 
imum daily temperatures may be used. The value which 
is obtained in this manner is usually slightly higher than 
the true daily average  but not by  more than % O C .  

(2) The  altitude does not exceed  3300 ft  
(1000 m). 
1.2.2 Unusual  Temperature and Altitude 

Service  Conditions. Devices conforming to  this 
standard  may be applied to higher ambient 
temperatures or at  higher  altitudes than spec- 
ified in 1.2.1, but  their performance will be 
affected and special consideration  should be 
given to these  applications. 
1.2.3 Other Unusual Service  Conditions. 

Where unusual conditions other  than those 
discussed  in 1.2.2 exist, they  should be 
brought  to  the  attention of those responsible 
for the design and  application of the equip- 
ment.  Examples of such conditions are: 

(1) Exposure  to  damaging fumes, radiation, 
or vapors; excessive abrasive or magnetic  dust; 
explosive mixtures of dust, vapors, or  gases; 
steam, excessive moisture,  dripping  water, fog 
or spray;  salt or acid;  etc. 

(2) Abnormal  vibration,  shock, o r .  tilting 

(3) Unusual  transportation or storage con- 

(4) Unusual  space  limitations. 
( 5 )  Abnormal  operating  duty, frequency of 

operation, difficulty of maintenance, poor 
waveform, excessive unbalance voltage, spe- 
cial insulation requirements,  lack of normal 
lightning  arrester protection, unusual mag- 
netic shielding problems, harmonics  in excess 
of or other  than those expressed in Note of 
Section 2.2. 

from earthquakes or other causes. 

ditions. 

N O T E  Unless an air-core  reactor is fully shielded 
magnetically, consideration should be given to its loca- 
tion relative to other apparatus and to metallic structures 
which may suffer overheating due to stray fields and 
mechanical damage under fault conditions. 

(6) System  having  a  ratio of reactance  to 
resistance X / R  greater than 10. See  Section 
2.2. 

1.3 Operation at Altitudes in Excess of 3300 ft 
(1000 m). Standard devices may be applied  in 
locations having an  altitude  in excess  of  3300 
f t  (1000 m),  but  the dielectric strength of air- 
insulated  parts  and  the  current-carrying Ca- 
pacity will  be affected. 
1.3.1 Insulation. The dielectric strength of 

air-insulated  parts of a given insulation class 
a t  or above 3300 f t  (1000 m)  should be multi- 
plied by the proper correction factor,  as given 
in  Table 1, to-obtain  the dielectric strength  at 
the required  altitude. 

An altitude of 15 O00 f t  (4500 m) is consid- 
ered a  maximum for standard devices. 
1.3.2 Operation  at  Rated  Current. Devices 

with  standard  temperature rise .may  be used 
at  rated  current  at altitudes  greater than 3300 
f t  (1000 m) provided the average temperature 
of the cooling air does not exceed the values in 
Table 2 for the respective altitudes.  Under 
these  conditions, standard  temperature  limits 
will not be  exceeded. 

7 
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32-72 

Table 1 
Dielectric Strength Correction Factors for 

Standard Devices at Altitudes 
Greater than 3300 f t  (1000 m) 

Altitude 

meters feet 
Factor  for 
Correction 

1000 
1200 
1500 
1800 
2100 
2400 
2700 
3000 
3600 
4200 
4500 

3300 
4000 
5000 
6000 
7000 
8000 
9000 
9900 

12  O00 
1 4  O00 
1 5  O00 

1.00 
0.98 
0.95 
0.92 
0.89 
0.86 
0.83 
0.80 
0.75 
0.70 
0.67 

2. Basis for Rating 

2.1 Conditions. Ratings for devices are based 
on standard  operating conditions and  shall 
include  the following: 

(1) Current 
(2) Voltage 
(3) Frequency 
(4) Basic  Impulse  Insulation Level (BIL) 

( 5 )  Circuit Voltage of System 
(6) Service (Indoor  or  Outdoor) 
(7) Time 

and  Insulation Class 

2.2 Rated  Current. Unless otherwise speci- 
fied, the basis for this  rating  shall be the 
thermal  current,  This will be the  current 

through  the  neutral device during a  ground- 
fault  condition at the device location. 

Implicit  in  the  thermal  current  rating is an 
associated  continuous current which,  unless 
otherwise specified, shall bear the following 
relationship to  the  thermal  current  rating: 

Continuous  Duty  Current in Percent 
of Thermal  Current  Rating 

Reactors,  Ground-Fault 
Neutralizers, and Trans- 

Rated  Time  formers Used For 
of Device Grounding  Resistors 

10 s 3 
1 min 7 
1 0  min  30 
Extended Time 30 

O 
O 
O 
o 

NOTE Where there is a third  harmonic  component of 
current, it shall  not exceed 15 percent of the  rated 
continuous  duty  current. 

Devices shall be able to  withstand,  without 
mechanical  failure, forces associated with  the 
crest of the offset current wave, assuming 
subtransient  reactance  fault conditions. This 
current crest, for devices other  than resistors, 
shall be determined  from  the following equa- 
tion: 

I, = KIT (Eq 1) 
where 

I ,  = Crest of the initial offset current 
K = Multiplier from Table 3 
IT = Thermal current rating 

2.3 Rated Voltage (see definition in Section 
13). The rated voltage except for certain resis- 
tors (see 10.1.1) and grounding  transformers 

Table 2 
Maximum  Allowable  Average Temperature,* Degrees 

Celsius of Cooling Air for Carrying Rated-Current 

Methods of Cooling 3300ft  6600ft 99OOft 13 200 f t  
Apparatus (1000m)  (2000m)  (3000m)  (4000m) 

Oil-Immersed  Self-Cooled 30  28  25  23 
Dry-Type  Self-Cooled 

5 5 : ~  rise 30 27 24  21 
80  Crise  30 26  22 18 
15OoC rise 30 22 1 5  7 
Resistors 30 3 -14 "25  

*For  recommended  calculation of average temperature,  see  Note 
in 1.2.1. 

~ ~~~~ 
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Table 3 
Value  of K for Eq 1 

X / R  K X / R  K X / R  K 

1000 3.390 28 3.215 13 3.026 
250 3.379 24 3.186 12 3.000 
100 3.342 20  3.148 11 2.97 O 

65 3.312 18 3.121 10  or less 2.940 
45 3.278 16  3.089 
34 3.245 15 3.070 

NOTE: 

K = 1.2 

When sequence impedances  for the  system  are  not 
specified, the  ratio X / R  shall be taken  to be the  ratio 
of ohms  reactance  to  ohms resistance (dc) in the 
winding of the device through which the  current flows. 

When the  system to which the  neutral device is con- 
nected  has  an X / R  ratio  at  that  point which is greater 
than 10, the  ohmic values of sequence impedances 
should be  specified. When specified, the  manufacturer 
shall combine  them  with  the X and R of the device to 
determine  the value of K to be used  in  calculating I , .  
The 1.2 factor is based on use of transient  reactance in 
calculating thermal  current. 

(see 9.2.31, shall be taken  as  the product of the 
rated  thermal  current  and  the impedance of 
the device at rated  frequency and  at 25 "C. 

A device consisting of tapped  sections or 
sections  connected  in series may  have  a  rated 
voltage for each  section  determined  from the 
impedance and  the  rated  thermal  current of 
the section  as above. 

2.4 Rated Frequency (see definition  in Sec- 
tion 13). The rated frequency shall be the 
fundamental, except that for some devices 
such  as  neutral wave traps,  the  rating may 
include  additional  harmonic  frequencies 
which the device is designed to control. 

2.5 Rated Time (see definition  in  Section  13). 
Rated  time  shall be 10 seconds, 1 minute, 10 
minutes,  and extended time.  Extended-time 
operation  shall  not exceed an average of  90 
days per year. 

3. Insulation Classes and Dielectric 
Withstand Levels 

3.1 Basic  Impulse  Insulation Levels and  In- 
sulation Classes (see definition  in  Section  13). 
AI1 apparatus covered  by this  standard  shall 
be assigned BIL (basic  impulse  insulation 
levels) and/or  insulation class designations. 

32-72 1 4805702 O0 

Table 4 
Insulation Classes for 

Neutral Grounding Devices 

0088 

Insulation Class 
~~ 

System  Insulation  Fault Voltage Criteria 
~~ 

Class,  kV (See Note 1) (See Note 2) 

Column 1 Column 2 Column 3 Column 4 

Class BIL kV kV 

1.2 
2.5 
5.0 
8.7 

15.0 
23.0 
34.5 
46.0 
69.0 
92.0 

115.0 
138.0 
161.0 
180.0 
196. O 
230.0 

45 
60 
75 
95 

110 
150 
200 
250 
350 
450 
550 
650 
750 
825 
900 

1050 

1.2 
2.5 
5. O 
8.7 
8.7 

15.0 
25.0 
34.5 
46.0 
69.0 
69.0 
92.0 
92.0 

115.0 
115.0 
138.0 

1.2 
2.5 
5.0 
8.7 
8.7 
8.7 
8.7 

15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 

NOTE 1: Where the  insulation class for the  terminal of 
a device  is specified to be the system insulation class, the 
nominal system insulation level shall  apply except that 
reduced BIL may be used where appropriate. 

NOTE 2: When the  fault voltage criterion  applies, the 
maximum  rms voltage that may exist between the  termi- 
nal  and ground, under  fault conditions, is determined. If 
this  fault voltage falls between the values in columns 3 
and 4 corresponding to  the system insulation class  in 
column 1, the system insulation class at  the  terminal in 
question shall be the value  in  column 3 which equals or is 
next higher than  the maximum fault voltage. If the  fault 
voltage is less than  the value in column 4, the system 
insulation class at  the  terminal in  question shall be the 
value  in  column 4. If the  fault voltage exceeds the value in 
column 3 the system insulation class at  the  terminal  in 
question shall be the value  in  column 1. 

Specific instructions for selecting the  BIL 
and  insulation class, and associated  dielectric 
tests for a  particular device, are covered in  the 
section of the  standard which is set  aside for 
the device in  question. 
Reactors . Section 7 
Ground-Fault Neutralizers  Section 8 
Grounding  Transformers  Section  9 
Resistors  Section 10 
Capacitors  Section 11 
Combination Devices Section 12 

Basic  impulse  insulation levels and  in- 
sulation class designations used with  ground- 
ing devices are given in  Table 4. 

9 
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The two  ends of the winding of a  neutral 
device may be assigned different  insulation 
levels. 

3.2 Dielectric  Withstand Test Levels. Ap- 
plied-potential,  induced-potential,  and  im- 
pulse test  withstand levels are  those given in 
Table 5. For duration  and frequency of test, 
see 14.2.2. 

3.3 Protective Devices. Suitable  protective 
devices shall be provided whenever necessary 
to hold transient overvoltages at  the  terminals 
of a device to values  within the limits  set by 
the selected insulation levels. 

4, Temperature Limitations 

4.1 Limits. Steady-state  and  rated-time tem- 
perature  rises  for  current-carrying  parts, 
determined  under  standard  operating condi- 
tions,  shall  not exceed the limits  established 
in  Table 6. 

Top oil temperature rises determined  under 
standard  operating conditions shall  not ex- 
ceed the limits  established in  Table 8. 

Parts,  other  than  current-carrying  parts,  in 
contact  with or adjacent  to  insulation  or oil, 
shall  not  attain  temperature rises in excess of 
those allowed for current-carrying  parts.  Oth- 
er parts  shall  not  attain  temperatures  that 
will be injurious  to  structures, or personnel, or 
produce.excessive smoke or toxic fumes. 

4.2 Steady-State  Temperature Rises (see defi- 
nition  in Section 13). The  steady-state aver- 
age  winding  temperature  rise  shall be 
determined by routine  test (see Section'5.1). 

The  steady-state  hot-spot winding  tem- 
perature rise T H s  shall be determined by 
design test. 

4.3 Rated-Time Temperature  Rises (see defi- 
nition in Section 13). 
4.3.1 Ten-Second and One-Minute  Ratings. 

The rated-time  temperature rise of 10-second 
and  1-minute devices is an average winding 
rise (except resistors, for which it is a  hot-spot 
rise). 

