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PEHLA

Report No.: 0231

Test Object:
Type:

Manufacturer:

Clreuit-brea

Pole parts including

Ra

Technical Data of Test Object

Switching Device — Circuit-Breaker
Ratings assi ned'bme manufacturer

Vacuum circuit-breake
VD4.17.12.32

ker: ABB T:%

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Sheel: B

Vel 41

pA, Divisione Sace T.M.S, Via Friuli, 4 — 24044 Daimine (BG), ltaly

vacuum interrupters: ABB Calor Emag Mittelspannung GmbH, Oberhausener Str., 33, 40472 Ratingen,

Serial-No.:
Drawing No.:

Vacuum interrupter:

Drawing No.:

Germany

AC00043879
see sheet 7

see sheet 7

Rated voltage

Rated lightning impulse withstand voltage

Rated switching impulse withstand voltage
Rated power frequency withstand voltage

Rated frequency

Rated normal current

Rated peak withstand current
Rated short-time withstand current
Rated duration of short-circuit
Rated short-circuit breaking current at 17.5 kv
D.C. component
Rated short-circuit making current at 17.5 kv
Rated transient recovery voltage:
Peak vaiue
Rate of rise
First-pole-to-clear-factor
Rated operating sequence
Arc extinguishing medium
Number of poles
Number of units per pole
Rated opening time
Rated closing time
Rated voltage of trip coil
Rated voltage of closing coif
Rated supply voltage
Rated frequency of supply voltage

Essential characteristics:

Moter Drive Type 701 921/804, Serial No. CA8DC L02 D (ELT)

Date of receipt of test object: 11" November 2002

LT

——r———

Type: VG448 L1: No. 3690, L2: No. 3559, L3: No. 5133
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3
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30
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kv
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The manufacturer has guaranteed, that the equi

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

List of Drawings

Sheet: 7

nt submitied for test has been

[

manufactured in full accordance with the followu%@?wmgs PEHLA has verified that these
drawings adequately represent the equipmeptiested: These drawings have been stamped
and sighed by PEHLA representatives a b/d are kept

> with the test documents at the test ta

[_] at the client.
The drawings contained in this document are identical with the checked, stamped and signed

oratory.

drawings.
Drawing-No. Revision | Title Additional remarks
TN. 7405 M5234 |VACUUM CIRCUIT BREAKER TYPE Included in this Test Report
VD4 12-17.5KV 630-1260A

GCE70039756R0131 |00 pcle complete VD4P 12kV 1250A 31,5kA | included in this Test Report
510607 50535 OPERATING MECHANISM ASSEMBLY |Included in this Test Report
510564 50535 CLOSING SPRINGS ASSEMBLY -

Parts list -
@0564 Ass. molle di ch. com. EL1 -

510507 Assieme commando EL1 -
GCE7003979R0131 Pol vst. 40,7 3150N H205 12/171231 VG4S5 -

RO
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Report No.: 0231Ra Sheet: 10
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Report No.:  0231Ra

Technical Data of Test Circuits

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Sheet:

//——-«‘\ /'/
Test Basic Short-Circuit TesttDyty™" T60 T100
Test No. : " 0231Ra 06 — 08 09 - 24
Number of phases _~ (test circuit) 3 3
Rated voltage P KV 175 17.5
Number of poles or phases” (test object) 3 3
Voltage distribution % - -
Power frequency Hz 50 50
Power factor GOS @ £0.15 50.15
Earthing Generator / System earthed via b kQ earthed via 5 kQ
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 injected current kA - -
Corresponding test frequency Hz - -
Transient Recovery Voltage required actual required actual
values values vaiues values
TRV peak value U, KV 32.0 37.3 30.0 20.6
Timet; orts s 31.0 350 71.0 64.0
Time delay {4 1s - - - -
Rate-of-rise Uy / ty or U / t5 kVius .04 1.04 0.42 0.46
Voltage uy kV - - - -
Time t, us - - - -
First peak u_ KV - - - -
Time tL it - - - -
Rate of rise uJ/t KV/us - - - -
Surge impedance Z;, Q - - - -
Time Delay ta us - - - -
Crest value ur kv - - - - 7
Crest value u, kv - - - -
- < _
Voltage measurements - Dividers - Dividers
- 4.5 M/ - 4.5 MG/
10 kQ 10 k@
Current measurements - Shunts - Shunts
- 37.6 pQ - 37.6 uQ

