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Abstract

Surge protectors for protecting devices from overvoltages are difficult for customers to select and use due to
various specifications and installation methods for each manufacturer. In addition, the conventional surge protector
requires a separate installation space when connecting to the electronic communication equipment, and withstand
voltage increases with the length of the connection line between the equipment and the protector, causing damage to
the equipment. To solve this problem, this article presents guidelines on the selection and installation of surge
protectors and proposes a removable surge protector for communication. The proposed surge protector is connected to
communication equipment through D-SUB connector without separate connection line. The performance analysis shows
that the limited voltage has improved about 3 - 7 times in the line to line test compared to the conventional surge
protector, and about 1.1 - 1.6 times in the line to ground test.
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Table 1. Relationship between overvoltage source and coupling method

) o Lightnin ) o Lightnin
Source of Transients Plice! Ighirlng © i ear?h tnea?r tt(r)we Llics. I!ghtnlng ear‘?h tnea?r tt?]e AC influence
structure (S1) structure (S2) to the line (S3) ine (S4P
Coupling Resistive (1) | Induction (2) | Induction® (2) | Resistive (1, 5)| Induction (3) | Resistive (4)
Voltage wave-shape(xs) - 1.2/50 1.2/50 - 10/700 50/60Hz
Current wave-shape(xs) 10/350 8/20 8/20 10/350° 5/300 -
Preferred test category® D1 c2 C2 D1 B2 A2

NOTE: (1)-(5) See Figure 7, coupling mechanisms.

a Also applies for capacitive/inductive coupling of switching in adjoining power supply networks.

b Due to the significant reduction of fields with increased distance coupling effects from afar, lightning strike may be

negligible.

¢ See Table 2

d The simulated direct lightning strike test impulse is described by IEC/TC81 as a peak current value and total charge.
A typical wave shape that can achieve these parameters is a double exponential impulse, 10/350xs being used in
this example.

H 2. KS C IEC 61643-21 : 2007 LEA H$H Mot AlRA| Mkt MF oty
Table 2. KS C IEC 61643-21 : 2007 voltage and current waveforms for impulse limit voltage and impulse durability

o a - Minimum number of| Terminals to

Category| Type of test Open-circuit voltage Short=circuit current application be tested

Al | Very slow rate of rise 12kvl/l;\/toR?g%kc\>;/Snse from 0, 10A, > 1000#s (duration) | Not applicable (NA)

A2 |AC See Table 5. <KS C IEC 61643-21> Single cycle

B1 1kV, 10/1000 100A, 10/1000 300

B2 | Slow rate of rise 1kV to 4kV, 10/700 25A to 100A, 5/300 300 X1-C

B3 > 1kV, 100V/us 10A to 100A, 10/1000 300 X2-C

C1 0.5kV to 2kV, 1.2/50 0.25kA to 1kA, 820 300 X{-X2°

C2 |Fast rate of rise 2kV to 10kV, 1.2/50 1KA to 5kA, 8/20 10

C3 >1kV, = 1kV/us 10A to 100A, 10/1000 300

D1 High eneray > 1kV 0.5kA to 2.5kA, 10/350 2

D2 > 1kV 0.6KA to 2.0kA, 10/250 5

a An open—circuit voltage different from 1kV may be used as long as the SPD under test operates.
b X1-X2 terminals are testd only if required.
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Table 3. Removable SPD design specifications

Division

Design specification

SPD configuration

Removable SPD/ serial connector/
5-terminal SPD

Purpose of use

Serial communication such as
RS-232, 485

Rated operating

capacity

12V
voltage
Maximum
continuous 15V
operating voltage
Maximum surge D0KV/10KA

Limit Voltage 24V or less (iine to line)
(@10KV/5kA) 75V or less (line to ground)
Communication 100MHzZ or less

speed

Protection mode

Line to line, Line to ground

Reaction rate

</5ns

Operating

temperature/ -40C~80C, 85% RH
humidity

Test specification |KS C IEC 61643-21
Size 90(W)x45(D)x20(H)
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Table 4. Surge protection device performance test list