The rated-time  temperature rise of 10-sec- 
ond  and  1-minute devices shall be taken  as  the 
sum of the  steady-state rise determined  as  in 
4.2 and  the  additional  rise caused by the flow 
of rated  thermal  current  (or, for certain resis- 

10 

tors, the application of rated voltage) for rated 
time,  determined by calculation,  using Eq 11 
(for resistors, Eq 17). 
4.3.2 Ten-Minute  Ratings. The  rated-time 

temperature rise of 10-minute devices is an 
average winding rise (except  resistors,  for 
which it is a  hot-spot rise). 

The  rated-time  temperature rise of 10-min- 
Ute devices shall be taken  as  the winding rise 
above ambient  resulting from the flow of rated 
thermal  current  (or, for certain resistors, the 
application of rated voltage) for 10  minutes 
starting with an  initial  temperature rise equal 
to  the  steady-state rise of the device. 

The  rated-time  temperature rise of 10-min- 
U t e  devices shall be determined by routine  test 
(Section 5.1). 
4.3.3 Extended-Time  Ratings (see defini- 

tion  in  Section  13). The  rated-time  tem- 
perature rise of extended-time devices is an 
average winding rise (except resistors,  for 
which it is a  hot-spot  rise). 

The  rated-time  temperature rise of extend- 
ed-time devices shall be taken  as  the  ultimate 
rise above ambient  resulting from the  contin- 
ued flow of rated  thermal  current  (or, for 
certain resistors, the continued  application of 
rated  voltage). 

The  rated-time  temperature rise of extend- 
ed-time devices shall be determined by routine 
test (Section 5.1). 

5. Tests 

Unless otherwise specified, tests  shall be 
made at the  manufacturer's facilities. 

5.1 Routine Tests (see definitions  in  Section 
13). The following routine  tests  shall be made 
on all devices where feasible, except as covered 
in  the section of the  standard which  is  set 
aside for the device in  question. Thè  numbers 
shown do not necessarily indicate  the se- 
quence  in  which the  tests  shall be made. All 
tests  shall be made  in accordance  with  Section 
14, Test Code. 

(1) Resistance  measurements of all wind- 
ings on the  rated voltage connection and  taps 
or sections of each device 

(2) Voltage measurements  on  the  rated 
voltage connection and  on  all  tap  connections 

(3) Polarity  and  phase  relation  tests  on  the 
rated voltage connection 
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Table 7 
Time Factor Multiplier M for Use in Equation in Table 6 

Oil-Immersed I 
55OC Rise I 55OC Rise 

~~ 

Steady-State Multi- 
.verage Winding plier 

Rise M 

55 1.0 
54 0.13 
53  0.074 
52 0.053 
51 0.043 
50 0.037 
48 0.031 
46 0.026 
44 0.024 
40 0.022 
35 

<30 
0.021 
0.020 

Steady-State Multi- 
Average Winding plier 

Rise M 

65 1.0 
54 0.15 
53  0.088 
52 0.066 
51 0.052 
50 0.045 
49 0.040 
48 0.036 
46 0.031 
44 0.027 
42 0.025 
40 0.024 
35 0.022 
30  0.021 

<25  .0.020 

I 

Table 8 
Limits of Top Oil Temperature Rise 

Conservator or No Conservator or 
Inert Gas Cushion Inert Gas Cushion 

Steady-State 55" c 50" C 
Extended-Time 55O c 50"  C 
Short-Time 60" C 55°C 

(4) Excitation loss at rated voltage on  the 
rated voltage connection 

(5) Excitation  current at  rated voltage on 
the  rated voltage connection 

(6 )  Impedance voltage and power at  rated 
current on rated connection of each device 
and  the  tap connections of one  unit  only of a 
given design 

(7) Temperature  test or tests  shall be made 
on a device only if no record of a temperature 
test,  made  in accordance  with  these stan- 
dards,  on a duplicate or essentially  duplicate 
design, is available 

NOTE This  standard provides for using values calcu- 
lated from tests at  reduced currents. 

(8 )  Dielectric  tests 

Dry-Spe  

80°C Rise 15OoC Rise 

Steady-State Multi- Steady-State Multi- 
Average Winding plier Average Winding plier 

Rise M Rise M 

80 1.0 150 1.0 
79 0.18 149 0.21 
78 0.098 148 0.12 
77  0.069 147 0.085 
76  0.056 146 0.067 
75 0.047 145 0.056 
74 0.041 144 0.049 
73 0.037 142 0.040 
72 0.034 140 0.034 
70 0.030 138 0.031 
68 0.027 136 0.028 
66 0.025 134 0.026 
64 0.024 132 0.025 
62 0.023 130 0.024 
60 0.022 128 0.023 
55  0.021 124 0.022 

<50 0.020 120 0.021 
<115  0.020 

5.2 Dielectric  Tests (see definition in Section 
13). Dielectric  tests shall consist of impulse 
tests  (when  required), followed by low-fre- 
quency  applied-potential  tests  and  induced- 
potential  tests. 
5.2.1 Impulse Tests (see definition in Sec- 

tion 13). The impulse test wave is a 1.2 X 50 
microsecond wave, as described in Section 14. 

(1) Reduced Full- Waue Test. For  this  test, 
the applied voltage wave shall  have a crest 
value of 50 to 70 percent of the full-wave  value 
given in  Table 5. 

(2) Chopped- Waue Test. For  this  test,  the 
applied voltage wave shall have a crest voltage 
and  time  to flashover in  accordance  with 
Table 5.  The chopped wave shall be obtained 
by flashover of an external rod gap. 

(3) Full- Waue Test. For this  test,  the  ap- 
plied voltage wave shall  have a  crest  value  in 
accordance with  Table 5. 

The impulse  test  on  a  line  terminal  consists 
of one  application of a reduced voltage full 
wave, two  applications of a chopped wave, 
followed  by one  application of a full wave. 
Ëither,  but  not both, positive or  negative 
waves may be  used. Waves of negative polarity 
for oil-immersed devices and of positive polari- 
t y  for dry-type or compound-filled devices are 
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recommended.  If, in  testing oil-immersed de- 
vices, the atmospheric  conditions at  the time 
of test  are  such that  the bushings will not 
withstand  the specified polarity wave, then  a 
wave of the opposite  polarity  may be used. 

The impulse  test  on the  neutral of a device, 
when  brought  out  through a bushing, will 
consist of one reduced full wave and two  full 
waves having  a  crest voltage for the  insulation 
class of the  neutral, provided the size of the 
neutral  bushing pemits. This  test on the  ne- 
tural will be made  only  when specifically 
called for. 

If the  insulation class of the highest voltage 
neutral  bushing for which provision is made is 
different  from  the  insulation class of the neu- 
tral  end of the winding, the impulse  test 
voltage will be for whichever insulation class 
is lower. 

When applied  directly to  the  neutral,  the 
test waves shall be 1.2 x 50 microsecond 
waves. When  induced in  the  neutral by the 
application of 1.2 X 50 microsecond waves to 
other  terminals,  the wave shape  shall be that 
resulting  from  the  characteristics of the wind- 
ing. If the  neutral  ends of windings are speci- 
fied for alternate or future connection as  line 
terminals,  standard  tests  shall be applied to 
the  neutral  as  outlined above. 

The foregoing paragraphs also apply  to  the 
terminals of the series devices to be located  in 
the  neutral. If the series windings have taps, 
tests  should be made  with  maximum  turns  in 
the windings. 

For  impulse  tests  on devices of very low 
impedance, see Section 14. 

When devices covered by this  standard  are 
to be assembled in  a common tank  and  inter- 
connected, the complete assembly shall be 
tested as a  unit  at 100 percent of the lowest 
test voltage required by any of the com- 
ponents. 

5.2.2  Applied-Potential  Test (See  definition 
in Section 13). For devices designed so that 
either  terminal of a winding can be used as  the 
line  terminal,  the  applied-potential  test  shall 
be made by applying between each  winding 
and all  other windings connected to ground  a 
low-frequency voltage from an external  source 
in  accordance  with  Table 5. 

For devices with reduced insulation at  the 
neutral,  the  applied-potential  test  shall be 

made by applying between the winding and 
all  other windings  connected to ground  a low- 
frequency voltage from an external  source,  in 
accordance  with  Table 5 based upon the  in- 
sulation class of the  neutral  end. 

All other dielectric  circuits and  metal  parts 
shall be grounded during  the  test. 

The  duration of the  applied-potential  test 
shall be one  minute. 

5.2.3 Induced-Potential  Test (see definition 
in  Section 13). The induced-potential  test for 
devices which receive the full standard  ap- 
plied-potential  test  shall be made by applying 
between the  terminals of one  winding  a volt- 
age of twice the  normal voltage developed in 
the winding,  unless this will produce a voltage 
between the  terminals of any winding  higher 
than  the low-frequency  test voltage specified 
in  Table 5. I n  this case, the induced voltage 
developed between terminals of any winding 
shall be limited to  the specified low-frequency 
test voltage for that winding. 

If test  conditions are  such that  the induced- 
potential  test, if made  as described in  the 
previous paragraph, would not produce the 
voltage required therein between adjacent 
three-phase  line  terminals,  the  test  shall be 
modified to produce this voltage. 

For devices with reduced insulation at  the 
neutral, when  neither  the  applied-potential 
nor  the  induced-potential  tests, if made  as 
described above, would produce between line 
terminals  and ground (not necessarily be- 
tween  line terminal  and  neutral)  the low- 
frequency test voltage specified in  Table 5, 
corresponding to  the  insulation class of the 
line  end,  then  the  induced-potential  test  shall 
be modified to produce this voltage. 

The induced-potential  test  shall be applied 
for 7200 cycles if the frequency is 120 Hz or 
more. The  duration  shall be 60 seconds for 
frequencies less than 120 Hz. 

5.3 Losses and Impedance. Excitation losses 
and exciting current  shall be determined from 
the  rated voltage and frequency on  a  sine- 
wave basis unless  a  different form is inherent 
in  the  operation of the  apparatus. 

Load losses shall be determined for rated 
voltage, or current, or both,  and  frequency, 
and  shall be corrected to  a reference tem- 
perature of 75OC. 

15 . 
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6. Construction 

6.1 Bushings, Insulators,  and Oil. Bushings 
shall comply with IEEE Std 21-1964, Re- 
quirements and  Test Code for Outdoor Ap- 
paratus  Bushings  (ANSI C76.1-1964 (R 
1970)). 

Insulator  units  shall comply with IEEE Std 
324-1971, Definitions and Requirements for 
High-Voltage Air Switches,  Insulators,  and 
Bus  Supports  (ANSI C37.30-1970). 

The dielectric strength of insulating oils 
when  shipped  shall be 30 kV minimum  as 
measured by the  standard methods of testing 
electrical insulating oils. See American  Na- 
tional  Standard Method of Testing Electrical 
Insulating Oils, C59.2-1970, 

6.2 Nameplates.  Nameplates of devices 
designed primarily  as  grounding devices shall 
have  as  a  minimum  amount of information 
the following: 

1. Name of manufacturer 
2. Serial  number 
3. Name of device 
4. Type designation (if any) 
5. Impedance (except resistors) 
6. Number of phases 
7. Temperature coefficient of resistance 

8. Rated  current 
and resistance at 25 OC (for  resistors  only) 

NOTES (1) Initial value of current for neutral ground- 
ing resistors rated on constant voltage. 

(2) When a neutral grounding device has more than 
one current-time rating, each rating shall appear on the 
nameplate. 

9. Rated frequency 
10. Rated  time 
11. Rated voltage 
12. BIL of “line” 
13. Indoor or outdoor service 
14. Weight 
15, Volume of oil 
16. Instruction book number or equivalent 
The nameplate  shall be affixed to each 

device by the manufacturer. Unless otherwise 
specified, it shall be made of corrosion-resist- 
a n t  materials. On devices with  one or more 
taps  not brought  out of the case, a  diagram 
shall be included. 