Remarks: -

A i

I S

.""
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GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.: 0231Ra Sheet: 12
Technical Data of Test Circuits
e
X/
Test Basic Short-Circuit Test 7 T10 T30
Test No. A0231Ra 25-27 28 - 31
Number of phases (test circuit) 3 3
Rated voltage kV i7.6 17.5
Number of poles or phases < {test object) 3 3
Voltage distribution % - -
Power frequency Hz 50 50
Power factor cOS @ £0.18 <0.15
Earthing Generator / System earthed via 5 kO earthed via 5 kQ
conditions Transformer not earthed not earthed
Short-circuit point earthed earthed
Short-circit breaking current kA 3.15 9.45
Test frequency Hz - -
Crest value of injected current kA - -
Corresponding test frequency Hz - -
Transient Recovery Volitage required actual required actual
values values values values
TRV peak value u, kv 32.0 35.0 32.0 35.4
Time tyorty us| 15.0 56.5 * 15.0 49.0 *'
Time delay t; LS - - - -
Rate-of-rise u; / ty or u. / s kVius 2.14 0.62 2.14 0.72
Volfage uy KV - - - -
Time t, us - - - -
First peak u, kV - - - -
Time t, us - - - -
Rate of rise u/t, KV/us - - - -
Surge impedance Z; Q - - - -
Time Delfay ty us - - - ”
Crest value uy kV - - - -
Crest value u, kv - - - -
Vollage measurements - Dividers - Dividers
- 4.5 MQ/ - 4.5MQ/
10 KQ 10kQ
Current measurements - Shunts - Shunts
- 37.6 uQ - 37.6 uQ

Remarks:

“1 " Due to limitations of the test plant, the length of time t; of the TRV is greater than the rated value,
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Report No.:  0231Ra Sheet: 13

Technical Data of Test Circuits

. /’/7\// S

Test Basic, Short-Circuit Test Double earth fault test -
Test No, )l 0231Ra 35 -
Number of phases pd (test circuit) 2 -
Rated voltage’ - kv 17.5 -
Number of poles or phases (test object) 1 -
Voltage distribution % - -
Power frequency Hz 50 -
Power factor €05 © £0.15 -
Earthing Generator / System earthed via 5 kQ -
conditions Transformer not earthed -
Short-circuit point garthed -
Shart-circuit breaking current kA 27.4 -
Test frequency Hz - -
Crest value of injected current kA - -
Corresponding test frequency Hz - -
Transient Recovery Voltage required actual required actual
values values values values
TRV peak value u, kv 34.6 - 341 - -
Timet; or ity us 81.9 77.5 - -
Time delay {3 us . _ N -
Rate-of-rise uy /t; or v/ t3 kKVius 0.42 0.44 - -
Voltage u; - - KV - - - -
Time t, us - - - -
First peak u_ kV - - - -
Time i us - - - -
Rate of rise u /i kKVius - - - -
Surge impedance Z,, Q - - - -
Time Delay ty us - - - -
Crest valute Uy KV - - - -
Crest value u, kv - - - -
Voltage measurements - Dividers - -
- 4.5 MQ/ - -
10 kQ
Current measurements - Shunts - -
- 37.8 uQ - -
Remarks: -
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Reporl No.: 0231Ra Sheet: 14

Principle Diagram of Three-phase Test Circuits
Basic Short-circuit Test-Duties T10 — T100

Generator

Master Breaker

Make Switch

SN

Inductance

Resistor

Transformer

L L L Shunts {
—%" Yoltage @

" Dividers

Test Object
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Report No.: 0231Ra Sheet: 15

