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A Study on the Function Improvement of the Serge Protection Device
for Radar Control Unit

Hee-Jin Jo
The 1st Team of Deagu Center, Defense Agency for Technology and Quality
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Abstract The purpose of this study is to propose a useful method of solving the problem of thermal stability in
surge protection devices (SPDs). First of all, the existence of the problem in the developed SPDs was confirmed by
experiment. After analyzing the problem, a useful method of solving it is proposed and implemented. An experiment
is performed to verify the performance of the implemented device. The results of this study are as follows; it is
revealed that the problem of the thermal stability results from the varistor, one of the components in the SPD. A
varistor with a built-in thermal fuse is applied to the SPD for the purpose of solving the problem. The experimental
results confirmed that the thermal stability was improved by replacing the varistor. As a result of this study, the
reliability of radar control units is enhanced and the probability of malfunction is reduced.

Keywords : Radar Control Unit, Surge Limiting Voltage test, Serge Protection Device, Thermal Stability, Varistor
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Fig. 1. The figuration and composition of Radar Control
Unit
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Table 1. Set value per the surge limiting voltage test Table 3. Set value per the TOV test conditions
conditions Test conditions Set values
Test conditions Set values Reference test voltage (Urer) 255V
Open-circuit voltage 12/50us 2KV Temporary 9vewoltage value(UT) 4416V
of surge generator (line-ground)
Applied current 8/20us 1kA Applied time on UT Ssec
Output impedance 20 Urer Holding time 15min
Applied interval 60sec
ey T — T Ty —
i Fj_— E——

Fig. 3. The composition for the surge limiting voltage test

Table 2. Test results for the surge limiting voltage test

Input Polarity Test results
npu olari
kV)
Positive 1.52
R-G
Negative 1.50
Positive 1.50
Line-Ground S-G -
Negative 1.50
Positive 1.48
T-G
Negative 1.50

2.2 Mg LAA ppEA(TOV) Al
A% AAIA A GAE-2 TOV(Temporary Overvoltage
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Fig. 4. Measured waveform per input(R-G, S-G, T-G)
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Table 4. Set value per the thermal stability test conditions

Test conditions Set values

Initial residual current value] 2mA

+ 2mA(residual current) increment

per each step

Residual current value per  5%(residual current) increment per
each step each step when residual current

reaches 40mA

(Holding time : 10 min per each step)

7 ﬂi:":: , Fase -
Fig. 7. The figuration of the test object after damage

403

w
ne
r0
0
ox
=
oo
=2
=
Tl
=
rx
2
H'|
My

|E
™
o
E
iC
rE
o
oY
o

dolg Alz=glgo=2 e
IEEE C62.41 Cat B3Z 7|&
Al QA= wF D AR REGR]ol dig K

(o
oo
2
o
o &
,Lrlo
P2t

BT oo 22 Hd

N
o I
= oz
N =
o
gzylé
_&Flr
Mo
A
O
A
= N
o
i %
:ui—t
i
g Jo &
o
[
g
o 2 L
o T
ria

jaii
<t
e
o
¥
N

Y
i)

=

o
oty
il
Q
£
o,
=
=
r
=1
)
ofj
AP
o 2

[
- (o3
ol
oX,
>,
e}
>,
>,
1l
N
=l
e O )

o

o o
ox o |
=ore
N

m
i
o 2
o
2
ot

= I
ol
ol

d o =

3.1 Mgy HE HE
I 69 A9 Cjite] WFHY MA BT T]= 2719 wf
g2E7F AER AA=e] =t 7t 1719 nlel=E B
730V Alghdsto] WAE, 27)¢] nig e HER
AAdE o] ATALL 1460Vel T2 L AU S
7ere 49 1,700V o|3t2 AgHHAH(Vmax) W o] 2

=
231t & 69 B Dike] 2% 212 AFAAD B4
Aol A4 Je MARZIO|ERE 34 aFHA
W A o s Rask Qe PRl sgA
3 A3 A WAel B 9o Bl £ 5
= ARABAGAD A belE A AR FA
ke ey,
- AFAG V =2 x 730V = 1,460V
FA g apEe] a1y gk +20%
25 1He AP (Vmax) = 1,700V
Table 5. Tolerance of waveform
1.2/50 or 101700 | 520 0r B0 ey
Assortment L. short-circuit
open-circuit voltage waveforms
current
Amplitude + 10% + 10% + 10%
Phase + 30% + 20% + 30%
Time to half + 20% +20% + 20%
amplitude
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Table 6. of

