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edition of this standard. The diverse requirements, experiences, and vocabularies of 
representatives from many fields, including communications, power utilities, electronics 
manufacturers, and producers of gas tubes were melded in the standard. In 1981 the Low- 
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IEEE Standard Test Specifications for 
Gas-Tube Surge-Protective Devices 

1.1 This standard applies to gas-tube surge- 
protective devices for application on systems 
with voltages I 1000 V rms or 1200 V dc. These 
protective devices are designed t o  l imi t  
voltage surges on balanced or  unbalanced 
communication circuits and on power circuits 
operating from dc t o  420 Hz. This standard 
contains a series of standard test criteria for 
determining the electrical characteristics of 
these gas-tube surge-protective devices. 

1.2 The tests in this standard are intended as 
design tests as defined under design tests in 
ANSI/IEEE Std 100-1988, IEEE Standard 
Dictionary of Electrical and Electronics 
Terms,' and provide a means of comparison 
among various gas-tube surge-protective 
devices.2 

1.3 Gas-tube devices are used to  provide over- 
voltage protection in electrical circuits. When 
the breakdown voltage of the gas tube is 
exceeded, the normal high-impedance state of 
the tube changes t o  a low-impedance state to  
allow the gas tube to  conduct the surge 
discharge current. After the tube conducts the 
surge discharge current, it interrupts the flow 
of power follow current and returns to  its high- 
impedance state. 

ANSUIEEE publications are available from IEEE 
Service Center, 445 Hoes Lane, PO Box 1331, Piscataway, 
NJ 08855-1331, or from the Sales Department, American 
National Standards Institute, 1430 Broadway, New York, 
NY 10018. 

In this standard, the term arrester is used when the 
definition of gas-tube surge arrester (see Section 2) is 
intended, and the termprotector is used when the definition 
of surge protector (see Section 2) is intended. When a test 
applies to both prokctors and arresters the term device or 
gas-tube device is used alone. For the purpose of this 
standard, all connections to a device are by means of the 
terminals. 

1.4 The test criteria and definitions of this 
standard provide a common engineering 
language beneficial t o  the user a n d  
manufacturer of gas-tube surge-protective 
devices. 

1.5 Due to  the voltage and energy levels 
employed in the majority of tests contained 
herein, all  measurements should be 
considered dangerous, and appropr ia te  
caution should be taken in their performance. 

2. Definitions 

The following definitions apply specifically 
to  gas-tube surge-protective devices and do not 
necessarily cover other applications. 

arc current. The current that flows after 
breakdown when the circuit impedance allows 
a current that  exceeds the  glow-to-arc 
transition current. Sometimes called arc 
mode CurrenL 

arc voltage. The voltage drop across the 
arrester during arc current flow. Sometimes 
called arc mode voltage. 

backup air-gap device. An air-gap device 
connected in parallel with a sealed gas-tube 
device, having a higher breakdown voltage 
than the gas tube, which provides a secondary 
means of protection in the event of a venting to  
atmosphere by the primary gas-tube device. 

breakdown. The abrupt transition of the gap 
resistance from a practically infinite value to 
a relatively low value. In the case of a gap, this 
is sometimes referred to  as sparkover or 
ignition. See : sparkover. 

9 
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breakdown voltage, ac. The minimum rms 
value of a sinusoidal voltage at frequencies 
between 15 Hz and 62 Hz that results in 
arrester sparkover. 

breakdown voltage, dc. The minimum slowly 
rising dc voltage that causes breakdown or 
sparkover when applied across the terminals 
of an arrester. 

current turnoff time. The time required for the 
arrester t o  restore itself to  a nonconducting 
state following a period of conduction. This 
applies only t o  a condition where the arrester 
is exposed t o  a continuous specified dc 
potential under a specified circuit condition. 

dc holdover. In applications where dc voltage 
exists on a line, a holdover condition is one in 
which a surge-protective device continues to 
conduct after it is subjected to  an impulse large 
enough to  cause breakdown. Factors that affect 
the time required to  recover from the 
conducting state include the dc voltage and the 
dc current. 

dc holdover voltage. The maximum dc voltage 
across the terminals of an arrester under 
which it may be expected to clear and to return 
to the high-impedance state after the passage of 
a surge, under specified circuit conditions. 

discharge current. The current that flows 
through an arrester when sparkover occurs. 