Principle Diagram of Single-phase Test Circuit

G Generator

\ei:;\ "Master Breaker
2\ | Make Switch

Inductance

Resistor

Transformer

Shunts
(LIL

L
\%ﬁ Test Object

1 Voltage %
4 Dividers .
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Repori No.: 0231Ra Sheel: 16

Short Circuit Making and Breaking Tests

; » ,Clrcuit-breaker
Test duty: /

o

Date of test: 19™ December 2002
Condition of test obje):}before test: Factory new,
Connections fo test.chject: By means of copper bars to the upper terminals of the
4 circuit-breaker. Lower terminals of the circuit-breaker short-
circuited and earthed
Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra : 06 | o7 | 08
Operating sequence i 0 -0.35 ~CO - 3min — CO — 8min - CO
Applied voltage KV - 18.4 17.4 18.4 (
Short-circuit making current L1 - 44.3 341 35.2
kA L2 - 329 48.5 47.4
L3 - 496 50.7 52.2
Short-circuit L1 18.1 18.5 18.4 18.9
breaking current Short-circuit current | kA | 1.2 19.0 18.0 18.9 19.4
L3 19.3 18.6 18.8 19.3
Average value kA - 19.1 18.7 18.7 19.2
L1 <20 <20 <20 <20
d.c. component % |12 <20 <20 <20 <20
L3 <20 <20 <20 <20
Recovery voltage £1 10.6 10.2 10.4 10.4
kv |L2 10.6 10.2 10.4 10.6
L3 10.4 10.3 10.4 10.4
Average value (phase-to-phase) kV] - 18.0 17.7 18.0 18.2
Transient Recovery Voltage (TRV), - - - -
first-pole-to-clear kv 31.8 31.3 38.3 38.8
Arcing time L1 9.1 7.0 2.4 1.8
ms|L2 4.6 20 7.2 7.0 ,
L3 9.3 6.8 7.0 6.8 (
Closing time ms| - 62.9 65.3 65.5 )
Opening time ms! 62.9 66.4 65.0 65.7
Result i P P P P 5
Legend: P: Positive, breaker cleared or breaker closed and cleared N: Negative, breaker failed : F\/
Remarks:
PEHLA 0231Ra/ 01: Current calibration ‘
PEHLA 0231Ra /02 No-load operation
PEHLA 0231Ra / 03: Voltage calibration

PEHLA 0231Ra/ 04 and 05:  Tests with reduced values
PEHLA 0231Ra/ 06 to 08&: The operating devices are supplied at their minimum voltage.

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

PH n_
& ORI
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Report No.: 0231Ra Sheet: 17

Test no.
e PEHLA 0231Ra /086

i
WA
i

=

OEE IR NEENEREEE
1] )

=100

':Hf,:‘
8

. T

290




IPEBIBLA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.:  0231Ra Sheel: 18
Test no.
PEHLA 0231Ra /06
Transient Recovery Valtage, First O
X o )
~
e : 0
/]
b3
2
R .
RE
i 8
{
* 8 ° %5 % 8 8 & & g
|
{M] 1 i

291




PEHLA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

_—Report No.: 02231Ra Sheet: 19
Test no.
‘ PEHLA 0231Ra /06
= Transient Recovery Voltage, Second O
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Report MNo.: 0231Ra o _ Sheet 20
T Test no.
P A 0231Ra /07
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Test no.
PEHLA 0231Ra / 07
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Report No.:  0231Ra Sheet: 22

Test no.
PEHLA 0231Ra /08

500 M w0
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Report No.: 0231Ra Sheet: 23

Test no.
PEMLA 0231Ra /08
Transient Recovery Valtage
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Report No.. 0231Ra Sheetf: 24