No Performance test list

' KS-C IEC 61643-21 C2 minimum surge capacity
@2KV/1KA

ANSI/IEEE C6241 CAT B3/C1 @6KV/3KA

KS C IEC 61643-21 C2 maximum surge capacity
@10KV/5KA

WO

Additional test surge capacity @20KV/10KA




52 S48 GRAY X HEsl9 AT A% 54 47

% 149 X 5 Ay A7dolA AEst
N@ZI71E  BAFEH  Agd AEs 717
Thermo AF2] Electron0611177 A& ¥FA7], Tektronix
ARl DP07104 B20970 QA 2SI Sapphire AR
SI-9010 144025 IAHY A ZZH, PEMALY
CWT60R 8829-10119 Rogowski coil & AR&-3}93 T},

F 6= AP AR AR BT e U
BRIt A2 371 Ao 9 AR 9EE IEC
= A7) FFe w2 7MY JadaE 2Q0th
AE 2KVEH 20KV7HA], A/ IKAFH 10KA
7 B =54 Aol 7Fsstth

I8 155 =49 A7dolA g 93] Al
3 Apzlolt.

-
|
L=
|

(d Rogowski coil CWTG0R
8829-10119

(c) High-voltage—probe
[S1-9010]
7 14, sHEMEAT A"T|Y|
Fig. 14. Korea electric power corporation research institute
test equipment
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Table 5. Korea electric power corporation research institute
test equipment

Equipment Brand Model
Surge generator | Thermo Electron 0611177
Oscilloscope Tektronix DP(07104 B20970
H|gh—vgltage Sapphlre SI-9010 144025
differential probe | instruments

CWTG60R 8829-10119

Rogowski coil PEM

I 6. MX 2T M5
Table 6. Surge generator(thermo electron) specifications

Open-circuit voltage
Peak voltage 2KV ~ 20KV (£10%)
Front time 1.2us (£30%)
Duration 50us (+20%)

Short circuit current
Peak current KA ~ 10kA (£10%)
Rise time Bus (+20%)
Duration 20us (£20%)
Virtual impedance 2Q
Output polarity Positive or negative

O7 15, sHEMEATR HE| A" AR
Fig. 15. Photograph of lightening test setup established in
KEPCo research center
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Table 7. Test results of voltage limit performance in
removable surge protector device

Test Polarity Result

mode 2KV/KA | BKV/3KA [T0KV/5KA| 20KV/10KA

L1-L2 (+) 184V | 224V | 200V 20.8V
(-) =208V | -184V | -184V | -232V

L1-G (+) 312V 5V 75.6V 131.6V
-) 288V | -528V | -744V | -128.8V

19-G (+) 372V | 588V | 720V 131.6V
() =304V | -564V | -744V | -128.8V

* Test methods (KOLAS test)

- Test waveform : Combination wave (2KV/1kA)
Combination wave (6KV/3kA)
Combination wave (10KV/5kA)
Combination wave (20KV/10kA)

User specification test

- Test mode : L1-12, L1-G, L.2-G

Positive polarity 5 time, Negative 5 time
* No appearance problem after the test.

¥ 8 MA 27| M LAY 2ot v

Table 8. Comparison of surge protector voltage limit test
results

Result
Test mode | Polarity SPD.A | SPD B Removable

SPD

L{-L2 (+) 138V 66.1V 20.0v
() 12667V | 622V -18.4V

L1-G (+) 128V 74V 75.6V
) 10167V | 842V =744V

190G E+; 122V 80.2V 72.0V

1767V | 833V -74.4V

+ Test methods

- Test waveform : Combination wave (10KV/5kA)

- Test mode : L1-L2, L1-G, L2-G

- Polarity : Positive and negative

- Average result : SPD_A 3 times, SPD_B 2 times,
Suggestion SPD 5 times
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