6.3 Tanks  and Enclosures. Tanks where ap- 
plicable shall be designed to  withstand  with- 
out  permanent deformation  a  pressure 25 per- 

cent greater than  the maximum  operating 
pressures  resulting  from the system of in- 
sulation preservation or ventilation used. For 
tanks,  the maximum  operating  pressures 
(positive and negative) for which the  tank is 
designed shall be indicated  on the  rating 
plate. 

Bolted or  welded main cover construction 
shall be considered as  alternate  standards. 

A  pigment paint  shall be used when surfaces 
are  painted. 

Tanks  shall be designed for vacuum  filling 
in  the field on  all  current-limiting devices 
with 350 BIL or higher and  all  rated 2000 
kVA equivalent  or  higher of any  insulation 
level. 

7.  Reactors 

7.1 Insulation Levels. The line  end  and 
ground  end insulation levels shall be selected 
from Table 4 on the basis of fault voltage 
criteria,  Columns 3 and 4. 

7.2 Dielectric  Tests.  Dielectric  test withstand 
levels shall be those  listed  in Table 5 for 
applicable insulation class, as follows: 
Impulse chopped-wave test 
(oil-type  only)  Column 2 
Impulse full-wave test  Column 3 
Applied-potential  test  Column 4 
Induced-potential  test  Column 5 
7.2.1 Impulse  Tests. Reactors  shall be 

designed to withstand impulse  tests, but  the 
impulse  tests  are  required  only  when speci- 
fied. 
7.2.2 Applied-Potential  Tests. Applied-po- 

tential  tests  are required. They  shall be made 
at  the test voltage corresponding to  the  in- 
sulation class assigned to  the ground end if it 
is  lower than  the  insulation class assigned to 
the line  end. The external  ground  connection 
is  removed for this  test. If the ground  end 
bushing is not capable of withstanding  this 
test voltage, i t  is to be disconnected, and, if 
necessary,  special insulation is to be provided 
for test purposes. 
7.2.3 Induced-Potential Tests. Induced-po- 

tential tests are required. The ground  end 
shall be connected to ground for this  test. 
When  taps  are provided, the test  shall be 
made  on  the  tap which produces the highest 
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voltage per turn  in  the winding and also  on 
the connections  having the greatest number of 
turns,  but  the voltage to ground at  the line 
end  shall  not exceed the specified test voltage. 

For dry-type reactors  a voltage of suitable 
frequency  having a crest  value equal  to  the 
crest value of the voltage listed in  Column 5, 
Table 5 ,  shall be applied between the  termi- 
nals of each winding. 

For oil-immersed reactors, each  line end 
and  each  ground  end of the winding  shall be 
tested  by-  applying  to  the  terminal  one 50- 
percent, followed  by two  100-percent full 
waves of the value given in Column 5, Table 5, 
for the voltage class in Column 1 correspond- 
ing  to  the voltage class of the winding being 
tested. 

8. Ground-Fault  Neutralizers 

8.1 Insulation Levels. The line  end  and 
ground  end  insulation levels shall be selected 
from Table 4 on the basis of fault voltage 
criteria,  Columns 3 and 4. 

8.2 Dielectric Tests. Dielectric  test withstand 
levels shall be those  listed in  Table 5 for 
applicable insulation class, as follows: 
Impulse  chopped-wave test  Column 2 
Impulse full-wave test  Column 3 
Applied-potential test Column 4 
Induced-potential  test  Column 5 

8.2.1 Impulse  Tests. Ground-fault neu- 
tralizers shall be designed to  withstand im- 
pulse tests,  but  the  impulse  tests  are required 
only  when specified. 

8.2.2 Applied-Potential  Tests. Applied-po- 
tential  tests  are required. They  shall be made 
at  the test voltage corresponding to  the  in- 
sulation class assigned to  the ground  end if it 
is lower than  the  insulation class assigned to 
the line  end. The  external ground connection 
is removed for this  test. If the ground  end 
bushing is not capable of withstanding  this 
test voltage, it is to be disconnected, and, if 
necessary, special insulation is to be provided 
for test purposes. 

8.2.3 Induced-Potential Tests. Induced-po- 
tential tests are required. The ground end 
shall be connected  to ground for this  test. 
When  taps  are provided, the test  shall be 
made  on  the  tap which produces the highest 

voltage per turn  in  the winding and also on 
the connections  having the greatest number of 
turns,  but  the voltage' to ground at  the line 
end  shall  not exceed the specified test voltage. 

9. Grounding  Transformers 

9.1 Insulation Levels. The line  end and 
ground  end  insulation levels shall be selected 
from Table 4 on the following basis: 

Line End  Ground  End 

Disconnectable System  Insulation System Insulation 
from  Ground Class Columns Class Columns 

1 and 2 1 and 2 

Permanently System  Insulation Fault Voltage 
Grounded Class Columns Criteria  Columns 

1 and 2 3 and 4 

9.2 Dielectric Tests. Dielectric test  withstand 
levels shall be those  listed  in Table 5 for the 
applicable insulation class, as follows: 
Impulse  chopped-wave  test  Column 2 
Impulse full-wave test  Column 3 
Applied-potential test Column 4 
Induced-potential  test Column 5 

9.2.1 Impulse  Tests. Grounding  trans- 
formers shall be designed to  withstand im- 
pulse tests,  but  the impulse tests  are required 
only  when specified. 

9.2.2 Applied-Potential  Tests. Applied-po- 
tential  tests  are required. They  shall be made 
at  the test voltage corresponding to the  in- 
sulation class assigned to  the ground end if it 
is  lower than  the  insulation class assigned to 
the line end. The  external ground connection 
is  removed for this  test. If the ground end 
bushing is not capable of withstanding  this 
test voltage, it is to be disconnected and, if 
necessary, special insulation is to be provided 
for test purposes. 

9.2.3 Induced-Potential  Tests. Induced-po- 
tential tests are required. The ground end 
shall be  connec.ted to ground for this test. 
When  taps  are provided, the test  shall be 
made  on  the  tap which produces the highest 
voltage per turn  in  the winding and also on 
the connections  having the greatest number'of 
turns,  but  the voltage to ground at  the line 
end  shall not' exceed the specified test voltage. 
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The  rated voltage of a grounding  trans- 
former is  the  maximum line-to-line voltage at 
which it is designed to  operate continuously. 

10. Resistors 

10.1 Resistor Element. A resistor element is 
the conducting  unit which functions  to  limit 
the  current flow to  a  predetermined value. 

The element  material  shall possess a  bal- 
anced  combination of properties, uniformity 
of resistance, and  mechanical  stability over 
the  intended operating temperature range, 
without  any injurious effects to  the elements 
and  its associated insulation. 

10.1.1 Rated  Voltage (see definition in Sec- 
tion 13). Since  the active material used in 
resistors  has  an appreciable temperature 
coefficient,  the  resistance is materially 
changed  during  the  time of operation  causing 
the voltage to increase or the  current  to 
decrease. When the product of the fault  cur- 
rent  and resistance at 25O C exceeds 80 per- 
cent of the line-to-neutral voltage of the cir- 
cuit, the resistor shall be rated for constant 
voltage and  the  rated voltage shall be taken 
equal  to  the  line-to-neutral voltage. 

10.1.2 Temperature  Coefficient  of  Resist- 
ance. 
(1) The  conductor  element  resistance 

changes to some extent  with  temperature. 
The change  may be calculated  from the  tem- 
perature coefficient of resistivity. 

RI and R2 are resistances in  ohms at  tem- 
peratures 81 and 8 2  in degrees Celsius, respec- 
tively, and a is the  temperature coefficient of 
resistance. 

(2) Where special temperature coefficient is 
required, such  data  are  to be brought to  the 
attention of those responsible for the design of 
an  unusual service condition. 

10.1.3 Conductor Connections. All con- 
ductor terminations  shall be bolted, welded, 
or brazed. Low-melting alloys used to join 
connectors  which would  be adversely affected 

by the resistor operating  temperatures  shall 
not be used. All conductor  terminations  must 
be mechanically  secure  to provide continuous 
electrical continuity. 

10.1.4 Resistance  Test. Overall resistance 
shall be measured  to  determine  that  the resist- 
ance is within  the design value. Unless the 
application requires close resistance  toler- 
ance, the dc resistance  shall not  vary more 
than * 10 percent from the  guaranteed value. 

10.2 Insulation Levels. The line end and 
ground  end  insulation levels shall be selected 
from Table 4 on the basis of fault voltage 
criteria,  Columns 3 and 4. 

10.3 Dielectric Tests. Dielectric test  with- 
stand levels shall be those  listed in  Table 5, 
Column 6. 

10.3.1 Impulse  Tests. Impulse  tests  are  not 
required for resistors. 

10.3.2 Applied-Potential  Tests. Applied-po- 
tential  tests  are required. They  shall be made 
by applying between terminals  and  ground for 
the complete device, or between terminals of 
each  unit  and  its own individual frame,  the 
specified voltage from a suitable  external 
source. When specifications do  not require 
that  such a  resistor be completely assembled 
at the factory, it shall be permissible for the 
manufacturer  to waive the applied voltage 
test of the complete device, substituting  the 
applied-potential  test of each  section,  supple- 
mented by insulation  d a  which will show 
that  the complete resiF Jr will meet the  in- 
sulation  requirements of service and would 
pass the  applied-potential  test when assem- 
bled. 

In  many cases resistors are  made  in sections 
insulated from each  other  and from ground by 
standard  apparatus  insulators whose in- 
sulation  value  has been established. Each 
section may consist of one or more  frames or 
unit assemblies of resistance material  sup- 
ported  on  a suitable framework. In  such cases 
each  frame or unit assembly shall receive an 
applied-potential  test. The voltage applied 
from the  terminals of each assembly to  its own 
frame  shall be twice the  rated voltage of the 
section of which the  frame is a part plus 1000 
V when rated 600 V or less, or 2.25 times the 
rated value  plus 2000 V when rated over;600 
V. 
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10.3.3 Induced-Potential  Tests. Induced- 

potential  tests (except as may be incidental  to 
any required temperature  test)  are  not re- 
quired  for resistors. 

11. Capacitors 

11.1 Insulation Levels. The line  end  and 
ground  end insulation levels shall be selected 
from Table 4 on the basis of fault voltage 
criteria,  Columns 3 and 4. 

11.2 Dielectric  Tests.  Dielectric  test  with- 
stand levels shall be those  listed in  Table 5, 
Columns 7 and 8. 

11.2.1 Impulse  Tests. Impulse  tests  are  not 
required for capacitors. 

11.2.2 Applied-Potential  Tests. Applied-po- 
tential  tests  (terminal-to-case)  are  required 
for all neutral  grounding  capacitors, except 
those  having  one  terminal  permanently 
grounded  inside the case (the case being solid- 
ly grounded  under  operating  conditions).  Ca- 
pacitors designed for operation  with  one  ter- 
minal  permanently  grounded  outside of the 
case may  have the ground  connection re- 
moved for this  test. 

11.2.3 Induced-Potential  Tests. Induced- 
potential  tests  (terminal-to-terminal)  are re- 
quired  on all  neutral  grounding  capacitors, 
The induced test voltages shall be two times 
the  rated voltage of the capacitor. If a  capaci- 
tor  has two or more voltage ratings, the test 
voltage shall be based on  the highest voltage 
rating. 

12. Combination Devices 

Line  End  Ground  End 

Disconnectable System  Insulation System  Insulation 
from  Ground Class Columns Class Columns 

1 and 2 1 and 2 

Permanently System  Insulation Fault Voltage 
Grounded Class Columns Criteria  Columns 

1 and 2 3 and 4 

12.2 Dielectric Tests. Dielectric test  with- 
stand levels shall be those  listed  in Table 5 for 
the applicable insulation class, as follows: 
Impulse chopped-wave test Column 2 
Impulse full-wave test Column 3 
Applied-potential  test  Columns 4 , 6 ,  and 7 
Induced-potential  test  Columns 5 and 8 

12.2.1 Impulse  Tests. Combination devices 
shall be designed to  withstand impulse  tests, 
but  the impulse  tests are required only when 
specified. Components not  requiring  impulse 
tests  shall be disconnected or suitably  protect- 
ed. 