_Short-Circuit Making and Breaking Tests

- \ ) Circuit-breaker
-l

Test duty: / T100s

Date of test: e 19" December 2002

Condition of test object before test: As after test PEHLA 0231Ra / 08,

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

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

Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra 10 | 11
Operating sequence 0 -0.3s5-C0O-3min-CO N
Applied voltage KV - 20.1 19.9 (
Short-circuit making current L1 - 65.7 61.0 '
kA 12 - 79.6 76.8
i3 - 84.5 87.1
Short-circuit : L1 324 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 32.8 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 11.0
KV L2 11.0 10.2 11.6
L3 10.7 10.3 11.3
Average value {phase-to-phase) kv - 18.6 17.6 19.5
Transient Recovery Voltage (TRV}, - - -
first-pole-to-clear kv 322 35.2 326
Arcing time L1 9.4 1.8 1.6
ms L2 4.2 7.1 6.6
L3 9.4 6.8 6.8
Closing time ms - 62.0 65.6
Opening time ms 63.4 66.4 67.4
Result P P P

Legend: P: Positive, breaker cleared or breaker closed and cleared Ni 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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Report No.: 0231Ra Sheef: 25
Test no.
/PEHLA 0231Ra /10
W) [m
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_ Test ho.
N R PEHLA 0231Ra/ 10
: Transient Recovery Voltage, First O
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Test no.
PEHLA 0231Ra/ 10
Transient Recovery Voltage, Second O
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Test no.
PEHLA 0231Ra /11
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Test no.
PEHLA 0231Ra/ 11
Transient Recovery Voltage
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Short-Circuit Making and Breaking Tests

Circuit-breaker

Test duty:

Date of test: /
Condltion of test object be;f,_or test:

Connections to test object:

N\ T100a
18" December 2002
As after test PERLA 0231Ra/ 11,

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Sheet: 30

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

circuited and earthed.

Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra 21 22 23 24
Operating sequence O O O O
Applied voltage kV - - - -
Short-circuit making current L1 - - - -
kA L2 - - - -
L3 - - - -
Short-circuit L1 33.0 326 32.3 322
breaking current Short-circuit current kA 12 33.2 33.7 33.5 33.4
' L3 337 331 33.0 33.8
Average value kA 33.3 331 33.0 3341
L1 <20 247 23.7 28.8
d.c. component % L2 30.3 <20 <20 27.6
L3 26.6 27.9 286.7 <20
At1 L1 - - - i2.0
ms 12 12.3 - - -
- 13 - 12.0 12.0 -
JPeak last loop L1 - - - 571
kA L2 58.8 - - -
L3 56.8 56.8 -
Recovery voltage L1 10.8 11.2 11.3 11.0
kv L2 11.3 11.2 11.1 10.7
13| 112 112 10.9 106\
Average value (phase-io-phase) kv - 18.2 19.4 19.2 18.7
Transient Recovery Voltage {TRV), - - - -
first-pole-to-clear KV 341 31.3 31.7 kit
Arcing time L1 5.4 22 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 to 16: .
PEHLA 0231Ra f 17 to 20
PEHLA 0231Ra /2110 24

Tests with reduced values
Tosts for determination of prospective dc components
The operating devices are supplied at their maximum voltage

Condition of test object after test: Circuit-breaker without functional or visible change.
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Short-Circuit Making and Breaking Tests

Circuit-breaker
)

Test duty: T10

Date of test: 19" December 2002

Condition of tf§t object before test: As after test no. PEHLA 0231Ra/ 24.

Connections to fest object; By means of copper bars to the upper terminals of the

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

Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra 25 R
Operafing sequence 0-0.35 - CO - 3min = CO - 5min - CO )
Applied voltage kv - 86 17.0 17.7 (
Short-circuit making current L1 - 8.50 7.20 6.60
kA L2 - 6.80 5.50 6.90
L3 - 6.20 8.10 8.40
Short-circuit L1 3.42 3.47 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 3.41 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 0.69
kv L2 i0.7 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.erx n.e* ne.* 35.5
Arcing time L1 3.2 6.0 74 B.6
ms L2 7.4 2.0 7.0 8.2 (
L3 82 6.0 26 34 /) .
Closing time ms - 66.9 66.8 [ 86.0
Opening time ms 60.5 63.5 63.5 62.6
[Result p P P P

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

Remarks:
PEHLA 0231Ra/25to 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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Short-Circuit Making and Breaking Tests
Circuit-breaker
Test duty: T30
Date of test:

1" Dece?) r 2002
As after tést PEHLA 0231Ra/27.