discharge voltage. The voltage that appears 
across the terminals of an arrester during the 
passage of discharge current. 

discharge-voltage-current characteristic. The 
variation of the crest values of discharge 
voltage with respect to  discharge current. 

follow current. The current from the 
connected power source that flows through an 
arrester during and following the passage of 
discharge current. 

gas-tube surge arrester. A gap, or gaps, in an 
enclosed discharge medium, other than air at 
atmospheric pressure, designed to  protect 
apparatus or personnel, or both, from high 
transient voltages. 

glow current. The current that flows after 
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breakdown when circuit impedance limits the 
follow current to  a value less than the glow-to- 
arc transition current. It is sometimes called 
the glow mode current. 

glow-to-arc transition current. The current 
required for the arrester to  pass from the glow 
mode into the arc mode. 

glow voltage. The voltage drop across the 
arrester during glow-current flow. I t  is 
sometimes called the glow mode voltage. 

impulse sparkover voltage. The highest value 
of voltage attained by an impulse of a 
designated wave shape and polarity applied 
across the terminals of an arrester prior to the 
flow of discharge current. Sometimes referred 
to as surge or impulse breakdown voltage. 

impulse sparkover voltage-time curve 
(arrester). A curve that relates the impulse 
sparkover voltage to the time t o  sparkover. 

longitudinal (common) mode voltage. The 
voltage common to all conductors of a group as 
measured between that group at a given 
location and an arbitrary reference (usually 
earth). 

short circuit. An abnormal connection of 
relatively low impedance, whether made 
accidentally or intentionally, between two 
points of different potential in a circuit. 

sparkover. A disruptive discharge between 
electrodes of a measuring gap, voltage control 
gap, or protective device. 

surge protector. A protective device, consisting 
of one or more surge arresters, a mounting 
assembly, optional fuses and short-circuiting 
devices, etc, which is used for limiting surge 
voltages on low-voltage (11000 V rms or 1200 V 
dc) electrical and electronic equipment o r  
circuits. 

transfer time. The time duration of the 
transverse voltage. 

transition time. The time required for the 
voltage across a conducting gap to drop into the 
arc region after the gap initially begins to  
conduct. 
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transverse (differential) mode voltage. The 
voltage at a given location between two 
conductors of a group. 

3. Service Conditions 

3.1 Standard Service Conditions. Arresters 
and protectors conforming to  this standard 
shall be capable of successful operation under 
the following conditions, which shall be 
specified by the manufacturer o r  user, as 
appropriate. 

3.l.l Physical Conditions 
(1) Operating temperature range 
(2) Atmospheric pressure range 
(3) Humidity conditions 
(4) Mechanical-shock conditions 
3.13 System Conditions 
(1) Nominal power, signal, or  communi- 

cations system frequencies, or direct 
current 

(2) System voltage and fault current within 
the ratings of the devices under all sys- 
tem operating conditions 

3.2 Nonstandard Service Conditions. The 
following service conditions may require 
special consideration in the design o r  
application of gas-tube devices and should be 
called to the attention of the manufacturer. 

33.1 Physical Conditions 
(1) Exposure to 

(a) Damaging fumes or vapors 
(b) Excessive d i r t  o r  current-  

conducting dripping water, steam, 
or  salt  spray; explosive at- 
mospheres; abnormal vibrations 
or shocks 

(2) Limitation on weight o r  space, 
including clearances t o  nearby 
conducting objects, particularly at 
altitudes exceeding those specified by 
the manufacturer 

(3) Unusual transportation or  storage con- 
ditions 

3.2.2 System Conditions 
(1) System voltage, current, or frequency 

resulting in operating conditions 
whereby the ratings of the devices are 
exceeded 

(2) System fault currents not within the 
rating of the device 

(3) Exposure to direct lightning strikes 
(4) Any other unusual conditions known to 

the user 

3.3 Radiation. Some devices may contain 
radioactive material. Manufacturers of such 
devices must mark them in accordance with 
national regulations. 

The design tests described in 4.1 through 
4.17 provide standardized methods for 
making single observations of a specified 
property of a gas-tube surge-protective device. 
These properties usually vary from 
measurement to measurement, making it 
necessary to  provide statistical descriptions of 
the property so as to compare products. 

