BPIEBFILM  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNG

Report No.: 0231Ra eet: 20
s
Test no.

PEHLA 0231Ra /07

480 400 SO0 AN M3 MO 30 K0

90 200 T 2% 0 M 300 330 M0 10 M 4o0 W3 a0
[rnvac]

- A
£
k3
g
g |
H
F
L]

i Fr§1i§8 ViR ifi§§ ® &6 cgff8
tvd i) v '

290



)

PERMLEA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSP@FUNGE
Report No.: 023%Ra Shett: 21
Z
Test no,
PEHLA 0231Ra / 07
Transient Recovery Voltage
| ©
~
g P (
Es ] E E
LT
@
L0
[ o
| | "

. — ; 1 o
[} Q =] (] (=] Q Q Q -

¥ = q ¥ ¢ @ =

1

(A1)

291




N! L. GESELLSCHAET FUR ELEKTRISCHE HOCHLEISTUNGSPRU

Report No.: 0231Ra

Test no.
PEHLA 0231Ra /08
[ (] [
BB g 3 ¢ 2 o 71 B g g s R - 7 1 B B g g 3 5 o B %

[mnec]

o “ L] 106 120 W 10 WO 00 T 2 MDD IR X0 NN 30 e W0 40 AZ) MO 400 B0 G Mo 340 M0 M0 e

2 &8 R ° % & % 8 2 R 8 ° § 8 K B P &8 & = 8§ &
i vl vl

"
Y
V

bl

292



PEHLA

Report No.: 0231Ra

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNG

Test no.
PEHLA 0231Ra /08
Transient Recovery Voltage

19

18

17

14 15 18
[ms]

13

12

-

40
20 4
0
-20 4
-40
~B0 A
—80 A
-100

(1]

293




1,

o~

PEHLA

Report No.: 0231Ra

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRU

Short-Circuit Making and Breaking Tests

Circuit-breaker

Test duty:

Date of test:

Condition of test object hefore test:
Connections to test object:

T100s

19" December 2002
As after test PEHLA 0231Ra / 08.

By means of copper bars to the upper terminals of the
circuit-breaker. Lower terminals of the circuit-breaker short-
circuited and earthed.

;" Sheet:

Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra 10 [ 11
Operating sequence 0~-0.3s-C0O~3min-CO
Applied voltage kv - 20.1 19.9
Short-circuit making current L1 - 65.7 61.0
kA L2 - 79.6 76.8
L3 - 84.5 87.1
Short-circuit L1 32.4 31.6 30.9
breaking current Short-circuit current kA L2 32.7 325 31.8
L3 32.8 31.9 32.0
Average value kA 326 32.0 31.6
L1 <20 <20 <20
d.c. component % L2 <20 <20 <20
L3 <20 <20 <20
Recovery voltage L1 10.5 10.0 1.0
kV L2 11.0 10.2 11.6
L3 10.7 10.3 11.3
Average value (phase-to-phase) kv - 18.6 176 19.5
Transient Recovery Voltage (TRV), - - -
first-pole-to-clear kv 32.2 352 326
Arcing time | 8.4 1.8 1.8
ms L2 4.2 71 66
L3 9.4 6.8 6.8
Closing time ms - 62.0 65.6
Opening time ms 63.4 66.4 67.4
Resuit P P P

Legend: P: Positive, breaker cleared or breaker closed and cleared N: Negative, breaker failed

Remarks:
PEHLA 0231Ra/09;

Test with reduced values

PEHLA 0231Ra/10and 11:  The operating devices are supplied at their minimum voltage

Condition of test object after test: Circuit-breaker without functional or visible change.
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Test no.
PEHLA 0231Ra/ 11
Transient Recovery Voltage
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Report No.: 0231Ra . Sheete” 30

&
Short-Circuit Making and Breaking Tests
Circuit-breaker

Test duty: T100a

Date of test: 19" December 2002

Condition of test ohject before test: As after test PEHLA 0231Ra/ i1

Connections fo test object: By means of copper bars to the upper terminals of the

circuit-breaker. Lower terminals of the circlit-breaker shart-
circuited and earthed.

Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra 21 22 23 24
Operating sequence o O O 0] -0
( Applied voltage kV - - - -
Short-circuit making current L1 - - - -
kA L2 - - - -
L3 - - - -
Short-circuit L1 33.0 326 323 322
breaking current Short-circuit current kKA 12 33.2 337 33.5 334
’ L3 33.7 3341 33.0 33.6
Average value kA 33.3 331 33.0 33.1
R N <20 247 23.7 28.8
d.c. component % L2 30.3 <20 <20 278
L3 26.6 27.9 26,7 <20
At L1 - - - 12.0
ms L2 i2.3 - - -
L3 - 120 . 12.0 -
Peak last oop L1 - - - 57.1
kA L2 58.8 - - -
3] 56.8 56.8 -
fRecovery voltage L1 10.8 11.2 11.3 11.0
( kv L2 1.3 11.2 11.1 10.7
: L3 1.2 11.2 10.9 10.8
Average value (phase-to-phase) kV - 19.2 19.4 19.2 18.7
Transient Recovery Voltage (TRV), - - - -
first-pole-to-clear kV 34.1 31.3 31.7 31.8
Arcing time L1 5.4 2.2 12.5 9.6
ms L2 10.1 7.0 12.9 9.4
L3 10.9 7.2 8.4 4.6
Opening time ms 432 42.8 43.1 43.3
Result P P P P

Legend: P: Positive, breaker cleared or breaker closed and cleared N: Negative, breaker failed

Remarks:

PEHLA 0231Ra /12 {0 16: Tests with reduced values

PEHLA 0231Ra /17 to 20: Tests for determination of prospective dc components
PEHLA 0231Ra /21 to 24: The operating devices are supplied at their maximum voltage

Condition of test object after test: Circuit-breaker without functional or visible change. = °

300



Repert No.:  0231Ra

Test no.
PEHLA 0231Ra [ 21
[} ] (]
3 $ P E gagg o f $ 388 g9 .%7 2 2 8 p g o ¥
N EEEEEEE iieaﬂgsf;'qg =anéqs'¢§'§
vl T ()]

FPEEILA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRU?J

240
[rwec]

120 e Rl kL. ] "o Ftd

008

Shegls

L4

NGEN

3

30




s

EFILEO  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNG

Report No.: 0231Ra : ) Shetl

Test no.

PEHLA 0231Ra/ 21 _ L////

Transient Recovery Voltage

24 25 25 27 28 29
[ms]

23

22

21

20

—20 -
—40 4
—60
—-80

—100

—120 -

~140

[Ast]

302



A

—

PEHILEA GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGE

Report No.: 0231Ra ’Sh et: 33

Test no.
PEHLA 0231Ra/ 22

o

140
[tmuac)

ne

an 180

110

B e F R0y 8 RE ieagégsfgq:g AR R = 8 8 #
Iw) [ ]

303




o

ERELLY  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNG

Report No.:  0233Ra Sticet.

Test no. -
PEHLA 0231Ra {22 f
Transient Recovery Voltage

26

25

20 21 22 23 24
[ms]

18

17

40
20 1

0

—20

~40
B0 4

-80

-100

i

304




Test no.
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PEHLA 0231Ra f 23
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Report No.:  0231Ra Sheef 39
Short-Circuit Making and Breaking Tests
Circuit-breaker
Test dufy: T10
Date of test: 19™ December 2002
Condition of test object hefore test: As after test no. PEHLA 0231Ra f 24,
Connections to test object: By means of copper bars to the upper terminals of the

circuit-breaker. Lower terminals of the circuit-breaker short-
circuited and sarthed.

Arc extinguishing medium; Vacuum
Test No. PEHLA 0231Ra 25 | 26 | 27
Operating sequence 0-0.35-CO-3min~ CO -5min-CO ,
Applied voltage kv - 18.6 17.0 17.7 (
Short-circuit making current L1 - 8.50 7.20 6.60 \
kA L2 - 6.80 5.50 6.90
L3 - 8.20 8.10 8.40
Short-circuit’ L1 342 347 3.48 3.48
breaking current Short-circuit current kA L2 3.35 3.46 3.40 3.40
L3 3.40 3.46 3.37 3.40
Average value KA 3.39 3.46 341 3.43
L1 <20 <20 <20 <20
d.c. component % L2 <20 <20 <20 <20
L3 <20 <20 <20 <20
Recovery voltage L1 10.8 9.92 10.9 9.69
KV L2 10.7 9.80 10.7 10.6
L3 10.8 10.6 10.8 10.5
Average value {phase-to-phase) kv 18.7 17.5 18.7 17.8
Transient Recovery Voltage (TRV), - - - -
first-pole-to-clear kv n.e.* ne* ne* 35.5
Arcing time L1 3.2 8.0 7.4 8.6
ms L2 74 2.0 7.0 8.2 :
L3 8.2 6.0 2.8 34 (
|Closing time ms - 66.9 66.8 66.0
Cpening time ms 80.5 83.5 63.5 62.6
Resuit P P P P

Legend: P: Positive, breaker cleared or breaker closed and cleared N: Negative, breaker failed

Remarks:
PEHLA 0231Ra/ 25 to 27: The operating devices are supplied at their minimum voltage
*n.e. = Due to a failure of the recorder the TRV could not be evaluated.

Condition of test object after test: Circuit-breaker and without functional or visible change.
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PEHLA

- Report No.: 0231Ra

Short-Circuit Making and Breaking Tests

Test duty:

Date of test:

Condition of fest object before test:
Connections to test object:

Circuit-breaker

T30
19" December 2002
As after test PEHLA 0231Ra/ 27.

By means of copper bars to the upper terminals of the
circuit-breaker. Lower terminals of the circuit-breaker short-

circuited and earthed.

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFU

Arc extinguishing medium: Vacuum
Test No, PEHLA 0231Ra 30 | 31
Operating sequence 0-0.3s-C0O-3min-CO
Applied voltage kV - 18.8 17.7
Short-circuit making current L1 - 24.2 19.4
KA L2 - 18.0 19.3
L3 - 20.7 25.6
Short-circuit £1 9.60 9.69 9.86
breaking current Short-circuit current kA 1.2 9.71 9.87 9.99
L3 9.74 9.00 9.94
Average value kA 9.62 9.81 9.93
L1 <20 <20 <20
d.c. compoenent % L2 <20 <20 <20
L3 <20 <20 <20
Recovery voltage L1 10.9 11.0 1.1
kv L2 10.9 10.6 11.0
L3 10.8 10.9 11.0
Average value (phase-to-phase) kV - 18.8 18.7 19.1
Transient Recovery Voltage (TRV), - - -
first-pole-to-clear kv 34.4 47.3 34.4
Arcing time L1 6.2 2.0 6.6
ms L2 6.8 7.0 6.4
L3 1.6 6.8 2.4
Closing time ms - £4.9 66.4
Opening time ms 58.8 60.4 64.4
Result P P P

Legend: P: Positive, breaker cleared or breaker closed and cleared N: Negative, breaker failed

Remarks:

PEHLA 0231Ra /28 and 29;  Tests with reduced values
PEHLA 0231Ra/30and 31:  The operating devices are supplied at their minimum voltage

Condition of test object after test: Circuit-breaker without functional or visible change.
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PEHELA  GESFLLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGS

Report No,: 0231Ra

Short-Circuit Making and Breaking Tests

Circuit-breaker

Test duty: Double earth fault test

Date of test: 19" December 2002

Condition of test object before test: As after test PEHLA 0231Ra/ 31

Connections to test object: Phase L3 of the laboratory by means of a copper bar to the

upper terminal of phase L3 of the circuit-breaker, lower
termina! of phase L3 of the circuit-breaker connected to
phase L1 of the laboratory.

Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra 35 - -
Operating sequence O - -
Applied voltage kv - - -
Short-cireuit making current L1 - - -
kA L2 - - -
L3 - - -
Short-circuit L1 - - -
ibreaking current Short-circuit current kA 12 - - -
L3 28.8 - -
Average value kA, - - -
L1 - - -
d.c. compoenent % L2 - - -
L3 <20 - -
Recovery voitage L1 - - -
kv L2 - - -
L3 - - -
Average value (phase-to-phase) kV 18.5 - -
Transient Recovery Voltage (TRV), - - -
first-pole-to-clear kV 32.9 - -
Arcing time .1 - - -
ms L2 - - -
L3 9.4 - -
Opening time ms 44.6 - -
Result P - ' -
Legend: P: Positive, breaker cleared or breaker closed and cleared N: Negative, breaker failed
Remarks:
PEHLA 0231Ra/ 32: No-load operations
PEHLA 0231Ra/33 and 34:  Tests with reduced values
PEHLA 0231Ra/ 35; The operating devices are supplied at their maximum voltage
PEHLA 0231Ra/ 386: No-load operations

Condition of test object after test: Circuit-breaker without functional or visible change.
Power frequency withstand voltage test at 38 kV - 1 min passed.

The deviations from the reference mechanical travel characteristic are in the allowable limits.
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PEHLA

Report No.: 0231Ra

Actual Values of No-load Operations

Rated supply voltage of closing coil 220V DC
Rated supply voltage of opening coll 220V DC
Operation Voltage Closing Voltage Opening
closing coil time opening coil time
V ms V ms
Before basic short-circuit fest duties
Test 0231Ra/ 002 o - - 220 4.5
CcO 220 58.5 220 45.0
Test 0231Ra / 02A O- - - 154 62.4
co 187 63.1 154 62.4
Test 0231Ra / 02B O- - - 242 41.8
cO 242 56.8 242 42.1
After double earth fauit test

Test 0231Ra f 036 0- - - 220 43.3
co 220 60.1 220 44.3
Test 0231Ra / 36A O- -- o 154 60.7
co 187 64.7 154 80.5
Test 0231Ra/ 036 0- -- - 242 41.9
CcO 242 57.7 242 42.1

Measurement of the Resistance

Ambient air femperature: =18 °C
Resistance of the pole parts
110
L1 L2 L3
Beifore test 0231Ra /002 14.9 15.0 15.7
After fest 0231Ra /035 19.8 21.4 22.9

(The resistance values fulfil the requirements of STL-Guide to IECAE: 4th Edition: 1987, Amendment Slip No. 2),

Remarks:
Resistance measurement at direct current of: 50 A
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Deudscher

Mﬁe‘*ﬂ'ew“gs ABB Calor Emag
Laboratories

Reg ~Nr.
DAT-P-032/93 TEST REPORT No. MZ ZS1A03 Sheet 1
Issued by an Accredited Laboratory
correspending to EN 45001 Copy-No. 01e
Test Object Metal-clad switchgear panel from a 12 kV switchgear type ZS1.2
(T = 650 mm}, drawing-no. GCE 8010450 R0101, with withdrawable
vacuum circuit-breaker type VD4P 1212-31 drawing-no. GCE 7373263
R1185 on a common truck drawing-no 549003Fig804 and with earthing
switch type EK6-1208-150;
Rated voltage U 12 kV
Rated normal current I 1000 A
Rated frequency f 50/60 Hz
Rated short-time withstand current [ 31,5 kA )
Rated peak withstand current Ip 80 kA (
Rated duration of short-circuit current t, 3 s '
Rated short-circuit breaking capacity at 12 kV I 31,56 kA
Manufacturer
Switchgear ABB Calor Emag Mittelspannung GmbH 40472 Ratingen / Germany

Common truck  ABB EJF, A.S. VIDENSKA 117 Brno 658 67 Czech Republic

Tests performed Mechanical operation test comprising 50 operations of the vacuum circuit-
breaker, 50 operations of the earthing switch type EK6 and 25 manual
insertions and withdrawals of the withrawable part. The interlocks of the
circuit-breaker, withdrawable part and the earthing switch were tested in the
respective position. Test procedure and test parameters were based on
IEC 60298/3rd. Ed./1980/Clause 6.102

Test Specification IEC 60298/3rd. Ed./1990

Test Results All switching devices and removable parts and the mechanical interfocks
passed the mechanical operation test successfully. They were in proper
working order and the effort to operate them was practically the same before (
and after the test.

Test Date 28" March 2000
Client ABB Calor Emag Mittelspannung GmbH 40472 Ratingen / Germany
f}";’{\'}(! ( \\
af' Y / ‘\"’;“,_ _\\
rf‘(?’ £ 5}
oMb BER GF
fj:i ﬁ”‘&ﬂﬁ.@ e : /
th ' Y =
29" March 2000 N S -
Date of Issue S ’ Laboratory Manager Test Enginee
Total Number of Sheets: 11 Sheets
This test report refers axclusively to the object tesled. ABB Calor Emag Laboratories Ratingen are accredited according to
ABB Calor Emag Mitlelspannung GmbH Is cerlified according EN 45001 by DATech under Reg.No, DAT - P - 032/93

to DIN 150 8001 by DQS under Reg. No. 373-03
With the exception of the cover sheat and any subsequent sheets mentioned thereon, this document may net be partly copied without wntten consent of ABB

Calor Emag Mlttelspanny GmbH Ratingen.
102 121371
2102121713
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: . Laboratories p‘ EBEP
eq.-Nr.
DAT-P-032/93 TEST REPORT No. MZ ZS1AQ3 Sheet 2
Issued by an Accredited Laboratory
corresponding to EN 45001
Contents
Sheet
Test Report - Cover Sheet ..o 1
Test Results - Comments on Test Object ... 1
(00010 0= 10 |- S UUUEU O S PO TP PSPPSR PP PRI LI 2
1.  Technical Data of Test ObJECtS ....ccccoorrriiiii i 3
Drawings: GCE 8010450 R0101 (2S1.2 cubicle) ..o 8
EJF5490003Fig804 (common truck) .o 7
GCE 7373263 R1185 (Withdrawable vacuum circuit-breaker) ..8
GCE 7169312 R0114 (Earthing switch) ..o 9
2. Test Location and Set-UP ... ocoeeeriiiiini e 10
3. Mechanical Operation Test ... 11
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Deutscher
Akkreditierungs

ABB Calo.r Emag

(R )/20[RR | aboratories

' Reg.-Nr.

b

DAT-P-032/93 TEST REPORT No. MZ ZS1 AQ03 Sheet 3
Issued by an Accredited Laboratory
corresponding to EN 45001
1. Technical Data of Test Object
{Ratings assigned by the manufacturer)
Switchgear
Test Object: Metal-clad switchgear panel
Type: Z81.2
Manufacturer: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen/ Germany (
Serial-No.: 7550027/2001/00 Year of manufacture: 2000
Drawing Nos.: GCE 8010450 R0101
Rated voltage 12 kV
Rated lightning impulse withstand voltage 75 KV
Rated power frequency withstand voltage 28 kv
Rated frequency 50/60 Hz
Rated normal current busbar 1250 A
Rated normal current circuit 1000 A
Rated peak withstand current 80 kA
Rated short-time withstand current 315 KA
Rated duration of short-circuit 3 s '
Prospected values under internal-arc conditions: (
Peak withstand current 80 kA
Short-time withstand current 31,5 kA
Short-circuit duration 1 s

Date of receipt of test object: 27" March 2000
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| piien:  ABB Calor Emag
WANIRR Laboratories

X1
FREPED

' Reg.-Nr.
DAT-P-032/93 TEST REPORT No. MZ ZS1 A 03

issued by an Accredited Laboratory
corresponding to EN 45001

Sheet 4

1. Technical Data of Test Object
(Ratings assigned by the manufacturer)
Switching Device
Test Object: Withdrawable vacuum circuit-breaker

Type: VD4P 1212-31

Vacuum interrupter: VG4S

Manufacturer: ABB Calor Emag Mittelspannung GmbH

Serial-No.: 7006579/4002/00

Drawing Nos.: Breaker: GCE 7373263 R1185
Operating mechanism: GCE 7179610 R0O101
Pole part: GCE 7003879 R0104
interrupters: GCE 7005535 R0101
Pole Centres: 180 mm
Rated voitage 12 kV
Rated lightning impulse withstand voltage 75 kV
Rated power frequency withstand voltage 28 kv
Rated frequency 50/60 Hz
Rated normal current 1250 A
Rated short-circuit breaking current 315 KA
Rated short-circuit making current 80 kA
DC-component --
Pole factor -
Rated peak withstand current 80 kA
Rated short-time withstand current 31,5 kA
Rated duration of short-circuit 3 s
Rated operating sequence 0-0,3s-CO-3min-CO
Rated times of circuit-breaker:
- opening time - ms
- closing time - ms
Number of poles 3
Number of units per pole 1

Date of receipt of test object: 27" March 2000

Remark: Common truck manufactured by ABB EJF, A.S. VIDENSKA 117 Brno 658 GYCZe

Republic

Year of manufacture: 2000
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BA Laboratories AHB =§
Reg.-Nr.

DAT-P-032/93

TEST REPORT No. MZZS1AO03 Sheet 5

issued by an Accredited Laboratory
corresponding to EN 45001

Test Object:;
Type:
Manufacturer:
Serial-No.:

Drawing Nos.:

1. Technical Data of Test Object
(Ratings assigned by the manufacturer)
Switching Device
Earthing switch
EK6-1208-150

ABB Calor Emag Mittelspannung GmbH

11/357/29 Year of manufacture: 1999
Earthing switch: GCE 7169312 R 0114

Pole Centres: 150 mm

Rated voltage 12 kV

Rated lightning impulse withstand voltage 75 kV
Rated power frequency withstand voltage 28 kv

Rated short-circuit making current 80 kA
Rated peak withstand current 80 KA
Rated shori-time withstand current 31,5 KA
Rated duration of short-circuit 3 s

Date of receipt of test object: 27" March 2000
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Reg.-Nr. .
DAT-P-032/93 TEST REPORT No. MZZS1AQ3 Sheet 10

{ssued by an Accredited Laboratory
corresponding to EN 45001

2. Test Locations and Set-up

The test was performed in the Mechanical Testing Laboratory

of ABB Calor Emag Mittelspannung GmbH
Dept. LM in Ratingen

at an ambient temperature of approx. 20°C.
Test job no.: 7550030_012A

Test engineer: Koal
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3. Mechanical Operation Test

List of interfocks:

1. Withdrawable part in test-position
- Circuit-breaker ON: prevented to move the withdrawable part in service-position
2. Withdrawable part in service-position
- Circuit-breaker ON: prevented to move the withdrawable part in test-position (
3. Withdrawable part between service and test position:
prevented to switch ON the circuit-breaker -
4. Withdrawable part in test-position
- Circuit-breaker OFF and earthing switch ON: prevented to move the
withdrawable part in service-position
5. Withdrawable part in test-position
- circuit-breaker ON and earthing switch ON: prevented to move the withdrawable
part in service-position
6. Withdrawable part not in test-position
- prevented to switch ON the earthing switch

All the above mentioned interlocks were checked, for this the circuit-breaker and the earthing
switch were operated 50 times and the withdrawable part was inserted and withdrawn 25 times.
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ABB Calor Emag
Laboratories

TEST REPORT No. HZ 146 L 02

Issued by an Accredited Laboratory
corresponding to EN 45001

Test Object

Manufacturer

Tests performed

Test Specification

Test Results

Test Date

Client

12" February 2002
Date of Issue

Three-panel arrangement of metal-clad, air insulated switchgear
type ZS1.2 (650 mm, 1000 mm, 800 mm width) equipped with
bushing plates

Rated voltage e 12 kV
Rated normal current Iy 1000M600/1600 A
Rated frequency fr 50/60 Hz
Rated short-time withstand current Ik 31.6 kA
Rated peak withstand current b 80 kA
Rated duration of short-circuit current ty 3 s

ABB Calor Emag Mittelspannung GmbH, Oberhausener Str. 33,
40472 Ratingen, Deutschiand

Testing of the behaviour of the metal-clad switchgear under conditions of
arcing due to internal faults with 31.5 kA - 1.0 s in different compartments
of the three panels. For further details see sheet-no. 2to 5.