Standard comparison between
development and mass production

Standard of Standard of
development mass production

stage

Assortment

A
(AC)

B
(DC)

C
(AC)

D

(Communic

ation)

IEEE C62.41 Cat B3| KS C IEC 61643-11

IEEE C62.41 Cat B3|IEEE C62.41 Cat B3

Applied

standard IEEE C62.41 Cat B3| KS C IEC 61643-11

IEEE C62.41 Cat B3 |IEEE C62.41 Cat B3

AC : 1,550V
DC : 450V
Signal line : 800V

AC : 1,700V
DC : 450V
Signal line : 800V
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Fig. 8. The figuration of existing varistor
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Fig. 9. The figuration of varistor built-in thermal fuse

Table 7. Characteristic comparison between existing
varistor(a) and improved varistor(b)

Ordering code v, AV, Vemar k Cip
amay ama | (1 kHz)
v % v A oF
Bent strap terminals
B72240L0131K100 205 +10 340 300 5600
B72240L0141K100 220 110 365 300 5200
B72240L0151K100 240 +10 395 300 4800
B72240L0231K100 360 110 595 300 3200
T ——r ]
B72240L0271K100 430 +10 710 300 2700
TRI00 AL i
B72240L0381K100 620 +10 1025 300 1900
B72240L0421K100 680 10 1120 300 1800
B72240L0441K100 715 +10 1180 300 1700
B72240L0461K100 750 10 1240 300 1600
B72240L0551K100 910 +10 1500 300 1400
B72240L0681K100 1100 +10 1815 300 1100
B72240L0751K100 1200 +10 2000 300 1000
(a)
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Maximum Rating (85°C)

‘Specifications (25°C)

varitor Voitage

T o — o T vt
- i 20
AC bC Energy at 2 nnﬂm tance =
Arrestor i) il
R

Lead-free

and RoHS

Compliant
Models

e o e G| v | v |
TMOV3ASTIEP | TMOVS4STIIER | 115 | 150 | 98 | 280 | 40000 | 163 | 202 305 11500
TMOVEAS131EF | TMOVS4SIZIER | 130 | 176 | 1 | 310 40000 | 184 | me 3a5 10000
TmovsswiEr | Tvovaestater | a0 | 1es | 1o | 0 | scoo0 | 198 | 28 | a7 F)
TMOVAMSISIER | TMOVSSISIEP | 150 | 200 | 128 | 360 | 40000 | 212 | 268 405 8000
TMOVBASTBIEP | TMOVSSTBIER | 180 | 240 | 163 | 400 | 40000 | 264 | @12 88 6800
TMOV34S201EP | TMOV34S201EP | 200 | 265 | 170 | 430 | 40000 | 283 | 367 540 6500
TMOV24S251EP | TMOV34SP61EP | 250 | 330 | 213 | 490 | 40000 | 384 | a0 &5 5000
TMOV34S271EF | TMOV3AS271EP | 276 | 39 | 234 | 6580 | 40000 | 389 | a7 730 4500
TMOVa15301ER | TMOVSsauTer | 500 | 400 | 285 | 690 | 40000 | a3 | 628 50 =
TMOV34SI21EF | TMOVIASIZIER | 320 | 420 | 272 | 640 40000 | 462 | 561 30 5800
TMOV3ASIIIEP | TMOVI4SSSIEP | 330 | 435 | 281 | 650 | 40000 | am | 6e1 855 3700
TMOV34SISIEP | TMOVI4SISIEP | 350 | 460 | 208 | 700 | 40000 | 505 | 618 510 3500
TMOV345391EP | TMOV34SI91EP | 385 | 506 | 927 | 800 40000 55 | 678 1005 3300
TMOV34S421EP | TMOVa4S421EP | 420 | 660 | 367 | 910 | 40000 | 610 | M8 130 2000
TMOV34S461EP | TMOV34S4BIEP | 460 | 610 | 391 | 960 40000 | 642 | 783 Tes 2800
TMOV34S4STER | TMOV34SABIEP | 480 | 640 | 408 | 960 | 40000 | 670 | 25 1240 2700
TMovaaseTIER | TMOvaassiEe | st | 675 | 4s | oeo | aooo | 738 | oo 1350 2500
TMOV34SSS1EF | TMOVIASSSTEP | 650 | 700 | 468 | 965 | 40000 | 770 | 839 115 2250
TMOVIASET1EP | TMOVG4SS7IEP | 676 | 730 | 489 | 900 | 40000 | 805 | 1000 1480 2200
TMOV34S621EP | TMOV34S621EP | 620 | B00 | B27 | 1010 | 40000 | 880 | tom 1583 2100
TMOV34S661EP | TMOV34SGBIEP | 660 | 860 | B61 | 1030 | 40000 | 940 | 1160 1720 2000
TMOV34SES1EP | TMOVGASSSTEP | ©80 | 890 | 678 | 1100 | 40000 | 980 | 1195 7z 1970
TMOV34S761EP | TMOV34S761EP | 750 | 970 | 638 | 1200 | 40000 | 1080 | 1320 2000 1800
(b)

