
Performing GR-1089-Core Lightning and 
Power Cross Test 

oZOOO tiih7 . Reprinted tt&itic 

pernttieiott, 777777 7»ternstional 

&'I&ntpoeitt»t on 77eetro&nor&»etio 

Co&nptttit»7iti&, Vottt&ne 2, p. 967. 

jAMES PRESS 
National Technical Systems 
Boxborough, MA 

jENNIFER LAWRENCE 

iTouch Communications, Inc. 
Littleton, MA 

MARK BHTS 
National Technical Systems 
Tinton Falls, NJ 

JOHN NQO 

National Technical Systems 
Fullerton, CA 

he pitfalls and difficulties in per- 
forming testing in accorclance with 
GR-1089-CORE, Section 4 are 

discussed. A brief description of the GR- 
1089-CORE document is presented to 
familiarize the reader with the impor- 
tance of this requirement. The paper 
hopes to stimulate the reader into 
further cliscussions on the test method- 
ologies of GR-1089-CORE. A description 
of the types of equipment that are 
typically required to meet the Lightning 
and Power Fault test is provided. 

With the recent upswing in the use of 
the Internet, the need for faster and 
more reliable routers, servers, and 
switches capable of handling traffic from 
various broadband sources such as 
Digital Subscriber Lines (DSL), ISDN, Tl, 
fiber, and plain olcl telephone service 

(POTS) has grown tremendously. As a 
result of this growth, the Regional Bell 
Operating Companies (RBOC) and other 
service providers are attempting to bring 
new devices online at a rapid pace. 
These devices are expected to meet the 
requirements of GR-63-CORE (environ- 
mental requirements) and GR-1089- 
CORE (electrical requirements). These 
two documents are known as the 
Network Equipment Building Systems 
(NEBS) requirements and are designed 
to assure the safe and efficient operation 
of the Network in a wide range of harsh 
environments. Other requirements such 
as GR-499 and RBOC specific clocuments 
are imposed in acldition to GR-63-CORE 
and GR-1089-CORE. Tests inclucle some 
rather benign requirements such as 

package vibration and drop test. Other 
tests are quite severe such as seismic, 
fire, operating humidity, FSD, lightning, 
and power fault (power cross). This 

paper mill concentrate on the lightning 
and power cross test. However, it is 

important to keep in mind that the other 
requirements could be affectecl by the 
outcome of any of the tests. For in- 

stance, a system may fail lightning or 
EMC and thus require a larger filter on 
the power input. The filter allows the 
system to comply with EMC but the 
ackled weight could cause a change in 

the center of gravity, which, in turn, 
would cause a noncompliance during 
the seisnaic test. If the components in 

the filter might not be fire rated and 
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could add to the fuel load, they may 
cause a failure during the fire test. 
In order to meet all NEBS require- 
ment, a large database of knowl- 

edge and experience is required by 
the test engineers and technicians. 

CAUBRATIQN QF 
IGIENEIRATQRS 
The most unique aspect of GR-1089 
test is the calibration or character- 
ization of the test generators. This 
aspect is a direct result of the 
differential nature of the telecom- 
munication connection (tip and 
ring). A five terminal generator (T, 
R, Tl, Rl, Rtn. ) is required for 
common-mode test. For standard 
POTS, a three terminal generator (T, 
R, Rtn. ) will be sufficient. Both the 
open circuit voltage (OCV) and 
short circuit current (SCC) require- 
ments, as well as the waveshape, 
must be met. This requires that the 
OCV must appear on all outputs 
simultaneously. Then, the OCV 
must appear on all the outputs 
except for one, which is shorted; 
and that one output have met the 
SCC. Then two outputs are shorted, 
and the OCV and SCC are again 
measured. This process continues 
until all the outputs are shorted, and 
they all must meet the SCC require- 
ment. Obviously, calibration of the 
generators can be a time-consuming 
task. 

The initial reaction when design- 
ing such a generator is that main- 

taining the waveshapes for OCV 
and SCC are almost impossible. 
However, the rise time and duration 
as defined in ANSI C62. 41 (rise time 
is 1. 25 times 10 to 90% and duration 

is first 10% to second 50% points) 
are maximums and minimums. That 
is, faster rise times are allowed and 
slower durations are allowed. This 
helps the pulse designer to meet the 
OCV and SCC requirements. The 
problem arises when the design is 

such that the duration on the OCV 
is so large as to over test the 
equipment-under-test. This would 
occur if the designer were having 
difficulty meeting the SCC duration 
and solved the problem by having a 
very long OCV duration (2 or 3 
times the requirement). Of course, 
these problems do not exist for the 
power cross test which is defined as 
a 60-Hz waveform with a RMS 

voltage and current value. The 
values are obtained by using the 
proper source impedance for the 
generator. The difficulty here is 

finding good po~er resistors and 
building a safe generator. 

TEST PHILQSQPHV 
The equipment-under-test is 

required to meet two test criteria. 
The first level criteria require 
normal operation after the test 
surge without damage. The second 
level criteria require that the unit 
not become a fire, fragmentation or 
electrical hazard. This second level 
criteria is confirmed through the 
use of a witness cloth consisting of 
bleached, untreated cheesecloth. 
The cloth is wrapped around the 
circuit pack, shelf, rack, or maga- 
zine under test. Any indication of 
ignition, charring, or ejection of 
materials is to be considered a 
failure. Any conditions indicating a 
violation of the safe operation of 

the system will also be considered 
a failure. These criteria hold for 
both the lightning and power cross 
test. 