The following statistical procedure shall be 
used to  describe any property that has been 
determined to  have important statistical 
aspects. A product sample shall be chosen in a 
manner consistent with the definition of 
design tests as provided by ANSVIEEE Std 
100-1988. A sufficient number of devices shall 
be tested and the characteristic in question 
measured as  described in the applicable 
design test until the parameters of the 
underlying statistical distribution are 
determined within confidence limits specified 
by the manufacturer or user. Values relating 
to the product sample such as, but not limited to, 
mean, median, maximum, minimum, and 
standard deviation may then be stated. 

The following tests shall be performed on the 
device as required by the application. Unless 
otherwise specified, ambient test conditions 
shall be as follows: 
(1) Temperature: 25 OC k 5 "C 
(2) Relative humidity: less than 60% 
(3) Atmospheric pressure: 60 cm to  78 cm of 

mercury 

4.1 DC Breakdown Voltage Test. A device 
shall be placed in darkness for at least 24 h 
and tested in this condition using a ramp 
voltage waveform, with a specified voltage 
rate of rise employing a suitable circuit such 

11 
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PS = variable voltage power supply. Rated load ripple and 

Rl = 60  kQ charging current-limiting resistor 
C = 1.0 pF dc charging capacitor ( nonelectrolytic) 
R2 = discharge current-limiting resistor (10 Q) 
V = voltmeter or  oscilloscope for observing dc breakdown 

E = gas-tube arrester test specimen 

NOTE: Values in parentheses are recommended in the absence 
of special requirements. 

output regulation shall be 5 3.0% under full power 

voltage 

Fig 1 
CHscuitforDCIhpakdownVdtageTest 

as that shown in Fig 1. The device shall be 
tested with a positive and a negative 
waveform, or a waveform of specified polarity, 
with a minimum of 24 h between tests. The 
breakdown values shall be recorded. 
NOTES (1) Unless otherwise specified, a rate of rise not to 
exceed 2000 Vis is recommended. 

(2) A crowbar circuit is usually applied to terminate the 
dc breakdown voltage test, thereby minimizing energy 
dissipated by the device. The method of applying the 
crowbar may affect results of the test. 

4.1.1 Separate tests shall be performed to 
determine dc breakdown voltage repeatability 
employing the ramp waveform described in 
4.1. A series of at least five voltage impulses of 
a given polarity followed by at least five 
voltage impulses of the opposite polarity shall 
be consecutively applied at intervals of less 
than 1 min. 

4.1.2 Each pair of terminals of a multigap 
device shall be tested separately in accordance 
with 4.1 and 4.1.1 with the other terminal or 
terminals floating, unless otherwise speci- 
fied. 

4.2 Capacitance Test. The capacitance shall be 
measured between each terminal and every 
other terminal of the device at a specified fre- 

quency. In measurements involving multi- 
gap devices, a three-terminal measuring in- 
strument is required. All terminals not in- 
volved in the test shall be connected to  a 
ground plane in the measuring instrument. 
NOTE: In the absence of requirements relating to a special 
application, a fkquency of 1.0 MHz is recommended for 
this test. 

4.3 Insulation Resistance Test. T h e 
insulation resistance shall be measured from 
each terminal to every other terminal of the 
device, applying a specified dc voltage as 
described in Fig 2. The specified dc voltage 
shall be reached and held for at least 100 ms 
(T2 = minimum 101 ms in Fig 21, before the 
insulation resistance measurement is taken; 
also, it shall be taken before a holding time of 
10 s has elapsed (T3 = maximum 10.001 s in 
Fig 2). Terminals not involved in the 
measurement shall be left floating. 
NOTES: (1) In the absence of requirements relating to  
special applications, 100 V dc & 5% is suggested for testing 
devices with a dc breakdown voltage of 230 V or more and 
50 V dc f 5% for devices with a dc breakdown voltage below 
230 V. 

(2) Insulation-resistance test results may be affected by 
the short-circuit current of the test circuit. In the absence of 
requirements relating to special applications, the short- 
circuit current should be in the range of 8 mA-10 mA. 