By,mé\s of copper bars to the upper terminals of the
circuit-breaker. Lower terminals of the circuit-breaker short-
circuited and earthed.

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

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

Remarks:

Tests with reduced values

Arc extinguishing medium;: Vacuum
Test No. PEHLA 0231Ra 30 | 31
{Operating sequence 0-0.3s-CO-3min-CO
Applied voltage kv - 18.8 17.7
Short-circuit making cuirent L1 - 24.2 19.4
kA L2 - 18.0 19.3
L3 - 20.7 25.6
Short-circuit L1 0.60 9.69 9.86
breaking current Short-circuit current kA L2 9.71 9.87 9.98
L3 974 9.00 9.94
Average value kA 9.69 9.81 9.83
' L1 <20 <20 <20
d.c. component % L2 <20 <20 <20
L3 <20 <20 <20
Recovery voltage 11 10.9 11.0 11,14
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 kY 34.4 47.3 34.4 -
Arcing time L1 6.2 2.0 6.6
ms 12 6.6 7.0 6.4
L3 1.6 6.8 2.4 4
Closing time ms - 64.9 66.4
Opening time ms 58.8 60.4 64.4
Resuit P P P

PEHLA 0231Ra/ 28 and 28:

PEHLA 0231Ra /30 and 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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Short-Circuit Making and Breaking Tests

Circuit-hreaker

Test duty: uble earth faujt test

Date of test: o™ Devermbest 2002
Condition of test object before test: As after test PEHLA 0231Ra / 31
Connections fo test object: Phase L3 of the laboratory by means of a copper bar to the

upper terminal of phase L3 of the clreuit-breaker, lower
terminal of phase L3 of the circuit-breaker connected to
phase L1 of the faboratory.

Arc extinguishing medium: Vacuum
Test No. PEHLA 0231Ra 35 - -
Operating sequence O - -
Applied voltage kV - - -
Short-circuit making current L1 - - -
kA 12 - - -
L3 - - -
Short-circuit L1 - - -
#breaking current Short-circuit current kKA L2 - - -
L3 28.8 - -
Average value kA - - -
L1 - - -
d.c. component % L2 - - -
L3 <20 - -
Recavery voltage L1 - - -
kv L2 - - - ;
L3 - - . (
Average value (phase-to-phase) kv 18.5 - -
Transient Recovery Voltage (TRV), - - - -~
first-pole-to-clear K 32.9 - , - ’
Arcing time L1 - - -
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 operatlons

PEHLA 0231Ra/ 33 and 34  Tests with reduced values

PEHLA 0231Ra/ 35: The operating devices are supplied at their maximum voltage
PEHLA 0231Ra/ 36: 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 trave! characteristic are in the allowable limits.
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al Values of No-load Operations
220V DC
Rated 3}9 220vVDC
[ Operation Voltage Closing Voltage Opening
closing coil time opening coll time
Vv ms ms
Before basic short-circuit test duties

Test 0231Ra/ 002 0O- - -- 220 445

co 220 58.5 220 45.0
Test 0231Ra/ 02A 0- - - 154 62,4 B

Co 187 63.1 154 62.4 (
Test 0231Ra/ 028 C- - - 242 41.8

co 242 56.8 242 421

After double earth fauit test

Test 0231Ra/ 036 0- - ~- 220 43.3

co 220 60.1 220 44.3
Test 0231Ra / 36A O- - - 154 60.7

co 187 64.7 154 60.5
Test 0231Ra /036 0- - - 242 41.9

co 242 57.7 242 42.1

Measurement of the Resistance

Ambient air temperature:

~ 18 °C

Resistance of the pole parts

vle;
L1 L2 L3
Before test 0231Ra /002 14.9 15.0 15.7
After test 0231Ra /035 19.6 21.4 22.9

(The resistance values fulfil the requirements of STL-Guide to IEC56: 4th Edition: 1987, Amendment Slip No. 2),

Remarks:

Resistance measurement at direct current of

7

Tt

50 A
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Photo No. 01
Before Test 0231Ra /03

BEFORE TEST
PEHLA 0231RA-03

Photo No. 02
Before Test 0231Ra /03
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Photo No. 03
After Test 0231Ra/ 36
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Reg.-Nr.  ~

ABB Calor Emag EP
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FRIEPEP

TEST REPORT No. MZZS1A 03 Sheet 1
_—1§8ued by’an Accrediled Laboratary
cofresponding to EN 45001 Copy-No. 01e

Test Object

Manufacturer
Switchgear
Common fruck

Tests performed

Test Specification

Test Results

Metal-clad switchgear panel from a 12 kV switchgear type Z581.2

(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 la 1000 A

Rated frequency f 50/60 Hz
Rated short-time withstand current I 31,6 kA
Rated peak withstand current lp 80 kA

Rated duration of short-circuit current ten 3 s
Rated short-circuit breaking capacity at 12 kV s 31,56 kA

ABB Calor Emag Mittelspannung GmbH 40472 Ratingen { Germany
ABB EJF, A.S. VIDENSKA 117 Brno 658 67 Czech Republic

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 60288/3rd. Ed./1880/Clause 6.102

IEC 60298/3rd. Ed./1990

All switching devices and removable parts and the mechanical interlocks
passed the mechanical operation test successfully. They were in proper
working order and the effort to operate them was practically the same befor
and after the test. <

Test Date 28" March 2000
Client ABB Calor Emag Mittelspannung GmbH 40472 Ratingen / Germany
S
{ (e
i b ERER S
'\’:2 FRRsy . )
O i o
29" March 2000 N e e -
Date of Issue NI L Laboratory Manager Test Englnee
Total Number of Sheets: 11 Sheets

This test report refers exclusively to the object tested.
ABR Calor Emag Mittelspannung GmbH Is cetified according
ta DIN ISO 2001 by DQS under Reg. No. 373-03

ABB Calor Emag Laboratories Ralingen are accrediled according o
EN 45001 by DATech under Reg.No. DAT - P - 032/33

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

Calor Emag Mittelspannung GmbH Ratingen.

ABB Calor Emag Mittelspannung GmbH Ralingan

Oberhavsener Str.33
D - 40472 Ratingen Fax

Phone + 48 (0) 24 02 121371
+49(0) £1 02121713
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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 31,5 KA
Rated duration of short-circuit 3 s
- /

Prospected values under internai-arc conditions:

Peak withstand current 80 kA
Short-time withstand current 31,6 KA
Shert-circuit duration 1 s

" Date of receipt of test object: 27" March 2000
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1. Technical Data of Test Object

(Ralings assigned by the manufacturer)

Switching Device

Test Object: Withdrawable vacuum circuit-breaker
Type: VDA4P 1212-31
Vacuum interrupter: VG4S
Manufacturer: ABB Calor Emag Mittelspannung GmbH (
Serial-No.: 7006579/4002/00 Year of manufacture: 2000
Drawing Nos.: Breaker: GCE 7373263 R1185

Operating mechanism: GCE 7179610 R0O1041

Pole part: GCE 7003979 R0104

Interrupters: GCE 7005535 R0101

Pole Centres: 150 mm

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 1260 A
Rated short-circuit breaking current 31,5 kA
Rated short-circuit making current 80 kA
DC-component --
Pole factor -
Rated peak withstand current 80 KA
Rated short-time withstand current 31,56 kA
Rated duration of short-circuit 3 s
Rated operating sequence 0-0,35-CO-3min-CO
Rated times of circuit-breaker:

- opening time - ms
- ¢losing 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 67 Czech
Republic

2 i
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1. Technical Data of Test Object

{Ratings assigned by the manufacturer)

Switching Device

Test Object: Earthing switch
Type: EKB-1208-150
Manufacturer: ABB Calor Emag Mittelspannung GmbH
Serial-No.: 11/357/99 Year of manufacture: 1999
Drawing Nos.: 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 short-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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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: Koat
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3. Mechanical Operation Test

