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3 Technical data of the arresters

Type Maximum rated voltage Maximum continuous operating voltage
3EP2...-3..4.-.... 468 kV 374 kV
3EP3...-3.4.-.... 468 kV 374 kV
3EQ3 ...-3..4.-.... 468 kV 374 kV
3EQ4 ...-3..4.-.... 444 kV 355 kV
3ES2...-3..41-.... 156 kV 124 kV
3ESS ...-3..43-.... 156 kV 124 kV

General data

Nominal discharge current

Long duration current impulse capability

Line discharge class

Thermal energy discharge capability

Single impulse energy discharge capability (> 4 ms)

High current impulse capability

20 kA

1200 A/ 2 ms

4

10.0 kJ / KV ated voltage
5.6 kJ / kV1ated voltage

100 kA




SIEMENS

Report No.: HBA 9608P Sheet: 4

4  Verification of the power frequency voltage versus time characteristic

The verification of the power frequency voltage versus time characteristic was performed on three
arrester sections of 11.32 kV rated voltage (arrester section, see sheet-no. 5) with a thermal and electrical
behaviour corresponding to the behaviour of the complete arrester (test circuits see sheet-nos. 8 to 9).
Sheet-nos. 5 and 6 in addition show in comparison the cooling curves of both the complete arresters type
3EP2, 3EP3, 3EQ4, 3EQ3, 3ES2 and 3ES5 as well as the thermal model used for the test.

Before the test the residual voltages at nominal discharge current 20 kA, 8/20 ps, 500 A, 30/60 us and the
reference voltage at 5 mA were measured.

The minimum ratio of U / U, = 1.00 was used to calculate the sample's rated voltage (U;). The
continuous operating voltage (U;) was calculated with the ratio U, / U, = 1.25 (U, = 9.06 kV).

After preheating to 60 °C the test samples were subjected to two long duration current impulses of line
discharge class 4 with a minimum required impulse energy of 54.9 kJ each (see 4.1.2). Time between the
impulses was 60 s. About 60 ms after the second impulse a power-frequency voltage (temporary
overvoltage TOV) was applied to the samples with a voltage value and a time duration according to the
power frequency voltage versus time characteristic on sheet-no. 7. Three points of the power frequency
voltage versus time curve were verified. After the respective time duration of TOV the samples were
subsequently connected to a power transformer supplying 9.06 kV, i.e. U.. U. was applied for at least 30
min.

To prove thermal stability the power dissipation, the resistive component of the leakage current as well as
the temperature were measured and registered continuously during U, - application.

After the test the residual voltage at nominal discharge current 20 kA, 8/20 ys was measured again.

According to IEC 60099-4 Ed. 2 (2004), clause 8.5.2 an accelerated aging test was performed on three
single MO-blocks surrounding medium N, for the arresters type 3EP2, 3EP3, 3EQ4, 3EQ3 and on three
single MO-blocks surrounding medium SF¢ for the arresters type 3ES2, 3ES5. Test conditions were:
constant block temperature 115 °C, constant test voltage equal to 1.2*U.. During the test running for more
than 1000 h power dissipation was measured. No increase of power dissipation was observed during the
test time (see sheet-nos. 6 and 7). That means no correction of above test voltages was necessary.

411 Calculation of rated voltage
Ur=U, / 1.00
4.1.2 Calculation of impulse energy for line discharge class 4

W = Ures 500a min ® (UL - Ures500amin) @ 1/Z T

According to line discharge class 4:

U =26eU,
Z =08eU,
T =2800 ps

W =20.96kV ¢ (2.6 ¢ 11.32kV / 1.00 —20.96 kV) e 1 /(0.8 « 11.32 3/ 1.00) » 2800 ps
=54.9 kJ
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4.2 Arrester section (thermal model)

Current supply

Gripping ‘

Gripping

Hard tissue

Cor

Test sample

)
"4

Housing

Temperature
Measurement

0.