12.2.2 Applied-Potential  Tests. Applied-po- 
tential  tests  are required. They  shall be made 
by applying between terminals  and ground for 
the complete device, or between terminals of 
each unit  and  its own individual  frame,  the 
specified voltage from a  suitable  external 
source. When  specifications do not  require 
that such  a device be completely assembled at 
the factory,  it  shall be permissible for the 
manufacturer  to waive the  applied-potential 
test of the complete device, substituting  the 
applied-potential  test of each  section,  supple- 
mented by insulation  data which will show 
that  the complete device will meet the  in- 
sulation  requirements of service and would 
pass the applied-potential  test when assem- 
bled . 

12.2.3 Induced-Potential  Tests. Induced- 
potential  tests  shall be made  as required for 
each  component part  but  not on the whole. 

Combination devices are  any combination 
of devices of Sections 7 through 11, including 
distribution  transformers,  with  resistance,  in- 13. Definitions and  Terminology 
ductance, or capacitance, or combination of 
two or more of these  elements  connected  in  acceptance  test.  A  test to  demonstrate  the 
their low-voltage winding or the  delta of such degree of compliance of a device with  pur- 
low-voltage windings. chaser’s requirements. 

12.1 Insulation Levels. The line  end  and ambient  temperature. The  temperature of the 
ground  end insulation levels shall be selected medium such  as  air, water, or earth  into 
from Table 4 on the following basis: which the  heat of the equipment is dissipated. 
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NOTES: (1) For self-ventilated equipment, the am- 
bient temperature  is the average  temperature of the air in 
the immediate neighborhood of the equipment. 

(2) For air- or gas-cooled equipment with forced venti- 
lation or secondary water cooling, the ambient tem- 
perature is taken as that of the ingoing air or cooling gas. 

(3) For self-ventilated  enclosed (including oil-im- 
mersed) equipment considered as a complete unit, the 
ambient temperature is the average  temperature of the air 
outside of the enclosure in the immediate neighborhood of 
the equipment. 

applied-potential test. A dielectric test in 
which the  test voltage is a low-frequency 
alternating voltage from an  external source 
applied between conducting  parts, and be- 
tween  conducting  parts  and ground. 

askarel. A synthetic  nonflammable  insulating 
liquid, that, when decomposed by an .electric 
arc, evolves only  nonflammable gaseous mix- 
tures. 

basic impulse insulation level (BIL). A refer- 
ence impulse insulation strength expressed in 
terms of the crest value of the  withstand 
voltage of a standard full impulse voltage 
wave. 

chopped  wave. A voltage impulse that is  ter- 
minated  intentionally by sparkover of a gap. 

compound-filled (for a grounding device). Hav- 
ing  the windings encased in  an  insulating 
fluid that becomes solid or remains slightly 
plastic, a t  normal  operating  temperatures. 

conservator system or expansion tank system. 
A method of oil preservation in which the oil 
in  the  main  tank is sealed from the  atmo- 
sphere, over the  temperature  range specified, 
by means of an- auxiliary tank  partly filled 
with oil and  connected  to  the completely filled 
main  tank. 

critical impulse flashover voltage. The crest 
value of the  impulse wave that,  under speci- 
fied  conditions, causes flashover through  the 
surrounding medium on 50 percent of the 
applications. 

design test. A test  made by the  manufacturer 
to  obtain  data for design application. 

dielectric tests. Tests  that consist of the appli- 
cation of a voltage, higher than  the  rated 
voltage, for a specified time  to prove  com- 
pliance with the required voltage class of the 
device. 

disconnectable device. A grounding device 
that’can be disconnected from ground by the 
operation of a  disconnecting switch,  circuit 
breaker, or other  switching device. 

dry-type (for a grounding device). Having  the 
windings immersed in  an  insulating gas. 

extended-time rating (of a grounding device). 
A rated  time  in which the period of time is 
greater than  the  time required for the  tem- 
perature rise to become constant  but is limited 
to  a specified average number of days Oper- 
ation per year. 

gas-oil sealed system. A method of oil preser- 
vation  in  which the interior of the  tank is 
sealed from the atmosphere over the  tem- 
perature  range specified, by means of an  aux- 
iliary tank or tanks,  to form  a gas-oil seal 
operating on the  manometer principle. 

ground. A conducting  connection,  whether 
intentional or accidental, by which an electric 
circuit or equipment is connected  to the  earth, 
or to  some conducting body, of a relatively 
large  extent, that serves in place of the  earth. 
It is used  for establishing and  maintaining  the 
potential of the  earth  (or of the conducting 
body) or  approximately that potential,  on 
conductors  connected  to it, and for con- 
ducting  ground  current  to  and from the  earth 
(or the conducting body). 

ground current.  The  current flowing in  the 
earth or in a  grounding  connection. 

grounded. Connected  to  earth or to some ex- 
tended  conducting body that serves instead of 
the  earth,  whether  the  connection is in- 
tentional or accidental. 

grounded circuit. A circuit in which one con- 
ductor or point (usually the  neutral  conductor 
or neutral  point of transformer or generator 
windings) is intentionally  grounded,  either 
solidly or through a  grounding device. 

grounded  concentric  wiring  system. A 
grounded wiring system in  which the  external 
(outer)  conductor is solidly grounded and 
completely surrounds  the  internal  (inner) 
conductor  throughout  its  length. The external 
Conductor is usually uninsulated. 

grounded conductor. A conductor that is  in- 
tentiona1,ly  grounded,  either  solidly or 
through a current-limiting device. 
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grounded parts. Parts  that  are intentionally 
connected to ground. 

grounded system. A  system of conductors  in 
which at least one  conductor or point  (usually 
the  neutral conductor or neutral  point of 
transformer or generator  windings)  is in- 
tentionally  grounded,  either  solidly or 
through  a  current-limiting device. 

ground  end (of a neutral grounding device). 
The end or terminal  that is grounded  directly 
or through  another device. 

ground-fault  neutralizer.  A  grounding device 
that provides an inductive  component of cur- 
rent  in  a ground fault  that is substantially 
equal to  and therefore  neutralizes  the  rated- 
frequency  capacitive  component of the 
ground-fault current,  thus  rendering  the sys- 
tem  resonant grounded. 

ground-fault  neutralizer grounded. Reactance 
grounded through  such values of reactance 
that,  during  a  fault between one of the con- 
ductors  and  earth,  the rated-frequency  cur- 
rent flowing in  the grounding  reactances  and 
the rated-frequency  capacitance  current flow- 
ing between the  unfaulted conductors and 
earth  shall be substantially equal. In  the 
fault,  these two  components of fault  current 
will be substantially 180 degrees out of phase. 

NOTE:  When  a  system  is  ground-fault  neutralizer 
grounded, it is expected that  the  quadrature  component 
of the rated-frequency  single-phase-to-ground fault  cur- 
rent will be so smalI that   an  arc fault  in  air will  be self- 
extinguishing. 

grounding device. An impedance device  used 
to connect  conductors of an electric  system to 
ground for the purpose of controlling the 
ground current or voltage to ground. 

NOTE. The grounding device may consist of a  ground- 
ing transformer  or  a  neutral  grounding device,  or a 
combination of these.  Protective devices, such  as light- 
ning  arresters,  may also  be included  as an integral  part of 
the device. 

grounding  transformer.  A transformer  in- 
tended  primarily  to provide a  neutral  point for 
grounding purposes. 

NOTE It may be  provided with  a  delta  winding  in 
which  resistors or reactors  may  be  connected. 

impedance grounded. Grounded through im- 
pedance. 

NOTE  The  components of the impedance need not be 
at  the  same location. 

O000898 

impedance voltage. Comprises an effective re- 
sistance  component  corresponding to  the im- 
pedance losses, and  a  reactance  component 
corresponding to  the flux linkages of the wind- 
ing. 

impulse flashover voltage. The crest voltage of 
an impulse  causing  a complete disruptive 
discharge  through the  air between electrodes 
of a  test specimen. 

impulse tests.  Dielectric  tests  in  which the 
voltage applied is an impulse voltage of speci- 
fied wave shape. The wave shape of an im- 
pulse test wave  is the  graph of the wave as  a 
function of time or distance. 

NOTE  I t  is customary  in practice  to express the wave 
shape by a  combination of two  numbers,  the  first  part of 
which  represents the wave front and  the second the  time 
between the beginning of the impulse and  the  instant  at 
which  one-half  crest  value is reached on  the wave tail, 
both  values being  expressed in microseconds, such  as  a 1.2 
x 50 microsecond  wave. 

impulse withstand voltage. The crest  value of 
an applied  impulse voltage which does not 
cause  a  flashover, puncture, or disruptive 
discharge  on the  test specimen. 

induced-potential  test.  A  dielectric test  in 
which the  test voltage is an  alternating volt- 
age of suitable frequency, applied or induced 
between the  terminals. 

inert gas-pressure system. A  method of oil 
preservation  in which the  interior of the  tank 
is sealed from the  atmosphere, over the  tem- 
perature  range specified, by means of a posi- 
tive  pressure of inert gas maintained from  a 
separate  inert-gas  source  and reducing-valve 
system. 

inhibited oil. Mineral  transformer oil to which 
a  synthetic oxidation  inhibitor has been 
added. 

insulation  class (of a grounding device). A 
number that defines the insulation levels of 
the device. 

insulating  materials,  classification. See Table 
9. 

line end (of a  neutral grounding device). The 
end or terminal of the device that is connected 
to  the  line  circuit directly or through  another 
device. 

9 
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Table 9 
Classification of Insulating  Materials 

Class 105°C Materials or  combinations of materials 
(Class A) such as cotton, silk, and  paper  when 

suitably impregnated or  coated  or 
when immersed in  a  dielectric liquid 
such as oil. Other materials or  combi- 
nations of materiah may be included 
in this class if by experience  or ac- 
cepted  tests  they can be shown to be 
capable of operation  at 105°C. 

Class 130°C Materials or  combinations of materials 
(Class B) such as mica, glass, fiber,  asbestos, etc, 

with  suitable bonding  substances. 
Other materials or combinations of 
materials, not necessarily inorganic, 
may. be included  in  this class if by 
experience or  accepted  tests  they can 
be shown to be  capable of operation  at 
130°C. 

Class 220°C Materials or  combinations of materials 
which by experience or  accepted  tests 
can be shown  to be capable of opera- 
tion  at 2 2 0 ” ~ .  

Class Over Insulation that consists entirely of 

(Class C) lar inorganic materials. Other materials 
or  combinations of materials may be 
included  in  this class if by experience 
or accepted  tests they can be shown  to 
be capable of operation  at  tempera- 
tures over 220°C. 

220°C  mica,  porcelain, glass, quartz,  and simi- 

NOTES: (1) Insulation  is considered to be “im- 
pregnated” when a suitable  substance provides a bond 
between components of the  structure  and also a degree of 
filling and surface covering sufficient to give adequate 

losses (of a grounding device). The P R  loss in 
the windings, core loss, dielectric loss,  loss due 
to stray magnetic fluxes in windings and other 
metallic parts of the device, and,  in cases 
involving parallel windings, losses due to cir- 
culating currents. 

NOTES (1) The losses as  here  defined do not include 
any losses produced by the device in  adjacent  apparatus 
or materials  not a part of the device. 

(2) Losses  wilI normally be considered at  the  rated 
thermal  current  but  in some cases may be required at  
other  current  ratings, if more than one rating  is specified, 
or at  no load, as for grounding  transformers. The losses 
may be  given at  25 O C or 75 O C. 

mechanical limit. The rated maximum  in- 
stantaneous value of current, in amperes, that 
the device will withstand  without  mechanical 
failure. 

performance under  the extremes of temperature, surface 
contamination (moisture, dirt,  etc),  and  mechanical 
stress expected in service. The  impregnant  must  not flow 
or deteriorate enough a t  operating  temperature so as  to 
seriously affect performance in service. 

(2) The electrical and  mechanical properties of the 
insulation  must  not be impaired by the prolonged appli- 
cation of the  limiting  insulation  temperature  permitted 
for the specific insulation class. The word “impaired”  is 
here used in  the sense of causing any  change which could 
disqualify the  insulating  material for continuously per- 
forming its  intended  function,  whether creepage spacing, 
mechanical  support, or dielectric  barrier action. 