The test has been carried out in accordance with the client’s
instructions. Test procedure and test parameters were based on

IEC 80298/3rd Ed/1990-12, Clause 6.108, Annex AA in conjunction with
PEHLA-Recommendation No. 4 / 3.1995,

(Accessibility Type A: Metal-enclosed switchgear and controlgear

with accessibility restricted to authorized personnel only).

The assessment of the test was carried out in accordance with
criteria 1 to 6 of the above mentioned test specifications.

For further details see sheet-no. 2 to 5 and 19 to 25.

04" to 12" July 2000

ABB Calor Emag Mittelspannung GmbH, Oberhausener Str. 33,
40472 Ratingen, Deutschland

ARG

Andreas Brandt
Test Engineer

Dr. Stefan Géttiich

Laboratory Manager

Total Number of Sheets:

34 Sheets 11 Oszillograms

This test report refers exclusively to the object tested.
ABB Calor Emag Mittelspannung GmbH is cedified according

to DIN ISO 9001 by DQS under Reg. No. 373-02

ABD Calor Emag Laboratories Ralingan are accredited according to
EMN 45001 by DATech under Reg. No. DAT-P-032/93 .~ -

High-Pover Testing Laboratory

Wilh the exceplion of the cover sheet and any subseguent sheets menticned thereon, this document may not be partly copied without wrilten
ABB Calor Emag Millelspannung GmbH Ratingen. Lo

ABB Caler Emag Mittelspannung GmbH Ralingen

A a0y 21 02 121352

Oberhausener Slrale 33 .
- +49{0) 2102 124713

40472 Ralingen, Deutschland
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Comments on Test Arrangement and on the Test

The test object was a three-panel arrangement of a metal-clad, air insulated switchgear type
Z51.2 for 12 kV, consisting of a 650 mm width outgoing panel left-handed, of a 1000 mm width
incoming panel in centre and a 800 mm width outgoing panel right-handed. The switchgear was
installed in a room mock up with a ceiling height of approximately 3 m. The distance between the
rear wall of the switchgear and the room mock up was approximately 0.2 m. The pressure refief
took place by a top mounted pressure relief duct overcoming 1800 mm at the side wall of the left-
handed panel.

Each panel was equigped with a VD4 vacuum circuit-breaker dummy and a common earthing bar
of copper 30 x 8 mm~. :

Infeed of current was made three-phase by means of a three core cable 1 x 3 x 240 mm? through
the closed bottom of the centre panel.

For all tests black cretonne indicators (cotton fabric approximately 150 g/m?) were placed in
front of and on both sides of the switchgear as stated in the relevant test regulations.

During the tests the pressure gauge in the compartment under test was measured and recorded.
The tests were filmed with a high-speed video camera with a frequency of 500 frames/s.

The evaluation of the RMS-value of the short-circuit current was made according to the
Simpson-Formula.
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Test Results:

Test-no.: HZ 146 L 02/ 03 Internal arcing test in the cable compartment of the left-handed panel
(650 mm width), ignition of arc three-phase by means of a copper wire & 0.5 mm at the cable

terminals.

Peak short-circuit current: 72.5 KA

Short-circuit current: 30.6 kKA - 1.06 s equivalent to 31.5 kA -1.02 s
( Assessment of the test:

» Correctly secured doors, covers, etc. did not open (Criterion No. 1).

« Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2}.

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

o The indicators arranged vertically did not ignite (Criterion No. 4).

« The indicators arranged horizontally did not ignite (Criterion No. 5).

¢ All sarthing connections were still effective (Criterion No. 6).

Test-no.: HZ 146 L 02705 Internal arcing test in the cable compartment of the right-handed
panel (800 mm width), ignition of arc three-phase by means of a copper wire & 0.5 mm at the
cable terminals.

Peak short-circuit current: 77.3 kKA
Short-circuit current: 31.5 kA - 1.05 s equivalentto 31.5kA-1.05 s
({ Assessment of the test:

e Correctly secured doors, covers, etc. did not open (Criterion No. 1).

« Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

» The indicators arranged vertically did not ignite {Criterion No. 4).

+ The indicators arranged horizontally did not ignite (Criterion No. 5).

» All earthing connections were still effective (Criterion No. 6).
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Test Results:

Test-no.: HZ 146 L 02/ 06 Internal arcing test in the circuit-breaker compartment of the left-
handed panel (650 mm width}, ignition of arc three-phase by means of a copper wire @ 0.5 across
the upper contact arms of the circuit-breaker.

Peak short-circuit current: 793 KA
Short-clrcuit current: 31.5 kA - 1.05 s equivalentto 31.5 kA -1.05s

Assessment of the test:

Correctly secured doors, covers, etc. did not open (Criterion No. 1).

Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).
Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

The indicators arranged vertically did not ignite (Criterion No. 4).

The indicators arranged horizontally did not ignite (Criterion No. 5).

All earthing connections were still effective (Criterion No. 6).

Test-no.: HZ 146 L 02/ 07 Internal arcing test in the busbar compartment of the right-handed
panel (800 mm width), ignition of arc three-phase by means of a copper wire & 0.5 mm across the

busbars.
Peak short-circuit current; 78.8 kA
Short-circuit current: 31.6 kKA - 1.05 s equivalentto 31.5 kA - 1.05 s

Assessment of the test:

Correctly secured doors, covers, etc. did not open (Criterion No. 1).

Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).
Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

The indicators arranged vertically did not ignite (Criterion No. 4),

The indicators arranged horizontally did not ignite (Criterion No. 5).

All earthing connections were still effective (Criterion No. 6).
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Test Results:

Test-no.: HZ 146 L 02/ 08 Internal arcing test in the busbar compartment of the centre panel
(1000 mm width), ignition of arc three-phase by means of a copper wire @ 0.5 across the busbars.

Peak short-circuit current: 77.3 kKA
Short-circuit current: 31.5 kA - 1.05 s equivalentto 31.5 kA - 1.05 s

Assessment of the test:

« Correctly secured doors, covers, etc. did not open (Criterion No. 1).

o Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

o Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

« The indicators arranged vertically did not ignite (Criterion No. 4).

« The indicators arranged horizontaily did not ignite (Criterion No. 5).

« All earthing connections were stili effective (Criterion No. 6).

Test-no.: HZ 146 L 02109 Internal arcing test in the circuit-breaker compartment of the centre
panel (1000 mm width), ignition of arc three-phase by means of a copper wire & 0.5 mm across
the lower contact arms of the circuit-breaker.

Peak short-circuit current: T7.2KA
Short-circuit current: 31.3 kA - 1.05 s equivalent to 31.5 kA - 1.04 s

Assessment of the test:

s+ Correctly secured doors, covers, ete. did not open (Criterion No. 1)

« Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

+ Arc did not cause holes to develop in the outer, freely accessible parts of the enciosure as a
result of burning or other effects (Criterion No. 3).

e The indicators arranged vertically did not ignite (Criterion No. 4).

« The indicators arranged horizontally did not ignite (Criterion No. 5).

« All earthing connections were still effective (Criterion No. 6).
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Assessment of the Test

Extraction of |IEC 60298/3rd Ed/1990-12, Annex AA

The following criteria allow for the arcing effects.
It is to be observed:

Criterion No. 1
Whether correctly secured doors, covers, etc., do not open.

Criterion No. 2

Whether parts (of the metal-enclosed switchgear and controlgear), which may cause a hazard, do
not fly off. This includes large parts or those with sharp edges, for example, inspection windows,
pressure relief flaps, cover plates, etc.

Criterion No. 3

Whether arcing does not cause holes to develop in the freely accessible parts of the enclosure as
a result of burning or other effects.

Criterion No. 4

Whether the indicators arranged vertically do not ignite. Indicators ignited as a result of paint or
stickers burning are excluded from this assessment.

Criterion No. 5
Whether the indicators arranged horizontally do not ignite. Should they start to burn during the
test, the assessment criterion may be regarded as having been met, if proof is established of the

fact that the ignition was caused by glowing particles rather than hot gases. Pictures taken by
high-speed cameras should be produced in evidence.

Criterion No. 6

Whether all earthing connections are still effective.

Remark:

When the PEHLA-Recommendation No. 4 is stated under Test Specification in the Test Reporythe
results of each test were assessed by all six criteria. 4

Y
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Participants of the Tests
Client: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,

Deutschland

Representatives of the client:

Mr. Aufermann ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, {
Deutschland
Dept. EA

Mr. Groll ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland
Dept. EA

Mr. Martschat ABE Calor Emag Mittelspannung GmbH, 40472 Ratingen,

Deutschland
Dept. EA

Representatives of the laboratory:

Mr. Dr. Géttlich ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland .
Dept. LL
Test Engineer: |
Mr. Strathmann ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland
Dept. LL
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Test Object:
Type:
Manufacturer;
Serial-No.:

Drawing Nos.:

Technical Data of Test Object

(Ratings assigned by the manufacturer)

Switchgear (left-handed)

Metal-clad, air insulated switchgear

Z51.2, 650 mm width

ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschland

7550027/2001/00
See sheet-no. 12

Rated voltage
Rated lightning impulse withstand voltage
Rated power frequency withstand voltage

Rated frequency
Rated current (busbar)
Rated current ({tee-off)

Rated short-circuit peak withstand current
Rated shori-time withstand current
Rated short-circuit duration

Insulating medium
Rated filling pressure (abs., 20 ° C)

Year of manufacture: 2000

Prospective values under internal-arc conditions:

Peak withstand current
Short-time withstand current
Short-circuit duration

Additional specifications and data:
o hushars 2 x 80 mm x 10 mm /R 5 mm, Cu, bare
o tee-off bars 1 x 60 mm x 10 mm/ R 5 mm, Cu, bare

Date of receipt of test object: 3% July 2000

7355
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Technical Data of Test Object
(Ratings assigned by the manufacturer)
Switchgear (centre)
Test Object: Metal-clad, air insulated switchgear
Type: Z51.2, 1000 mm width
Manufacturer: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschiand
Serial-No.: 7550027/2009/00 Year of manufacture: 2000 (

Drawing Nos.: See sheet-no. 12

Rated voltage ' 12 kV
Rated lightning impulse withstand voltage 75 kV
Rated power frequency withstand voltage 28 kV
Rated frequency 50/60 Hz
Rated current (busbar) 2000 A
Rated current (tee-off) 1600 A
Rated short-circuit peak withstand current 80 kA
Rated short-time withstand current 31.5 kA
Rated short-circuit duration 3 s
Insulating medium air
Rated filling pressure (abs., 20 ° C) - kPa

Prospective values under internal-arc conditions:

Peak withstand current 80 kA
Short-time withstand current 315 kA
Short-circuit duration 1 s

Additional specifications and data:
o  bushars 2x 80 mmx 10 mm /R 5 mm, Cu, bare
s tee-off bars 2 x 100 mm x 10 mm/ R 5 mm, Cu, hare

Date of receipt of test object: 3" July 2000
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Test Object:
Type:
Manufacturer:
Serial-No.:

Drawing Nos.:

Technical Data of Test Object
{Ratings asslgned by the manufacturer)
Switchgear (right-handed)
Metal-clad, air insulated switchgear
Z51.2, 800 mm width
ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschland
7550027/2005/00 Year of manufacture; 2000

See sheet-no. 12

Rated voltage 12 kV
Rated lightning impulse withstand voltage 75 kV
Rated power frequency withstand voitage 28 kV
Rated frequency 50/60 Hz
Rated current (busbar) 2000 A
Rated current (tee-off) 1600 A
Rated short-circuit peak withstand current 80 kA
Rated short-time withstand current 31.5 kA
Rated short-circuit duration 3 s
Insulating medium air
Rated filling pressure (abs., 20 ° C) - kPa

Prospective values under internal-arc conditions:

Peak withstand current _ 80 KA
Short-time withstand current 31.5 kA
Short-circuit duration 1 s

Additional specifications and data:
« busbars 2 x 80 mm x 10 mm/ R 5 mm, Cu, bare
e tee-off bars 2 x 80 mm x 10 mm / R 5 mm, Cu, bare

Date of receipt of test object: 3 July 2000
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Tabie of Drawings of Test Objects

The drawings submitted for identification of the test object were stamped and signed by the
test engineer.

The manufacturer/client has guaranteed by signature on the drawings that the equipment
submitted for tests has been manufactured in accordance with the given drawings.

A copy of the following drawing is part of this Test Report:

ZS 1.2, feeder panel 12 kV, PW.650 GCE8010450R0101, sheet 1, index 00,
ZS 1.2, feeder panel 12 kV, PW.1000  GCE8010452R0110, sheet 19, index 00,
ZS 1.2, feeder panel 12 kV, PW.800 GCE8010451R0103, sheet 3, index 00,

Type Test Arrangement (internal fault)y  GCEP800241 sheet 1, index 00
Z51.2 - Panel
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Technical Data of Test Circuit
Test Internal fault - - -
Oscillogram-No. HZ 146 L 02 02-09 - - -
Number of phases {circuit) 3 - - -
Number of {test object) 3 - - -
potes/phases
Power frequency Hz 50 - - -
Power factor cos g <0.15 - - -
Generator|  earthed via - - -
5kG
Earthing Transformer| not earthed - - -
Short-circuit point|  not earthed - - -
Circuit diagram Sheet no.: 18 - - -
Circuit impedance mQ % 120 - - -
TRV control elements - - - -
Capagcitance in paraltel uF - - - -
Resistance in series 0 - - - -
Prospective TRV - - - - -
TRV peak value Ug kv - - - -
Time co-ordinate 1, us - - - -
Time delay tg HS - - - -
Based on kY - - - -
Rate-of-rise kV/ps - - - -
Voltage measurements Divider - - -
375k 12kO
Current measurements Transformer ~ - -
50kA/H A
Remarks:

H7 146 L 02 / 01: Current calibration
HZ 146 L 02 / 04: Pre-test
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Principle Diagram of Test Circuit

G Generator
(
I
\Tsfé\ Master Breaker
2\ | Make Switeh
Inductance
Resistor
Lo Lo Lo
::”:}o:}o Current
3.4,  Transformers (
: Voltage
] bividers
y 3
Test Object
(Switchgear}
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Determination of the Prospective
Short-Circuit Current

Condition of test object before test: -
Arrangement: See sheet-no. 2
Connection: Infeed of current was made three-phase by means of a three core cable

1 x 3 x 240 mm? through the closed bottom of the centre panel.

For the determination of the prospective short-circuit current the infeeding busbars of the test
plant were short-circuited and earthed outside the switchgear under test.

Test-No.: Applied voltage (phase-to-phase) Duration of short-
HZ 1461.02/02 6.5 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA KA KA KA
L1 81.9 37.4 30.0 302
L2 277 364 30.5 30.7
L3 67.2 37.2 29.8 30.0
Average value 37.0 301 30.3
Equivalent duration of corresponding to a
short-circuit current 1.01s short-circuit current of 31.5 kA
Remarks: -
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Internal Arcing Test
Condition of test object before test: Switchgear factory-new.
Arrangement: See sheet-no.: 2
Connection: Infeed of current was made three-phase by means of a three core cable (
1 x 3 x 240 mm? through the closed bottom of the centre panel.
Ignition: interna! arcing test in the cable compartment of the left-handed panel
(650 mm width), ignition of arc three-phase by means of a copper wire
&5 0.5 mm at the cable terminals.
Test-No.: Applied voltage (phase-to-phase) Duratien of short-
HZ 148 L 02/03 6.5 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA kA KA KA
L1 725 37.1 304 302
L2 27.0 36.0 30.9 31.0
L3 60.7 374 30.1 30.6
Average value 36.9 39.8 30.6 (
Equivalent duration of corresponding fo a .
short-circuit current  1.02 s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no,
26 to 34. The measured pressure gauge was about 75 kPa.

Assessment of the test:

« Correctly secured doors, covers, etc. did not open (Criterion No. 1).

» Parts of the switchgear, which may cause injury to persons, did not fly off {(Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

o The indicators arranged vertically did not ignite (Criterion No. 4).

s The indicators arranged horizontally did not ignite (Criterion No. 5}.

» Al earthing connections were still effective (Criterion No. 6).
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Internal Arcing Test
Condition of test object before fest: as after test HZ 146 L 02/ 03.
Arrangement: See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable
1 x 3 x 240 mm? through the closed bottom of the centre panet.

lgnition: Internal arcing test in the cable compartment of the right-handed panel
(800 mm width), ignition of arc three-phase by means of a copper wire
@ 0.5 mm at the cable terminals.

Test-No.: Applied voltage (phase-to-phase) Duration of short-
HZ 146 L 02/05 6.65 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
KA kA kKA kA
L1 77.3 383 30.9 31.4
.2 257 36.7 31.2 313
L3 60.9 37.7 317 317
Average value 37.6 31.3 31.56
Equivalent duration of corresponding to a
short-circuit current  1.05 s short-circuit current of 31.5 kKA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no.
26 to 34. The measured pressure gauge was about 57 kPa.

Assessment of the test:

e Correctly secured doors, covers, etc. did not open (Criterion No. 1).

« Parts of the switchgear, which may cause injury to persons, did not fly off {Criterion No. 2).

» Arc did not cause holes to develop in the outer, freely accessible paits of the enclosure as a
result of burning or other effects (Criterion No. 3).

« The indicators arranged vertically did not ignite (Criterion No. 4).

« The indicators arranged horizontally did not ignite (Criterion No. 5).

« Al earthing connections were still effective (Criterion No. 8}.
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HZ 146 L 02
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Condition of test object before test:

Internal Arcing Test

as after test HZ 146 L. 02 / 05.

Arrangement; See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable
1 x 3 x 240 mm? through the closed bottom of the centre panel.

lgnition: Internal arcing test in the circuit-breaker compartment of the left-handed
panel (650 mm width), ignition of arc three-phase by means of a copper wire
@ 0.5 across the upper contact arms of the circuit-breaker

Test-No.: Applied voltage (phase-to-phase) Duration of short-

HZ 146 L 02 /06

6.65 kV

circuit current
1.05s

Peak shori-circuit

Short-circuit current:

Arithmetic mean

current first cycle last cycle value

kA kA KA kA
L1 79.3 38.7 30.3 31.0
L2 26.1 371 32.3 31.8
L3 62.6 38.3 32.0 31.6
Average value 38.0 31.6 31.5

Equivalent duration of
short-circuit current

1.05s

corresponding to a
short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no.

26 to 34. The measured pressure gauge was about 48 kPa.

Assessment of the test:
¢ Correctly secured doors, covers, etc. did not open (Criterion No. 1).
+« Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a

result of burning or other effects (Criterion No. 3).
* The indicators arranged verticaily did not ignite (Criterion No. 4).
» The indicators arranged horizontally did not ignite (Criterion No. 5).
» All earthing connections were still effective (Criterion No. 6).
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Internal Arcing Test
Condition of test ohject before test: as after test HZ 146 L. 62/ 06.
Arrangement: | See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable
1 x 3 x 240 mm? through the closed bottom of the centre panel.

Ignifion: Internal arcing test in the busbar compartment of the right-handed panel
(800 mm width), ignition of arc three-phase by means of a copper wire
@ 0.5 mm across the busbars.

Test-No.: Appilied voltage {phase-to-phase} Duration of short-
HZ 146 L 02707 6.65 kV circuit current
1.05s
Peak short-circuit | Short-cireuit current: Arithmetic mean
current first cycle last cycle value
kA KA KA kA
L1 78.8 39.0 32.0 31.8
L2 23.3 36.6 31.4 31.3
L3 60.3 38.4 31.6 316
Average value 38.0 31.7 31.6
Equivalent duration of corresponding to a
short-circuit current  1.05s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear befare and after test is shown on the photos on sheet-no.
26 to 34. The measured pressure gauge was about 27 kPa.

Assessment of the test:

« Correctly secured doors, covers, etc. did not open (Criterion No. 1).

+ Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

+ The indicators arranged vertically did not ignite {Criterion No. 4).

« The indicators arranged horizontally did not ignite (Criterion No. 5).

« Al earthing connections were still effective (Criterion No. 6).
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Internal Arcing Test
Condition of {est object hefore test: as after test HZ 146 L 02/ 07.
Arrangement: See sheet-no.: 2

Connection: Infeed of cuirent was made three-phase by means of a three core cable (
1 x 3 x 240 mm? through the closed bottom of the centre panel.

Ignition: Internal arcing test in the busbar compartment of the centre panel (1000 mm
width), ignition of arc three-phase by means of a copper wire & 0.5 across
the bushars.

Test-No.: Applied voltage {phase-to-phase) Duration of short-
HZ 146 L 02/08 6.65 kV . circuit current
1.05s
Peak short-circuit | Short-circuit current; Arithmetic mean
current first cycle last cycle value
KA kA KA kA
L1 77.3 385 30.8 31.2
Lz 254 374 32.1 32.2
L3 61.4 384 31.4 31.2
Average value 38.1 314 3156 :
Equivalent duration of corresponding to a (
short-circuit current 1.05s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no.
26 to 34. The measured pressure gauge was about 23 kPa.

Assessment of the fest:

» Correctly secured doors, covers, etc. did not open (Criterion No. 1).

+ Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
resuit of burning or other effects (Criterion No. 3).

» The indicators arranged vertically did not ignite (Criterion No. 4).