1 0  
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1 

I 
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I 
I 

l- 

INSULATION RESISTANCE 
MEASUREMENT TAKEN 
BETWEEN T2 AND T3 

1- J No oVERSHooT 

I 
I 
I 
I 
I 
I 

100ms I- - T2 

I 100 ms min. 10 s max I 
T3 

LRISETIME 1 .O ms min 

TIME . 
Fig2 

Voltage Applied During Insulation Resistance Test 

4.4 Impulse Breakdown Voltage Test. The 
purpose of this test is to  determine the impulse 
breakdown voltage of a gas-tube protector or 
arrester and to  establish an  impulse 
breakdown voltage-time curve of the device. 
The voltage generator used for this test must be 
capable of maintaining the waveform 
specified in Fig 3. Since the intent of this test is 
the measurement of impulse breakdown 
voltage on the front of the wave, the tail of the 
impulse wave is unspecified. 

4.4.1 The device to be exposed to the test shall 
be kept in total darkness before (for at least 
15 min) and during the test. Then, with a 
specified polarity and a ramp voltage with a 
specified rate of rise applied to  the device, 
record the breakdown voltage level. To repeat 
the test with opposite polarity, using the same 
device, a minimum of 15 min shall elapse. 

4.4.2 Discharge current should be sufficient 
to cause operation in the arc mode. However, 
operation in the glow mode during the 
transition into and out of the arc mode shall be 

NOMINAL 
RATE OF RISE 

I l l  
I I I ,T 

0.9 T2 I l l  T2 1.1 T2 0 I T 1 !  
I I  

0.9 TI 1.1 T1 

NOTE: Impulse breakdown test waveform 
(nonconducting) must be within enclosed limits. 

Fig3 
Impulse Bmakdown Test Waveform 
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permissible. Discharge current amplitude 4.5.2 For multigap devices, independent 
and duration should not be so high as t o  maximum single impulse discharge currents 
significantly affect repeatability of the of the same polarity shall be discharged 
impulse breakdown voltage test, or to consume simultaneously through all gaps to  the 
a significant portion of device life during an common electrode. 
impulse life test. 

NOTE: In the absence of specific requirements, discharge 
current should be in the range of 1 A-10 A but in any case it 
should be sufficient to cause operation in the arc mode. 
Duration of discharge current after breakdown should be 
as short as practicable, preferably less than 10 ps 
measured from 50% of peak on the leading edge to 5% of 
peak on the trailing edge. 

4.4.3 Separate tests shall be performed to  
determine the repeatability of impulse 
breakdown voltage. The rate of rise, crest 
current, and decay time to  half crest shall be 
specified. A minimum of five impulses of 
each polarity shall be applied at intervals of 
not greater than 1 min, and the breakdown 
voltage for each impulse shall be recorded. An 
additional test may be performed employing at 
least two applications of the impulse separated 
by a period greater than 24 h. Separate samples 
shall be employed for each of the two tests and 
for each rate of rise. 
NOTE: In the absence of special requirements, the rates of 
rise should be one or more of 100 V/p, 500 Vlp, 1 kV@, 
5 kVlps, and 10 kVlps. 

4.4.4. Each pair of terminals of a multigap 
device shall be tested separately in accordance 
with 4.4 through 4.4.3 with the other terminal 
o r  terminals floating unless otherwise 
specified. 

4.4.5 When the device is to  be employed for 
protection against high altitude nuclear 
electromagnetic pulse (HEMP), additienal 
tests shall be conducted at 100 kV/ps and ether 
rates of rise as required. 

4.5 Maximum Single Impulse Discharge 
Current Test. The purpose of this test is to 
determine the ability of a device to  conduct a 
maximum single impulse discharge current, 
regardless of polarity, from its line terminal 
to  the common terminal and not fail in any of 
the modes described in 4.16. 

4.5.1 The current impulse waveform may be 
8/20 ys or 10/1000 ys, or both. The maximum 
single impulse discharge current is the peak 
current of the impulse. Different samples 
shall be tested for each polarity or wave shape. 
For applications with backup air gaps, see 
4.17. 

4.6 Impulse Life Test. Tests shall be conducted 
on devices t o  establish a current-life 
characteristic based on the number of 
discharges to failure. Separate samples shall 
be used for each current level and each 
polarity tested. 

4.6.1 The impulse shall be determined by 
either of two methods 

(1) The impulse discharge current and 
wave shape shall be measured with the 
device in the circuit to ensure that the 
arc voltage does not affect the specified 
wave shape or  crest current appreciably. 

(2) The impulse discharge current and 
wave shape shall be measured with the 
device replaced by a short circuit, and 
the open-circuit source voltage shall 
exceed the  maximum impulse 
breakdown voltage of the device by not 
less than 50%. 