(3) In  the above definitions, the words “accepted test” 
are  intended  to refer to recognized test procedures estab- 
lished for the  thermal  evaluation of materials by them- 
selves or in simple  combinations.  Experience or test  data, 
used in classifying insulating  materials,  are  distinct from 
the experience based on  test  data derived for the use of 
materials  in complete insulation systems. The  thermal 
endurance of complete systems may be determined by test 
procedures specified by the cognizant technical com- 
mittees. A material  that is classified as  suitable for a given 
temperature  may be found suitable for a  different tem- 
perature,  either higher or lower, by an  insulation system 
test procedure. For  example, it  has been found that some 
materials  suitable for operation at  one temperature  in  air 
may be suitable for a  higher temperature when used in a 
system  operated  in an  inert-gas  atmosphere. 

(4) It is important  to recognize that  other  character- 
istics, in  addition  to  thermal  endurance,  such as mechan- 
ical strength, moisture  resistance, and corona endurance, 
are required in varying degrees in different applications 
for the successful use of insulating  materials. 

(5) The  rate of thermal degradation of materials is 
influenced by environmental  and  other factors. The  ther- 
mal  characteristics of a material may be radically altered 
by exposure to  nuclear  radiation  and by various proces- 
sing techniques.  Because of these many factors,  realistic 
temperature  classifications for insulating  materials 
should  be based on information  obtained from field expe- 
rience and from thermal aging tests. They  cannot be 
based on composition alone. 

minimum  impulse flashover voltage. The crest 
value of the lowest voltage impulse at  a given 
wave shape  and polarity that causes flash- 
over. 

neutral grounding device. A grounding device 
used to connect  the neutral point of a  system 
of electric conductors to  earth. 

NOTE: The device may  consist of a  resistance, in- 
ductance, or capacitance element, or a  combination of 
them. 

neutral  grounding  capacitor. A neutral 
grounding device,  the principal element of 
which  is capacitance. 

neutral grounding  impedor. A neutral ground- 
ing device comprising an assembly of at  least 
two of the elements,  resistance,  inductance, or 
capacitance. 

22 

COPYRIGHT Institute of Electrical and Electronics Engineers, Inc.
Licensed by Information Handling Services
COPYRIGHT Institute of Electrical and Electronics Engineers, Inc.
Licensed by Information Handling Services



neutral grounding reactor. A neutral  ground- 
ing device, the  principal  element of which is 
inductive reactance. 

neutral grounding resistor, A neutral  ground- 
ing device, the principal  element of which is 
resistance. 

neutral  grounding wave  trap. A neutral 
grounding device comprising  a  combination of 
inductance  and  capacitance designed to offer 
a very high impedance to a specified frequen- 
cy  or frequencies. 

NOTE  The inductances used in neutral grounding 
wave  traps should meet the same requirements as neutral 
grounding reactors. 

oil. Includes synthetic  insulating liquids as 
well as  mineral  transformer oil. 

oil-immersed (for a grounding device). Means 
that  the windings are immersed  in an  in- 
sulating oil. 

permanently grounded device. A grounding 
device designed to be permanently  connected 
to  ground,  either solidly or through  current 
transformers  and/or  another  grounding 
device. 

rated continuous current.  The  current ex- 
pressed in  amperes, root mean  square,  that 
the device can  carry  continuously  under speci- 
fied service conditions without exceeding the 
allowable temperature rise. 

rated  current (of a neutral device) (current 
rating). The  rated  thermal  current of a  neu- 
tral device. 

rated frequency (of a grounding device). The 
frequency of the  alternating  current for which 
a device is designed. 

rated  thermal  current.  The  rms  neutral  cur- 
rent  in  amperes which the device is rated  to 
carry  under  standard  operating conditions for 
rated  time  without exceeding temperature 
limits. 

rated  time (time  rating). The  time  during 
which the device  will carry  its  rated  thermal 
current  (or, for certain resistors, withstand  its 
rated voltage) under  standard operating con- 
ditions, without exceeding the  limitations es- 
tablished by these  standards. 
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rated-time temperature rise (for a grounding 
device). The  maximum  temperature rise 
above ambient  attained by the winding of a 
device as  the result of the flow of rated  ther- 
mal  current (or, for certain resistors, the 
maintenance of rated voltage across the  termi- 
nals)  under  standard  operating conditions, for 
rated  time  and  with a starting  temperature 
equal  to  the  steady-state temperature. It may 
be expressed as  an average or a  hot-spot wind- 
ing rise. 

rated voltage. The rms voltage, at  rated fre- 
quency,  which  may be impressed between the 
terminals of the device under  standard Oper- 
ating conditions for rated  time (continuously 
for grounding  transformers)  without ex- 
ceeding the  limitations established by these 
standards. 

reactance grounded. Grounded  through  im- 
pedance, the principal  element of which is 
reactance. 

NOTE: The reactance may be inserted either directly, 
in the connection to ground, or indirectly by increasing 
the reactance of the ground  return circuit. The latter may 
be done by intentionally increasing the zero-sequence 
reactance of apparatus connected to ground, or  by omit- 
ting some of the possible connections from apparatus 
neutrals to ground. 

resistance grounded. Grounded  through  im- 
pedance, the principal  element of which is 
resistance. 

NOTE: The resistance may be inserted either directly, 
in the connection to the ground, or indirectly, as, for 
example, in the secondary of a transformer, the primary 
of which is connected between neutral and ground, or in 
series with the delta-connected secondary of a wye-delta 
grounding  transformer. 

resistance  method of temperature de- 
termination. The  determination of the tem- 
perature by comparison of the resistance of a 
winding at  the  temperature  to be determined, 
with  the resistance at  known temperature. 

routine test. A test  made for quality control by 
the  manufacturer  on every  device, on repre- 
sentative samples, or on parts or materials  as 
required  to verify during  production that  the 
product  meets the design specifications. 

sealed tank system. A method of oil preserva- 
tion  in which the interior of the  tank is sealed 
from the  atmosphere  and  in which the gas 
plus the oil volume  remains  constant over the 
temperature range. 
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short-time rating (of a grounding device). A 
rated  time of ten  minutes or less. 

solidly grounded. Grounded  through a n  ad- 
equate ground  connection  in which no imped- 
ance  has been inserted  intentionally. 

NOTE. Adequate as used  here means suitable for the 
purpose intended. 

starting  temperature (for a grounding device). 
The winding temperature at  the  start of the 
flow of thermal  current. 

steady-state  temperature  rise (for a  grounding 
device). The  maximum  temperature rise 
above ambient which will be attained by the 
winding of a device as  the result of the flow of 
rated  continuous  current  under  standard op- 
erating conditions. It may be expressed as  an 
average or a hot-spot  winding rise. 

tap. An available  connection  which  permits 
changing  the active  portion of the device in 
the circuit. 

thermal  current  rating.  For  resistors whose 
rating  is based on constant voltage, the  initial 
rms  symmetrical  value of the  current  that will 
flow when rated voltage is applied. 

thermometer method of temperature de- 
termination. The determination of the tem- 
perature by mercury,  alcohol,  resistance, or 
thermocouple  thermometers,  any of these  in- 
struments being applied to  the  hottest acces- 
sible part of the device. 

ungrounded.  Without  an  intentional con- 
nection to ground except through  potential 
indicating of measuring devices or other very- 
high-impedance devices. 

uninhibited oil. Mineral  transformer  oil to 
which no  synthetic oxidation  inhibitor has 
been added. 

voltage to ground. The voltage between any 
live conductor of a circuit  and  the  earth. 

NOTE Where safety considerations are involved, the 
voltage to ground that may occur in  an ungrounded 
circuit is usually the highest voltage normally existing 
between the conductors of the circuit, but in special 
circumstances higher voltages may occur. 

14. Test Code 

The usual  program of testing  a  neutral 
grounding device includes some or all of the 
following tests: 

(1) Resistance  measurements 
(2) Dielectric  tests 
(3) Impedance and loss measurements 
(4) Temperature-rise  tests 

14.1 Resistance  Measurements 
14.1.1 Necessity  for  Resistance  Measure- 

ments. Resistance  measurements  are of fun- 
damental  importance for two purposes: 

(1) For  the  calculation of the conductor 
P R  loss 

(2) For  the  calculation of winding  tem- 
peratures at  the  end of a temperature  test 

14.1.2 Determination  of Cold Temperature. 
The cold temperature of the winding shall be 
determined  as  accurately  as possible when 
measuring the cold resistance. The following 
precautions  shall be  observed! 

14.1.2.1 General. Cold resistance  mea- 
surements  shall  not be taken  on a device when 
it is located in  drafts or when it is located in a 
room in which the  temperature is fluctuating 
rapidly. 

14.1.2.2 Windings Out of Oil. The tem- 
perature of the windings shall be recorded as 
the average of several  thermocouples or ther- 
mometers  inserted between the winding sec- 
tions,  with  extreme  care used to see that  their 
junctions or bulbs are  as  nearly  as possible in 
actual  contact  with  the windings. It  should 
not be assumed that  the windings are at  the 
same  temperature  as  the  surrounding  air. 

14.1.2.3 Windings  Immersed  in Oil. The 
temperature of the windings shall be assumed 
to be the  same  as  the  temperature of the oil, 
provided the device has been under oil with  no 
current  in  its winding  from 3 to 8 hours before 
the cold resistance is measured,  depending 
upon the size of the device, 

i 4 . i . 3  Drop-of-Potential  Method. The 
drop-of-potential  method is generally more 
convenient than  the. bridge method for mea- 
surements  made  in  the field. 

In all cases, greater  accuracy  may be obtain- 
ed  by the use of potentiometers for the mea- 
surement of both current  and voltage  al- 
though  the  setup  may be rather cumbersome. 

2 4  
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- winding  whose  resistance is to be measured. 
Larger  values  may  cause  inaccuracy by heat- 
ing  the  winding  and  thereby  changing  its 
temperature  and resistance. 

& 14.1.4 Bridge  Methods. Bridge methods  are - generally preferred because of their  accuracy 
and convenience, since they  may be employed 
for the  measurement of resistances up  to 
10 O00 ohms. The  rheostat  should  always be 
turned  to  minimum  current before opening 
the circuit. 

Fig 1 Bridge methods  are especially recommend- 
hMections for the ~ ~ ~ ~ - ~ f - p ~ ~ ~ ~ ~ i ~ l  Method ed  for all  measurements that  are to be used in 

of Resistance  Measurement connection  with  temperature-rise  deter- 

- 

mination. 

14.2 Dielectric Tests 
14.2.1 Test Procedure. Unless otherwise 

Measurement is made  with direct current, accordance with IEEE Std 4-1968, Tech- specified, dielectric  tests shall be made  in 

and  simultaneous readings of current  and niques for Dielectric Tests (ANSI c68.1- 
voltage are  taken  using  the  connections of Fig. 
1. The required resistance is calculated from 
the readings in accordance  with  Ohm’s law. NOTE: Where a sphere  gap is used  to  measure  voltage, 

IEEE Std 4-1968 provides  for  reduction  of the series 
In Order to minimize Of observation, resistance  when the  test frequency  exceeds 1 kHz. The 

the  measuring  instruments insofar as possible resistance  should be in an  inverse  ratio to  the frequency, 
shall have  such ranges as will give reasonably which  for  current-limiting  reactors means  the sphere  gap 

large deflections. 

1968). 

resistance must be short-circuited. 

The voltmeter  leads shall be connected  as 
closely as possible to  the  terminals of the 
winding to be measured. This is to avoid 
including  in  the  reading  the resistances of 
current-carrying leads and  their  contacts  and 
of extra lengths of leads. 

To avoid dangerous  induced voltages, a 
rheostat  should be  used to reduce the  current 
to less than ?4 percent of rated  winding 
current before opening the circuit. Also, to 
protect the voltmeter  from injury by off-scale 
deflections, it should be disconnected before 
switching  the  current on or off. 

If the  drop of potential  is less than 1 V, a 
potentiometer or millivoltmeter shall be  used. 