+ The indicators arranged horizontally did not ignite (Criterion No. 5).

e All earthing connections were still effective (Criterion No. 6).
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Internal Arcing Test
Condition of test object before test: as after {est HZ 146 1. 02/ 08.
Arrangement: See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable
1 x 3 x 240 mm? through the closed bottom of the centre panel.

Ignition: Internal arcing test in the circuit-breaker compartment of the centre panel
(1000 mm width), ignition of arc three-phase by means of a copper wire
@ 0.5 mm across the lower contact arms of the circuit-breaker.

Test-No.: Applied voltage (phase-to-phase) Duration of short-
HZ 146 L 02/09 6.65 kV circuit current
1.058
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA KA kA kA
L1 77.2 38.0 31.4 31.2
L2 27.1 37.0 32.0 317
L3 62.1 38.0 30.5 31.0
Average value 37.7 313 31.3
Equivalent duration of corresponding to a
short-circuit current  1.04 s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no 26 to 34.
The measured pressure gauge was about 44 kPa.

Assessment of the test:

« Correctly secured doors, covers, efc. did not open {Criterion No. 1).

« Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2}).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

+ The indicators arranged vertically did not ignite (Criterion No. 4).

e The indicators arranged horizontally did not ignite (Criterion No. 5).

+ Al earthing connections were still effective (Criterion No. 6).
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£ Deutscher 7
fee-  ABB Calor Emag ‘B

A WP
VANRR  Laboratories AR EPEP

DAT-P-032/93 TEST REPORT No. HZ 144 F 08 Sheet 1
Issued by an Accredited Laboratory
correspending to EN 45001 Copy-No. 02e
Test Object Metal-clad air-insulated switchgear type ZS1.2 consisting of three panels.
Center panel equipped with vacuum circuit-breaker type VM1 1212-31.
Rated voltage U 12 kV
Rated normal current (bushar) In 1250 A
Rated frequency f 50/60 Hz
Rated short-time withstand current I 31.5 kA
Rated peak withstand current I 80 kA
Rated duration of short-circuit current tn 3 s
Rated short-circuit breaking capacity at 12 kV I, 31.5 KA (
Manufacturer ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen
Tests performed Peak withstand current test on main circuit of the center panel with

vacuum circuit-breaker with 83.1 kA and short-time withstand current
test up to 32.3 kA - 3.03 s (equivalent to 32.5 kA -3 s).

Test Specification  The tests have been carried out in accordance with the client’s
instructions. Test procedure and test parameters were based on
IEC 60694/2nd Ed./1996-05/Clause 6.8,
IEC 60298/3rd Ed./1990-12/Clause 6,5,
IEC 60056/4th Ed./1987/Clause 6.5.

Test Results The switchgear with vacuum circult-breaker passed the tests

successfully. (
Test Date 23" of February 2000
Client ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen

g% of June 2000
Date of Issue

Ww Mmm
Laboratory Manager Test Engineer

Total Number of Sheets: 16 Sheets (Test Report) + 4 Sheets (Oscillograms)

This test report refers exclusively to the object tested. ABB Calor Emag Laboratories Ralingen are atcredited agfording to
ABB Calor Emag Mittelspannung GmbH is cedified according EN 45007 by DATech under Reg. No. DAT - P- 032/9%
fo DIN iSO 9001 5y DQS under Reg. No. 373 - 02 - )

With the exception of the cover sheet and any subsequent sheets mentioned thereon, this document may not be partiy copied without v n consent of ABB

Calor Emag Miltelspannung GmbH Ratingen.

Phorie/+ 49 {0) 21 02 12-1736

ABB Calor Emag Mitlelspannung GmbH Ralingen Oberhausener Slralle 33
Fax / +49{0)2102 121743

High-Power Testing Laboratory D - 40472 Ratingen
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ABB Calor Emag

b EP HP
FREDED

Laboratories
DAT-P-032/93 TEST REPORT No. HZ 144 F 08 Sheet 2
Issued by an Accredited Laboratory
corresponding to EN 45001 7
Contents

Test Report - Cover Sheet

Contents

Technical Data of Test Object

Table of drawings of the Test Object

Drawings

Technical Data of Test Circuit

Principle Diagram of Test Circuit

Peak and Short-Time Withstand Curmrent Test

Table of No-load Operations / Measurement of the Resistance
Photos

QOscillograms

Sheet

6-10
11
12
13
14

15-16
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ABB Calor Emag
Laboratories

DAT-P-032/93 TEST REPORT No. HZ 144 F 08 _ _gheet 3

Issued by an Accredited Laboralory
corresponding to EN 45001

Technical Data of Test Object
(Ratings assigned by the manufacturer)
Switchgear
Test Object: Metal-clad air-insulated switchgear
Type: Z81.2
Manufacturer: ABB Calor Emag Mittelspannting GmbH, D-40472 Ratingen
Serial-No.: 7550027/2001/00 (center panel) Year of manufacture: 2000

Drawing Nos.: See sheet-no. 5

Rated voltage 12 KV .
Rated lightning impulse withstand voltage 7% kV
Rated power frequency withstand voltage 28 kv
Rated frequency 50/60 Hz
Rated current : 1250 A
Rated short-circuit peak withstand current 80 kA
Rated short-time withstand current 315 kA
Rated short-circuit duration 3 s
Insulating medium air

Rated filling pressure (abs., 20 ° C) - kPa

Prospective values under internal-arc conditions:

Peak withstand current 80 kA
Short-time withstand current 315 kA
Short-circuit duration 1 s

Additional specifications and data: -
The panel was equipped with current transformers made by ABB, serial-nos. 957058, 957059
and 9570860,
Ratio: 1250/5/5 A
Voltage: 12/28/75 kV 50 Hz
E 1999
31.5kA-3s/125kA
|EC 60044-1
181-182 15VA cl. 0.5
251-282 15VA cl. 5P10

Date of receipt of test object: 22™ of February 2000
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ABB Calor Emag
Laboratories

DAT-P-032/93 TEST REPORT No. HZ 144 F 08 Sheet 4
Issued by an Accredited Laboratory
comesponding to EN 450014
Technical Data of Test Object
(Ratings assigned by the manufacturer)
Switching Device

Test Object: Vacuum circuit-breaker in center panel
Type: VM1 1212-31
Vacuum interrupter: 99G4S00809, 99G4500825, 99G4500861
Manufacturer: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen
Serial-No.: 7006082/4002/99 Year of manufacture: 1899

Drawing Nos.:

See sheet-no. 5

Rated voltage 12
Rated lightning impulse withstand voltage 75
Rated power frequency withstand voitage 28

Rated frequency 50/60
Rated normal current 1000
Rated short-circuit breaking current 31.5
Rated short-circuit making current 80
DC-component 35
Pole factor 1.5
Rated peak withstand current 80
Rated short-time withstand current 31.5
Rated duration of short-circuit 3

Rated operating sequence

Rated times of circuit-breaker:

- opening time ~ 40
- ¢closing time = 55
Number of poles 3
Number of units per pole 1

Rated auxiliary voltages:

- voltage of trip coil 220
- voltage of closing coil 220
- voltage of motor -

Additional specifications and data: -

Date of receipt of test object: 22" of February 2000

/

kV
kV
KV

Hz
A
kA
kA
%

kA
kA
]

0-0.3 8-CO-3 min-CO

ms

V-DC
V-DC
V-DC
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Riesinsmnon ABB Calor Emag
[RR Laboratories

Reg.-Nr.
DAT-P-032/93 TEST REPORT No. HZ 144 F 08

Issued by an Accredited Laboratory
corresponding to EN 45001

Table of Drawings of the Test Object
The drawing submitted for identification of the test object were stamped and signed by the
test engineer. The manufacturer/client has guaranteed by signature on the drawings that the
equipment submitted for tests has been manufactured in accordance with the given drawings.

A copy of the following drawings is part of this Test Report:

Cubicle 12 kV, < 1000 A, T.650 GCE8010450R0101, sheet-no. 1, index 00,
Bushing plate GCE8005031R0101, sheet-no. 1,  index 06, (
Draw out VM1 12M47.5kV in Z81.2 GCE7004912R1141, sheet-no. 7, index 00, ~
Pole compl. VM1, 12 kV, 1250 A GCE7003979R0104, sheet-no. 1, index 06,
VM1-Drive GCE7004310R0104, sheet-no. 1, index 04.
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ABB Calor Emag
Laboratories

DAT-P-032/93 TEST REPORT No. HZ 144 F 08 Sheet 11

Issued by an Accredited Laboratory
corresponding to EN 45001

Technical Data of Test Circuits

Test sSTC - - -
Oscillogram-No. HZ 144 F 08 1-7 - - -
Number of phases {circuit) 3 ~ - -
Number of poles/phases  (test object) 3 - - -
Power frequency Hz 50 - - -
Power factor cos ¢ <01 - - -
Generator] earthed via - - -
5ka

Earthing Transformer| not earthed - - -
Short-circuit point earthed - - -

Circuit diagram Sheet no.: 12 - - -
Circuit impedance me ~5 - - -

TRV control elements - - - _

Capacitance in parallel nf - - - _
Resistance in series Q - - - _
Prospective TRV - - - - _
TRV peak value ug KV - - - _
Time co-ordinate 15 us - - - -
{Time delay 4 us - - - -
Based on kv - - - -
Rate-of-rise kVius - - - -
Voltage measurements Divider - - .
75kQ 1.1 kQ
Current measurements Transformer - - -
BOKAIGA
Remarks:-
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DAT-P-032/93

ABB Calor Emag
Laboratories

TEST REPORT No. HZ 144 F 08

Issued by an Accredited Laboratosy
corresponding to EN 45001

Sheet 12

Principle Diagram of Test Circuit

G Generator

Master Breaker

S

Make Switch
Transformer
L°4°4°  Current
50 o )
138 Transformers

' letage
Dividers

Test Object
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ABB Calor Emag B
Laboratories | FREP ED

’
i
s

DAT-P-032/93 TEST REPORT No. HZ 144 F 08 Sheet 13

Issued by an Accredited Laboratory
corresponding to EN 45001

Peak and Short-Time Withstand Current Test
Actual values
Condition of test object before test: Swichgear new.

Connection to test object: By means of copper conductors to the busbars outside the
right-hand panel, cable terminais of the center panel short-circuited and earthed.

Oscillogram-No. HZ 144 F 08 5 6 - -
L1 KA 83.1 78.7 - -

Peak short-circuit current L2 kA 248 23.8 - -
13 kA 57.6 547 - -

L1 KA 35.1 335 - -

firstcycle L2 kKA 41.0 39.1 - -

Short-circuit current L3 kA 34.0 325 - - -
11 kA 28.1 302 - -

lastoycle L2 KA 338 36.2 - -

L3 kA 27.3 29.3 - -

Lt kA 30.3 30.5 - -

Equivalent r.m.s. value 12 kA 36.5 36.7 - -
L3 KA 29.6 29.7 - -

Average value kA 324 32.3 - -
Duration of short-circuit current 5 1.00 3.03 - -
L1 kA 30.3 - - -

Short-time current is L2 KA 38.5 - - -
L3 kA 29.6 - - -

Average value KA 3241 - - -
L1 kA - 30.7 - -

Short-time current 3s 12 KA - 36.9 - -
L3 kA - 29.9 - -

Average value KA - 32.5 - -

Condition of test object after test.
Switchgear and circuit-breaker without change.

Remarks:

HZ 144 F 08/ 1: Current calibration.

HZ 144 F 08/ 2 and 7: No-load operation before and after tests.
HZ 144 F 08/ 3 and 4: Tests with reduced values.
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ABB Calor Emag
Laboratories

DAT-P-032/93 TEST REPORT No. HZ 144 F 08

Issued by an Accredited Laboratory
corresponding to EN 45001

Sheet 14

Actual Values of No-load Operations

Rated supply voltage of opening coil 220V dc

Operation | Voltage Closing Voltage Opening

closing coil time opening coil time

vV ms vV ms

Test HZ 144 F 08/ 2 - - 220 35.0

TestHZ 144 F08/7 Ke - - 220 36.5

Measurement of the Resistance

Phase L 1 Phase L 2 Phase L 3
Before Test HZ 144 F 08 117 pQ 113 uQ 103 pQ
After Test HZ 144F08/6 120 pnQ 113 pQd 103 pQ2

Measuring points: Infeeding busbar against short-circuit point in the center panel.
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Deutscher
3 13 AxredHenungs
Rat

DAT-P-032/93

ABB Calor Emag
Laboratories

AL BB EB
FREDED

TEST REPORT No. HZ 144 F 08

Issued by an Accredited Laboratory
corresponding to EN 45001

Sheet 15

FPhoto No. 01
Before Test HZ 144 F 08 /1

Photo No. 02
Before Test HZ 144 F 08/ 1
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Laboratories PR EPDEP

TEST REPORT No. HZ 144 F 08 Sheet 16
Issued by an Accredited Laboratory
corresponding to EN 45001

Photo No. 03
After Test HZ 144 F 08 /6

Photo No. 04
After Test HZ 144 F 08/6
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ABB Trasmissione & Distribuzione S.p.A.
Unita operativa Sace T.M.S.

Via Frifi 4 Tel.. 0039.035395111
{ 24044 — Dalmine (BG) Fax: 0039.035.395874

[taty E —mal:sacetms.tipm@it.abb.com
Intemet ; fvww.abb.com

TYPE TEST DOCUMENTATION No. 100081_C Page 1/1

Apparatus: Metal-clad switchgear type ZS1 rel 1.2 with vacum circuit-breaker
type VD4/P 12.12.31 p=210

fdentification: 1VCP0000138-Rev.-,en-Technical catalogue-2003-04

Performances:  Rated voltage : 12

Rated lightning impulse withstand voltage :
Rated power-frequency withstand voltage :

Rated frequency :

Rated normal current (busbar) :
Rated normal current (fee-off) :
Rated peak withstand current :
Rated short-time withstand current
Rated duration of short circuit :

75
28

1250
1250

Test reports verifying rating assigned by the manufacturer:

Y
kV
kV
50-60 Hz
A
A
kA
kA
s

80

31.5

3

Performances Test according to Test reports
No. Issued by
Dielectric test [EC 60298 0003 Ra | PEHLA Hight-power
Subclausole 6.1 Laboratories
Temperature-rise test |EC 60298 0009 Ra [PEHLA Hight-power
Subclausole 6.3/6.4 Laboratories
Short-time and peak 1EC 60298 HZ 144 F0O8 | Calor Emag
withstand current test Subclausole 6.5 Laboratories
Mechanical operation IEC 60298 MZ ZS1 A03 | Calor Emag
and interlock test Subclausole 6.102 Laboratories
Internal arc test IEC 60298 HZ 146 LO2 |Calor Emag
Annex AA Laboratories
Mechanical operation IEC 62271-100 0316 Ra |FPEHLA Hight-power
test subclause 6.101.2 ~ |Laboratories
Making and breaking IEC 62271-100 0231 Ra |PEHLA Hight-power
capacity test subclause 6.106 Laboratories

ABB T&D Unita operativa SACE T.M.S. Laboratories Dalmine are aceredr
ABS Galor Emag Laberafories Ratingen are accredited according UN

ed eccording UNI CEI EN ISOAEC 17025 by SINAL under Reg. No. 0253
1 CEl EN ISO/IEC 17025 by DATech under Reg. No. DAT-P-032/83

PEHLA Higth-power Laboratories are aceredited according UNI CEI EN ISONEC 17025 by DATech under Reg. No. DAT-P-032/93

Date of issue:
03/09/23

Development Dept.

G.M. Cravanzola

=Ty

ABB T&D Unita operativa Sace T.M.S. is accreditated by DET NORSKE VERITAS QUALITY CERTIFICATE Quacer Ce

Mo. CERT-07978-2001-AQ-MIL-SINCERT/B according to 180 8007.

ol

410



Report No.; 0003 Ra

Equipment under test:

Manufacturer;
Client:
Testing statlon:

Date of test:

Tests performed;:

§  Testresults:

Mannheim, 24™ April 2001

an exceplion.

O3PERER2

Applied test specifications:

The test results relate only to the items tested.

Witho? a written permission of PEHLA it is not allowed to make reproduction in extracts of this
document. Copying the cover

PEHIA

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Member of the Short-Circuit-Testing Liaison {STL)

Test Report

CopyNo.: O Contents: 17 Sheets

Metal-clad airinsulated switchgear panel type Z51.2, rated voltage 12 kv
(width = 850 mm), drawing-no. GCE 8010450 RO102,
with withdrawable vacuum circuit-breaker type VD4P 1212-31.

ABB Calor Emag Mittelspannung GmbH, D-4p472 Ratingen, Germany
ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Gemany
PEHLA - Testing Station Ratingen

17" and 18" January 2000

IEC 60298: 1990-12, clauses 6.1.1, 6.1.3,68.1.4a),6.1,5-6.1.7,
IEC 60694: 1896-05, clauses 6.2.1, 6.2.3 -6.2.6.

Dielectric type test.
Standard lightning impulse withstand voltage test at 75 kV and power-

frequency withstand voltage test at 28 kV to earth, between phases and
across open swiiching device,

The above ZS1.2-type panel passed the dielectric type test
successfully. The respective dielectric requirements are met,

GESELLSCHAFT FUR ELEKTRISCHE
HOCHLEIS PRUOFUNGEN

7

Technical Committee

ompanied by sheet 2 and the sheefs mentioned here is

W lod. fhp,
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PEEELA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUﬁ
ReportRia.. 0003 Ra aw/

Accreditation

The PEHLA-Testing Station Ratingen has been approved by the DATech {German accreditation body for technology)
according to DIN EN 45001 for tests in the field of high-voltage switchgear and controlgear and power engineering
equipment (Registration-No, DAT-P-032/33).

Under reference to DIN EN 45001 PEHLA states the following:

- The accreditation of the PEHLA-Testing Station or any of its test reports by themselves in no way constitute or
imply product approvat by DATech or any other body.

- If someone refers to a test in an accredited PEHLA-Testing Station this reference shall include the accreditation
body, i.e. DATech, the relevant scope of the accreditation and the appropriate reglstration number.

STL-Member

PEHLA is foundation-member of the Short-Circuit Testing Liaison (STL) which has been founded in March 1968,

STl is a forum for the international cooperation of the testing organisations with the further full members ASTA (GB),
CESI (1), ESEF (F), KEMA (NL), SATS (N; S, SF) and STLNA (USA), In the framework of EC, STL has been
recognised in 1892 by EOTC as agreement group.

PEHLA-Documents
A Certificate

is issued for type tests which have successfully been carried out in full compliance with the relevant specifications or
standards and STLGuides valid at the fime of the test.

For these tests the equipment under test must be clearly identified by technical description, drawings and additional
specifications,

A Test Document

is issued for parts of type tests which have successfully been carried out in full compliance with the relevant
specifications or standards and STL Guides valid at the time of tesl.

For these tests the equipment under fest must be clearly identified by technical description, drawings and additional
specifications. : .

A Test Report

Is issued for alf other tests which have been carried out according to specifications, standards or "PEHLA-Richtlinien"
(PEHLA Guldes) andfor clients instructions.

Similarly, this test report contains all test resulls, delails of the conditions under which the tests were carried out, also
details relating fo the behaviour of the equipment during test, and its condition afier the tests.

Addresses:

Office: PEHLA-Geschéftsstelle
Hallenweg 40
D-68219 Mannheim

Testing Station: PEHLA-Tesiing Station Ratingen
Oberhausener Sir. 33
D-40472 Ratingen

Manufaciurer:  ABB Calor Emag Mittelspannung GmbH
Oberhausener Str. 33
D-40472 Ratingen

Client: ABE Calor Emag Mittelspannung GmbH
Oberhausener Str. 33
D-40472 Ratingen

04PESB02



GEjELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Sheet: 3
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PEHLA

Report No.: 00D

Test Ohbject:
Type:/
Manufacturer:
Serial-No.:
Drawing No.:

Ra

Switchgear

Metal-clad air-insulated switchgear panet
Z81.2

ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany

07550027/2001/00
GCEB8010450 R0O102 index 00

Rated voltage

Rated lightning impulse withstand voltage
Rated switching impulse withstand voltage
Rated power frequency withstand voltage

Rated frequency

Rated normal current of busbar
Rated normal current of tee-off

Rated peak withstand current
Rated short-time withstand current
Rated duration of short-circuit

Insulating medium
Rated functiona! pressure (abs./20 °C)
Minimum functional pressure (abs./20 °C)

Permissible values for internal arc faults:
Peak current

Short-time current

Duration of short-circuit

Max. ambient air temperature

Technical Data of Test Object

Ratings assigned by the manufacturer

Year of manufacture:

12
75

28

air / vacuum

80
31.5

40

The above switchgear panel is fully described in the mentioned drawings.

Essential characteristics and installed devices:

The above switchgear panel is fully described in the mentioned drawings.
Essential details are:

- Busbar 2 x 80 mm x 10 mm/ R 5 mm, Cu, bare.

-- Busbar tee-off conductor 1 x 60 mm x 10 mm/R 5 mm, Cu, bare,

-- tulip insulator with contact pin & = 35 mm.

-- Current transformer type TPU 43.11, manufacturer: ABB,
Serial-No. L1: 957058; L 2: 957059; L3: 957060,

-- Voltage transformer type TJC4, manufacturer: ABB,
Serial-No. L1: 903568; L2: 903569; L3: 903770.

— Earthing switch type EKB-1208-150, Serial-No. 11/357/09.

- Cable conductor 60 mm x 10 mm /R 5 mm, Cu, bare.