Both the lightning and the power 
cross tests are applied to the 
telecommunication ports only. The 
dc power line is assumed to be 
protected internally at the power 
source. Commercial ac po~er is 

usually not utilized in a central 
office environment but is required 
to meet EN61000-4-5 lightning test. 

' Data or I/O lines are considered to 
be intra-building leads and very 
short compared to telecom lines. 
They are also exempt from the test. 
Intra-building telecom lines are 
required to meet a less severe test 
requirement not discussed. The test 
levels are based upon the assump- 
tion that the facility is protected by 
a voltage-limiting device with an 
approximate breakdown voltage of 
1000 V differential. 

The power cross requirement is 

derived from the possible condition 
that an electrical power line comes 
in contact with the telecommunica- 
tion line. If the fault occurs on a 

primary power line, the fault will be 
cleared quickly (less than 5 sec- 
onds) and the voltage-limiting 
protector will limit voltages to 600 V 
rms. If the fault occurs on a second- 
ary line, the condition may persist 
for a long time until cleared by the 
power company. Here the voltage 
(110 — 277 V) is below the voltage- 
limiting protector and will not be 
reduced in any manner, 

Further details on the data used 
to establish these levels are found in 

TR-EOP-000001. 
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Table 1. First level lightning surge 
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UGHTNING REQUIREMENT 
The first-level (operational) light- 

ning requirement is summarized in 
Table 1. Not all five tests are 
required. Surge 3 may be performed 
in place of 1 and 2. Therefore, the 
requirement consists of surges 1, 2, 
4, and 5 or 3, 4, and 5. The latter 
test sequence is the most efficient. 
Test surges 1, 2, 3, and 5 represent 
the 1000 V differential let-through 
voltage of the protector. Test surge 
4 represents coupling to the 
grounding conductors and thus 

bypassing the protector. This 
coupling would appear as a com- 
mon mode voltage. 

For test connection, differential 
applies between all combinations 
(T with all other grounded, T R R 
with all other grounded, etc. ) and 
common applies to all leads simul- 

taneously. All the calibrations must 
be performed prior to test verifying 
the OCV and SCC of each combina- 
tion. Waveform 5 is a special case 
where up to 12 tip-and — ring pairs 
are tested simultaneously. If the unit 
contains less than 12 pairs, then all 

pairs are tested. Note that the same 
calibration procedure needs to be 
followed as described above (i. e. , 
all OCV and SCC combinations of 
each pair with the other pairs 
opened and short-circuited). If the 
unit contains more than 12 pairs, 
the pairs to be tested are to be 
chosen such that the distribution is 

as even as possible across the 
available pairs. If the unit has 

multiple power distributions, then 
another test(s) is required on a 12 
pair set that share a common power 
fuse. As can be seen, testing only a 
few telecommunication pairs could 
easily be a four to five day effort. 

The second level lightning surge 
(fire, fragmentation, or safety) is 

summarized in Table 2. This. mave- 
form simulates a nearby strike 
coupling into the grounding con- 
ductors. 

AC POWER FAUILT 

REQUIIREMENT 
The first level (operational) ac 
power fault tests are summarized in 
Table 3. All tests are performed at 
60 Hz. If the unit has a primary 
protection device such as a heat 
coil, these devices are to be re- 
moved for all tests except for test 
number 4. Additional tests are 
discussed in GR-1089, but are 
established as objectives and not 
requirements. Since these additional 
tests are less severe than the second 
level tests, most customers attempt 
to meet the first level objectives 
during the second level test. In 
addition, if the unit contains a 
voltage or current limiting device 
such as a gas tube, then an addi- 
tional test is required to assure that 
the device will not trigger due to 
low level induced currents. The test 
in Table 3 will also need to be 
performed at just below the trigger- 
ing threshold of the voltage or 
current limiting device. 

The second level (fire, fragmenta- 
tion, or safety) ac power fault test is 

summarized in Table 4. All tests are 
performed at 60 Hz. If the unit has a 
primary protection device such as a 
heat coil, these devices are to be 
removed for all tests. If the unit 
contains a voltage or current 
limiting device such as a gas tube, 
then an additional test is required to 
assure that the device will not 
trigger due to lorn level induced 
currents. The tests in Table 4 will 

also need to be performed at just 
below the triggering threshold of 
the voltage or current limiting 
device. Some of these tests are 
required for safety testing to UL 

1950 and need not be repeated if 
testing has been performed by a 
National Recognized Testing 
Laboratory (NRTL). Test number 4 is 

to be performed at any voltage 
between 100 and 600 V that causes 
worse case fire hazard conditions. 

TEST CONDITIONS AN9 
SAFETY 
As can be concluded from the 
above discussion, the lightning and 
ac pomer fault tests can produce 
lethal voltages. The test generators 
used to produce the lightning 
waveforms are on the order of 100 
pF with voltages up to 10 kV. The 
energy is approximately 5000 J. This 
is enough energy to give someone a 

good jolt and must be respected. 
The ac power fault test mill defi- 
nitely kill if these voltages came in 
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Table 3. First level ac power fault 
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