Readings  shall  not be taken  until  after  the 
current  and voltage have reached steady-state 
values. 

Readings  shall be taken  with  not less than 
four values of a current when deflecting in- 
struments  are used. The average of the resist- 
ances  calculated from these  measurements 
shall be considered to be the resistance of the 
circuit. 

The  current used shall  not exceed 15- per- 
cent of the  rated  continuous  current of the 

14.2.1.1 Factory  Dielectric  Tests. The 
purpose of dielectric  tests in  the factory is to 
check the  insulation  and  workmanship,  and, 
when  required, to  demonstrate  that  the device 
has been designed to  withstand  the  insulation 
tests required by the purchase specifications. 

Impulse  tests,  when  required,  shall precede 
the low-frequency tests. 

Dielectric tests  should preferably be made 
at  the  temperature assumed  under normal 
operation or at  the  temperature  attained  un- 
der the conditions of commercial test. 

14.2.1.2 Insulation  Resistance. The in- 
sulation resistance of machinery is of doubtful 
significance as  compared  with the dielectric 
strength.  It  is subject to wide variation with 
temperature,  humidity,  and cleanIiness of the 
parts.  When  the  insulation resistance falls 
below prescribed values, it  can, in  most cases 
of  good design and where no defect exists, be 
brought  up to  the required standard by clean- 
ing and  drying  the  machine.  The  insulation 
resistance,  therefore,  may afford a useful in- 
dication  as  to  whether  the  machine is in 
suitable condition for application of the 
dielectric  test. 
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The insulation-resistance  test shall be made 
with  all  circuits of equal voltage above ground 
connected  together.  Circuits or groups of cir- 
cuits of different voltage above ground  shall be 
tested  separately. 

14.2.1.3 Periodic  Dielectric Tests  in  the 
Field. It is recognized that dielectric tests 
impose a severe stress  on the insulation,  and if 
applied frequently -will hasten breakdown or 
may cause breakdown, the stress imposed, of 
course, being the more severe the higher the 
value of the applied voltage. Hence,  practice 
in this  matter  has varied widely among oper- 
ating companies, and  the advisability of peri- 
odic testing  may be questionable. 

It is recommended that field tests of in- 
sulation  should  not be in excess of 75 percent 
of the factory  test voltage; that for old ap- 
paratus rebuilt  in the field, tests  should  not be 
in excess of 75 percent of the factory  test 
voltage; and  that periodic insulation  tests in 
the field should  not be in excess of 65 percent 
of the factory  test voltage. These recommen- 
dations  relate  to ,dielectric tests  -applied be- 
tween windings and ground and  to  tests be- 
tween turns. 

Under  some  conditions, devices may. be sub- 
jected to periodic insulation  test  using  dc 
voltage. In  such cases, the test  dc voltage 
should  not exceed the original  factory  test  rms 
alternating voltage; for example, the factory 
test was.  26 kV rms, then  the  routine  test dc 
voltage- should  not exceed 26 kV. 

Periodic dc tests  should  not be applied to 
devices of higher than 34.5 kV rating. 

14.2.1.4 Tests on Bushings. When  tests 
are req.uired on bushings  separately from the 
devices, the  tests  shall be made  in  accordance 
with  IEEE  Std 21-1964, Requirements  and 
Test Code for Outdoor Apparatus  Bushings 
(ANSI C76.1-1964 (R 1970)). 

14.2.2 Applied-Potential  Tests. The  termi- 
nal  ends  and  taps  brought  out of the case of 
the winding under  test  should  all be joined 
together and  to  the  line  terminal of the  testing 
transformer. The  duration of these  tests  shall 
be 1 minute  and of a  value given in  Table 5. 

All other  terminals  and  parts (including 
magnetic  shield and  tank) should be .con- 
nected to ground and to the  other  termina€ of 
the testing  transformer. 
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The ground  connections between the ap- 
paratus being tested and  the testing  trans- 
former must be a substantial metallic  circuit. 
All connections  must  make a good mechanical 
joint  without forming sharp corners or points. 

Small bare wire may be used in  connecting 
the respective taps  and  line  terminal together, 
but care must be taken  to keep the wire on  the 
high-voltage side well away from the ground. 

The high-voltage lead  from the  testing 
transformer  should preferably be at  least Vi 
inch  (3  mm)  in overall diameter. 

Neutral  Capacitor  Terminal-to-Case. The 
terminal-to-case  applied-potential  test  shall 
be made by applying between terminal  and 
case, with  the case connected  to  ground,  the 
specified alternating voltage. 

Neutral  Resistor. Tests  shall be made by 
applying between terminals  and  ground, for 
the complete device, or between terminals of 
each  unit  and  its own frame, for individual 
frames, the specified alternating voltage. 

. No appreciable  resistance  should be placed 
between the  testing  transformer  and  the 
device under  test. It is permissible, however, 
to use reactive coils at or near  the  terminals of 
the  testing transformer. 

A sphere  gap  set a t  a voltage 10 percent or 
more in excess of the specified test voltage 
shall be connected during  the applied-poten- 
tia1 test. 

For devices to be tested at  50 kV or Iess, it is 
permissible to depend  on the  ratio of the 
testing  transformer to indicate  the  proper  test 
voltage and also  to  omit the  sphere gap, if the , 

kVA equivalent parts  are less than 100  for 
grounding  transformers  and  ground-fault 
neutralizers or 500 for current-limiting reac- 
tors  and  other devices. 

14.2.3 Induced-Potential  Tests 
14.2.3;l Grounding  Transformers  and 

Ground-Fault  Neutralizers. As this  test over- 
excites the device, the-frequency of the applied 
potential  should be high  enough  to  prevent 
the exciting current of the device under test 
from exceeding about 30 percent of its  rated- 
load current. Ordinarily, this  requirement ne- 
cessitates the use of a  frequency of 120 Hz or 
more, when  testing  60-Hz  units. 

When frequencies higher than 120 Hz are 
used, the severity of the test  is  abnormally 
increased, and for this reason the  duration of 
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the test  should be reduced in accordance  with 
the  table given  below. 

- Frequency in Hz Duration in seconds 
- .I20 and less 60 

180 40 
240 30 
360 20 
400 18 

To avoid  switching surges, the voltage 
should be started  at one-quarter or less  of the 
full  value and be brought  up  gradually to full 
value,  within a period of 15 seconds. 

After being held for the  duration of time 
specified in  the  table above, it  should be 
reduced gradually to  one-quarter of the max- 
imum value  within a period of 5 seconds, at 
which time  the  circuit  may be opened. 

14.2.3.2 Dry-  Type Curren t-Limiting  Re- 
actors. Because of the low impedance of cur- 
rent-limiting  reactors,  inducing voltage be- 
tween turns will have to be done  with a high 
frequency, well  above the power frequency 
range. 

This  can be  obtained by repeatedly  charging 
a capacitor and discharging it  into  the reactor 
winding. The number of discharges should be 
sufficient  to  produce 7200 cycles of high fre- 
quency  having crest values outlined  in 7.2.3 
except that testing  time  shall  not exceed 60 
seconds. If the available  equipment cannot 
induce  sufficient voltage in  the reactor coil 
directly,  then  turns of insulated cable may be 
placed around  the mid-section of the reactor 
as a primary of a Tesla coil and  the capacitor 
discharged into  it. Where a sphere gap is used 
to check, the  current-limiting  resistance  nor- 
mally in series  with the spheres  should be 
short-circuited.  Detection  shall be  by  noise, 
smoke, or spark discharge in  the windings. 

14.2.3.3 Oil-Immersed Curren t-Limiting 
Reactors. For oil-immersed reactors,  each  line 
terminal of each  winding shall be induced- 
potential  tested  as  outlined  in 7.2.3. 

14.2.3.4 Neutral  Capacitors. The termi- 
nal-to-terminal  induced-potential  test  shall 
be made by applying between the  terminals of 
each  unit  the specified alternating voltage. 

14.2.3.5 Neutral  Resistors. No induced 
test  required. 
14.2.4 Standard  Impulse Tests. The  stan- 

dard impulse test  consists of applying, in  the 
following order,  one reduced full wave, two 
chopped waves, and one  full wave. 
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14.2.4.1 Reduced  Full-Wave  Test. For 
this  test,  the applied voltage wave shall  have a 
crest value between 50 and 70 percent of the 
full wave in accordance  with 3.2. Crest  volt- 
ages near  the lower limit  are preferable. 

14.2.4.2 Chopped-  Wave  Test. For this 
test,  the applied voltage wave shall be chop- 
ped by a suitable  air gap. It shall  have a crest 
voltage and time  to flashover in accordance 
with 3.2. 

To avoid recovery of insulation  strength if 
failure  has occurred during a previous im- 
pulse, the  time  interval between application of 
the  last chopped wave and  the  final full wave 
should be minimized, and preferably should 
not exceed 5 minutes. 

14.2.4.3 Full- Wave  Test. For this  test, 
the voltage wave shall have a crest  value in 
accordance  with 3.2, and  no flashover of the 
bushing or test gap shall occur. 

To avoid flashover of the bushing  during 
adverse  conditions of humidity  and  air 
density,  the bushing flashover may be in- 
creased by appropriate  means. 

In general, the  tests  shall be applied to  each 
terminal one at  a time, 

All impulses  applied to a device shall be 
recorded by a cathode-ray oscillograph if their 
crest voltage exceeds 40 percent of the crest of 
the full wave in  accordance  with 3.2. 

When  reports  require oscillograms, those of 
the first reduced full wave, the  last two chop- 
ped waves, and  the  last full wave of voltages 
shall represent a record of the successful ap- 
plication of the impulse  test to the device. 

14.2.4.4 Connections  for  Impulse  Tests. 
One  terminal of the winding  under  test shall 
be grounded directly or through a small  resist- 
ance if current  measurements  are  to be made. 
Other  terminals  in  the  same winding not 
being tested or terminals  in the windings of 
other phases  may be protected by grounding 
or other  appropriate  means. 

In  some cases the inductance of the winding 
is so low that  the desired impulse voltage 
magnitude and  the  duration  to  the 50-percent 
point  on  the  tail of the wave cannot be obtain- 
ed with  available  test  equipment.  Such low- 
inductance windings may be tested by in- 
serting a resistor of not more than 500 fl in  the 
grounded  end of the winding. 

The secondaries of current  transformers, 
either  on bushings or permanently  connected 
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to  the  equipment being tested, shall be short- 
circuited and grounded. Any magnetic  shield- 
ing or metallic  housing shall be grounded for 
all  impulse  tests. 

14.2.4.5 Detection of Failure. Because of 
the  nature of impulse test failures,  one  of the 
most important  matters is the detection of 
failure. There  are  a  number of indications of 
insulation  failure. Some of these  are: 

(1) Noise: presence of smoke or bubbles; 
failure of the gap or bushing  to  flash over, 
although  the oscillogram indicates  a chopped 
wave. 

(2) Any difference between the reduced full 
wave and  the  final  full wave detected by 
superimposing the two oscillograms or any 
difference between the two chopped waves 
from each  other or from the full wave up  to  the 
time of flashover similarly  detected. Such 
deviations may, however, be caused by condi- 
tions  in  the impulse  test  circuit  external to  the 
device and  should be fully  investigated. 

(3) Measurement of the  current  in  the 
grounded end of the winding  tested. The cur- 
rent is measured by means of a  cathode-ray 
oscillograph connected to  a  suitable  shunt 
inserted between the normally  grounded  end 
of the winding and  the grounded tank. Any 
deviation of current-wave  shape  obtained 
during  the reduced full wave and full-wave 
tests  indicates  changes  in  impedance  arising 
from  insulation breakdown within  the device, 
or changes in  the impulse  circuit  external to 
the device, and  the cause  should be investiga- 
ted. 

14.2.4.6 Wave  to be Used for Impulse 
Tests. A  nominal 1.2 x 50 microsecond wave 
shall be used  for impulse  tests. 

Either,  but  not  both, positive or negative 
waves may be used. 