4.6.2 For applications with backup air gaps, 
see 4.17. 

4.6.3 For multigap devices, independent 
impulse Iife test currents of the same polarity 
shall be discharged simultaneously through 
all gaps to  the common electrode. 

4.6.4 Failure criteria for this test are defined 
in 4.16. The applicable failure-criteria tests 
shall be performed after each impulse 
discharge. During the impulse life test, the 
waiting period between breakdown voltage 
tests need not apply. 

Table 1 
Suggested Impulse Life Test Levels 

Current Maximum Time 
(-11 5%) Between Surges Wave Shape 
(A) (minutes) (W) 
_. 

50 
100 
300 
500 

woo 

- 
2 lOnoO0 
2 lOnoO0 
2 lOnoO0 
2 lOnoO0 
2 8/20 

2000 5 8/20 
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NOTES: (1) In the absence of special requirements, it is 
recommended that insulation resistance, plus or minus dc 
breakdown voltage, and plus or minus impulse 
breakdown voltage shall be measured after each life test 
surge, in that order. 

(2) In the absence of special requirements, it is 
suggested that test current levels be selected from Table 1. 
4.7 AC Discharge Current Test. The device 
shall, for a period of time, pass 50 Hz or 60 Hz 
discharge current, which may be created by 
direct contact with a power line or by induction 
from a nearby power line. Many protectors 
contain mechanisms internal or external to  
the arrester, or  both, that  conduct the 
alternating current when the conducting 
capacity of the arrester has been exceeded.The 
purpose of this test is to determine the period of 
time for which protectors can conduct 
alternating current without activation of the 
safety mechanisms for various current levels. 
Permanent activation of these mechanisms 
shall be considered a failure mode. 

4.7.1 The crest ac  voltage of the source shall 
exceed the maximum dc breakdown voltage of 
the device by not less than 50%. 

From the test data gathered, a root-mean- 
square (rms) ac load o r  discharge 
characteristic may be plotted (rms current 
versus time). For applications with backup air 
gaps, see 4.17. 

4.7.2 For multigap devices, independent ac 
discharge currents shall be discharged 
simultaneously through all gaps to  the 
common electrode. 

4.7.3 Failure criteria for this test are defined 
in 4.16.1 and 4.16.3 (dc breakdown only). 

4.8 Alternating Follow-Current Test. Apply 
an ac source, 50 Hz or  60 Hz, with an open- 
circuit rms ac voltage of 25 V, 120 V, 208 V, 
240 V, or  480 V (to be stated) as shown in Fig 4. 
The power frequency source current shall be 
resistance-limited to  approximate unity 
power-factor conditions. This ac- source shall 
have the capability to provide a follow current 
when conduction is initiated within the 
arrester by a secondary source of impulse 
current applied at thirty electrical degrees or 
less after the zero value of the ac source. The 
impulse current shall be unidirectional and of 
the same polarity as the applied half cycle of 
the ac source. The impulse should be of 
sufficient amplitude and time duration to  
ensure that the device is put into the arc mode 

R2 

*o 

CURRENT 
PROBE 

SURGE 
GENERATOR 

EX = SOHzororHzsource 
E2 = gastubearrester 
E3 = isolation gap 
Ftl = limiting resistor 
R2 = isolation resistor 

CRO = cathode ray oscilloscope 

PHASE, ARM. 
AND TRIGGER 

CIRCUITRY 

NOTES (1) Reactance o f  50 Hz or 60 Hz source 
cc R1. 

(2) R2 must be sufficiently large to cause 
prompt extinguishing of the isolation gap. 

(3) Surge protection of the 50 HZ or 60 Hz supply 
may be necessary. 

Fig4 
Circuit for Alternating Follow-Current Test 

conducting state. The maximum current, 
which the device will extinguish without 
failure, defines the maximum alternating 
follow-current capability. For applications 
with backup air gaps, see 4.17. 
NOTE: In the absence of special requirements, it is 
recommended that the device be required to extinguish not 
later than thirty electrical degrees after the first 
aalternating current zero without failure, as specified in 
4.16, and that subsequent breakdown does not occur. 