Current supply

4.3 Cooling curves (comparison: arrester - thermal model)
431 Arresters type 3ES2, 3ES5, 3EQ4 and 3EQ3
1.0
0.9 A\
N
0.8 AN
0.7
o 06
= Thermal model
205 :
|_
©
0.4
0.3
0.2 \ —
/ \/
/ 7
0.1 Complete arrester 3ES2 and 3ES5, 3EQ4, 3EQ3
0.0 . . | — L
0 20 40 60 80 100
t/ min
To=120°C Tambient = 20 °C

dTO = TO - Tambient =100 °C dT=T- Tambient
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4.3.2 Arresters type 3EP2 and 3EP3

1.0

0.9 -—\

0.7 \

0.6

Thermal model

0.5
0.4 N

dT/dTo

0.3

0.2

—

0.1 Complete arrester 3EP2 and 3EP3

0.0 L} L} ) ‘ l
0 20 40 60 80 100 120

t/ min

TO =120 °C Tambient =20°C
dTO = TO - Tambient =100 OC dT=T- Tambient

4.4 Result of accelerated aging test (one MO-block), surrounding medium N,

1.2

0.8 ® ol

L 4

*
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0.6

0.4

0.2

\t/\h



SIEMENS

Report No.: HBA 9608P Sheet: 7
4.5 Result of accelerated aging test (one MO-block), surrounding medium SFg
1.2
1
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4.6 Power frequency voltage versus time characteristic ( p.u. U;)
1.25 T T T TT]I | i i
N —— Preheating to 60 °C and stressing with |
19 \\‘ er:eergy?ar;?:. ?o line dii?:h:rgr;zs;;gs4 -
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0.9 1 !
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4.7 Technical data of test circuits

471 Lightning impulse and Switching impulse residual voltage measurement

Surge circuit: Discharge current kA 20 0.5
Surge capacitance uF 3.7 1.85
Inductance uH 12 401
Wave shape us 8/20 30/60

-+ (pO—mm
L
TG
TS R,
[ CS
RSH $ RN
.
v v
( Ushunt) ( RN/ (RN+RH)*Ures.OSC)

TG Trigger spark gap
TS Test sample
C Surge capacitor
L Inductance
Uc Charge voltage

Voltage measurement: u

Ohmic divider: Ry=6051 Q, Ry =60.29 O
Oscilloscope Tektronix type TDS 520 / PC

Current measurement: i
Shunt Rgy = 205.2 mQ (= 3 kA); 22 mQ (20 kA)

Oscilloscope Tektronix type TDS 520 / PC

Test sample: arrester section



SIEMENS

Report No.: HBA 9608P

Sheet:

9

4.7.2

Verification of the power frequency voltage versus time characteristic

Y,

CB2/1 CB1/1

________ Transformer (P = 7500 kVA), Tr,
TS Test sample

TG Trigger spark gap

CB Circuit breaker

C Surge capacitor Section capacitance: 7.4 uF

L Inductance Section inductance: 0.41 mH

Uc Charge voltage Number of sections: 28

Power-frequency voltage measurement: u
Capacitive divider: C, = 256 pF, Cy = 256 nF
Oscilloscope Tektronix type TDS 5032B / PC

Leakage current measurement TOV sample 2 and sample 3: i,
Shunt Rsho= 50 Q

Oscilloscope Tektronix type TDS 5032B / PC

Leakage current measurement for Uc and TOV sample 1: i,
Shunt Rsn1= 204 O

Oscilloscope Tektronix type TDS 5032B / PC

Measurement of power dissipation:
Computer calculation from voltage and current

Temperature measurement
FISO Fiber Thermometer

Residual voltage measurement: Uy

Ohmic divider: Ry = 5039 Q, Ry =33.7 Q
Oscilloscope Tektronix type TDS 340A / PC
Long duration current measurement: i3
Shunt Rgy3 = 61.6 mQ

Oscilloscope Tektronix type TDS 340A / PC

Test procedure:
1. Long duration current impulse
2. CB, opens and CB; closes (sample no. 1)
or CB4 opens and CB, closes (sample nos. 2, 3)

3. After Uro, transformer Tr, voltage regulation down to Uc (sample no. 1) or

CB, opens and CB;j closes after U+, applying Uc (sample nos. 2, 3)

Test sample: arrester section
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4.8 Test result
On all three test samples power dissipation, resistive component of the leakage current and temperature
permanently decreased during 30 min. application of U..