Date of receipt of test object: 03 January 2000

Shest:

2000

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRYE FUNGEN

5
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Report No.: 0003 Ra Sheet; 6
e
Technical Data of Test Object
Switching Device — Circuit-Breaker
Ratings assigned by the manufacturer
s
Test Object: Vacuum circuit-breaker
Type: VO4P 1212-31
Manufacturer: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.: 7006082/4001/99 Year of manufacture: 1999
Drawing No.: GCE 7002291 R 0152 index 00 (circuit-breaker)
Vacuum Interrupter: Type VG4S, L1: No. VG4S 55830, L2: No. VG4S 55838, L3: No. VG4S 55829
Drawing No.: GCE 7003979 R 0104 index 06 (pole part)
Rated voltage 12 kV
Rated lightning impulse withstand voltage 75 kV -
Rated switching impulse withstand voltage - kv
Rated power frequency withstand voltage 28 kv
Rated frequency 50 Hz
Rated normal current 1250 A
Rated peak withstand current 80 kA
Rated short-time withstand current 31.5 kA
Rated duration of short-circuit 3s
Rated short-circuit breaking current
Rated short-circuit current 315 kA
D.C. component 30 %
Rated short-circuit making current B0 kA
Rated transient recovery voltage:
Peak value _ 208 kV
Rate of rise 0.34 kVlius
First-pole-to-clear-factor 1.5
Rated operating sequence 0-0.3 5 -CO-3 min-CO
Arc extinguishing medium vacuum
Number of poles ‘ 3
Number of units per pole 1
Rated opening time <45 ms
Rated closing time approx. 60 ms
Rated voltage of trip coil 220 V-DC
Rated voltage of closing coil 220 V-DC
Rated supply voltage 220 V-DC
Rated frequency of supply voltage - Hz
Max. ambient air temperature 40 °C
Further specifications: -

Essential characteristics: -

Date of receipt of test object: 03" January 2000
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Report No.: 0003 Ra Sheej

List of Drawings

/ The manufacturer has guaranteed, that the equipment submitted for test has been
manufactured in full accordance with the following drawings. PEHLA has verified that
these drawings adequately represent the equipment tested. These drawings have been
stamped and signed by PEHLA representatives and are kept

X with the test documents at the test laboratory,

[T at the client.

Drawing-No. Index Title Additional remarks

GCE 8010450 R 0102 | 00 Cubicle 12 kV, 650 wide included in this Test Report ,
GCE 7002291 R 0152 | 00 draw out VD4-P 12/17 kV ZS51.2 included in this Test Report (
GCE 7002291 R 0104 | 06 Pole part - )
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eport No.; 0003 Ra /}h

Technical Data of Test Circuit
Power Frequency Voltage

HVT R

Technical Data

HVT - High Voltage Test Transformer, Type TEO 250/20, Serial-No. 268 734,
manufacturer. Melwandfer-Bau GmbH, Bamberg

Rated Voltage 260 kv

Rated Capacity 50 kVA

Short Circuit Impedance 146 %
TO - Test Object

M - Voltage Measurement: Capacitive Divider Type CM 300 (Ident-No. ELK-000994) in
connection with a Peak Voltmeter Type DMI 551/Haefely
(Ident-No. ELK-000989)

Verification of Calibration:

- Capacitive Divider (Ident-No. ELK-000994, ELK-000990, ELK-000692):
calibrated in April 1998 at DEACE/LH,
Calibration Report-No. 9800086.

- Peak Voltmeter Typ DMI 561 (ldent-No. ELK-000989):
calibrated in April 1999 at DECMS/LK,
Calibration Report No. 99000786.




/ PEHLA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSf(Rh

Report No.: 0003 Ra _~" Sheet: 11

Technical Data of Test Circuit
Lightning Impulse Voltage 1.2/50

o
He o *T i) (RNY T (S B ( ) ’ ”T'— — - —-r__‘
—_ B o 1l (

Technical Data

Maximum Charging Voltage Us; = 200 kv
Number of Stages n = 2

Surge Capaclty per Stage Cg = 600 nF
Load Capacitance Cp = 1000 pF
Damping Resistance Ro = R + Rse
Internai Front Resistance per Stage Ra = 200
External Front Resistance Rge = 3000
Discharge Resistance Re = 2Rp

Tail Resistance per Stage Rp = 1150

TO - Test Object

M - Voltage Measurement. Capacitive Divider Type CS 200 SPZ (Ident-No. ELK-000893,
ELK-000894} in connection with a Peak Voltmeter Type DMI 551/
Haefely (ident-No. ELK-000989) and Oscilloscope Type TDS520

a (Ident-No. ELK-000545),

Verificatin of Calibration:

- Gapacitive Divider (Ident-No. ELK-000893, ELK-000894, ELK-000822, ELK-001074):
Calibrated in February 1998 at FGH Mannheim,
FGH-Calibration-Report-No. 050 DKD-K-15901 98-02.

- Peak Volimeter Type DMI 551 (Ident-No. ELK-000989):
Calibrated in April 1999 at FGH Mannheim,
FGH-Calibration-Report-No. 060 DKD-K-15901 99-04.

- Oscilloscope Type TDS520 (Ident-No. ELK-000545):
Calibrated in March 1999 at DEACE/LK,
Caiibration-Report-No. 9900060,
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e
vy

-

Lightning Impulse Voltage with the Test Object connected
(Standard Value; 1.2 + 30 %/50 + 20 %/peak +3 %)
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It was verified that the lightning impulse voltage during the tests was within the admlsSJble
tolerances at all test arrangements.
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Report No.: 0003 Ra ~ Sheet: 13

Atmospheric Conditions during Tests

Date of test: 17" January 2000

[EC 17A/567/Q: Corrigendum to subclause 6.2.1 of 1ECE606894, 2000-01

(Indices: ~ power frequency voltage; + posilive lightning impulse voltage; - negative lightning impuise voltage)

Input data Correction factors calculated applied
air temperature t; 18 °C | air density Kt~ 1.0252 -
air pressure b; 1035 hPa | correction faclors Ki+: 1.0252 -
air humidity h: 6.51 g/m* ks : 1.0252 .
50% disruptive- Ug~: kv lalr humidity ko~: 0.9442 -
discharge voltages | Ug,: KV [correction factors Kz 0.9535 -
Us. kv ka. : 0.9535 -

minimum discharge path L: m | atmospheric Ky~ 0.9680 0.9680

correction factors K : 0.9776 0.9776

K : 0.9778 0.9776

Date of test: 18" January 2000

IEC 17A/567/Q: Corrigendum to subclause 6.2.1 of IEC60684, 2000-01

{Indices: ~ power frequency voltage; + positive lightning impulse voltage; - negative lightning impulse voltage)

Input data Correction factors calculated applied
air temperature t: 21 °C  |air density ki~ 1.0114 -
air pressure b: 1028 hPa |carrection factors ks 1.0114 -
air humidity h: 7.32 gim® ki. : 1.0114 .
50% disruptive- Ug~: KV | air humidity Ko~ 0.9548 -
discharge voltages | Ups: kV | correction factors Kas: 0.9624 -
Ug.: kv ka. : 0.9624 -

minimum discharge path L: m | atmospheric K~ 0.8657 0.9857

correction factors Kee : 09733 0.9733

Ky 0.8733 0.9733
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Report No.: 0003 Ra Sheet: 14

Lightning Impulse Voltage Test
Power Frequency Voltage Test

Test performed: Test of insulation phase-to-phase and phase-to-ground.

Date of test: 18" January 2000

Condition of test object hefore test:  Factory new, clean and dry.

Connections to test object: Infeed of the test voltage at the led-out busbar right hand.

Fronttime Ty 1.28 us Time to half-value To:  50.7 ps Test frequency f: 150 Hz

All voltage values are corrected with the applied atmospheric correction factor,

- The applied test voltages refer to the standard atmosphere of 20 'C, 1013 hPa and 11 g/m®,
Test Arrangement 1: R
T
VAL e
: ‘ra
emennd [j :
LT
N S Applied power Result
! o abe iF frequency voltage
frmemmeest ~kV
. Applied lightning Test duratton or
- Voltage number of Impulses /
Condition applied o Earthed impuliek\.\'loltage braak dmﬁns
Vacuum circuit-breaker Aa BCheF 28 1 minute0 ")
in service position and closed. +75 1510
-75 15/0
( - Bb ACacF 28 1 minute/0 ‘)
+75 15/0
-75 15/0
Ce ABabF 28 1 minute/0 ')
+75 15/0
-75 15/0

Remarks: A,a=Phasel.1, Bb=Phasel2, C,c=Phasel3, F =Frame

"y Due to the voltage transformers the test frequency was increased upto 150 Hz.
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Report No.: 0003 Ra

Lightning Impulse Voltage Test
Power Frequency Voltage Test

Test performed: Test of insulation phase-to-phase, phase-to-ground and across

open switching device.
18" January 2000
Condition of test object before test:

Date of test:

Factory new, clean and dry.

Connections to test object: Infeed of the test voltage at the led-out busbhar right hand resp.
at the cable connecting bar in cable compartment.

Fronttime Ty: 1.14 us

Time to half-value Ty

50.7 us

Test frequency £ 50/150 Hz

Alj voltage values are corrected with the applied atmospheric correction factor,
The applied test voltages refer to the standard atmosphere of 20 C, 1013 hPa and 11 g/m®.

—
Test Arrangement 2:
Applied power Resutt
frequency voltage
~ kv
Appliad lightning Test duration or
" Voltage i riumber of impulses /
Condition applied to Earthed |mpuliak\\f,oltage breglcdn \gns
Vacuum circuit-breaker in service position A BCahcF 28 1 minute/0
and open. +75 1510
=75 15/0
B ACabeF 28 1 minute/0
— +75 15/1
-75 15610
C ABabcF 28 1 minute/0
+75 15/0
-75 15/0
Vacuum circuit-breaker in service position a bcABCF 28 1 minute/0 )
and open. +75 15/0
-75 156/0
b acABCF 28 1 minute/0 ')
+75 1540
-75 1510
¢ abABCF 28 1 minute/0 )
+75 15/0
-75 15/0
Remarks: Aa=Phasel1, B,b=Phasel?, C,c=Phase .3, F=Frame

’) Due to the voltage transformers the test frequency was increased upto 150 Hz.
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Report No.: 0003 Ra

Lightning Impulse Voltage Test
Power Frequency Voltage Test

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRBF:)':H\I/CSEN

Sheet:

Test performed: ‘Test of insulation phase-to-phase, phase-to-ground and against shutter.

17" January 2000
Condition of test object before test:

Date of test:
Factory new, clean and dry.
Connections to test object:
Fronttime Ty 1.14 us

Time to half-value T;:  50.7 us

All voltage values are corrected with the applied atmospheric correction factor.

Infeed of the test voltage at the led-out busbar right hand resp.
at the cable connecting bar in the cable compartment.

Testfrequency £ 50/150 Hz

The applied test voltages refer to the standard atmosphere of 20 'C, 1013 hPa and 11 g/m®,

' Test Arrangement 3;
dec
A
i
A Vil
E ik Applied power Result
I L frequency voltage
;.2 ahe iF ~ kv
Applied lightning Test duration or
’ Voltage number of impulses /
Condition applied to Earthed impuriek\.\'/oﬂage besak dov.ﬁns
Vacuum circuit-breaker in test position, A BCabcF 28 1 minute/0
shutters closed. +75 15/0
-75 1510
B ACabcF 28 1 minute/0
+75 16/0
- -75 16/0
( c ABabcF 28 1 minute/0
+75 15/0
-75 15/0
Vacuum circuit-breaker in test position, a ABCbcF 28 1 minute/0 1)
shultters closed. +75 1610
-75 1510
b ABCacF 28 1 minute/0 ')
+75 15/0
-75 1510
c ABCabF 28 1 minute/0 )
+75 15/0
-75 1510
Remarks: Aa=Phaseli, Bb=Phasel?, C,c=Phase L3, F=Frame

Y Dueto the voltage transformers the test frequency was increased upto 150 Hz.
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Fig. 1: ZS1.2/12 kV panel under test
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Fig. 2: Vacuum circuit-breaker type VD4P1212-31
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oo ABB Calor Emag

AR Laboratories
Reg. No. :
DAT-P-032/93 TEST REPORT No. HZ 146102 Sheet 1

tssuad by an Accredited Laboratory
corresponding to EN 45001 Copy-No. 1
Test Object Three-panel arrangement of metal-clad, air insulated switchgear

type ZS$1.2 (650 mm, 1000 mm, 800 mm width) equipped with
bushing plates

Rated voltage 12 kV
Rated normal current 1000/1600/1600 A

U
I
Rated frequency fr 50/60 Hz
lg
ll-"

Rated short-time withstand current 315 KA

Rated peak withstand current 80 kA

Rated duration of short-circuit current t 3s
Manufacturer ABB Calor Emag Mittelspannung GmbH, Oberhausener Str. 33,

40472 Ratingen, Deutschiand

Tests performed Testing of the behaviour of the metal-clad switchgear under conditions of
arcing due to internal faults with 31.5 kA - 1.0 s in different compartments
of the three panels. For further details see sheet-no. 2to 5.

Test Specification  The test has been carried out in accordance with the client’s
instructions. Test procedure and test parameters were based on
IEC 60298/3rd Ed/1990-12, Clause 6.108, Annex AA in conjunction with
PEHLA-Recommendation No. 4 / 3.1985.
(Accessibility Type A:.Metal-enclosed switchgear and controlgear
with accessibility restricted to authorized personnel only).

Test Resulfs The assessment of the test was carried out in accordance with
criteria 1 to 6 of the above mentioned test specifications.
For further details see sheet-no. 2 to 5 and 19 to 25.

Test Date 04" to 12" July 2000

Client ABB Calor Emag Mittelspannung GimbH, Oberhausener Str. 33,
40472 Ratingen, Deutschland

0. 3—d
12" February 2002 Dr. Skefan Gottlich Andreas Brandt

Date of Issue {.aboratory Manager Test Engineer
Total Number of Sheets: 34 Sheets 11 Oszillograms

This test report refers exclusively to the object tested. ABE Calor Emag Laboratories Ratingen are accredited according to
ABB Calor Emag Millelspannung GmbH is cerlified according EN 45001 by DATech under Reg.No. DAT-P-032/83 . .

1o DIN 1SO §001 by DQS under Reg. No. 373-02 : /

With the exception of the cover sheet and any subsequent sheels mentioned thereon, this docurmsent may not be partly copied without willlsconsent of.
ABB Calor Emag Mittelspannung GmbH Ratingen. o -

{0} 21 02 12-1352

ABB Calor Emag Mittelspannung GmbH Ratingen Oberhausener Strale 33 Pheone
9 {0} 21 02 121713

Righ-Power Testing Laborajpry 40472 Ratingen, Devischland Fax: -

/

428



: akkredierungs ABB CaIOI" Emag EB EB
Laboratories FREPEP

DAT-P-032/93 TEST REPORT No. HZ 146 L 02 Sheet 2

Issued by an Accredited Laboratory
correspending to EN 45001

Comments on Test Arrangement and on the Test

The test object was a three-panel arrangement of a metal-clad, air insulated switchgear type
Z51.2 for 12 kV, consisting of a 650 mm width outgoing panel left-handed, of a 1000 mm width
incoming panel in centre and a 800 mm width outgoing panel right-handed. The switchgear was
installed in a room mock up with a ceiling height of approximately 3 m. The distance between the
rear wall of the switchgear and the room mock up was approximately 0.2 m. The pressure relief
took place by a top mounted pressure relief duct overcoming 1800 mm at the side wall of the lefi-
handed panel.

Each panel was equifped with a VD4 vacuum dircuit-breaker dummy and a common earthing bar
of copper 30 x 8 mm”~.

Infeed of current was made three-phase by means of a three core cable 1 x 3 x 240 mm? through
the closed bottom of the centre panel.

For all tests black cretonne indicators (cotton fabric approximately 150 g/m?) were placed in
front of and on both sides of the switchgear as stated in the relevant test regulations.

During the tests the pressure gauge in the compariment under test was measured and recorded.
The tests were filmed with a high-speed video camera with a frequency of 500 frames/s.

The evaluation of the RMS-value of the short-circuit current was made according to the
Simpson-Formula.
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L =0FRR Laboratories

Reg. No.

DAT-P-032/93 TEST REPORT No. HZ 146 L 02 "Sheet 3

Issued by an Accredited Laboratory
corresponding to EN 45001

Test Results:

Test-no.: HZ 146 L 02/ 03 Internal arcing test in the cable compartment of the left-handed panel
(650 mm width}, ignition of arc three-phase by means of a copper wire & 0.5 mm at the cable
terminals.

Peak short-circuit current: 72.5 kA
Short-circuit current: 30.6 kA - 1.05 s equivalentto 31.5kA-1.02 s

Assessment of the test:

« Correctly secured doors, covers, etc. did not open (Criterion No. 1).

« Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

« The indicators arranged vertically did not ignite (Criterion No. 4).
The indicators arranged horizontally did not ignite (Criterion No. 5).

« All earthing connections were still effective (Criterion No. 6).

Test-no.: HZ 146 L. 02/ 05 Internal arcing test in the cable compartment of the right-handed
panel (800 mm width), ignition of arc three-phase by means of a copper wire & 0.5 mm at the
cable terminals.

Peak short-circuit current: 77.3 kA
Short-circuit current: 31.5 kA - 1.05 s equivalent to 31.5 kA -1.05s

Assessment of the test:

« Correctly secured doors, covers, etc. did not open (Criterion No. 1).

« Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

+ The indicators arranged verticaily did not ignite (Criterion No. 4).

« The indicators arranged horizontally did not ignite (Criterion No. 5).

« All earthing connections were still effective (Criterion No. 6}.

st ABB Calor Emag g& ﬁ /‘
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(- ABB Calor Emag Ab BB BB
TR ANRR |aboratories AR EP EP

Reg. No.
DAT-P-032/93 TEST REPORT No. HZ 146 L 02 Sheet 4

Issued by an Accredited Laboratory
corresponding to EN 45001

Test Resuilts:

Test-no.: HZ 146 L 02/ 06 Internal arcing test in the circuit-breaker compartment of the left-
handed panel (650 mm width}, ignition of arc three-phase by means of a copper wire & 0.5 across
the upper contact arms of the circuit-breaker.

Peak short-circuit current: 79.3 KA
Short-circuit current: 315 kA - 1.05 s equivalent to 31.5 kKA-1.05s

Assessment of the test: :
e Correctly secured doors, covers, ete. did not open (Criterion No. 1).
s Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).
+ Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects {Criterion No. 3).
The indicators arranged vertically did not ignite (Criterion No. 4).
¢ The indicators arranged horizontally did not ignite (Criterion No. 5).
All earthing connections were still effective (Criterion No. 6).

Test-no.: HZ 146 L 02/ 07 Internal arcing test in the busbar compartment of the right-handed
panel (800 mm width), ignition of arc three-phase by means of a copper wire &J 0.6 mm across the
busbars.

Peak shor{-circuit current: 78.8 KA
Short-circuit current: 31.6 kA - 1.05 s equivalentto 31.5 KA-1.05s

Assessment of the test:

» Correctly secured doors, covers, etc. did not open (Criterion No. 1).

s Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

s Arc did not cause holes to develop in the oufer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

s The indicators arranged vertically did not ignite (Criterion No. 4).

¢ The indicators arranged horizontally did not ignite (Criterion No. 5}.

o All earthing connections were still effective (Criterion No. 8).
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DAT-P-032/93 TEST REPORT No. HZ 146 L 02 Sheet 5

1ssued by an Accredited Laboratery
corresponding te EN 45001

Test Results:

Test-no.: HZ 146 L 02/ 08 internal arcing test in the busbar compartment of the centre panel
(1000 mm width), ignition of arc three-phase by means of a copper wire & 0.5 across the busbars.

Peak short-circuit current: 77.3 kA
Short-circuit current: 31.5 kA - 1.05 s equivalent to 31.5 kA -1.05 s

Assessment of the test:

« Correctly secured doors, covers, etc. did not open (Criterion No. 1).

» Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

e Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

¢ The indicators arranged vertically did not ignite {Criterion No. 4).

e The indicators arranged horizontally did not ignite (Criterion No. 5).

e All earthing connections were still effective (Criterion No. 6).

Test-no.: HZ 146 L 02/ 09 Internal arcing test in the circuit-breaker compartment of the centre
panel (1000 mm width), ignition of arc three-phase by means of a copper wire & 0.5 mm across
the lower contact arms of the circuit-breaker.

Peak short-circuit current: 77.2 kA
Short-circuit current: 31.3 kA - 1.05 s equivalentto 31.5 KA-1.04 s

Assessment of the test:

» Correctly secured doors, covers, etc. did not open (Criterion No. 1).

+ Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

» Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

* The indicators arranged vertically did not ignite (Criterion No. 4).

« The indicators arranged horizontally did not ignite (Criterion No. §).

+ All earthing connections were still effective (Criterion No. 6).
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Assessment of the Test

Extraction of IEC 60298/3rd Ed/1990-12, Annex AA

The following criteria aliow for the arcing effects.
It is to be observed:

Criterion Na. 1
Whether correctly secured doors, covers, etc., do not open.

Criterion No. 2

Whether parts (of the metal-enclosed switchgear and controlgear), which may cause a hazard, do
not fly off. This includes large parts or those with sharp edges, for example, inspection windows,
pressure relief flaps, cover plates, etc.

Criterion No. 3

Whether arcing does not cause holes to develop in the freely accessible paris of the enclosure as
a result of burning or other effects.

Criterion No. 4

Whether the indicators arranged vertically do not ignite. Indicators ignited as a result of paint or
stickers burning are excluded from this assessment.

Criterion No. 5 (
Whether the indicators arranged horizontally do not ignite. Should they start to burn during the
test, the assessment criterion may be regarded as having been met, if proof is established of the

fact that the ignition was caused by glowing particles rather than hot gases. Pictures taken by
high-speed cameras should be produced in evidence.

Criterion No, 6

Whether all earthing connections are still effective.