4.9 DC Holdover Test for Two-Electrode 
Devices. This test shall establish the 
maximum values of direct current for a given 
open-circuit dc voltage and specified circuit 
conditions that the device can extinguish. 
When the device is subjected to  an impulse 
sufficient to cause the voltage across the gap of 
the device to  drop into the arc voltage mode, the 
arrester is expected t o  return t o  its high 
impedance state after it has conducted the 
impulse current. 

4.9.1 The current impulse that is applied to 
the gap of the arrester shall be a 100 A, 
10/1000 ps wave of the same polarity as the dc 
source. Three impulses shall be applied at not 
greater than 1 min intervals. These tests will 
be repeated with the test specimen connections 
reversed. 
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PSl = con tant voltage dc supply o r  battery (transient free f 1 % 
for unit impulse currents from zero to full load and from 
full load to zero) 

E 1 = isolation gap or equivalent device 
E2 = gas-tubearrester 
C 1 

€U 
R2 = optional resistor for simulating circuit resistance 

R3 = direct currentlimitingresistor 

= optional capactor for simulating application conditions 

= impulse limiting resistor or wave-shaping network 
(0.083 p>* 

(136 Q)* 

CRO = oscilloscope for observing gas-tube voltage breakdown or 
extinguishing time 

= direct current through 83 with E2 shortcircuited 
Dl = diode 
Zm 

Tests may be performed with R2 and C1 deleted from the circuit, or as 
specified by the user. 

NOTE: Values in parentheses are recommended in the absence of 
special requirements 

Fig6 
Circuit for De Eoldover Test ofTweElectmde Devices 

4.9.2 Tests shall be conducted, using the 
circuit shown in Fig 5 ,  with the dc voltage PS1 
fixed at a value to  be stated. Resistor R3, in the 
circuit, shall be decreased from values for 
which no holdover is observed until holdover 
occurs for greater than a stated period; current 
I,, shall be stated for this condition. For 
applications with backup air gaps, see 4.17. 
NOTE: In the absence of special requirements, it is 
recommended that tests be conducted with the dc voltage 
PS1 fured at 50 V o r  150 V, or both (to be stated), and that a 
maximum time for current turnoff of 150 ms be employed. 

4.10 DC Holdover Test for Three-Electrode 
Devices.  This test shall establish the 
maximum values of direct current for a given 

open-circuit dc voltage and specified circuit 
conditions that the device can extinguish. 
When the device is subjected to  an impulse 
sufficient to cause the voltage across the gaps 
of the arrester to go into the arc voltage mode, 
the arrester is expected t o  return t o  its high 
impedance state after it has conducted the 
impulse current. 

4.10.1 The simultaneous impulse currents 
that are applied to the gaps of the arrester shall 
be 100 A, 10/1000 ps waves. Three impulses 
shall be applied at not greater than 1 min 
intervals. 

4.10.2 Tests shall be conducted, using the 
circuit shown in Fig 6, with the dc voltage 
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D2 

D1 
R 7  

SURGE 
GENERATOR 

R1 

D3 D4 

(DC) 
IR2 IR6 - R3 R5 

b 

a,c3 = 
a =  

D1, D2, D3, D4 = 
E t =  
E =  

I R 2 =  
I R 6 =  

lJSl,PS2 = 

m , R 7  = 
m,R6 = 
R3,Rs = 

R 4 =  

- 
optional capacitor for simulating application conditions (0.083 p) 
optional capacitor for simulating application conditions (0.043 @?) 
diode (appropriately polarized) 
isolation gap or equivalent device 

direct current through R2 with E2 short-circuited 
direct current through R6 with E2 short-circuited 
batteries or dc power supplies (appropriately polarized, transient free 
f 1% for unit impulse currents from zero to full load and from full load to 
zero) 
impulse current limiting resistor or wave-shaping network 
battery current limiting resistor 
optional resistor for simulating application conditions (136 a) 
optional resistor for simulating application conditions (272 Sr) 

gashbe 

NOTES: (1) The impulse generator may eupply independent simultaneous impulses to each 
electrode common to the ground electrode of the multi-element gas tube. 

(2) Values in parenthes are recommended in the absence of special requirements. 