List of interlocks:

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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T ABB Calor Em{f\ o ﬂ& Ep EP

T Re
AR Laboratories \ R EPEP
Reg. No.
DAT-P-032/93 TEST REPORT No. HZ 146 1. 02 Sheet 1
Issued by an Accredited LaboratoV
corresponding fo EN 45001 Copy-No. 1
Test Object Three-panel arrangement of metal-clad, air insulated switchgear
type Z51.2 (650 mm, 1000 mm, 800 mm width) equipped with
bushing plates
Rated voltage U, 12 KV
Rated normal current 1 1000/1600/1600 A
Rated frequency fr 50/60 Hz
Rated short-time withstand current Ik 31.5 kA
Rated peak withstand current b 80 kA
Rated duration of short-circuit current 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. 210 5.

Test Specification  The test has been carried out in accordance with the client’s
' instructions. Test procedure and test parameters were based on
[EC 60298/3rd 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).

Test Results 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 GmbH, Oberhausener Str. 33,
40472 Ratingen, Deutschland

S
Q.3 —dt
12™ February 2002 D&ﬁﬁ(ﬁf‘- Andreas Brandt

Date of Issue Laboratory Manager Test Engineer
Total Number of Sheets: 34 Sheeis 11 Oszillograms

This test report refers exclusively {o the object lested. ABB Calor Emag Laboratories Ratingen are accredited accerding to
ABB Calor Emag Mittelspannung GrmbH Is cerlified according EN 45001 by DATech under Reg.No. DAT-P-032/93

to DIN [S0 9001 by DQS under Reg. No. 373-02
Wilh the exceplion of the cover sheel and any subsequent sheets mentioned thereon, this document may not be partly copied witheut written consent of
ABB Calor Emag Mitte!spannung GmbH Ratingen.

ABB Calor Emag Mittelspannung GmbH Ratingen Oberhausener Sirake 32 Phone +49(0) 21 02

Hig Hipowee Testing Laboratory . e — 40472 Ralingen, Deutschland fFax +49{0) 21 02421713
’ e Vigy
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Comments on Test Arrangement and on the Test

The test object was a three-pane! 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
incaming panei 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 walt 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 left-
handed panel.

Each panel was equifped with a VD4 vacuum circuit-breaker dummy and a commaon 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 reguiations.

During the tests the pressure gauge in the compartment under test was measured and recorded.
The tests were fiimed 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 {o the
Simpson-Formula.
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Test Results:

Test-no.: HZ 146 L 02/ 03 Internal arcing test in the cable compariment 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 equivalent to 31.5 kA -1.02 5

Assessment of the test:

« Cormectly 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).

« Arcdid 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).

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

« All earthing connections were slill 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: 773 kA
Short-circuit current: 31.5 kA - 1.05 s equivalent to 31.5kA - 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).

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

Test-no.: HZ146 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: 31.5 kA - 1.05 s equivalent to 31.5kA-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 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).

* Alf earthing connections were still effective (Criterion No. G).

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 kA - 1.056 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 bumning or other effects (Criterion No. 3).

« The indicators arranged verticalty 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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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).

« 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. 3).

 All earthing connections were still effective (Criterion No. 8).

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 equivalent to 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 enciosure 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).

A LRt
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Photos 26 - 34
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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.
{t is to be observed:
Criterionn 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. §

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 Report th
results of each test were assessed by all six criteria.
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Client:

Representatives of the client:

Mr. Aufermann

Mr. Grolt

Mr. Martschat

Participants of the Tests

ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschland

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

ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschiand
Dept. EA
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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: Z51.2, 650 mm width
Manufacturer: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschland
Serjal-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 {(bushbar) 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
Insutating 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 busbars 2 x 80 mm x 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

P
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Sheet 10

Technical Data of Test Object

(Ratings assigned by the manufacturer)
Switchgear (centre)

