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Abstract This paper reports a Surge Protective Device (SPD) that is used to protect an automatic metering interface
(AMI) power supplies of communication equipment on a low-voltage distribution system from a lightning current.
The surge protective device (SPD) can be classified as one-port SPDs and two-port SPDs with decoupling elements
depending on the connection type. The protection of internal systems against the lightning current may require a
systematic approach consisting of coordinated SPDs. To deal with this, the definition of a lightning protection zone
(LPZ) was studied and interpreted through a theoretical review. Because the lightning current resulting from a
lightning surge is considerably high, there is limited protection from one SPD; therefore, coordinated cascaded
MOV-based SPDs are installed to solve this problem. Regarding the power grid mentioned in this paper, a class Il
SPD for the low-voltage distribution system installed on the border of LPZ1 and LPZ2, which establish a protection
coordination with the Arrester (LA, SA) that corresponds to the LPZ0 installed on the MOF stage connected to one
system were designed to protect various communication (control) equipment, including the automatic meter reading
system inside the branch-type electric supply panel of a building, not the incoming side of one system. In addition,
performance-related tests were done by a comparison with the existing method through testing, and the optimal design
was achieved for the 1-port SPD that uses a series connection and can bleed load current without any decoupling
element.

Keywords : Low-Voltage Power Distribution System, Protection Coordination, Residual Voltage, Surge Protective
Device, Voltage Protection Level
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Fig. 1. Example for the application of SPD in power
distribution system

Table 1. Classification of LPZ

Outer Definition
Zones
Zone where the threat is due to the direct lightning
LPZ04 flash and the full lightning electromagnetic field. the
internal systems may be subjected to full lightning.
Zone protected against direct lightning flashes but
LPZ0 where the threat is the full lightning electromagnetic
i field. the internal systems may be subjected to partial
lightning surge current
Zone where the surge current is limited by current
LPZI sharing and by SPDs at the boundary. Spatial
shielding may attenuate the lightning electromagnetic
field.
Zone where the surge current may be further limited
by current sharing and by additional SPDs at the
LPZ2,..,n | boundary. Additional spatial shielding may be used
to further attenuate the lightning electromagnetic
field.
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Table 2. Voltage withstand level

Nominal voltage of the] Required rated impulse withstand voltage of equipment
installation “[V] kv ¢
ingl
Single Equipment at | Equipment of Appliances Specially
-phase L A .
Three systems the origin of | distribution and [and currentusing| protected
-phase ywith the installation | final circuits equipment equipment
systems b middle (overvoltage (overvoltage (overvoltage [ (overvoltage
point category 1V) category III) category II) | category I)
120-
- 4 2.5 1.5 0.8
240
230/400
6 4 2.5 1.5
277/480
400/690 - 8 6 4 2.5
1000 12 8 6 4

a According to IEC 60038.

b In Canada and USA, for voltages to earth higher than 300 V, the impulse
withstand voltage corresponding to the next highest voltage in column one
applies.

¢ This impulse withstand voltage is applied between live conductors and PE.
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Table 3. Surge immunity level

Open-circuit test voltage kV £10%
Level
Line to Line Line to groundb
1 - 0.5
2 0.5 1
3 1 2
4 2 4
X' Special Special

a "X" can be any level, above, below or in between the others. The level
shall be specified in the dedicated equipment specification.

b For symmetrical interconnection lines the test can be applied to multiple
lines simultaneously with respect to ground, i.e. “lines to ground”.
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Table 4. Specification of Metal Oxide Varistor(MOV)

Performance SPD Class
Maximum continuous operating 120
voltage(Uc), V
o Class 11
Energy capability(J) 640 In : 20kA
Nominal discharge 2
current(In), kA
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and measurement device

Table 5. Residual voltage by SPDs sample type as
injected combination wave

0.1Uoc | 0.2Uoc | 0.5Uoc | 0.75Uoc | 1.0Uoc
(2kV/ (4kV/ (10kV/ | (15kV/ | (20kV/
Lead Length 1kA) 2kA) SkA) 7.5kA) 10kA)
unit : kV
50cm 0.92 1.08 1.56 1.92 228
30cm 0.92 1.04 1.36 1.64 1.88
10cm 0.88 1.04 1.24 1.40 1.52
optimum sample 0.84 0.92 1.04 1.12 1.24
O Test method
- Injected voltage wave : 1.2x504s
- Injected current wave : 8x204s

- Output impedance : 22
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Table 6. Residual voltage by optimum SPDs as
injected 7,(8/20us) wave

Injected point Polarity Result, kV
Positive 1.36
LI-N
Negative 1.50
Positive 1.48
Line-Neutral L2-N
Negative 1.50
Positive 1.36
L3-N
Negative 1.40

O Test method
- Injected current wave : 8x204s, 20kA
- Output impedance : 0.12
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