Visual inspection of the MO-blocks after the test revealed no evidence of puncture, flashover or cracking.
Change of the residual voltages of all three test samples was far below the allowed 5 %.

The oscillograms of the complete test procedure are shown as an example for test sample no. 1 on sheet
nos. 10 to 14. The oscillograms of TOV are shown for all three samples on sheet no. 13. The records of
the power dissipation, resistive component of the leakage current and temperature during 30 min.
application of U; are shown for all three samples on sheet nos. 15 to 17.

481 Measurement of reference voltage at 5 mA
Sample Uref,5ma
no. / kV
1 11.29
2 11.28
3 11.32

Sample no. 1: reference voltage at 5 mA

0 5 10

t/ ms

15 20 25 30 35 40

A : ;
AN AN
2 O AN s
RN AR N
RN ARRRNVATA
-12 \V/ \V -6
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4.8.2

*

Sample Ures,500A )
no. [ kV
1 20.97
2 20.90
3 20.96

") —
Ures - Ures,Osc - Ushunt

Sample no.1: residual voltage at 0.497 kA, 30/60us

24 + -1
20 | m—_b\ + 0.8
16 0.6
>12 1 W 1 0.4
X
D 8- / +02
4 0
0 -0.2
-4 T T T T -04
-20 0 20 40 60 80 100 120
t/us

I/ kA

Measurement of switching impulse residual voltage at 500 A, 30/60 ps

4.8.3 Residual voltage measurement at 20 kA, 8/20 ps
Sample Ures 206a / KV change
no. before the test after the test [ %
1 28.34 28.43 +0.3
2 28.31 28.58 +0.9
3 28.35 28,48 +0.5
K Ures = ures,Osc - Ushunt
Sample no. 1: before the test Sample no. 1: after the test
32 28 32
28 _— 24 28 —]
24 \\ 20 24 \\
20 // 16 20 /
512 8 = 512
s |/ \ ) s |/ \
/ /
4 0 4
0 -4 0
-4 T T -8 -4 T T
-5 0 5 10 15 20 25 30 -5 0 5 10 15 20 25 30
t/ us t/ us
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484 Leakage current at U, = 9.06 kV and 60 °C before the 1st long duration current impulse
Sample no. 1: before the 1st LD-impulse
16 2
12 A A A A+ 15
NI QI A A A
TR TR
z o VL
> VL =
NTRUTRUITRL
LA
-16 2
0 5 10 15 20 25 30 35 40
t/ms
4.8.5 Two long duration current impulses with a time interval between the impulses of 60 s
sample 1st impulse 2nd impulse
no. I Ures W I Ures W Wigtal
/A / kV / kJ /A [ kV / kJ
1 858 21.16 57.3 829 21.51 55.8 113.1
833 21.42 56.0 810 21.63 55.1 111.1
3 847 21.27 56.7 822 21.53 55.5 112.2
Sample no. 1: 1st impulse Sample no. 1: 2nd impulse
24 1.4 24 - 1.4
0 ot 1.2 204 (7 12
16 +1 16 +1
12 TN e ey 0.8 12 FaaSlsSsaa 0.8
2, | 063 2o |l ) 06 S
v loa”™ 4 04
0 osan +0.2 0 - 0.2
4 ) ™~ 0 -4 - 0
-8 0.2 -8 0.2

0. 0 056 1 15 2 25 3 35 4 45

5

t/ ms

0. 0 056 1 15 2 25 3 35 4 45

5

t/ ms
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4.8.6 60 ms after the 2nd impulse TOV — application
Sample no.1 Sample no. 1: Uygy for 200 s
20 40
UTOV= 11.09 kV 15 /\\ //\\ 30
(this is 0.980 times U,) 10 20
corresponding test time acc. to the 5 L 10
u-t-characteristic: ttoy * 190 s 2z ol U E
applied test duration: troy =200 s S \\ =
5 -10
-10 + +-20
-15 - +-30
20 ; ; — -40
0 5 10 15 20 25 30 35 40
t/ms