Fig6 

C h u i t  for DC Holdover Test of Three-Electrode Devices 

(PS1, PS2, D3, and D4) equal and fixed at a 
stated value with the same or opposite polarity 
(to be stated) applied to  the terminals of the 
device. Resistors R2 and R6, in the circuit, 
shall be decreased from values for which no 
holdover is observed until holdover just occurs 
for greater than a stated period. Currents IR2 
and IR6 shall be stated for this condition. For 
applications with backup air gaps, see 4.17. 
NOTE: In the absence of special requirements, it is 
recommended that tests be conducted with the dc voltage 

(PSI and PS2) fmed at 50 V or 150 V, or both (to be stated), 
and that a maximum time for extinguishing of 150 ms be 
employed. 

4.11 Transition Time Test. Transition time 
shall be measured in accordance with Figs 7 
and 8. The waveform for this test shall be 
lO/lOOO ps. The peak impulse voltage 
shall be at least two times the dc breakdown 
voltage. The peak impulse current shall be 
specified and shall be between 1.5 and 
4 times the glow-to-arc transition current. 
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R l =  
R 2 =  

mo = 

E =  

impulse-shaping resistor 
impulse-shaping resistor and current- 
limiting resistor 
oscilloscope for observing impulse transition 
time 
gas-tube arrester test specimen 

Fig7 
Circuit for Transition Time Test 

= breakdownvoltage 
'2 = glow voltage 
V3 = arc voltage 

T2 - TI = transition time 

NOTE: Tz is to be taken at a point when the voltage is 
equal to twice V3 

E"ig8 
Breakdown Wavefom 

IEEE STANDARD TEST SPECIFICATIONS FOR 

4.12 Impulse Transverse Voltage Test. A 
transverse voltage occurs across a balanced- 
to-ground conductor pair when symmetrical 
or unsymmetrical longitudinally impressed 
voltages break down the gaps of an arrester 
that is connected to  protect the insulation of the 
line to  ground pair. The transverse voltage 
may also occur as the gaps return to their high- 
impedance state. It is the purpose of this test t o  
determine the impulse transverse voltage. 
4.12.1 The impulse generator for transient 

transverse voltage in Fig 9 shall be designed 
to  generate a 10/1000 ps wave shape with a 
crest of 1500 V. The crest discharge current of 
the gas-tube device shall be a function of the 
applied crest voltage, the current limiting 
resistors as shown in Fig 9, and the inherent 
characteristics of the device under test. 
4.12.2 The test plan in Fig 9 shall be 

performed. At each step, the transverse voltage 
shall be measured such that the transverse 
pulse shape can be established with respect to  
voltage amplitude and time duration. The 
area under the volt-time of the pulse will 
represent volt-seconds relating to  current or 
energy through the protected termination. 
Devices shall be tested in both polarities to  
determine the effect of polarity on impulse 
transverse voltage. 
NOTE: The characteristics of the specific system o r  circuit 
in which the device is applied may affect this electrical 
characteristic. 

4.13 AC Transverse Voltage Test. An ac 
transverse voltage test shall be made from an 
ac source, timer-controlled t o  limit discharge 
current to  0.2 s, as shown in Fig 10. Current 
limiting resistors shall allow a peak current 
of 1.5 to  4 times the glow-to-arc transition 
current through each gap. The source shall 
have a peak voltage value of 1.5 to 4 times the 
dc breakdown voltage of the arrester. The 
maximum peak transverse voltage and the 
maximum volt-time area for any half cycle 
shall be recorded. 
NOTE: The characteristics of the specific system 
o r  circuit in which the device is applied may 
affect this electrical characteristic of the device. 
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R1 Test R1, R4 (Q) A Percent of R2) 

1A (50) 100 
B *  (50) 50 
2A (800 100 
2B (800) 50 

*Optional test 

Rz, R4 = current-limiting resistors 
R2 = impulse wave-shaping resistor ( G O %  of RI) 
R3 = load resistance (600 Q) 

E = gas-tubearrester 
CRO = oscilloscope for observing transient transverse voltage 

NOTE: Values in parentheses are recommended in the absence of 
special requirements. 

Fig9 
Circuit and Test Plan for Impulse Transverse Voltage Test 

I I 

RI, R2 = current-limiting resistors 
FC3 = termination resistor (600 Q) 

CRO = oscilloscope for observing transverse voltage 
= 5 O ~ o r 6 O ~ s o u r c e  

E2 = gas-tubearrester 

NOTE: The value in parentheses is recommended in the absence of 
special requirements. 