Waves of negative  polarity.for oil-immersed 
apparatus  and of positive polarity for dry-type 
or compound-filled apparatus  are recom- 
mended and.  shall be used unless otherwise 
specified, 

If in  'testing oil-immersed apparatus  the 
atmospheric  conditions at  the time of test  are 
such that  the bushings will not  withstand  the 
specified polarity wave, then  a wave of the 
opposite  polarity  may be used. 

The time to crest  on the  front from virtual 

time zero to  actual crest shall  not exceed 2.5 
microseconds, except for windings of large 
impulse  capacitance (low-voltage high-appar- 
ent-power and some high-voltage high-appar- 
ent-power  windings). To  demonstrate  that  the 
large  capacitance of the winding  causes the 
long front,  the impulse  generator series resist- 
ance  may be reduced,  which  should  cause 
imposed oscillations.  Only the  inherent gener- 
ator  and  lead  inductances  should be in  the 
circuit. 

For convenience in  measurement,  the  time 
to crest may be considered as 1.67 times  the 
actual  time between points  on  the  front of the 
wave at  30 percent and 90 percent of the crest 
value. 

The  time on the  tail  to  the  point of half- 
crest voltage of the applied wave shall be 50 
microseconds from the  virtual  time zero. 

The  virtual  time zero can be determined by 
locating  points  on the  front of the wave at 
which the voltage is, respectively, 30 and 90 
percent of the crest  value and  then  drawing  a 
straight  line  through  these points. The  inter- 
section of this  line  with  the  time axis (zero- 
voltage line)  is  the  virtual  time zero. 

If there  are oscillations on the  front of the 
wave, the 30 and 90 percent  points  should be 
determined  from  the  average,  smooth wave 
front  sketched  in  through  the  oscillations. 

The magnitude of the oscillations  prefera- 
bly should  not exceed 10 percent of the applied 
voltage. (With superimposed  oscillations of 
high  magnitude,  evaluation of wave crest is 
difficult, while if generator  characteristics  are 
such  as  to give a completely smooth wave it 
may be difficult to  detect  failures of small 
portions of the winding  insulation by means 
of the  cathode-ray oscillograph. If the impulse 
generator is sufficiently flexible, a good com- 
promise is the use of generator constants  such 
that  the device impedance largely determines 
the length of the  tail of the applied wave.) 

14.3 Impedance  and Loss Measurements. It is 
not  practical  to measure the resistive and 
reactive components of the impedance voltage 
separately,  but  after  the  total  impedance loss 
and impedance voltage are measured, the 
components  may be separated by calculation. 

Resistance  and  reactance components of 
the impedance voltage are  determined by the 
use of the-following  equations: 
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Fig 2 
Connections for Impedance Voltage and Impedance Loss Tests 

E =- P 
r I  

E, = J E T  
where 

E = Potential impressed on winding 
E,  = Component of E that is  in  phase with I 
E, = Component of E that is  in quadrature 

P = Power  measured  in impedance test of 

I = Current in winding on which  voltage  is 

with I 

winding carrying current 

impressed 

The P R  component of the impedance loss 
increases with  the  temperature,  the  stray-loss 
component  diminishes  with the  temperature, 
and, therefore,  when it is desired to convert 
the impedance losses from  one temperature  to 
another,  as for instance when calculating effi- 
ciency which  calls for 75OC losses, the two 
components of the impedance loss are con- 
verted  separately.  Thus, 

T +  el P,' = P,-  

T +  el 

T + B  

P,' i P, T + 8  

where 
T = 234.5  for copper 
T = 225 for aluminum 

P,' and P,' are desired resistance and  stray 
losses, respectively, at  the specified tem- 
perature 0 '; and P ,  and P ,  are measured 
resistance and  stray losses at  temperature 8. 
14.3.1 Wattmeter  Method. Voltage at rated 

frequency is applied and  adjusted  to  circulate 
rated  current  in  the winding (see Fig 2). 

With  current  and frequency adjusted  to  the 
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rated values as  nearly  as possible, simulta- 
neous  readings  should be taken on the  amme- 
ter,  voltmeter,  wattmeter,  and  frequency me- 
ter.  Because of the extremely low  power fac- 
tor, correction must be made for phase  angle 
and losses of meters and  metering  trans- 
formers. Test  current  and  potential leads 
should  leave  the winding terminals  in a radial 
plane for a  distance  not less than one coil 
diameter  when  measuring coils in  air. 

In  the case of reactors of the current-limit- 
ing type,  when  reactor windings are being 
measured  outside of enclosures  or  shielded 
tanks,  the  measurement  may be made  at 
lower than rated  current  to minimize the 
effect of short-circuited loops of nearby mag- 
netic  materials  that  are  not  part of the reactor 
and would have a  disproportionately  larger 
current induced in  them at rated  current. 

The  temperature of the winding shall be 
taken  immediately before and  after  the im- 
pedance  measurements in a manner  similar  to 
that described in 14.1. The average shall be 
taken  as  the  true  temperature. 

The 1 2 R  loss of the winding is calculated 
from the resistance  measurements  (corrected 
to  the  temperature at  which the  impedance 
test was  made) and  the  currents which were 
used in  the  impedance  measurement.  These 
P R  losses subtracted from the  impedance 
losses  give the  stray losses of the winding. 
When  reactor  windings  are  enclosed  in 
shielded  housings or tanks,  part or all of 
which are  magnetic  material,  part of the  stray 
loss must be considered with the winding 12R 
when  correcting losses from measured  tem- 
perature  to  other  temperatures. Since this 
varies  with  proportions of design and type of 
shield,  it will have  to be approximated for 
each design but  can be checked by measure- 
ment of loss at the  start  and finish of the 
temperature  run. 
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Per-unit values of the resistance,  reactance, 
and  impedance  voltage  are  obtained by 
dividing E, E,, E ,  in  Eqs 4 and 5 by the  rated 
voltage. Percentage  values  are  obtained by 
multiplying  per-unit  values by  100. 

Temperature correction shall be made  as  in 
Eqs 6 and 7. The stray-loss  component of the 
impedance watts is obtained by subtracting 
from the  latter  the P R  losses of the reactor. 

14.3.2 Bridge  Method. Bridges are fre- 
quently used and  are generally  more accurate 
than  the  wattmeter method. 

14.4 Temperature-Rise  Tests 
14.4.1 Loading for Temperature-Rise  Tests. 

Neutral grounding devices shall be tested  un- 
der  loading  conditions that will  give losses 
approximating,  as  nearly  as possible, those 
obtained at  rated  frequency with rated  cur- 
rent  in  the device. Units  having  taps for more 
than one  rating  shall be tested  on  the con- 
nection providing the highest losses. For 
devices rated less than 10  minutes, the loading 
shall be adjusted to  obtain a  steady-state rise 
approximating that listed in  Table 6 for the 
class of insulation involved. The  data so ob- 
tained  shall be used to  determine  the degree of 
compliance  with the  short-time  temperature 
requirements by calculation  using the method 
of Section 14.5.1. 

14.4.2 Determination of Average  Measured 
Winding  Temperature by the Hot-Resistance 
Method. The average measured temperature 
of the winding  conductor may be determined 
by either of the following equations: 

where 
T = 234.5 for copper 
T = 225 for aluminum 
8 = Temperature in  degrees  Celsius cor- 

responding to  hot resistance R 
8 = Temperature in  degrees  Celsius cor- 

responding to cold  resistance R. 
R = Hot resistance  (see Section 14.4.5) 
R. = Cold  resistance determined in accor- 

dance with the rules  in this standard 

The induction  time for the  measuring  cur- 
rent  to become stable  should be noted  during 

the cold-resistance  measurements, in  order  to 
assure that sufficient  time elapses for the 
induction effect to  disappear before hot-resist- 
ance readings are  taken. 

When tests  are  made at  an  altitude  not 
exceeding 3300 f t  (1000 m) above sea level, no 
altitude correction shall be applied to the 
temperature rise. 

When  a device which is tested at  an  altitude 
less than 3300 f t  (1000 m) is to be operated at 
an  altitude  in excess of that  altitude, it shall 
be assumed that  the observed temperature rise 
will increase in accordance  with the following 
relation: 

Increase  in Temperature Rise 

= Observed  Rise X (A  - 1000) 
100 ( F )  

or 

= Observed  Rise X (B - 3300) 
330 ( F )  

where A is the  altitude  in  meters, B is the 
altitude  in feet, and F is an empirical  factor 
equal  to 0.004.for oil-immersed self-cooled and O 
0.005 for dry-type self-cooled. 

The observed rise in the foregoing equation 
is: 

Top oil rise, or average oil rise, over the 
ambient  temperature for oil-immersed self- 
cooled devices 

Winding  rise over the  ambient  temperature 
for dry-type self-cooled devices 

The winding  rise for oil-immersed devices 
over ambient at  altitude A is the observed 
winding rise over ambient plus the  calculated 
increase in  temperature rise. 

Devices shall be completely assembled and 
if oil-immersed they  shall be filled to  the 
proper level. 

If the devices are equipped  with thermal 
indicators,  bushing-type  current  trans- 
formers,  etc,  such apparatus  shall be assem- 
bled with  the device. 

The temperature-rise  test  shall be made  in a 
room which is essentially free from drafts. 

The  temperature of the  surrounding  air 
(ambient  temperature)  shall be determined by 
at least  three thermocouples, or thermome- 
ters,  spaced  uniformly around  the devices ò 
under  test.  They  should be located  about  one- 
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half  the  height of the device, and at a distance 
of about  3 to 6 f t  (1 to 2 m) from the device. 
They  should be protected  from drafts  and 
abnormal  heating.  For  dry-type  reactors,  they 
should be located  one coil diameter  from  the 
coil at the level of the bottom of the coil. 

To reduce to  a  minimum  the errors due  to 
time  lag between the  temperature of the 
devices and  the  variations  in  the  ambient 
temperature,  the thermocouples, or thermom- 
eters, shall be placed in  suitable  containers 
which shall have  such  proportions  as will 
require  not less than 2 hours for the  indicated 
temperature  within  the  container  to  change 
6.3"C if suddenly placed in  air which has  a 
temperature  10°C  higher, or lower, than  the 
previous steady-state  indicated  temperature 
within  the  container. 

The  temperature rise of metal  parts  (other 
than  the winding  conductor)  in codact with, 
or adjacent  to,  insulation,  and of other  metal 
parts,  shall be determined by thermocouple or 
by thermometer. 

Provision shall be made  to  measure  the 
surface  temperature of iron or alloy parts 
surrounding or adjacent  to  the  outlet  leads or 
terminals  carrying large  currents.  Readings 
shall be taken  at intervals or immediately 
after  shutdown. 

The  determination of the  temperature rise 
of metal  parts  within  the case, other  than 
winding  conductors, is a design test  and  shall 
be made when so specified unless  a record of 
this  test  made on  a  duplicate, or essentially 
duplicate,  unit  can be furnished. This  test will 
not be made  unless  definitely specified be- 
cause provision for the proper placement of 
the thermocouples and  leads  must  frequently 
be made  during  the design of the devices. 
Comparison  with  other devices having  metal 
parts of similar design and  arrangement,  but 
not necessarily  having the  same  rating, will in 
many cases be  adequate. 

A thermocouple is the preferred method of 
measuring  surface  temperature. When used 
for this purpose on  tanks or enclosures, the 
thermocouples  should be soldered to  a  thin 
metal  plate  or foil approximately 1 in (25 mm) 
square. The plate is to be placed and held 
firmly and snugly  against  the surface. In 
either  case,  the  thermocouple  should be 
throughly  insulated  thermally from the  sur- 
rounding medium. 

32-72 

It is permissible to  shorten  the  time re- 
quired for the test by the use of initial over- 
loads,  restricted cooling, or any  other  suitable 
method. 

The  temperature rise of the winding shall be 
determined by the resistance  method, or by 
thermometer when so specified. 

The  ultimate  temperature rise is considered 
to be reached  when  the  temperature rise be- 
comes constant;  that is, when the tem- 
perature rise does not vary  more than 2.5 
percent  during  a period of 3 consecutive hours. 

14.4.3 Temperature-Rise  Tests - Oil-lm- 
mersed.Devices. The top oil temperature  shall 
be measured by a thermocouple or alcohol 
thermometer immersed approximately 2 in 
(51  mm) below the  top oil surface. 