Remark:

When the PEHLA-Recommendation No. 4 is stated under Test Specification in the Test Repod t
results of each test were assessed by all six criteria. '
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Participants of the Tests
Client: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,

Beutschland

Representatives of the client:

Mr. Aufermann ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland
Dept. EA

Mr, Groll ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschiand
Dept. EA

Mr. Martschat ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland
Dept. EA

Representatives of the laboratory:

Mr. Dr. Gétilich ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland
Dept. LL

Test Engineer:

Mr. Strathmann ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland
Dept. LL
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Technical Data of Test Object
(Ratings assigned by the manufacturer)
Switchgear (left-handed)
Test Object: Metal-clad, air insulated switchgear
Type: Z81.2, 650 mm width
Manufacturer: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschland
Serial-No.: 7550027/2001/00 Year of manufacture: 2000

Drawing Nos.: See sheet-no, 12

Rated voltage 12 KV
Rated lightning impulse withstand voltage 75 kV
Rated power frequency withstand voltage 28 kv
Rated frequency 50/60 Hz
Rated current (busbar) 2000 A
Rated current (tee-off) 1000 A
Rated short-circuit peak withstand current 80 kA
Rated short-time withstand current 315 kA
Rated short-circuit duration 3 s
Insulating medium air
Rated filling pressure (abs., 20 ° C) - kPa

Prospective values under internal-arc conditions:

Peak withstand current 80 kA
Short-time withstand current 315 kA
Short-circuit duration 1 s

Additional specifications and data:
e bushars 2x 80 mmx 10 mm /R 5 mm, Cu, bare
e tee-off bars 1 x 60 mm x 10 mm /R 5 mm, Cu, bare

Date of receipt of test object: 3" July 2000
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Technical Data of Test Object
{Ratings assigned by the manufacturer)
Switchgear (centre)
Test Object: Metal-clad, air insulated switchgear

Type: 751.2, 1000 mm width

Manufacturer; ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschland

Serial-No.: 7550027/2009/00

Drawing Nos.: See sheet-no. 12

Rated voltage 12
Rated lightning impulse withstand voltage 75
Rated power frequency withstand voltage 28
Rated frequency 50/60
Rated current (busbar) 2000
Rated current (tee-off) 1600
Rated short-circuit peak withstand current 80
Rated short-time withstand current 31.5
Rated short-circuit duration 3
Insulating medium air

Rated filling pressure (abs., 20 ° C) -

Prospective values under internal-arc conditions:

Peak withstand current 80
Short-time withstand current 315
Short-circuit duration 1

Additional specifications and data:
e busbars 2 x 8¢ mm x 10 mm /R 5 mm, Cu, bare
+ tee-off bars 2 x 100 mm x 10 mm /R 5 mm, Cu, hare

Date of receipt of test object: 3 July 2000

kPa

Year of manufacture: 2000
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Test Object:
Type:
Manufacturer:
Serial-No.:

Drawing Nos.:

Technical Data of Test Object

{Ratings assigned by the manufacturer)

Switchgear (right-handed)

Metal-clad, air insulated switchgear

Z£51.2, 800 mm width

ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschiand

7550027/2005/00
See sheet-no. 12

Rated voitage
Rated lightning impulse withstand voltage
Rated power frequency withstand voltage

Rated frequency
Rated current (busbar)
Rated current {tee-off)

Rated short-circuit peak withstand current
Rated short-time withstand current
Rated short-circuit duration

Insulating medium
Rated filling pressure (abs., 20 ° C)

Year of manufacture: 2000

12
75
28

50/60
2000
1600

Prospective values under internal-arc conditions:

Peak withstand current
Short-time withstand current
Short-circuit duration

Additional specifications and data:
+ bushars 2x 80 mmx 10 mm /R 5 mm, Cu, bare
s tee-off bars 2 x 80 mm x 10 mm / R & mm, Cu, bare

Date of receipt of test object: 3" July 2000
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Table of Drawings of Test Objects

The drawings submitted for identification of the test object were stamped and signed by the
test engineer.

The manufacturer/client has guaranteed by signature on the drawings that the equipment
submitted for tests has been manufactured in accordance with the given drawings.

A copy of the following drawing is part of this Test Report:

7S 1.2, feeder panel 12 kV, PW.650 | GCE8010450R0101, sheet 1, index 00,
ZS 1.2, feeder panel 12 kV, PW.1000 GCE8010452R0110, sheet 189, index 00,
7S 1.2, feeder panel 12 kV, PW.800 GCE8010451R0103, sheet 3, index 00,

Type Test Arrangement (internal fault) GCEP800241 sheet 1, index 00
Z51.2 - Panel
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Technical Data of Test Circuit

Test internal fault - - -
Oscillogram-No. BZ 146 L 02 02-09 - - -
Number of phases {circuit) 3 - - -
Number of (test object) 3 - - -
poles/phases
Power frequency Hz 50 - - -
Power factor cos ¢ £0.15 - - -
Generator |  earthed via - - - (
5kQ

Earthing Transformer| notearthed - - -

Short-circuit point|  not earthed - - -
Circuit diagram Sheef no.: 18 - - -
Circuit impedance ma =120 - - -
TRV control elements - - - -
Capacitance in paraltel ik - - - -
Resistance in series Q - - - -
Prospective TRV - - - - -
TRV peak value u. kv - - - -
Time co-ordinate t; us - - - -
Time delay t4 Us - - - -
Based on kv - - - -
Rate-of-rise kV/us - - - -

S — : : - (
Voltage measurements Divider - - - '
375 kQ /2 KO
Current measurements Transformer - - -
50kA/5 A

Remarks:

HZ 146 L 02 / 01: Current calibration
HZ 146 L 02 / 04: Pre-test
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Principle Diagram of Test Circuit

Master Breaker

Make Switch

inductance

Resistor

Q N—
Aoy
A

L0 LS
<>°<}°<; Current
4849, Transformers

: Voltage
Dividers

Test Object
(Switchgear)
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Determination of the Prospective
Short-Circuit Current

Condition of test object before test: -
Arrangement: See sheet-no. 2

Connection: Infeed of current was made three-phase by means of a three core cable
1 x 3 x 240 mm? through the closed bottom of the centre panel.

For the determination of the prospective short-circuit current the infeeding busbars of the test
plant were short-circuited and earthed outside the switchgear under test.

Test-No.: Applied voltage (phase-to-phase) Duration of short-
HZ 146 L 02702 6.5 kV circuit current
1.05s
Peak short-circuit | Short-cireuit current: Arithmetic mean
current first cycle last cycle value
kA kA KA kA
L1 81.9 37.4 30.0 30.2
L2 27.7 36.4 30.5 30.7
L3 67.2 37.2 29.8 30.0
Average value 37.0 30.1 30.3
Equivalent duration of corresponding fo a (
short-circuit current 1.01 s short-circuit current of 31.5 kA
Remarks: -
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internal Arcing Test

Condition of test object before test: Switchgear factory-new.
Arrangement: See sheet-no.: 2
Connection: Infeed of current was made three-phase by means of a three core cable

1 x 3 x 240 mm? through the closed bottom of the centre panel.

Ignition: Internal arcing test in the cable compartment of the left-handed panel
(650 mm width), ignition of arc three-phase by means of a copper wire
@ 0.5 mm at the cable terminals.

Test-No.: Applied voltage (phase-to-phase} Duration of short-
HZ 146 L 02/03 8.5 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA kA KA kKA
L1 72.5 374 304 30.2
L2 27.0 36.0 30.9 31.0
L3 60.7 374 30.1 30.6
Average value 36.9 39.8 30.6
Equivalent duration of corresponding to a
short-circuit current  1.02 s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no.
26 to 34. The measured pressure gauge was about 75 kPa.

Assessment of the test:

« Correctly secured doors, covers, etc. did not open (Criterion No. 1).

« Parts of the switchgear, which may cause injury to persons, did not fly off {Criterion No. 2).

e Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterfon No. 3).

« The indicators arranged vertically did not ignite (Criterion No. 4).

e The indicators arranged horizontally did not ignite (Criterion No. 5).

o All earthing connections were still effective (Criterion No. 8).
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HZ 146 L. 02

Condition of test object before test:

Internal Arcing Test

as after test HZ 146 L 02/ 03.

Arrangement: See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable
1 x 3 x 240 mm” through the closed bottom of the centre panel.

Ignition: Internal arcing test in the cable compartment of the right-handed panel
(800 mm width}, ignition of arc three-phase by means of a copper wire
¢ 0.5 mm at the cable terminals.

Test-No.: Applied voltage (phase-to-phase) Duration of short-

HZ 146 L 02705

6.65 kV

circuit current
1.05s

Peak short-circuit

Short-circuit current:

Arithmetic mean

current first cycle last cycle value

KA KA kA kA
L1 77.3 38.3 30.9 314
L2 257 36.7 31.2 31.3
L3 60.9 37.7 31.7 31.7
Average value 37.6 31.3 31.5

Equivalent duration of
short-circuit current

1.05s

corresponding to a
short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no.

26 to 34. The measured pressure gauge was about 57 kPa.

Assessment of the test:

+ Correctly secured doors, covers, etc. did not open (Criterion No. 1).

» Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

» Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

» Theindicators arranged vertically did not ignite (Criterion No. 4).

¢ The indicators arranged horizontally did not ignite (Criterion No. 5).

» All earthing connections were still effective (Criterion No. 6).
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Internal Arcing Test
Condition of test object before test: as after test HZ 146 L 02/ 05.
Arrangement: See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable
" 1 x 3 x 240 mm? through the closed bottom of the centre panel.

Ignition: internal arcing test in the circuit-breaker compartment of the left-handed
panel (650 mm width), ignition of arc three-phase by means of a copper wire
&3 0.5 across the upper contact arms of the circuit-breaker

Test-No.: Applied voltage {phase-lo-phase) Duration of short-
HZ 146 L 02 /06 6.65 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
KA kKA KA kA
L1 79.3 387 30.3 31.0
L2 26.1 371 323 31.8
L3 62.8 ’ 38.3 32.0 31.6
Average value 38.0 316 31.5
Equivalent duration of corresponding to a
short-circuit current  1.05s short-circuit current of 31.5 kKA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no.
26 to 34. The measured pressure gauge was about 48 kPa.

Assessment of the test:
» Correctly secured doors, covers, efc. did not open (Criterion No. 1).
o Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).
« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).
The indicators arranged vertically did not ignite (Criterion No. 4).
« The indicators arranged horizontally did not ignite (Criterion No. 5).
All earthing connections were still effective (Criterion Na. 6).
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Internal Arcing Test
Condition of test object before tesf; as after test HZ 146 1. 02 / 06.
Arrangement: See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable (
1 x 3 x 240 mm? through the closed bottom of the centre panel.

lgnition: Internal arcing test in the busbar compartment of the right-handed panel
{800 mm width}, ignition of arc three-phase by means of a copper wire
& 0.5 mm across the busbars.

Test-No.: Applied voltage (phase-to-phase) Puration of short-
HZ 146 L 02 /07 6.65 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycie value
kA kA kA kA
L1 78.8 39.0 32.0 31.8
L2 23.3 36.6 31.4 31.3
L3 60.3 38.4 31.6 31.6
Average value 38.0 31.7 31.6
Equivalent duration of corresponding to a (
short-circuit current 1.05s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no.
26 to 34. The measured pressure gauge was about 27 kPa.

Assessment of the test:

» Correctly secured doors, covers, etc. did not open (Criterion No. 1}).

» Parts of the switchgear, which may cause injury to persons, did not fiy off {Criterion No. 2).

+ Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

« The indicators arranged vertically did not ignite {Criterion No. 4).

» The indicators arranged horizontally did not ignite (Criterion No. 5).

s All earthing connections were still effective (Criterion No. 6).
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Internal Arcing Test
Condition of test chject before test: as after test HZ 146 L. 02/ 07.
Arrangement: See sheet-no.: 2

(_ Connection: Infeed of current was made three-phase by means of a three core cable
1 % 3 x 240 mm? through the closed bottom of the centre panel.

Ignition: Internal arcing test in the busbar compartment of the centre pane! (1000 mm
width), ignition of arc three-phase by means of a copper wire J 0.5 across
the busbars.

Test-No.: Applied voltage (phase-to-phase) Duration of short-
HZ 14681 02/08 8.65 kv circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA kA kKA kA
L1 77.3 38.5 30.8 31.2
L2 254 374 32.1 32.2
L3 61.4 38.4 314 31.2
(‘ Average value 38.1 314 31.5
Equivalent duration of corresponding fo a
short-circuit current  1.05s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on shest-no.
26 to 34. The measured pressure gauge was about 23 kPa.

- Assessment of the test:
+ Correctly secured doors, covers, etc. did not open (Criterion No. 1).
+ Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).
« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a

result of burning or other effects (Criterion No. 3).

« The indicators arranged vertically did not ignite (Criterion No. 4).
« The indicators arranged horizontally did not ignite (Criterion No. 5).
« All earthing connections were still effective (Criterion No. 6).
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internal Arcing Test
Condition of test object before test: as after test HZ 146 L 02 / 08.
Arrangement: See sheet-no.: 2

Connection: Infeed of current was made three-phase by means of a three core cable (
1 x 3 x 240 mm? through the closed bottom of the centre panel. ‘

Ignition: Internal arcing test in the circuit-breaker compartment of the centre panel
: (1000 mm width), ignition of arc three-phase by means of a copper wire
@5 0.5 mm across the lower contact arms of the circuit-breaker.

Test-No.: Applied voltage (phase-to-phase) Duration of short-
HZ 146 L 02/ 09 6.65 kV circuit current
1.05s
Peak short-circuit { Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA kA kA kKA
L1 77.2 38.0 31.4 31.2
L2 271 37.0 32.0 317
L3 62.1 38.0 30.5 31.0
Average value 37.7 31.3 313 (
Equivalent duration of corresponding to a \
short-circuit current 1.04 s short-circuit current of 31.5 kKA

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-no 26 to 34.
The measured pressure gauge was about 44 kPa.

Assessment of the test:

+ Correctly secured doors, covers, etc. did not open (Criterion No. 1).

» Parts of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).

« Arc did not cause holes to develop in the outer, freely accessible parts of the enclosure as a
result of burning or other effects (Criterion No. 3).

+ The indicators arranged vertically did not ignite (Criterion No. 4).

¢ The indicators arranged horizontally did not ignite (Criterion No. 5).

¢ All earthing connections were still effective (Criterion No. 6). '
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E

Photo Neo. {1
Before Test HZ 146 L 02703

Photo No. 02
After Test HZ 146 L 02/ 03
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Photo No. 03
After Test HZ 146 L 02 / 03

Photo No. 04
Before Test HZ 146 L 02/ 05
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Photo No. 05
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PEHLA

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Member of the Short-Circuit-Testing Liaison (STL)

Test Document

Report No.: 0020 Ra Copy No.! 0 Contents: 11 Sheels

Equipment under test: Metal-clad air-insulated switchgear panel from a 12 KV switchgear type Z51.2
(T = 1000 mm), drawing-no. GCE 8010452 R0112, with withdrawable vacuum
circuit-breaker type VDAP 1225-31 and with earthing switch type EK8-1208-275

Manufacturer: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Client: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Testing station: PEHLA-Pruffeld Ratingen

Date of test: 08" May 2000

Applied test specifications:
IEC 60298, 3" edition, 1990-12, clause 6.102

IEC 60694, 2™ edition, 1996-5

According to STL Objectives and Operating Principles PEHLA issues a Test Document following exclusively the above mentioned
fest specifications and the STL Guides wherever applicable.

Tests performed:
Mechanical operation test comprising 50 operations of the vacuum circuit-breaker type VD4P 1225-31,
50 operations of the earthing switch type EKS and 25 manual insertions and withdrawals of the
withdrawable part. The interlocks of the circuit-breaker, withdrawable part and the earthing switch were
tested in the respective position.

]

Test results:
All switching devices, removable parts and the mechanical and electrical interlocks passed the
BN hanical operation test successfully. They were in proper working order and the effort to operate them
getically the same before and after the test.

| HE GESELLSCHAFT FOR ELEKTRISCHE
Q&i\“\sc Hogy HOCHLEISTUNGBPRUFUNGEN
& £
iy =
~-PEHLAZ
c g
%, o
d") \ )?’
g %\\Q\
S79 W3

Matnhaim, 10° October 2000

IV
The test results relate only to’the iter.ngy ested. 15 Albkrodinerungd . ¢

Without a wiritten permission of PEHLA it is not ailowed 1o make repraduction in extracts of this
document, Copying the cover sheet accompaniad by sheet 2 and the sheels mentioned here is

an exception. DAT-P-0z5/03

03PEDOOT
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FPEHLA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFU}EN
2

Report No.: 0020 Ra Sheet:

Accreditation

The PEHLA-Piliffeld Ratingen has been approved by the DATech (German accreditation body for technology)
according to DIN EN 45001 for tests in the field of high-voltage switchgear and cantrolgear and power engineering
equipment (Registration-No. DAT-P-032/93).

Under reference fo DIN EN 45001 PEHLA states the following:

- The accreditation of the PEHLA-Priffeld or any of its test reports by themselves in no way constitute or imply
product approval by DATech or any other body.

- If someone refers to a test in an accredited PEHLA-Priiffeld this reference shall include the accreditation body,
i.e. DATech, the relevant scope of the accreditation and the appropriate registration number.

STL-Member

PEHLA is foundation-member of the Short-Circuit Testing Liaison (STL) which has been founded in March 1869.
STL is a forurm for the international cooperation of the testing organisations with the further full members ASTA (GB),
CES) (1), ESEF (F), KEMA (NL), SATS (N; S, SF) and STLNA (USA). In the framework of EC, STL has been
recognised in 1982 by EOTC as agreement group.

PEHLA-Documents

A Certificate

is issued for type tests which have successfully been camied out in full compliance with the relevant specifications or
standards and STL.Guides valid al the time of the {est.

For these tests the equipment under test must be cleardy identified by technical description, drawings and additional
specifications.

A Test Document

is issued for parts of type tests which have successfully been carried out in full compliance with the relevant
specifications or standards and STL Guides valid at the time of test.

For these tests the equipment under test must be clearly identified by technical description, drawings and additional
specifications. :

A Test Report

is issued for all other tests which have been carried out according to specifications, standards or "PEHLA-Richtlinien”
(PERLA Guides) and/or clients Instructions.

Similarly, this test report contains all test results, details of the conditions under which the lests were carried out, also
details relating to the behaviour of the equipment during test, and its condition after the tests.

Addresses:

Office: PEHLA-Geschiftsstelle
Hallenweag 40
D-68218 Mannheim

Testing Station:  PEHLA-Pri¥ffeld Ralingen
Oberhausener Str, 33
D-40472 Ratingen

Manufaciurer:  ABRB Calor Emag Mittelspannung GmbH
Oberhausener Str, 33
D.40472 Ratingen

Client: ABB Calor Emag Mittelspannung GmbH
Oberhausener Str. 33
D-40472 Ratingen

//”’ YV

O4PECDGT Vs
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Report No.: 0020 Ra

Test Report —- cover sheet
Contents

Lsit of Test Participants

Technical Data of Test Object

List of Drawings

Drawing No. GCE 8010452 R0112
Mechanical Operation Test

Photo of the Test Object

Contents

§h1§'et: 3

Sheet No,
iand 2
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Report No.: 0020Ra

List of Test Participants
Representatives of Test Committe:
Mr. U. Kister PEHLA-Testing Station Ratingen
Mr. W. Stolz PEHLA-Testing Station Mannheim
Test Engineer:
Mr. U. Koal PEHLA-Testing Station Ratingen
QOther Participiants:
Mr. L. Horbelt PEHLA-Testing Station Ratingen

y
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Test Object:
Type:
Manufacturer:
Serial-No.:
Drawing No.:

Technical Data of Test Object

Switchgear
Ratings assigned by the manufacturer

Metalclad air-insulated switchgear panel

Z51.2

ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany

07550027/2010/00
GCE8010452 R0112 index 00

Rated voltage

Rated lightning impulse withstand voltage
Rated switching impuise withstand voltage
Rated power frequency withstand voitage

Rated freguency

 Rated normal current of busbar

Rated normal current of feeder

Rated peak withstand cuirent
Rated short-time withstand current
Rated duration of short-circuit

Insulating medium
Rated operating pressure (abs./20 °C)
Minimum operating pressure (abs./20 °C)

Max. ambient air temperature

Permissible values for internal arc faults:

Peak current
Short-time current
Duration of short-circuit

Essential characteristics and installed devices:

Date of receipt of test object: 08™ May 2000

Year of manufacture: 2000

12 kV
75 kV
- kV
28 kV (

50/60 Hz

2500
2500

A
A
80 kA
31,56 kKA
3s

air / vacuum
- MPa
- MPa
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PEHLRA

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNG
ReporiNo.: 0020 Ra

%eet:

Technical Data of Test Object
Switching Device
Ratings assigned by the manufacturer

Test Object: Vacuum circuit-breaker

Type: VD4P 1225-31

Manufacturer; ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.: 07007054/4001/00 Yeoar of manufacture: 2000
Drawing No.: GCE 7000162 R1178 index 00 (breaker)

Vacuum interrupter: L1: No. 00G4301115, L2: No. 00G4501118, L3: No. 00G4S01117

Drawing No.: GCE 7005535 R0101 index 02 (interrupter)

Rated voltage 12 kV
Rated lightning impulse withstand voltage 75 kv
Rated switching impuise withstand voltage - kv
Rated power frequency withstand voltage 28 kv
Rated frequency 50/60 Hz
Rated nominal current 2500 A
Rated peak withstand current 80 kA
Rated short-time withstand current 31.5 KA
Rated duration of short-circuit 3 s
Rated short-circuit breaking current

Rated short-circuit current 31.5 kA

D.C. component 30 %
Rated short-circuit making current 80 kA
Rated transient recovery voltage

Peak valug - kv

Rate of rise - kVius
First-pole-to-clear-factor 1.5
Rated operating sequence 0-0.35-CO-3min-CO
Arc extinguishing medium vacuum

Rated pressure / Minimal pressure (20 °C) MPa
Insulating medium

Rated pressure / Minimal pressure (20 °C) MPa
Driving mechanism
Type of drive VD4 drive

Rated pressure / Minimal pressure (20 °C) MPa
Number of poles 3
Number of units per pole 1
Rated opening time: <45 ms
Rated closing time Approx. 60 ms
Rated voltage of opening release 220 V
Rated voltage of closing release 220 V
Rated supply voltage 220 V
Rated frequency of supply voltage - Hz
Max. ambient air temperature 40 °C

Further specifications:

Essential characteristics:

Date of receipt of test object: 08" May 2000

J

g
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Sheet: 7

Report No.: 0020 Ra

Vs
Technical Data of Test Object
Switching Device
Ratings assigned by the manufacturer
Test Object: Earthing switch
Type: EK6-1208-275
Manufacturer: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.: 02/032/00 Year of manufacture: 2000
Drawing No.: GCE7169312 R0116 Index 20
Vacuum interrupter:
Drawing No.:
Rated voltage : 12 kV
Rated lightning impulse withstand voltage 75 kV
Rated switching impulse withstand voltage - kV _
Rated power frequency withstand voltage 28 kv (
Rated frequency 50/60 Hz "
Rated nominal current - A
Rated peak withstand current 80 kA
Rated short-time withstand current 31.5 kA
Rated duration of short-circuit 3 s
Rated short-circuit breaking current
Rated short-circuit current 31.5 kA
D.C. component - %
Rated short-circuit making current 80 kA
Rated transient recovery voliage
Peak value - kV
Rate of rise - kVius
First-pole-to-clear-factor -
Rated operating sequence ' “
Arc extinguishing medium -
Rated pressure / Minimal pressure (20 °C) MPa
Ingulating medium
Rated pressure / Minimal pressure (20 °C) MPa
Driving mechanism (
Type of drive -
Rated pressure / Minimal pressure (20 °C) MPa
Number of poles 3
Number of units per pole -
Rated opening time - ms
Rated closing time - ms
Rated voltage of opening release -V
Rated voltage of closing release -V
Rated supply veoitage -V
Rated frequency of supply voltage - Hz
Max. ambient air temperature 40 °C
Further specifications: -

Essential characteristics:

Date of receipt of test object: 08" May 2000

481




The manufacturer has guaranteed, th
manufactured in full accordance with t
these drawings adequately represented t
stamped and signed by PEHLA representatives and are kept

PEBHILMA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGS[‘:’?} UR

Report No.: 0020 Ra

List of Drawings

with the test documents at the test laboratory.
(] at the client.

at the equipment submitted for test has been
he following drawings. PEHLA has verified that
he equipment tested. These drawings have been

Drawing-No. Revision | Title Additional remarks
GCE 8010452 Index 00 | Switchgear 12 kV PW.1000

RO112 ‘

GCE 7000162 index 00 | Draw out VD4-P for Z81.2

R1178
ECET189312 Index 20 | Earthing switch EK8 12-24 kV

R0O116

A copy of the following drawings is part of this Test Report.