Sample no. 2 Sample no. 2: Uroy for 20 s

20 - —120
UT.OV.= 12.14 kV 15 | 190
(this is 1.072 times U,)
corresponding test time acc. to the 10 1 T 60
u-t-characteristic: troy =~ 10.5 s 5 30
applied test duration: t;oy =20 s =z ol \X U \X 0 E
= =
-5 +-30
-10 1 -60
-15 +-90
20 — ; ; -120
0 5 10 15 20 25 30 35 40
t/ ms

Sample no. 3 Sample no. 3: Urgy for 1's

20 - - 2000

Urov = 13.13 KV 5 | 1 1500
(this is 1.160 times U,) h
corresponding test time acc. to the 10 / l \ / \ 1000
u-t-characteristic: troy ~ 0.75 s 5 500
applied test duration: troy = 1's <, / \ / \ 0o &
S =
5 1 -500
-10 4 1 -1000
-15 / A -1500
/4 W/
-20 : -2000
0 10 20 30 40

t/ms
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4.8.7 Leakage current measurement at Uc 5 s and 30 min after TOV
Sample no. 1: 5 s after TOV Sample no. 1: 30 min after TOV
15 4 - 15 15 - 15
10 - /\10 10 - \ + 10
5 ~ 5 5 5
> < = <
< 0 \S 0 E < 04 //\\ =
-] \\ = ) & =
-5 -5 -5 -5
\V/RE\Y// VoY
RV \J MRV \V/
'15 T -15 -15 T T -15

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
t/ ms t/ ms
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4.8.8 Registration of power dissipation, temperature, voltage ((/¥2) and resistive current
(peak value) during Uroy and 30 min U, — application of sample no. 1
Sample no. 1: registration of power dissipation and temperature
150 200
135 - 180
120 Temperature 160
105 140
90 120
= [ o
s 75 100 2_
& -
60 80
45 J } Power dissipation } 60
o S
30 ~—— . 40
15 20
0 T T T T T T O
0 5 10 15 20 25 30 35 40 45 50
t/ min
Sample no. 1: registration of voltage and resistive current
11.4 40
11 = 35
/
10.6 v 30
10.2 + 25
2 £
o 9.8 20 =
- 7]
5 o
9.4 Voltage 115
e
9 M 10
8.6 l Resistive current l 5
8.2 T T T T T T T 0
0 5 10 15 20 25 30 35 40 45 50

t/ min
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4.8.9 Registration of power dissipation, temperature, voltage ((/¥2) and resistive current
(peak value) during 30 min U, — application of sample no. 2
Sample no. 2: registration of power dissipation and temperature
50 200
45 180
40 160
35 140
Temperature
30 120
s O
s 25 100 2_
& _ =
20 80
1=
15 60
".\-
5 } Power dissipation } 20
0 T T ! ! ! T T T T T T T O
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
t/ min
Sample no. 2: registration of voltage and resistive current
94 6
[
9.2 B Voltage
-
i hi\“\\\ N
8.8 S
o 8.6 3 =
- 7]
=] 2
8.4 ~——
‘ Resistive current ““\\
8.2 1.5
8
7.8 T T T T T T T T T 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

t/ min
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4.8.10 Registration of power dissipation, temperature, voltage (0/¥2) and resistive current
(peak value) during 30 min U, — application of sample no. 3
Sample no. 3: registration of power dissipation and temperature
25 200
180
—— Temperatua
20 — 160
\ - 140
15 120
s O
; 100 2_
a \ —
10 e~ 80
J } Power dissipation } 60
5 40
1 20
0 T T T T T T T T T T T T O
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
t/ min
Sample no. 3: registration of voltage and resistive current
9.2 7
o]
8.8 \\ 5
V\\
> 86 - \\ +4 <
Q \ ~
Z \ 3
S 84 - +3&
‘ Resistive current ‘ "\'w
8.2 2
81 -1
-
78 T T T T T T T T O
0 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

t/ min
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