Fig 10 
Circuit for AC Transverse Voltage Test 
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OSCILLATOR I~-~r PROTECTOR (1 KHz - 10 kHz. 900 n) 

(772 kHr, 1 0 0  01 
E OR 

IEEE STANDARD TEST SPECIFICATIONS FOR 

DISTURBING 

E l  = M)Hzor6OHzsource 

R l  = load-limiting resistor 
R2 = currentshunt 
Vv = vertical deflection 
v h  = horizontal deflection 

S = switch 

CRO = oscilloscnpe for obsenring g__w-arc charadel- kic 
E = gas-tubarregter 

!XOn OR 

OSCILUTOR 
(1 kHz - 10 kHr. 900 01 

(772 kHz. 100 nl 
PROTECTOR 

9 0 0 Q O R  
100n 

PROiECTOR VOLTMETER 
1900 0 OR 1 0 0  01 

1 
I I I 

DISTURBING 

(3-PIN) 

DISTURBED 

LINE - INCLUDING STUB, 
LEADS, OR TEST FIELD 
IF FACTORY INSTALLED 

900 0 OR 
VOLTMETER PROTECTOR 

(900 0 OR 100 01 

(5-PIN) 

DISTURBED 

Fig12 
Circuit for (kx&alk Test 
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4.14 Voltampere Characteristic Test. A 
voltampere characteristic shall be derived 
illustrating nominal values of breakdown, 
glow voltage, and the glow-to-arc transition 
current in both polarities of the arrester. The 
circuit in Fig 11 shall be used for this test, 
limiting current to  the lowest value necessary 
to  define the glow-to-arc transition. The 
source shall provide a single cycle of 50 Hz or  
60 Hz voltage, with a peak value at least 1.5 
times the dc breakdown voltage. 

4.15 Crosstalk Test. On multipair protector 
assemblies, the crosstalk loss between 
vertically and horizontally adjacent pairs 
shall be measured in the frequency band of 
1 kHz t o  10 kHz, using 900 S2 resistive 
terminations, and at 772 kHz, using 100 a 
resistive terminations. The test shall be 
performed as shown in Fig 12 with factory- 
installed leads, cable stubs, or test connector 
jack fields wired in place. 

4.16 Failure Modes. In the absence of special 
requirements, the following criteria are 
suggested. 

4.16.1 Short-Circuit Failure Mode. In this 
mode, the device has become permanently 
short circuited. 

4.16.2 Low Breakdown Voltage Failure 
Mode. In this mode, a device has a dc 
breakdown voltage of less than a specified 
value. 

4.16.3 High Breakdown Voltage Failure 
Mode. In this mode, a device has a dc o r  
impulse breakdown voltage of greater than a 
specified value. 

4.16.4 Low Insulation Resistance Failure 
Mode. In this mode, a device has an insulation 
resistance of less than a specified value. 
NOTE: In the absence of other requirements, it is 
recommended that a value of 1 MR be used. 

4.16.5 DC Holdover Failure Mode. In this 
mode a device has a time for follow-current 
turnoff in excess of the specified maximum 
value. When applied in an impulse life test, dc 
holdover need not be checked after every 
impulse. It shall be sufficient to  measure this 
characteristic at the completion of the 
maximum required number of impulses, and 
then only for those devices that survived to that 
point. 

4.16.6 Fail-safe Operation. The use of the 
term fail safe to  describe a failure mode of a 
gas-tube device is discouraged. Failure of a 
device can occur in any of the modes 
previously described. Some users may 
consider that the most desirable failure mode 
for the device is to  maintain the protective 
function, namely, t o  fail in the short-circuit 
failure mode. However, system objectives of 
other users can require that a particular device 
should fail in a high breakdown failure mode 
so as to  achieve the desired performance of the 
system. Thus failure in the short-circuit 
failure mode, while considered fail safe by 
many users, may be opposite the desired (safe) 
mode of other users. Therefore, the 
recommended practice is t o  describe the 
failure by one of the failure modes defined in 
4.16.1 through 4.16.5. 

4.17 Backup &Gap Devices 
4.17.1 When performing the tests of 4.5, 4.6, 

4.8, 4.9, and 4.10 on devices equipped with 
backup air gaps, the maximum source voltage 
rate-of-rise shall be specified. 

4.17.2 When performing the test of 4.7 on 
devices equipped with backup air gaps, the 
maximum voltage rate-of-rise of the 50 Hz or 
60 Hz switching transients at the device shall 
be specified. 
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