Metalclad air-insulated switchgear pane!

GCE 8010452 R0112 index 00
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Report Mo.: 0020 Ra

Mechanical Operation Test

List of interiacks:

1. Withdrawabie part in test-position
- Cireuit-breaker ON: prevented to move the withdrawable part in service-position

2 Withdrawable part in service-position
- Circuit-breaker ON: prevented to move the withdrawable part in test-position

3. Withdrawable part between service and test position:
- prevented to switch ON the circuit-breaker

4. Withdrawable part in test-position
- Circuit-breaker OFF and earthing switch ON. prevented to move the
withdrawable part in service-position

5. Withdrawable part in test-position
- circuit-breaker ON and earthing switch ON: prevented to move the withdrawable
part in service-position

6. Withdrawable part not in test-position
- prevented to switch ON the earthing swiich

All the above mentioned interlocks were checked, for this the circuit-breaker and the earthing switch were
operated 50 times and the withdrawable part was inserted and withdrawn 25 times.
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Report No.: 0020 Ra Sheet: 11

Fig. 1: Test object
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PEHLA

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Member of the Short-Circuit-Testing Liaisan {STL}

Test Report

Report No.: 0016 Ra CopyNo.: O - Contents: 19 Sheets

Equipment under test: Metal-clad air-insulated switchgear panel type ZS1.2, rated voltage 12 kV
(width = 1000 mm), drawing-no. GCE 8010452 R0112,
with vacuum circuit-breaker type VD4P 1225-31.

Manufacturer: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Client: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Tosting station: PEHLA - Testing Station Ratingen

Date of test: 8" May 2000

Applied test specifications: IEC 60298; 1990-12, clauses 6.1.1,6.1.3,6.1.4 a), 6.1.5 - 6.1.7,
[EC 60694: 1996-05, clauses 6.2.1, 6.2.3 -6.2.6.

Tests performed: Dielectric type test.
- Standard lightning impulse withstand voltage test at 75 kV and power-
frequency withstand voltage test at 28 kV to earth, between phases and

across open switching device,
- 2-kV-AC Voltage test on auxiliary and control circuits.

Test results: The above ZS1.2-type panel with VD4P 1225-31 passed the dielectric
type test successfully. The respective requirements are met.
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Accreditation

The PEHLA-Testing Station Ratingen has been approved by the DATech (German accreditation body for technology)
accarding to DIN EN 45001 for tests in the field of high-voltage switchgear and controlgear and power engineering
equipment (Registration-No. DAT-P-032/93), :

Under reference to DIN EN 45001 PEHLA states the following:

- The accreditation of the PEHLA-Testing Station or any of its test reports by themselves in no way constitute or
imply product approval by DATech or any other body.

- If someone refers to a test In an accradited PEHLA-Tasting Station this reference shall include the accreditation
body, i.e. DATech, the relevant scope of the accreditation and the appropriate registration number.

STL-Member

PEHLA is foundation-member of the Short-Circuit Testing Liaison (STL} which has been founded in March 1969.

STL Is a forum for the international cooperation of the testing organisations with the further full members ASTA (GB),
CESI (I}, ESEF {F), KEMA (NL), SATS (N; S, SF) and STLNA (USA). In the framework of EC, STL has been
recognised in 1992 by EOTC as agreesment group.

PEHLA-Documents
A Cerlificate

is issued for type tests which have successfully been carried out in full compliance with the relevant specifications or
standards and STLGuides valid at the time of the fest.

For these tests the equipment under fest must be clearly identified by technical description, drawings and additional
specifications.

A Test Document

is Issued for parts of type tests which have successfully been carrded out in full compliance with the relevant
specifications or standards and STL Guides valid at the time of test.

For these tests the equipment under test must be cleary identified by technical description, drawings and additional
specifications. : :

A Test Report

is issued for all other tests which have been carried out according to specifications, standards or "PEHLA-Richtlinien"
(PEHLA Guides) andfor clients instructions. )

Similarly, this test report contains all test results, detalls of the conditions under which the tests were carried out, also
detalls relating to the behaviour of the equipment during test, and its condition after the tests.

Addresses:

Office: PEHLA-Geschéftsstelle
Hallenweg 40
D-68219 Mannheim

Testing Station: PEHLA-Testing Station Ralingen
Oberhausener Str. 33
D-40472 Ratingen

Manufacturer: ABB Calor Emag Mittelspannung GmbH
QOberhausener Str. 33
D-40472 Ratingen

Client: ABB Galor Emag Mittelspannung GmbH
Oberhausener Str. 33
D-40472 Ratingen

04PE9EQ2
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List of Test Participants

Representatives of the Test Committee:

Mr. A. Meier
Mr. W. Stolz

Test Engineer;
Mr. U. Lisseck

Other Participiants:

PEHLA - Testing Station Ratingen

PEHLA - Testing Station Mannheim

PEHLA - Testing Station Ratingen

489




IPEBREA  GESELLSCHAFT FOR ELEKTRISCHE HOCHLEISTANGSPRUFU

Report No.: 0016 Ra Sheet:

Technical Data of Test Object

Switchgear
Ratings assigned by the manufacturer

Test Object: Metal-clad air-insulated switchgear panel
Type: Z51.2
Manufacturer:  ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany

Serial-No.: 07550027/2010/00 Year of manufacture: 2000

Drawing No.: GCE 8010452 R0112 Index 00
Rated voltage 12 kV
Rated lightning impulse withstand voltage 75 kV
Rated switching impulse withstand voltage - kv
Rated power frequency withstand voltage 28 kV
Rated frequency 50/60 Hz
Rated normal current of busbar 2500 A
Rated normal current of tee-off 2500 A
Rated peak withstand current . 80 KA
Rated short-time withstand current 315 KA
Rated duration of short-circuit 3s
Insulating medium air

Rated functional pressure (abs./20 °C) - kPa

Mintmum functional pressure (abs./20 °C) - kPa

Permissible values for internal arc faults:

Peak current 80 kA
Short-time current 31.5 kA
Duration of short-circuit 158

Max. ambient air temperature 40 °C

The above switchgear panel is fully described in the mentioned drawings.

Essentlal characteristics and installed devices:

The above switchgear panel is fully described in the mentioned drawings.
Essential details are:

Date of receipt of test object: 8™ May 2000

Busbar 2 x 80 mm x 10 mm /R 5 mm, Cu, bare, with bushing plate.
Busbar teg-off conductor 2 x 100 mm x 10 mm / R 5 mm, Cu, bare.
tulip insutator with contact pin & = 109 mm.

Current transformer type ASS 12 — 20, manufacturer: WTW,
Serial-No. L1: 00/166476; L2: 00/166477; L3: 00/166478.

Voltage transformer type VES 12 - 02, manufacturer: WTW,
Serial-No. L1: 00/166610; L2: 00/166611; L3: 00/166612.

Earthing switch type EK8-1208-275, Serial-No. 02/032/00.

Cable conductor 2 x 100 mm x 10 mm / R 5 mm, Cu, bare.
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Technical Data of Test Object
Switching Device — Circuit-Breaker
Ratings assigned by the manufacturer
Test Object: Vacuum circuit-breaker
Type: VD4P 1226-31
Manufacturer: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.: 7007054/4001/00 Year of manufacture: 2000
Drawing No.: GCE 7000162 R1178 Index 00 (circuit-breaker)
Vacuum interrupter: Type VG4S, L1: No. 00G4S01115, L2: No. 00G4S01116, L3: No. 00G4S01117
Drawing No.: GCE 7005535 R0101 index 02 (interrupter)
Rated voltage 12 kV
Rated lightning impulse withstand voltage 75 kV
Rated switching impulse withstand voltage - kv
Rated power frequency withstand voltage 28 kv (
Rated frequency 50/60 Hz
Rated normal current 2500 A
Rated peak withstand current 80 kA
Rated short-fime withstand current 31.5 kA
Rated duration of short-circuit 3s
Rated short-circuit breaking current
...Rated short-circuit current 31.5 kA
D.C. component 30 %
Rated short-circuit making current 80 kA
Rated transient recovery voltage:
Peak value 206 kv
Rate of rise 0.34 kvVius
First-pole-to-clear-factor 1.5

Rated operating seguence

0-0.3 s -CO-3 min-CO

Arc extinguishing medium Vacuum
Number of poles 3
Number of units per pole 1

Rated opening time <45 ms
Rated closing time approx. 60 ms
Rated voltage of trip coil 230 V-DC
Rated voltage of closing coil 230 Vv-DC
Rated supply voltage 230 v-DC
Rated frequency of supply voltage - Hz
Max. ambient air temperature 40 °C

Further specifications:

Essential characteristics: -

Date of receipt of test object: 8" May 2000
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List of Drawings

The manufacturer has guaranteed, that the equipment submitted for test has been
manufactured in full accordance with the following drawings. PEHLA has verified that
these drawings adequately represent the equipment tested. These drawings have been
stamped and signed by PEHLA representatives and are kept

B3 with the test documents at the test laboratory.

[[] atthe client.

Drawing-No. Index Title Additional remarks

GCE 8010452 R0112 {00 SWITCHGEAR 12kV; PW1000 A copy is included in this
Test Report

GCE 8001304 PO101 | 03 CONTACT PIN -

GCE 7000162 R1178 {00 Einschub fiir 251.2 A copy is included in this
Test Report

GCE 7005535 R0101 (00 Interrupter -
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Technical Data of Test Circuit
Power Frequency Voltage

HVT R

Technical Data

HVT - High Voltage Test Transformer, Type TEO 250720, Serial-No. 268 734,
' manufacturer: MeRBwandler-Bau GmbH, Bamberg

Rated Voitage 260 kv

Rated Capacity 50 kVA

Short Circuit Impedance 146 %
TO - Test Object: Z51.2/12KV —type panel, 2500 A

M - Voltage Measurement: Capacitive Divider Type CM 300 (Ident-No, ELK-000994) in
connection with a Peak Voltmeter Type DMI 551/Haefely
(Ident-No. ELK-000989)

Verification of Calibration;

- Capacitive Divider (ldent-No. ELK-000994, ELK-000990, ELK-000982): (
calibrated on April 1998 at DEACE/LH,
Calibration Report-No, 9800086,

- Peak Voltmeter Typ DMI 551 (Ident-No. ELK-000989):
calibrated on April 2000 at DECMS/LK,
Calibration Report No. 2000353,
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Technical Data of Test Circuit
Lightning Impulse Voitage 1.2/50

o

B S T T T pe——— L ’—_. ---——---»———-I e

Technical Data
Impulse Generator Type SGSA-400-20, WO: 4549-51, manufacturer: Haefely

Maximum Charging Voltage Ug = 400 kV
Number of Stages n = 4

Surge Capacity per Stage - Cs = 800 nF
Load Capacitance Cn = 2000 pF
Damping Resistance Rp = Rg
Internal Front Resistance per Stage Ral = 52Q
Discharge Resistance Rs = 4 Rp
Tail Resistance per Stage Re = 1150

TO - Test Object: Z81.2/12kV —type panel, 2500 A

M - Voltage Measurement: Resistance divider RT400 (ident-no.: ELK-000937)
in connection with a peak voltmeter type SV 642/Haefely
~ (ident-no. ELK~000064) and oscilloscope type TDS520/
Tektronix {ident-no. ELK-000545).
Verification of Calibration:

- Resistance divider RT400 (ident-no. ELK-000937, ELK-000940, ELK-000942);
calibrated in April 1996 at FGH-Mannheim,
FGH-Calibration-Report-No. 012 DKD-K-15901 96-04,

- Peak voltmeter type SV 642 (ident-no, ELK-000064):
calibrated in December 1999 at DECMS/LK,
Calibration-Report-No. 9900279.

- Oscllloscope Type TDSS20 (ldent-No. ELK-000545):
callbrated in March 2000 at DECMS/LK,
Calibration-Report-No. 2000297,
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Lightning Impulse Voltage with the Test Object connected
(Standard Value: 1.2 1 30 %/50 + 20 %/peak +3 %)
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Date of test: 8" May 2000

GESELLSCHAFT FUR ELEKTRISCHE HQCHLEISTUNGSPRU

Atmospheric Conditions during Tests

Sheet:

13

[EC 17A/B67/Q:; Corrigendum fo subclause 6.2.1 of IEC60694, 2000-01

(Indices: ~ power frequency voltage; + positive lightning impulse voltage; - negative lightning impulse voltage)

Input data Correction factors calculated applied
air temperature t. 245 °C | air density Ky~: 0.994 -
air pressure bt 1022 hPa |correction factors Kis 0.994 -
air humidity h: 10.955 g/m® Ky 0.904 -
50% disruptive- Ug~: KV | air humidity ko~ 1.000 -
discharge voltages | Up+: kV | correction factors ko 1.000 -

Ua.: kV ka. : 1.000 -
minimurm gischarge path L: m | atmospheric K~ 0.994 0.994
carrection factors Kie 0.994 0.994
Ki : 0.984 0.994
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Lightning Impulse Voltage Test
Power Frequency Volitage Test

Test performed: Test of insulation phase-to-phase, phase-to-ground and against shutter.
Date of test: 8" May 2000
Condition of test object before test: ~ Factory new, clean and dry.
Connections to test object: Infeed of the test voltage at the led-out busbar right hand resp.
at the cable connecting bar in the cable compartment,
Fronttime Ty 1.23 us Time to half-value T 49.0 ps Test frequency f: 150 Hz

Alt voltage values are corrected with the applied atmospheric correction factor.
The applied test voltages refer to the standard atmosphere of 20 'C, 1013 hPa and 11 gim®,

Test Arrangement 1;

Li_-- E Applied power Result
e frequency voltage
H ~kV

Avplied lightni Test duration or
o Voltage Earthed ir?lgu?sde l\‘?o]tggg number of impulses /

Condition applied to + KV breakdowns

Vacuum circuit-breaker in test position, Aa BChcF 28 1 minute/0 ')
shutters closed. +75 15/0
-78 15/0

Bb ACacF 28 1 minute/o ')
+75 15/0
-75 15/0

Ce ABabF 28 1 minute/0 ")
+75 15/0
-75 15/0

Remarks: Aa=Phaself, Bb=Phasel2, Cc=Phasel3, F=Frame

") Dueto the voltage transformers the test frequency was increased upto 150 Hz.
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Lightning Impulse Voltage Test
Power Frequency Voltage Test

Test performed: Test of insulation phase-to-phase, phase-to-ground and across
open switching device.

Date of test: 8" May 2000
Condition of test object before test:  Faclory new, clean and dry.
Connections to test object: Infeed of the test voltage at the led-out busbar right hand resp.
at the cable connecting bar in cable compartment.
Front time T: 1.23 pis Time to half-value T,:  49.0 s Test frequency . 50/150 Hz

All voltage values are corrected with the applied atmospheric correction factor.
The applied test voltages refar to the standard atmosphere of 20 'C, 1013 hPa and 11 gim®.

Test Arrangement 2: -
Applied power Resuit
frequency voltage
~ KV
Applied lightning Test dugallon or
Voltage . number of impulses /
Condition applied to |  EANEd | impulse voltage | ML ns
Vacuum circuit-breaker in service position A BCabcF 28 -1 minute/0
and open. +75 15/0
-75 15/0
B ACabcF 28 1 minute/0
+75 1510
-75 1510
c ABabcF 28 1 minute/0
+75 15/0
-75 15/0
Vacuum circuit-breaker in service position a beABCF 28 1 minute/0 %
and open. +75 15/0
-75 1510
b acABCF 28 1 minute/0 ')
+75 15/1
-75 15/0
c abABCF 28 1 minute/0 ")
+75 15/0
-75 15/0

Remarks: A,a=PhaselLt, B,b=Phasel2, C,c=Phasel3, F=Frame

'Y Due to the voltage transforme:;s thé test frequency was increased upto 150 Hz.

I
I
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Lightning Impulse Voltage Test
Power Frequency Voltage Test

Test performed: Test of insulation phase-to-phase and phase-to-ground.

Date of test: 8" May 2000

Condition of test object before test: Factory new, clean and dry.

Connections to test object: Infeed of the test voltage at the led-out busbar right hand.

Fronttime Ty: 1.23 us Time to half-value T,:  49.0 s Test frequency f: 150 Hz

All voltage values are corrected with the applied atmospheric correction factor.
The applied test voltages refer to the standard atmosphere of 20 ‘G, 1013 hPa and 11 g/im®.

—
Test Arrangement 3: —_—
rx
v A
' !
H RE A
—ri
AR '
I Applied power Result
! oabe |F frequency voltage
e en I —~ kV
Applied lightning Test duration or
- Voltage : number of impulses /
Condition applied fo Farihed ampuiiek\\?ltage breakdowns
Vacuum circuit-breaker Aa BCbcF 28 1 minute/0 ')
in service position and closed. +75 1510
-75 1610
Bb ACacF 28 1 minute/0 1)
- +75 15/0
-75 15/0
Ce ABabF 28 1 minute/0 ')
+75 15M1
-75 15/0

Remarks: Aa=Phasel1, Bb=Phasel2, C,=Phase L3, F=Frame

') Due to the voltage transformers the test frequency was increased upto 150 Hz.

i
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2 kV Power Frequency Voltage Test
at auxiliary and Control Circuits

Technical Data of Test Equipment:

High Voltage Test Equipment

Manufacturer; HCK Essen
Type: WP-500-4

Serial-No. G170-8402002
Rated Voltage: 0 -4 kV
ldent-No.: ELK-000807/806/805
Verification of Calibration:

Calibrated in August 1999 at DECMS-LK,
Calibration-Report-No. 9900180

Test Procedure:

The auxiliary and control circuits of the switchgear and of the circuit-breaker were
subjected to the AC voltage withstand test between the auxiliary and control circuits
connected together as a whole and the frame of the switchgear panel

{see [ECB0694:1996-05 clause 6.2.10}).

The AC Test voltage is 2000 V, Test duration = 1 minute.

Test Result:

Date of Test; 8™ May 2000

The 2 kV AC voltage test at 2000 V - 1 minute was passed successfully.

No disruptive discharges occurred diring test.

PEMELA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFD

“ Sheet:

17
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NGERK

Sheet: 18

Fig, 1: Z51.2/12 kV panel
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[jE paHcmucnoHe & Auctpubysuone C.n.A.
Yuuta Oneparuea Caue T.M.C.

Bua dpuynu 4 Ten.: 0039.035.395111
124044 — HanmuHe (BG) dare: 0039.035.395874
Wranus E —mail : sacetms. fipm @it.abb.com

UHTEpHET : fiwww.abb.com

MPOTOKO/13A TUNOBWU U3NMUTAHWUA No. 100087_C CTPAHLM 1/1

Apparatus: KPY 11un ZS1 uag. 1.2 ¢ BakyyMHeH npekbeBau Tvun VD4/P
12.25.32 p=210

WUpertudukauun:  1VCPO000138-Rev.-,en-TexHuneckm katanor-2003-04

MapameTpu. HomuHaaHo HanpeseHue: 12 kv
Hom. UzabpikaHo umMAyACHO Hanpexetue: 75 KV
Hom. Usgbpiano Hanpexesve c 50Hz: 28 kv
HomuHanHa yecrota: 50-60 Hz
HoMUWHaneH TOK Ha wuHaTa; 2500 A
HoMuHaneH TOK Ha oluMHOBKaTa: 2500 A
Hom. Usabp:kaH ToK, NMKoBa CraiHoCT: 63 kA
Hom. M3abpaH KpaTkospemeHeH ToK Hak.c.: 31.5 kA
Hom. Mpoabamurentoct Ha K.c.! 3 s
Test reports verifying rating assigned by the manufacturer:
HManuraHus Tect cornacHo TecTos npoToKoA
- cranaapr No. W3gaped or
AueneKTprueH U3AUTAHKA IEC 60298 0016 Ra MEXNA BHCOKO-MOLIHOCTHM
Subclausale 6.1 naboparopuu
TecT ¢ noBMILaBaHe Ha IEC 60288 HZ 147 E 10] ABB Kanop Emar fa6opatmpuu
Temneparypara Subclausole 6.3/6.4
Tecr 32 kpaTrkoBpemeHeH T.K.c. u| IEC 60298 MP-— ABE Kanop Emar /taGoparupum :
NUKOB T.K.C. Subclausole 6.5 A4/010735 |8 nabopatopua CESI a6, (
MexaHuuna paborta u Tect IEC 60288 0020 Ra NEXNA BUCOKO-MOLLHOCTHU
3a 610KNPOBKU | Subclausole 6.102 nabopatopum
Tecr 3a goTpeiuHa Abra IEC 60298 HZ 146 LO2 | ABB Kanop Emar Jla6opatupuu
Annex AA
Tect 3a mexaHudHa pabora IEC 62271-100 0317_2 Ra | MEX/IA BMcOKO-MOLIROCTHM
subclause 6.101.2 naboparopuu
Tecr 3a cnocobHoct 3a uskn. Ha | IEC 62271-100 0303 Ra NEXSIA BUCOKO-MOWHOCTHM
T.K.C. ¥ BKA. BLPXY T.K.C. subclause 6.106 nabopatopuu

NaGopatopuata #a ABB T/l YHuTta Onspatuea CAYE TAL.C.5 Ip. Nanmitte e axpepuTipada cernacio UNI CEl EN ISO/IEC 17026 or SINAL ¢ permcipaljionen
Homep Reg. No. 0263
NaBoparopuata Ha ABE Kanop Elat & mp. PatuHren, Mepiakia e akpeauTupana cwinacHo UNICEIEN ISO/IEC 17025 ot DATech noa penicTpaupoHeH Houep No.
DAT-P-032/93
Bucoke-MoupocTHETe nabopatepud MNEXIA ca akpeguipaki cuimacHo UNI CEl EN ISOAEG 17025 ot DATech ¢ penicTpauioten Houep No. DAT-P-032/93 u
ceptuduxar A-M-12072-06-01
YE3U Naboparopun Munato ca akpepurupann crmacko UNIGEl EN ESQ/EC 17025 ot SINAL ¢ pentcIpaluoHeH Hodep Reg. No. 0030

fara Ha usnasate: Otaen 3a Pasgolita geliHocT -
2004/07/05 _—

[\M. TpasaHsona .