The average temperature of the oil shall be 
determined  when it is to be used. 

The average oil temperature is equal  to  the 
top oil temperature  minus  one-half  the 
difference in  temperature of the moving.oi1 at 
the  top  and  the bottom of the cooling means, 
as  determined by suitable  measurements. 

For devices with  external cooling means, 
this  temperature difference may be closely 
approximated by careful  determination of the 
temperature  on  the  external surfaces of the oil 
inlet  and oil outlet of the cooling means by the 
use of thermocouples. 

The  ambient  temperature  shall be taken  as 
that of the  surrounding  air which should be 
not less than 10°C or more than 4OOC. 

No corrections for variations of ambient 
temperature  within  this range shall be ap- 
plied. 

Temperature  tests  may be made  with  am- 
bient  temperature outside the  range specified, 
if suitable and agreed upon  correction  factors 
are available. 

14.4.4 Temperature-Rise  Tests - Dry-Type 
Devices. When the  ambient  air  temperature is 
other  than 30 OC, a  correction  shall be applied 
to  the  temperature rise of the winding by 
multiplying  it by the correction  factor K 
which is given by the  ratio 

T +  30 K="- 
T + e  

where 
T = 234.5 for copper 
T = 225 for aluminum 
0 = Ambient air temperature, "C 
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When the  temperature-rise  tests by ther- NOTE  This assumes there will be sufficient additional 
mometer are required, it is important that  the impedance in the circuit to keep the current at the  start of 

the test from exceeding the mechanical current rating 
coil thermometers be properly placed in  the when the product of the rated  current and  the resistance 
air  ducts  in  such  a  manner  as  to  indicate  the at the starting temperature is less than 83 % percent of the 
winding temperature  and yet not  restrict  the line-to-neutral 
ventilation.  This may be accomplished by 
means of grooved sticks of dry wood or some 
other  kind of insulating  material slightly  larg- 
er than  the  thermometer bulbs. 

When the  thermometers  are used for mea- 
suring  temperature of apparatus  other  than 
oil-immersed, the bulbs shall be covered by 
felt  pads  cemented to  the  equipment. When 
pads  interfere  with  ventilation, as  in  venti- 
lating  ducts between coils, grooved  wooden 
sticks  may  be used. 

Dimensions of felt  pads for use with large 
apparatus  should be approximately 1.5 in by 2 
in by 0.125 in (40 mm by 50 mm by 3 mm). 

~ When the  temperature rise has become con- 
stant,  the  test voltage and  current  should be 
removed and  the blowers, if used, shut off. 
Immediately  thereafter,  the coil thermome- 
ters  and  any  other  temperature-indicating 
devices should be read  continually in  rotation 
until  the  temperature begins to fall. If any of 
the thermometer  temperatures  are  higher 
than those observed during  the  run,  the high- 
est  temperature  should be recorded as  the 
final  thermometer  temperature. 

The  temperature rise of the device above the 
specified ambient  temperature, when  tested or 
calculated in accordance  with the  rating, 
shall  not exceed values given in  Table 6. 

For  times of one  minute or less the  tem- 
perature rise shall be determined  in  accor- 
dance  with Section 4.3.1. 

For a time of 10 minutes  and  greater, Sec- 
tions 4.3.2 and 4.3.3, the  temperature rise is 
the limiting observable temperature rise using 
the methods of measurement  as follows: 

Resistance  method for grounding trans- 
formers,  ground-fault  neutralizers, and reac- 
tors 

Thermometer  method  and  radiation  ther- 
mometer  method for resistors 

When the  rated voltage of a resistor is equal 
to  the  line-to-neutral voltage of the circuit, 
the specified temperature  limits  are based 
upon the application of line-to-neutral voltage 
at  rated frequency to  the resistor for a time 
equal  to  the  rated  time,  the  current being 
allowed to  decrease  during  the  rated time. 

14.4.5 Correction Bach  to  Shutdown 
14.4.5.1 Empirical Method. The empi- 

rical  method  utilizes  correction  factors  which 
represent  average  results  from  usual commer- 
cial designs. This  method is not  to be used for 
forced-oil-cooled devices, nor for those designs 
which  deviate  considerably  from  usual com- 
mercial  proportions. In such cases, the cooling 
curve  method  should be used  (Section 
14.4.5.2). 

Take one  hot-resistance  reading  on  each 
winding, record the  time  after  shutdown,  and 
determine  the  corresponding  temperature 
rise. 

When the conductor loss of oil-immersed 
equipment does not exceed 7 WAb (15 Wkg) 
for copper or 12 W/lb (26 Wkg) for aluminum, 
an  arbitrary correction of l 0 C  per minute 
may be used. 

The conductor loss in  watts per pound  in  a 
winding shall be taken  as  the  sum of the 
calculated P R  and  eddy-current loss at a o 
temperature equal to  the  rated  temperature 
rise  plus 2OoC divided by the weight of the 
active  conductor in pounds. 

14.4.5.2 Cooling Curve  Method. Take a 
series of at least  four,  preferably  more,  read- 
ings on  one  phase of each winding, and record 
the time  after  shutdown for each  reading. 

The readings  should be time spaced to as- 
sure  accurate  extrapolation back to  shut- 
down. 

The overall reading  time  should exceed 4 
minutes  and may  extend  considerably be- 
yond. 

The first  reading  on  each  winding  should be 
taken  as quickly as possible after  shutdown, 
but  not before the measuring  current  has 
become stable, and  must be taken  within 4 
minutes. 

Plot  the  resistance  time  data  on  suitable 
coordinate  paper,  and.  extrapolate  the curve 
back to instant of shutdown. 

The resistance  value so obtained  shall be 
used to  calculate  the average  winding  tem- 
perature at instant of shutdown. 

The resistance time  curve  obtained  on one 
phase  may be used to  determine  the correction 
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back to  shutdown for the  other  phases pro- 
vided the  first  reading  on  each of the  other 
windings has been taken  within 4 minutes 
after  shutdown. 

If necessary the  temperature  test  may be 
resumed so that  the  first  readings  on any 
windings may be completed within  the re- 
quired 4 minutes. 

14.5 Temperature-Rise  Calculations 
14.5.1 Thermal  Short-Time  Capability  Cal- 

culations for Reactors,  Ground-Fault Neu- 
tralizers, and Transformers  Used  for Ground- 
ing. The increase  in  winding  temperature O f  
during  short-time  conditions  shall be esti- 
mated on the basis of all  heat  stored in the 
conductor  material  and its associated turn 
insulation. 

The  thermal capability of the conductor 
material  shall be taken  as  the average of the 
values at the  starting  and  finishing  tem- 
peratures. 

All temperatures  are  in degrees Celsius. 
The increase in winding  temperature e f  

which will occur  during a specified short  time 
t shall be calculated by the following equa- 
tion: 

Bf = (T+ e,) [(l + e )  m + 0.6 m 2 ]  (Eq 11) 

where 

m =at  

t = Time, in seconds 
T = 234.5 for copper 
T = 225 for aluminum 
O f  = Increase in winding temperature during 

time t (not to be greater than the differ- 
ence between starting  temperature 8 ,  
and the limiting temperature during short- 
circuit conditions given in Table 7) 

0 , = Starting temperature-reference ambient 
temperature (30°C) plus steady-state 
hottest-spot  temperature rise  above refer- 
ence ambient  temperature at continuous 
current rating, using 
(1) measured hottest-spot  temperature 

rise, if tested 
(2) standard hottest-spot limiting tem- 

perature rise, if not temperature  tested 

W, = Short-circuit resistance loss at starting 
temperature 0 s, watts per  kilogram or 
pound of conductor material 

W, = Short-circuit resistance loss at 75"C, 
watts per  kilogram or pound of con- 
ductor material 

e = Per-unit eddy-current loss,  based on 
resistance  loss at  the starting tempera- 
ture 

e7 = Per-unit eddy-current loss,  based on 
resistance loss at 75°C 

Ca, = Average specific thermal capacity in 
Joules per  degree  Celsius, per kilogram 
or  pound of conductor material and its 
associated turn insulation over the range 
of increase in winding temperature. 

NOTE: Equation 11 is an approximate formula and its 
use should be restricted to values of m = 0.6 or less. The 
exact equation is: 

-. . . 

ef = (T+ e,)pC2m + e (C2m -1)  -1 ] 
e = 2.7183 = base  of the natural logarithms 

The  thermal  capacity C ,  at any  tem- 
perature 0, below 50OOC may be closely esti- 
mated from the following empirical  equations: 

Metric C, = 384 + 0.099 8, + 243 2 A-  
AC 

per  kilogram of copper 
.. ,. - .  

(Eq 13) 

English C, = 174 + 0.045 8, + 110 -- Ai 
A c  

per  pound of copper 

A .  
A C  

Metric C, = 893 + 0.441 8, + 794 

per  kilogram of aluminum 

(Eq 14) 

English C, = 405 + 0.200 8, + 360 - Ai 
Ac 

per  pound of aluminum 

where 
Ai = Cross-sectional area of insulation 
A ,  = Cross-sectional area of conductor 
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Table 10 
Respective  Metric and English System 

Nomenclature for Eqs 15 and 16 

Symbol  and  Identity Metric . English 

0 Final  temperature 

81 Initial  temperature 

Bo Initial  temperature 
ao Temperature coeffi- 

cient of resistance, 
change  in  resistance 
per  degree, at  initial 
temperature, 

6 Density of material 

rise 

rise 

*C Effective inte- 
grated  specific heat 

JO Initial  current 
density 

r ,  Resistivity at  
initial temperature 

t Time 
loglo-1 = antiloglo x = IOa 

OC O F  

OC O F  

OC =e1 + 30 O F  = e l  + 86 

OC O F  

g - lb 
cm3  in3 
Cal Btu 

g*OC lb*OF 
A A 

cm2  in2 

- 

- - 

S S 

*For  cast  iron, over the  range of temperature covered by 
this standard, C shall be taken as 0.130. 

14.5.2 Thermal  Capability  Calculation for 
Neutral  Resistors 

14.5.2.1 Respective  Metric  and  English 
System  Equations for Temperature  Rise  and 
Current  Density,  When  Current is Constant. 
The eddy-current loss may  usually be ignored 
due  to  the  high-resistance  materials used in 
neutral resistors. 

The  temperature rise when the  current is 
held constant,  and  all  heat  is assumed to be 
stored in  the active material,  shall be comput- 
ed  by the following equations, where all quan- 
tities  have been defined in  Table 10. 

Metric 

e = 1 [logTh ( c6 
0.104 ao r ,  t Ji 

a0 

English 

For design purposes, it is  more  convenient to 
insert the desired temperature rise and derive 

the  current  density which will produce the 
desired temperature rise. Thus 

Metric 

19.62C6 log,, = 
J a o r o t  

D +  ao  (e  - e,  11 

4 a o r o t  

NOTE:  Equations 15 and 16 apply  only when the 
temperature coefficient of resistance ao is substantially 
constant over the  temperature range  used, and  must  not 
be used for materials for which the coefficient varies 
greatly. 

14.5.2.2 Respective  Metric  and  English 
System  Equations for Teniperature  Rise  and 
Current  Density,  When  Voltage is Constant. 
For some resistors (see 10.1.1) temperature 
rise is computed  on the basis that  constant 
voltage is maintained between the  terminals, 
the  current being allowed to decrease as  the 
resistance  increases  with  temperature. The 
temperature rise, with  all heat  stored  in  the 
active material  .and  with  constant voltage, 
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shall be computed by the following equations 
where all  quantities  have been defined in 
Table 10. 

Metric 

e=: a0 (--I+ J c ) + e l  0.478 J i  roaot  

English 

e = l ( - 1 +  JI+ 1.898 X C6 J i  roaot 
a0 

For design purposes, it  is more convenient  to 
insert the desired temperature rise and derive 

the current density that will produce the 
temperature rise with  the voltage maintained. 
Thus, 

Metric 

NOTE: Equation 18 applies only when the temperature 
coefficient of resistance ao is substantially constant over 
the temperature  range used, and must not be used for 
materials for which the coefficient varies greatly. 
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