Table 8. Performance comparison between existing
varistor and improved varistor

Age AW 7l AgR AP 2 22

(kV/IkA)2 12 2ov, s 7)ol SRl 98]
Y& 7Feek Al 9 27(6kV/3kA)S #99F 2Tl

A Azt & 103} 7o) 2kV/1kA 2 6kV/3kA 17}
Al AR A GG gRel ZH2E 1.41kV ~ 1.46kV, 1.55kV
~ 1.57kVE AA Q7 AFERE w3l oW 2kV/IKA Al
Heol] A9 A A v} s o A3t 25T 3

Assortment Existing varistor Improved varistor
Set value per the surge limiting voltage test
Manufacture Epcos Littel fuse Table 9. " p & ¢ &
conditions
Part name LS40K275QP TMOV34S271EP .
Test conditions Set values
Operatin, o o o o
P ¢ -25C~+85C -25C~+85T Open-circuit voltage
temperature 1.2/50us 6kV
of surge generator
Insulation
resistance over 10MQ over 10MQ Applied current 8/20us 3kA
Thermal Fuse X fo) Output impedance 20
Capacity 40KA 40KA Applied interval 60sec
Operating voltage 275Vrms 275Vrms

AR w2 E 488 ARG tiste] 7]
EF9 KSTAKS C IEC 61643-11, AL AA R
FA-AN ARG A ES] A MARS G-

2 Aol et AAAGAY, At ToV, &
BAANE S5 AR o B ARl ek AlF

&
4 3 Ade ved 2
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Vg 3 gy
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4.1 MX|HSHHLAIE

MAAGFARA TS 54 2719 9~ 33P& AA
X 57X (Surge Protective Device, SPD)°ll 7}& wj] A
%O] MAAGAY Bss 7HIHA AR AFel digk

WRAHE g1t Algoltt). s dE viE]2~Hol| dist
o] 2kV/1kAS] %717} 6kV/3kAS] 27 B0 djste

Table 10. Test results for the surge limiting voltage test

Test
Assortment Input Polarity results
kV)
Positive 1.44
R-G
Negative 1.44
- Positive 1.41
nvika | e SG
Ground Negative 1.46
Positive 1.46
T-G
Negative 1.44
Positive 1.57
R-G
Negative 1.57
o Positive 1.55
okvika | M SG
Ground Negative 1.55
Positive 1.57
T-G
Negative 1.57
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Fig. 10. Measured waveform per input(R-G, S-G, T-G)
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Table 11, Failure rate and MTBF comparison between
existing varistor and improved varistor
Assortment |Existing varistor| Improved varistor Remarks
Manufacture Epcos Littel fuse -
Part name LS40K275QP | TMOV34S271EP -
o o o o Fail t
Failure rate | 25C~+85C | -25C~+85C avure male
drops
MTBF 275Vrms 275Vrms MTBEF rises
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