ABBT&D Unita operativa Sace T.MS. is accreflitated by DET NORSKE VERITAS QUALITY CERTIFICATE Quacer Cerficate .
No. CERT-07978-2001-AQ-MIL-SINCERT/B _dccording o 1ISO 9001, o
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Member of the Short-Circuit-Testing Lialson (STL)

‘E"ésﬁ Report

Report No.: 03172 Ra © Gopy No.: 1 Contents: 24 Sheets

Equipment under test: Vacuum cireuit-breaker type VD4 17.20.32

Manufacturei': )
Circuit-breaker: ABB T&D S.p.A. - Unita operativa Sace TMS, Via Friuli, 4 — 24044 Dalmine (BG), ltaly

Pole parts inclusive . ‘
vacuum interrupter:  ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Germany

Cllent: ABB T&D S.p.A. -Unita operativa Sace TMS, Via Friufi, 4 — 24044 Dalmine (BG), ltaly
Testing station: PEHLA - Testing Ltaboratory Ratingen

Date oftest . 29™ April 2003 ~ 23" May 2003

Appiled test specifications:

The tests have been carried out In accordance with the client's instructions.

Test procedure and test parameters were guided by: ’

IEC 62271-100, 1* Ed, 2001-05, clause 6.101.1 and 6.101.2

IEC 60694, Ed.2.2, 2002-01

Tests performed:

In accordance with the requirements of class M2, 10 000 mechanical operating cycles without voltage on
or current in the main circuit were carried out with the vacuum circuit-breaker of type VD4 17.20.32 to
demonstrate the mechanical reliability. ‘

T Tést results: )
10 000 mechanical operating cycles were canied out.

After 6 400 operating cycles, the opening hook assembly was replaced,
xcept for this maintenance, no changes iImpairing the function of the circuit-breaker were noted after the
dgurance test. ’
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Accreditation

< The PEHLA-Testing Laboratory Ratingen has been approved by the DATech (German accreditation body for technology)
2 according to DIN EN ISO/IEC 17025 for tests in the field of high-voltage switchgear and controlgear arid power engineering
equipment (Registration-No. DAT-P-032/93),

Under reference to DIN EN ISOAEC 17025 PEHLA states the folfowing:

% - The accreditation of the PEHLA-Testing Laboralory or aﬁy of its test reports by themselves in no way constitute or imply
product approval by DATech or any other body.

- If someone refers to a test in an accredited PEHLA-Testing Laboratory this reference shail include the accreditation
2 body, i.e. DATech, ihe relevant scope of the accreditation and the appropriate registration number.

. STL-Member

% PEHLA Is foundatian-member of the Short-Circuit Testing Liaison (STL) which has been founded in March 1969, STL is 2
j forum for the international co-operation of the esting organisations with the further full members ASTA (GB), CESI (), FSEF

F
!

£ as agreement group.

PEHLA-Documents

& A Certificatg _

is Issued for type tests which have successfully been caried out in full compliance with the relevant specifications or
standards and STL Guides valid at the time of the test, :

i For these tests the equipment under test must be clearly identified by technical description, drawings and additional
/% specifications.

A Test Document

i Is issued for parts of type tests which have successfully been carried out in full compliance with the relevant specifications or
standards and STL Guides valid at the time of test. .

For these tests the equipment under test must be clearly identifled by technical description, drawings and additional

% spacifications.

: A Test Report )

33 s issued for all other tests which have been carried out according to specifications, standards or "PEHLA-Richtlinien” (PEHLA
=t Guldes) andfor clients instructions. .

"‘- Similarly, this test report contains all test results, details of the eondiffons under which the tests were carried out, also details

& relating to the behaviour of the equipment during test, and its condition afier the tests. -

Addresses; -

Office: PEHLA-Geschéftsstelle
3 Hallenweg 40
68219 Mannheim; Germany

Testing Station: PEHLA-Testing Laboratory Ratingen
& Oberhausener Str. 33
40472 Ratingen; Germany

Manufacturer:  ABB T&D S.p.A - Unita Operativa Sace TMS ABB Calor Emag Miltelspannung GmbH
3 Via Friufi, 4 Oberhausener Str, 33
E 24044 Dalmine (8G), ltaly 40472 Ratingen, Germany
g Client: ABB T&D S.p.A - Unita Operativa Sace TMS

Via Friuli, 4
24044 Dalmine (BG), ltaly

il (F), KEMA (NL), SATS (N, $, AIR) and STLNA (USA). In the Framewoik of EC, STL has been recognised in 1992 by EOTC('“

C
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List of Test Participants

= Réb;ééentatives of the Test Committee:

. Mr. G, Heit PEHLA-Testing Laboratory Mannheim
2 Mr. K-H. Koch PEHLA-Testing Laboratory Mannheim
8 M. M. Schottter ) PEHLA-Testing Laboratory Ratingen
% Mr. U, Késter . PEHLA-Testing Laboratory Ratingen
:Test Operator; ) _
- Mr. M. Schéttler . I PEHLA-Testing Lz;Boratory Ratingen (
: M, H.-W, Ott~

PEHLA-Testing Laboratory Ratingen
PEHLA-Testing Laboratory Ratingen
PEHLA-Testing Laboratory Ratingen

2 Mr. J. Mendorf
Z# Mr. A, Piglas
£ £

Representatives of the Client:

Mr. 8. Magoni

ABB T&D S.p.A. - Unita operativa Sace TMS, laly
Mr. L. Cavenat]

ABB T&D S.p.A. - Unita operativa Sace TMS, italy
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ié Technical Data of Test Object

52 Type:
yp

5 Serial-No.:
Drawing No.:

,,,,

Prawing No.:

Vacuum interrupter:

Switching Device — Circuit-Breaker
Ratings assigned by the manufacturer

Vacuum circuit-breaker
vD4 17.20.32

Manufacturer:
Gircult-breaker:

Pola parts including
vacuum interrupters:

ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Germany

ABB T&D S.p.A. - Unitd operativa Sace TMS, Via Friuli, 4 — 24044 Dalmine (BG), Italy

2003

ADQ0Q11928 - Year of manufacture:
TN. 7408 (circuit-breakern)
Type VG4S  L1: No. 480320 L2: No, 8338/1 L3: No. 483211
GCE7005745R0152 (pole part)
i
Rated voliage 17.5 k¥
Rated fightning impulse withstand voltage 95 kV
"Rated switching impulse withstand voltage - kY
Rated power frequency withstand voltage 38 kv
Rated frequency 50 Hz
Rated normail current 2000 A
Rated peak withstand current 80 kA
Rated short-time withstand current 31.6 kA
Rated duration of short-circuit 3 s
Rated shori-circuit breaking current at 17.6 kv 315 kA
D.C. component 30 %
Rated short-circuit making current at 17.5 kv .80 kA
Rated transient recovery voltage:
Peak value 30.0 kv
Rate of rise 0.42 kVius
First-pole-to-clear-factor 1.5
Rated operaling sequence 0-0.38-CO-3min-CO
Arc extinguishing medium Vacuum
Number of poles 3
Number of units per pole 1
Rated opening time =45 ms -
Rated closing time approx. 70 ms
Rated valtage.of trip coil 220 V-DC
Rated voltage of closing coil 220 V-BC
Rated supply voltage 220 vV-DC
Rated frequency of supply voltage - Hz

Essenﬁal characteristics and installed devices:

IMotor Drive Type 701 921/804 (EL2)

After 6 400 operating cycles, the following part was replaced:

%Part—no:
#Part name:

510569801

Gruppo Gancio di Apertura / opening hook assembly

:Date of receipt of test object: 23" April 2003




List of Drawings

. . The manufacturer has guaranteed, that the equipment submitted for test has been
~anufactured in full accordance with the following drawings. PEHLA has verified that

~ these drawings adequately represent the equipment tested. These drawings have been
stamped and signed by PEHLA representatives and are kept

£ with the test documents at the test laboratory.
(] at the client. -

The drawings contained in this document are identical with the checked, stamped and
signed drawings.

Drawing-No. Revision : Title Additional remarks

M5234 | VACUUN CIRCUIT BREAKER JYPE VD4 12- | Included in test report
17.5kV 600-2000-2500A i {
50538 | OPERATING MECHANISM ASSEMBLY Included in fest report "
00 pole VD4p 12KV 2000A 31,5kA H=310 Included in test report ’

50538 | COMPRESSION SPRING
50538 | COMPRESSION SPRING
03 Montagegruppe

Ass. molle di ch, com. EL2
Assiame comando ELZ
Pol VD4P 12kV 2000A 31,5kA H=310
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Details on 'Performance of the Test

‘“PlFi"c.i?.Td‘tﬁé endurance test, the following electrical and mechanical data were determined by
measurements on the circuit-breaker and its auxiliary systems:

a) closing time (5 times *)
b} opening time (5 times *) .
c) time spread between units of one pole - not applicable
d) time spread between poles (5 times *)
e) charging time of the moforized operating mechanism (5 times ¥)
f) consumption of the motorized operating mechanism (5 times *) .
g) consumption of the tripping deviges (5 times *)
h) duration of opening and closing ‘cdmmand impuise
i) tightness { :
j) gas dénsities or pressures - not applicable
k) resistance of the main circuit (5 times *)
) time-travel chart (5 times *)
mjother important characteristics
- contact travel
~ check of vacuum of interrupters
- verification of the rated operating sequence (refer to clause 6.101.2.5 a))
- ambient atmospheric conditions

*} & times at rated, minimum and maximum supply voltage.

The subsequent endurance test comprisiﬁg 10 000 mechanical operating cycles was structured as
follows and carried out five times:.
500 operating cycles with operating sequence C - 30 s - O - 30 s at the minimum supply voltage of

closing and opening devices and motorized eperating mechanism and the minimum pressure for
operation

900 operating cycles with operating sequence C - 30 s -0 - 30 s at the rated supply voltage of closing
and opening devices and motorized operating mechanism and the rated pressure for operation

500 operating cycles with operating sequence C-30s -0 - 30 s at the maximum supply voltage of
closing and opening devices and motorized operating mechanism and at the maximum pressure for
operation ,

250 operating cycles with operating sequence C-30s-0-300 ms-CO - 90 s at the rated supply

voltage of closing and opening devices and motorized operating mechanism and at the rated pressure
for operation

For faster operation, the recharging motor was cooled by air pressure.

ﬂer each series of 2 000 operating sequences the operaling characteristics: a), b), d), e), and 1) as
Histed above have been recorded.

s

AR S

ollowing the endurance test, the measurements carried out before the mechanical endurance test

€18 measured again for comparison. Check, whether the travel characteristics fell within the en

“Furves, taken before the endurance test.

A

I

51%
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to {opening) tc {closing)
U V] 07x|10x 111x{0.85x{1.0x [1.1x
Ua Ua Ua Ua Ua Ua

66.9 | 465 | 444 | 69.8 | 64.8 | 62.7
','rh'easured during the 5 x CO operations 66.9 | 47.1 | 44.4 | 69.0 | 64.5 | 627
- at the minimum supply voltage |t ms) 569 | 488 | 424 | 606 | 6514 | 624
- at the rated supply voltage X
- atthe maximum supply voltage  ~ ° 67.8 | 46.8 | 444 | 69.3 | 64.8 | 624

66.3 | 46.8 | 444 | 69.6 | 64.8 | 62.7

o

d) Time s»;i:read hetween the breaker poles:

j time spread between the breaker poles on closing and on opening of the circuit-breaker was

Emeasured to < 2 ms.

“Measured during the 5 x CO operations
L at the minimum supply voltage

at the rated supply voltage

at the maximum supply voltage

'motor voltage charging time current consumption power consumption
& after O-C operation [A] [Wi
[s]

=0.85xUa ‘
Z187VDC 3.09{4.0814.201425|4.20(09870.96[1.02{1.02{1.00] 183 [ 1801191} 191 | 187

3.47|3.4413.36(3.36}3.3711.01{1.00{0.98{0.9910.86] 222 | 220 | 216 | 218 | 218

2.77(2.992.97(3.00}3.00(1.02]1.02{1.02] 1.03 | 1.03] 247 | 247 | 247 | 249 | 249

516




at the rated supply voltage

-~at the minimum supply voltage

.ét the' maximum supply voltage

Shunt-release ON -MC Shunt-release OFF -MO1
220V DC 220V DC

= Currentatmmlmum 072 {072 0720721 0.72 | 052 0‘52' 052 | 052 | 0.52
f'supply voltage [A ] ‘
{Current at rated supply | o0 T 04 | 0 50| 08 | 0.88 | 0.68 0.64 | 068 | 0.64 | 0.68
voltage [A ] : .

Current at maximum 1 96 | 0.96Y 0.96 | 0.96 | 0.96 | 0.76 | 0.76 | 0.72 | 0.72 | 0,72
supply voltage [A ] )

easured during the 5 x CO op

at the rated supply voltage

eratiofs

at the minimum supply voitage

at the maximum supply voltage

Shunt-release ON -MC

Shunt-release OFF MO

; glmpulse at minimum 69.3 738 17411723 |708|67.2|68.1]69.0]7021 696
isupply voltage [ms] :
(Duration of command
‘lmpulse atrated supply | 67.2 | 64.8 | 67.2 | 67.8 | 69.0 | 46.2 { 47.1 | 48.3 47.1 | 48,3

gvoltage Ims]




g the 5 x CO operations at the minimum supply voitage of the coils:

L2 L3
points pQ Y B0

s - |
42 Contact resistance measured durin
L WMeasuring | L

T4-2 12.4 | 114 | 118

'o‘;;t:é:;%r.%%'is'tance measured during the 5 x CO operations at the rated supply voltage of the coils:

' Measuring L1 £2 1.3
points ng LE2 (e
1-2 2.3 | 115 | 121

CGontact resistance measured during the 5 x CO opérations at the maximum 'supply voltage of the coils:

leasuring 1.1 L2 L3
points PO RQ &2
1-2 12.4 11.6 12.1:

[) Time-travet chart with opening and closing speed: See diagram 1.1 and 1.2

Speed in [m/s]; Ua=220VDC Voi | Yoz Ve
atU=1.0xUa | L2 1.18 | 1.30 0.91

;; N [l N . " -
2 The deviations from the measured mechanical time travel charts are in the allowable limits of the
i reference mechanical travef characteristics.

opening speed considered 8.25 mm after the separation in the main contacts of phase L2.
apening speed considered between 1.65 and 8.25 mm after the separation in the main contacts of phase L2
closing speed considered 3.3 mm before the touching in the mein contacts of phase L2.

Other important characteristics:

= Contact travel:

1.1 L2 L3
Totat Travel [mm] 14.8 14.9 14.9

Cont.-travel [mm] 11.2 11.3 11.2

Contact-spring
travel (mm] 3.6 3.6 3.7
=  Check of vacuum of interrupters:
80 kV DC ok

= Verification of the rated operating sequence:
0-0.35-CO-3min-CO at rated voltage ok

= Ambient atmospheric conditions:
Date: 29" April 2003, ambient air temperature: approx. 23°C




4

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUN SPRUF

0317-2 Ra

aim "1‘:4Measurement of the operating speed before the mechanical éndurance fest

npiagram1.1:
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: f\oﬂeasuring point: Insulated coupling rod in phase L2
i c Petrﬁlflng Sspeed measured: Vo= 0.91 misat U=1.0 x Ua
% O;"’{h © speed caipuiation, an enlarged similar triangle was used in order to increase th ‘accuracy
& & travel and time measurement. ' ) &
i
| T 519
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£ - 4.9: Measurement of the operating speed pefore the mechanical end

“Diagram 1.2;

i —— . C e mm e e i
ol Uy Y H:B |
FOKUSA CHIRT . B i
i
7
.—-——p—"'
: L
: [ —
) - 7 n
i ] {:’:__. — — i
1 S—— ]
T =
et —
75 e el S S = g
G iy o A A T 17X AT
T y I
Y e o o e S < ) . :
L e e | i1 H - -
- - iy
T X
= Lon ) O G X
5l R ~—1
; 5
e A iy
. n)
.“ -
S s B - AW WY ra
\ .
2730 S o o LY -~
: — 1Y = ;
VYL 5
. —— 15K 3
£ AT =
- LY o 56
b i) LY P N S
ra A -
5 - - 3
X 77
: i
1% 19" T £ X
Tag b Ah - . -."':
p 5
- Ao
F 4%. "
i - T
- C; z o a4
= s
PRl I =
-0 y = - ; £
s r; ) : a
? 1 T e ] : Va - '4‘
= — v - i
ke :_IE ) \\\ v.q L Y t * = ‘_g}[
AN W o
\ =
= e § " N I
t VLT e 7 k') '
1 4 3 S TS bl ol 07
T adl
- - . +
A
T =
- N 7S
~ |
=
5
'.; v
3 ’ 3 1 :
:: .f'_l_;. ryi “ L1 =
_ o : ==
3 -
0 &f |
, 3
o) 7 3 f =3
72t ¥, .
- . 1Akl Cy M oy -
= T i ¥
— y. BT =
1.4 # Ph: < I ead
% . T C & F.1
= ——] e SLG
2 =
M M — Y
—
b | =l 1
i N i i
i : K :
- FOROGAA ¢ BYSHAR{I0AS—04)

Measu(ing point; Insulated coupling rod in phase L2
Operating speed measured: Vo; = 1.18 m/s, Voz = 1.30 m/s at U = 1.0.x Ua

For the speed calculation, an enlarged similar triangle was used in order to increase the Accuracy
of the travel and time measurement. .
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_%""'iﬁ)ifd'péhiﬁg and closing time:

o 582'93‘2%9\;‘!8%{”13] o |07 b (?.%e; m% X 0.85tC(f.lgs>:n;*)i.1 X
Ua Ua JUa {xUa |Ua Ua

Number of oparations: 2 000 t[ms] | 66.6 | 47.4 | 44.7 | 68.4 | 63.6 | 61.5
Number of operations: 4 000 tims] | 67.2 | 45.0 | 44.7 | 684 | 64.2 | 61.8
Number of operations; 6 000 t{ms] | 67.5 | 46.5 | 44.7 | 68.1 | 63.9 | 62.1

Number of operations: 8 000 t[ms) | 67,8 | 48,0 | 457 | 67,8 | 636 | 61,1 |

d} Time spread between the breaker poles:
The time spread between the breaker poles on closing and on opening of the circuit-breaker was

méasured to < 2 ms. : (

¥ ¢) Charging time of the motorized operating mechanisim:

. i charging time after O-C operation|s]
Motor voltage : U=085xUa | U=1.0xUa U=11xUa
Ua=220VDC =187V DC =220V DC =242V DC
Number of operations: 2 000 4.04 3.23 2.80
Number of operations: 4 000 4,23 : 3.29 2.90
Number of operations: 6 000 420 3.23 2.98
Number of operations: 8 000 4,22 3.27 2.93

'm) QOther important characteristics - contact fravel:

b Contact travel in L2 Total Travel

1 [mm]

* Number of operations: 2 000 14.7

, Number of operations: 4 000 147 (
% Number of operations: 6 000 146 ‘

;| Number of operations: 8 000 14.6

@l) Time-travel chart with opening and closing speed:

Speed in [m/s]; at Ua =220 VDC L2 Vo Vor Ve

N (825mm) | (6.60 mm)  (3.30 mm)
Mber_ of operations: 2 000 1.08 1.31 . 0.91
Number of operations: 4 000 1.11 1.27 0.95
Nymber of operations: 6 000 . 1.10 1.29 0.91
2 |Number of operations: 8 000 - 1.12 1.33 0,93

A

AThe deviations from the measured mechanical time travel charts are in the allowable limits of the
sTeference mechanical travel characteristics.

faikod
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Qmi)er of operations: counter. 10027

%alb)ﬁpemng and closing time:

Ua =220V DC

X(.jl‘perating fime [ms]

- méasured during the 5 x CO operations
- at the minimum supply voltage

- at the rated supply voltage
- at the maximum supply voltage

—~

easured to < 2 ms.

AMeasured during the 5 x CO operations
at the minimum supply voltage

at the rated supply voitage

at the maximum supply voltage

i

to (Opening) t; (closing)
UM 0.7x 110xt1.1x ]085x{1.0x [1.1x
Ua Ua {Ua |Ua Ua Ua
714 | 486 | 459 | 68.4 | 63.9 | 62.1
7111 486|459 | 684 | 64.5 | 61.8
tims] | 70.2 1483|459 68.1 | 64.2 | 61.8
72.9| 486|459 | 68.7 | 64.2 | 61.8
7111483 | 456 | 68.1 { 642 | 61.8

} Time spread between the breaker poles:
4

/f) Charging time and power consumption of the motorized operating mechanism;

he time spread between the breaker poles on closing and on opening of the circuit-breaker was

motor voltage charging time current consumption | power consumption
after O-C operation [A] [W]

- [s]

: 1‘82'?/55‘53 404[4.12|4.10|4.03 | 4,06 | 0.9410.98|0.98{0.94]0.97 | 176 | 183 | 183 | 176 | 181
VetoxUa Kol .
=220V DC - - 420342311 10.9710.96]0.96|0.96[0.96] 213 | 211 | 211 § 211 | 211
Zhd-=-1.1x Ua

= 242 V DC 27112831277 |2.77{275]0.95|0.98]|0.84|0.95]10.94] 230 | 237 | 228 | 230 | 228




easured-durmg the 5 x CO operatlons
the minimum supply voltage

Shunt-release ON -MC

Shunt-release OFF -MOA

o 220V DG
‘ :’vo!tage U, >

220V DC

Currenfatmi"im“m 068 | 072 | 0.72 | 0.72 | 0.72
[ supply voltage [A ]

0.56 | 0.52 1 0.52 | 0.52 | 0.52

&l Carrent at rated supply | g0 | ( as | g a8 0.88 | 0.88
Zil voltage [A] ,

0.68 10721068 |0.68]0.68

0.96 | 0.96

i Current at maximum 0.96 | 1.0  0.96

0.76 | 0.76 | 0.76 | 0.76 | 0.76

; h) Duratign of closing and opening command impuise:
£

Measured during the 5 x CO operations
- at the minimum supply voltage

at the rated supply voltage

at the maximum supply voltage

Shunt-release ON -MC

Shunt-release OFF -MO1

-z:mpulseatmmnmum 696 { 69.6 | 69.3 | 69.9 | 9.3

705723699 | 738|726

o puratlon of command

_jrmpu!se at rated supply | 65.7 | 66.3 | 86.0 | 66.0 | 66.0
Zfvoltage [ ms |

50.7 1 50.4 | 51.9 | 51.6 | 50.7

2 ‘Duration of command

51.9 1507 | 522 | 51.6 | 50.7

17 -
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/4

of the coils;

L1 1.2 L3
uQ | pQ HQ
135 | 136 | 132

fontact resistance measured during the 5 x CQ operations at the rated supply voltage of the coils:

:Measuring L1 L2 L3

! points pQ uQ el
1-2 14,3 | 14.1 13.3

B

-%:ontact resistance measured during the 5 x CO operations at the maximum supply voltage of the coils:

Measuring 11 L2 L3

:  points O 1o} pa
1-2 13.8 | 140 | 1371 |

Ay
e

j Time-travel chart with opening and closing speed: See diagram 2.1 and 2.2

TR

£

"3 Speed i [mis]; Ua=220VDC Vor | Voz Ve
s gatU=10xVa : [ L2 1.22]11.37] 0.89

#he deviations from the measured mechanical ime trave! charis are in the allowable limits of the
: gj;eference mechanical travel characteristics.

;-;;201: opening speed considered 8.25 mm after the separation in the main contacts of phase L2,
" glo2:  opening speed considered between .65 and 8.25 mm after the separation in the main contacts of phase L2.
T closing speed considered 3.3 mm before the touching in the main contacts of phase L2,

T s§1) Other important characteristics:
" ‘Contact travel:

L1 L2 L3
Total Travel [mmj] |- 14.6 14.7 14.8

i

Cont.-travel [mm] 11.0 11.2 11.1
Contact-spring

travel [mm] 3.8 3.5 3.5
= CheckK of vacuum of interrupters:
60 kv DC ok

= Verification of the rated operating sequence:
0-0.3s-CO-3min-CO at rated voitage ok

Ambient atmospheric conditions:

Date: 23" May 2003, ambient air temperature: approx. 22°C

T e e )

T T

M
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“" Sheet: 20

fagram 2.1: Measurement of the operaiiné Speed after the mechanical endurance test
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g Measuring point; insulated coupling rod in phase 1.2
i Operating speed measured: Ve = 0.89 m/s at U = 1.0 x Ua

- For the speed calculation, an enlarged similar tr
. of the travel and time measurement,

tangle was used in order to increase the e ,/dcy,'
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_ Measuring point; Insulated coupling red in phase 1.2

Operating speed measured: Vo; = 1.22 m/s, Vo, = 1.37 mis at U = 1.0xUa

of the travel and time measurement,

For the speed calculation, an enlarged similar friangle was used in order {o increase the accurag

S =y [ T ety e et gt et




. fpepontNo. 0317-2Ra

Lol

RSP

i
3 ]

Evaluation of the reasurements before and dter the test program

‘!}"‘:—ff-“lh‘ﬁ}:ﬂ»ﬁﬁ?&kﬁl’kﬁﬂ?-:?iﬁﬂl@f =

23
=

?g he reference mechanical travel characteristic was recorded at the rated supply voltage before the
* gendurance fest. Al measured travel-curves fall within the fimits of the two envelope curves which

itharacterize the allowable deviations from the reference curve,

i

2

i*)

e

b
=

Al characteristics measured before and after the test program do not show unhacceptable variations,

S

pRENERES

he circuit-breaker operated only on command and did not operate without command.

A
=

o

bl

;;fter 6 400 operating cycles, the openil’hg' hook assembly was replaced.
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é;qeasuring Instrumerit Record

GESELLSCHAFF FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUN(ff
A . Shee

-

%est job no.: 940

=

‘object tested: VD4 17.20.32

Jate of test: 29" April — 23 May 2003

gest report: PEHLA 0317-2Ra

g};est operator: OttiSchitler

§ .

%ﬁrument ident.-no. Measuring Remarks
-...-dicroohmmeter ELK 001111 | 2Dp2/ 200uQ2 Resistance measurement

‘?{OZA 50 -

Sesistive travel pick-up | ELK 001076 |5kQ Travel time meaasurement

e

%pe lino pot Ts 50 602
Bm7100
%ransient memaory

A

0

YEW-3063
Hlulti-pen

’ "‘fﬁgﬁde caliper rule

ELK 000466 |+2 V/{full scale
. 50us/word,
channel 4 (12 bit)

ELK 000464 |0.25 Vlcm-vernier
10 emimin, channet 4

LAE 002162 {0-300 mm

Shunt 1.5A/150mV
1M 7100
dransient memory

YEW.3063

ELK 001044 [1.8A/1560mV Current measurement (MC/MO1)
ELK 000466 |+20/0.2 V/full scale Operating time measurement,

50 psec/word/10ms/word
channel 1,2, 3,8

(8 hit)

. ELK 000464 |Channel1, 2, 3,8,
Hulti-pen 0.25/1 Vicm-calfvernier
g 10 cm/min
#lectronic time clock ELK 001231 |0-100s .~ | Charging time measurement
-j;.}%ﬂigor 6E ELK 000389 1A Motor current measurement
“alidar-Vacuums- DRU 000026 {40/60kY DC Vacuum-Checker-Test
hecker-Test device
ELK 000359 {300V DC Voltage measurement
FEU 000022 |-30°C - +50°C temperature measurement

S
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GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Member of the Shor-Circuit-Tesling Liaison (STL)

Test Report

Report No.! 0303Ra Copy No.: 0 Contents: 59 Sheets

Equipment under test: Vacuum circuit-breaker type VD4.17.20.32 (17.5 kV, 2000 A, 31.5 kA) equipped
with vacuum interrupters type VG4S.

Manufacturor:
Circuit-breaker: ABB T&D SpA, Divisione Sace T.M.S, Via Friuli, 4 - 24044 Dalmine (BG), Italy

Pole parts inclusive
yacuum Interrupters: ABB Calor Emag Mittelspannung GmbH, Oberhausener Str. 33, 40472 Ratingen,

Germany
Cllent: ABB T&D SpA, Divisione Sace T.M.S, Via Friuli, 4 — 24044 Dalmine (BG), Italy
Testing staffon: PEHLA-Testing Laboratory Ratingen
Date of test! g and 10™ January 2003

Applied test specifications:

The tests have been carried out in accordance with the client’s instructions.

Test procedure and test parameters were based on.

1EC 62271-100/2001-05, Clauses 6.106.1, 6.106.2, 6.106.3, 6.106.4, 6.106.5, 6,108.3

STL-Guide to IEC 60056: 4™ Edition: 1987, Amendment Stip No. 2

Tests performed:

Basic short-circult test-duties T10 - T100 and double-earth fault breaking test.

No-load operations and measurement of the resistance of the pole parts before and after the tests.
Power-frequency withstand voltage test at 38.0 kV ~ 1 min before and after the tests.
Measurement of the time-travel characteristic before and after the tests.

For further details see sheet no, 3.

Test results:

s e vacuum circuit-breaker passed the mentioned test successfully,

SR P SOHE TN GESELLSCHAFT FUR ELEKTRISCHE
N @3"‘\3 HOC‘&( HOCHLEISTUNGSPRUFUNGEN
e
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[

1

Ve Technical Committeé

Mannheim, 31* R | " ?/% lv Q 3
\ a b J: .Y, : -——-—Ekl

Dautscher
 Akkreditierungs
" Rat :

The test results refate onfy to the items to

Without 3 writlen permission of PEHLA it is gwead to make reproduction in extracts of this
document. Copying the cover sheet accompanied by sheet 2 and the sheets mentioned here is
an exception. '
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GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNG

heel:

Accreditation

The PEHLA-Tesling Laboratory Ratingen has been approved by the DATech (German accreditation body for
techitology) according fa DIN EN ISOAEG 17025 for tests in the field of high-voltage switchgsar and conirolgear and
power engingering equipment (Registration-No. DAT-P-032/93).

Under reference to DIN EN [SOAEC 17025 PEHLA states the following:

- The accreditation of the PEHLA-Testing Laboratory or any of its test reports by themselves in no way conslitule
or imply product approval by DATech or any other body.

- If someang refers to a fest in an accredited PEHLA-Testing Laboratory this reference shall include the
accreditation body, i.e. DATech, the relevant scope of the accreditation and the appropriate registration number.

STi-Member

PEHLA is foundation-member of the Shart-Circuit Testing Liaison {STL) which has been founded in March 1969.
STL is & forurm for the international co-operation of the tesfing organisations with the further full members ASTA {GB),
CESI (1), ESEF {F), KEMA {NL), SATS (N, S, AIR) and STLNA {LJSA). In the Framework of EC, STL has heen .
recognised in 1992 by EOTC as agreement group. (

PEHEA-Documanis

A Cerlificate

is Issued for lype tests which have successfully been carried out in full compliance with the relevant specifications or
standards and STL Guides valid at the time of the test.

For these tests the equipment under test mus! be clearly identified by technical description, drawings and addilional
specifications.

A Test Document

is issued for parts of type tests which have successfully been carrled out in full compliance with the relevant
specifications or standards and STL Guides valid at the time of test.

For these tests the equipment under test must be clearly identified by technical description, drawings and additional
specifications.

A Test Report

is issued for all other tests which have been carried out according to specifications, standards or "PEHLA-Richtlinien”
(PEHLA Guides) and/or clients instructions.

Similarly, this test report contains all test results, details of the conditions under which the tests were carried out, also
details relating to the behaviour of the equipment during test, and its condition after the tests.

Addresses:

Office: PEHLA-Geschaftsstelle
Hallenweg 40
68219 Mannheim, Germany

Testing Station:  PEHLA-Testing Laboratory Ratingen
Oberhausener Str. 33
40472 Ratingen, Germany

Manufacturer:  ABB T&D SpaA, Divisione SACE T.M.S. ABB Calor Emag Mittelspannung GmbH
Via Friuli, 4 Oberhausensr Str. 33
24044 Dalmine (BG}), ltaly 40472 Ratingen, Germany

Client: ABB T&D 8pA, Divisione SAGE T.0M.S.

Via Friufi, 4
24044 Dalmine (BG), italy
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Tests performed:
Basic shori-circuit test series T10 - T100 and double-earth fault breaking test.

Ti0:  5.56 kA at 18.9kV/3.54 kA at 18.8kV/3.56 kA at 18.8 kV
(10 % 15 0-0.3s-CO-3min-CO).

T30: 10.2kAat18.1kV/10.2kAat 186 kV/10.1 kA at 185KV
{30 % s 0-0.35-CO-3 min-CO}.

T60: 19.0kAat185kV/1B5kAal17.6kV/18.6 kAat18.1 kV
(60 % s, O-0.35-CO-3min-CO).

T100s: 33.2 kA at 20.8KV /32.3 kA at 19.3 KV / 32.3 kA at 19.5 kV
© (100% Iy, ©-0.3 s-CO-3min-CO).

T100a: 31.5 KA {24.3%pc-comp) at 19.6 KV / 32.0 kA (32.2%pg.comp.) 8t 19.6 kV/
31 .6 kA (26‘8%00‘&}?“9.) at 19.6 kV
(1 00% [sc Oasymjoasymloasym)-

Double-earth fault breaking test: 27.8 kA at 18.7 kV
No-load operations and measurement of the resistance of the pole parts before and after the tests.

Power-frequency withstand voltage test at 38.0 kV — 1 min before and after the tests.
Measurement of the time-travel characteristic before and after the tests.
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List of Test Pariicipanis

Representatives of the Test Commiites:

Mr. Q. Heit PEHLA-Testing Laboratory fMannheim, Germany

ir, K.-H. Disrgardt PEHLA-Testing Laboratory Ratingen, Germany

Test Engineer:
Mr. K.-H. Diergardt PEHLA-Testing Laboraiory Ratingen, Germany

Represeniatives of the Client:

Mr. 8. Magoni ABB TaD SpA, Division SACE T.M.S,, ltaly
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Technical Data of Test Object

Switching Device —~ Circuit-Breaker
Ratings assigned by the manufacturer

Test Object:

Type:
Manufacturer:

Vacuum circuit-breaker
VD4.17.20.32
Circuit-breaker: ABB T&D SpA, Divisione Sace T.M.5, Via Friuli, 4 -- 24044 Dalmine (BG), ltaly
Pole parts including

vacuum interrupters: ABB Calor Emag Mittelspannung GmbH, Oberhausener Str. 33, 40472 Ratingen,

Germany
Serial-No.: AG00048045 Year of manufacture: 2002
Brawing No.: see sheet 7
Vacuum interrupter: Type: VG4S L1: No. 5081, L2: No. 5002, L3: No. 5006
Drawing No.: see sheet 7
Rated voltage 17.5 kY
Rated lightning impulse withstand voltage g5 kV
Rated switching impulse withstand voltage - kV
Rated power frequency withstand voltage 38 kv
Rated frequency 50 Hz
Rated normal current 2000 A
Rated peak withstand curremnt 80 kA
Rated short-time withstand current 31.5 kA
Rated duration of short-circuit 3 s
Rated short-circuit breaking current at 17.5 kV 31.5 KA
$.C. component 30 %
Rated short-circuit making current at 17.5 kV 80 kA
Rated transient recovery voltage:
Peak value 30.0 KV
Rate of rise 0.42 kVius
First-pole-to-clear-factor 1.5
Rated operating sequence 0-0.35-CO-3min-CO
Arc extinguishing medium Vacuum
Number of poles 3
Number of units per pole i
Rated opening time >45 ms
Rated closing time approx. 70 ms
Rated voltage of trip coil 220 V-DC
Rated voltage of closing colil 226 V-DC
Rated supply voltage 220 V-DC
Rated frequency of supply valtage - Hz

Essential characteristics;

Motor Drive Type 701 921/804 Serfal No. CA 69T L02 D (EL1)

Date of receipt of test object: 7" January 2003




List of Drawings

The manufacturer has guaranteed, that the equipment submitted for test has been
manufactured in full accordance with the following drawings. PEHLA has verified that these
drawings adequately represent the equipment tested. These drawings have been stamped
and sighed by PEHLA representatives and are kept

B with the test documents at the test laboratory.

[] at the client.

The drawings contained in this document are identical with the checked, stamped and signed

drawings.
Drawing-No. Revision | Title Additional remarks
TN. 7408 M5234 | VACUUM CIRCUIT BREAKER Included in this Test Report

TYPE VD4 12-17.5 kV 1600-2000-2500A

GCE7005745R0152 |01 pole VD4p 12kV 2500A 31,6kA H=310 Included I this Test Report
510507 50535 OPERATION MECHANISM ASSEMBLY | Included in this Test Bepott
5105664 50535 CLOSING SPRINGS ASSEMBLY -
Parts list
510564 Ass. molle di ch. com. E[1
510507 Assieme commando EL1 -
GCE7005745R0152 Pol VD4P 12kV 2000A 31,5kA H=310 -
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Technical Data of Test Circuits

Test Basic Shoit-Circulf Test-Duty T80 Ti00
Test No. 0303Ra 04 - 07 08 —-19
Number of phases {test circuit) 3 3
Rated voliage kV 17.5 17.5
Number of poles or phases (test object) 3 3
Voltage dislribution % - -
Power frequency Hz 50 50
Power factor cOSs @ £0.15 <045
Earthing, Generator / System earthed via 5 KQ earthed via 5 K&
conditions Transformer not earthed not earthed
Short-circuit point earthed earthed
Short-circuit breaking current KA 18.9 31.5
Test frequency Hz - -
Crest value of iniscted current kA - -
Corresponding test frequency Hz - -
Transient Recovery Voltage required actual required actual
values values values values
TRV peak value u; kv 320 37.3 30.0 290.6
Timet, or g js 31.0 36.0 71.0 64.0
Time delay 1y 1S - - - -
Rate-of-rise Uy /ty or u / {5 kVius 1.04 1.04 0.42 0.46
Voltage u; kv - - - -
Time t; us - - - -
First peak u; kV - - - -
Time t. us - - - -
Rate of rise u iy kV/us - - . -
Surge impedance 4| Q - - - -
Time De}ay tdL s - - - -
Crest value uy kv - - - -
Grest value U, kv - - - -
Voltage measurements - Dividers - Dividers
- 4.5 MQ/ . 4.5 MQ/
10 kQ 10 kO
Current measurements - Shunts - Shunis
- 37.6 1Q - 37.6 UQ

Remarks: -

g
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Technical Data of Test Circuils

Test Basic Short-Circuit Test-Duty

T30 T10
Test No. 0363Ra 20~ 24 2527
Number of phases {test eircuit) 3 3
Rated voliage kv 17.5 17.56
Number of poles or phases (test object) 3 3
Voliage distribution % - -
Power frequency Hz 50 50
Power faclor CoS ¢ <0.15 <0.15
Earthing Generator / System earthed via 5 kQ earthed via 5 kQ
conditions Transformer nct earthed not earthed
Shori-circuit point earthed earthed
Short-circuil breaking current kA 9.45 3.15
Test frequency Hz - -
Crest value of injected current kA - -
Corresponding test frequency Hz - -
Transient Recovery Voltage required actual required actual
values values values values
TRY peak value u, kV 32.0 35.0 32.0 35.4
Time p or ty ps|  15.0 56.5 * 15.0 49.0 *
Time delay 14 [Ls - - - -
Rate-of-rise uy ftyoru, /1y kVius 2.14 0.62 2.14 0.72
Valtage u, kV - - - -
Time t us - - - -
First peak u_ kv . - - -
Time us - - - -
Rate of rise uft; KVius - - - -
Surge tmpedance Z;. Q - - - -
Time Delay ty. i - - - -
Crest value ur kV - - - -
Crest value u, kV - - - -
Voltage measurements - Dividers - Dividers
- 45 MQ/ - 4.5 MQ/
10 kQ 10 k2
Current measurements - Shunts - Shunts
- 37.6 1Q - 37.6 UIQ

Remarks:

*1" Due to limitations of the test plant, the length of time 1 of the TRV is greater than the rated value.
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Technical Data of Test Circuits

Test Dauble-garth faull test -
Test No. 0303Ra 29-31
Number of phases {tesl circuil) 2 -
Rated voltage kv 17.5 -
Number of poles or phases (test obiect) 1 -
Vaoltage distribution Yo - -
Power frequency Hz 50 -
Power factor COS ¢ <015 .
Earthing Generator / System garthed via 5 kQ -
conditions Transformer not earthed -
Shorf-circuit point earihed ' -
Shor-circuit breaking current kA 27.4 -
Test frequency Hz - -
Crest value of injecied current kKA - -
Corresponding test frequency Hz - -
Transient Recovery Vollage required actual required actual
values values valuas values
TRV peak valus u, kv 34.6 34.1 - -
Timet, oris s 81.9 77.5 - -
Time delay {4 s - - - -
Rate-of-rise uy / ty or u, /i3 kVius 0.42 0.44 - -
Voltage u; kV - - - -
Time t us - - - -
First peak u, kV - - - -
Time t, Us - - - -
Rate of rise u/t, k¥ius - - - N
Surge impedance 7| Q - - - -
Time Delay ty_ Hs - - - -
Crest value uy KV - - - -
Crest value u, kv - - - -
Voltage measUrements - Dividers - -
- 4.5MQ/ - -
10 kS
Current measurements - Shunts - -
- 37.6 pQ - -

Remarks: -
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Report No.: )JSﬁéRa A [

\ Principle Diagram of Three-phase Test Circuils
i Basic Short-circuit Tesl Dulies T10 - T100

G Generator

| ,
%T\ Master Breaker
2\ | Make Switch

Inductance
Resistor
Transformer
L L L Shunts
rw

| Voltage
Dividers
o | Testobject
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Principle Diagram of Single-phase Test Circuit

Generator

Master Breaker

Make Switch (

Inductance
Resistor
Transformer
Shunts ,

I Voltage
‘ Dividers

Test Object
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Short-Circuit Making and Breaking Tests

Circuit-breaker

Test duty: 160

Date of test: 09" January 2003

Condition of test object before test: Factory hew.

Connections to test object: By means of copper bars to the upper terminals of the

circuit-breaker. Lower terminals of the circuit-breaker short-
circuited and earthed.

Are extinguishing medium: Vacuum
[Test No, PEHLA 0303Ra 6 7
Operating sequence 0 -0.3s - CO - 3min - CO
Applied voltage kv - 18.6 i7.7
Short-circuit making current L1 - 44.2 34.7
kA L2 - 39.2 47.0
13 - 51.3 50.7
Short-circuit L1 19.6 18.4 18.6
breaking current Short-circult current kA 1.2 17.8 18.5 18.5
L3 19.6 18.7 18.8
Average vaiue kA 19.0 18.5 18.6
L1 <20 <20 <20
d.c. component % L2 <20 <20 <20
L3 <20 <20 < 20
Recovery voltage L1 10.7 101 10.5
kv L2 10.7 i0.1 10.4
i3 10.7 10.2 10.4
Average value {(phase-lo-phase) kV - 18.5 17.6 18.1
Transient Recovery Voltage (TRV), - - -
first-pole-to-clear kV 33.4 33.8 35.8
Arcing time i1 1.0 2.2 1.4
ms L2 6.6 7.0 8.2
L3 7.0 7.8 8.2
Closing time ms - 84.6 65.5
Opening time ms 69.7 701 71.6
Result P p p

Legend: P: Positive,

Remarks:

PEHLA 0303Ra/01;
PEHLA 0303Ra/ 02:
PEHLA 0303Ra/03:

breaker cleared or breaker closed and cleared N: Negative, breaker failed

Current calibration
No-load operaticns before tests
Voltage calibration

PEHLA 0303Ra /04 and 05:  Tests with reduced values
PEHLA 0303Ra /06 and 07:  The operating devices are supplied at their minimum voltage.

Condition of test object after test: Circuit-breaker without functional or visible change.
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