Test Object: Metal-clad, air insulated switchgear

Type: 251.2, 1000 mm width

Manufacturer: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschiand

Serial-No.: 7550027/2009/00

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 315 kA
Rated shart-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 2x80mmx 10 mm/R 5 mm, Cu, bare
s tee-off bars 2 x 100 mm x 10 mm /R & mm, Cu, bare

Date of receipt of test object: 3® July 2000

Year of manufacture: 2000
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Technical Data of Test Object
{Ratings assigned by the manufacturer)
Switchgear (right-handed)

Test Object: Metal-clad, air insulated switchgear

Type: 751.2, 800 mm width

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

Serial-No.: 7550027/2005/00 Year of manufacture: 2000

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 31.5
Short-circuit duration 1

Additional specifications and data:
« busbars 2 x 80 mm x 10 mm /R 5 mm, Cu, bare
» 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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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:

ZS 1.2, feeder panel 12 kV, PW.650 GCEB8010450R0101, sheet 1, index 00, (
ZS 1.2, feeder panel 12 kV, PW.1000  GCE8010452R0110, sheet 19, index 00,

Z3 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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Reg. No.
DAT-P-032/83~~ TEST REPORT No. HZ 146 L 02 Sheet 17
_~Tssued by an Accredited Laboratory
corresponding to EN 45001
L
{
Technical Data of Test Circuit

Test Internal fault - - -
Oscillogram-No. HZ 146 | 02 02-09 - - -
Number of phases (circuit) 3 - - -
Number of (test object} 3 - - -

poles/phases
Power frequency Hz 50 - - -
Power factor COS © <0156 - - -
Generator]| earthed via - - -

5kQ
Earthing Transformer| not earthed - - -
Short-circuit point|  not earthed - - -
Circuit diagram Sheet no.: 18 - - -
Circuit impedance mo =120 - - -
TRV control elements - - - -
Capacitance in parallel uF - - - -
Resistance in series Q - - - -
Prospective TRV - - - - -
TRY peak value g kv - - - -
Time co-ordinate ts us - - - -
Time delay {4 us - - - -
Based on kv - - - -
Rale-of-rise KVips - - - -
Voltage measurements Divider - - -
375k /2 kO
Current measurements Transformer - - -
50kAI5 A
Remarks:

HZ 146 L 02/ 01: Current calibration

HZ 146 L. 02 / 04: Pre-test
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(o

Principle Diagram of Test Circuit

Generator

]
\éﬁ, Master Breaker
2\ | Make Switeh

Inductance
Resistor
-0
-:;'.:};:; Current
934, Transformers (

[ Voltage
| Dividers
Test Object
(Switchgear)
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o

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 02 /02 6.5 kV clreuit 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 30.2
L2 27.7 36.4 305 30.7
L3 67.2 37.2 29.8 30.0
Average value 37.0 3041 30.3
Equivalent duration of corresponding to a
short-circuit current 1.01s short-circuit current of 31.5 kKA
Remarks: -

e —
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Internal Arcing Test

Condition of test object before test: Switchgear factory-new.

Arrangement;

Connection:

See sheet-no.: 2

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

lgnition: 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 1L 02/03 6.5 kV circuit current
1.06s
Peak short-circuit | Short-circuit current; Arithmetic mean
current first cycle last cycle value
kA kA kA kA
L1 72.5 37.1 304 30.2
L2 27.0 36.0 30.8 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-circult current 1.02 s short-circuit current of 31.5 kA

Remarks and condition of test object after test:
The condition of the swilchgear 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).

» Arcdid 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).

e All earthing connections were still effective (Criterion No. 8),
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7

Internal Arcing Test

Condition of test object hefore test: as after test HZ 148 1. 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.

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
5 0.5 mm at the cable terminals.

Test-No.: Applied voltage (phase-to-phase) Duration of short-
HZ 146 L02/05 6.65 kV circuit current
1.06s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA KA kA KA
1.1 77.3 28.3 30.9 314
L2 25.7 36.7 31.2 31.3
L3 60.9 37.7 31.7 31.7
Average value 37.6 31.3 315
Equivalent duration of corresponding to a ,
short-circuit current  1.05s short-circuit current of 31.5

Remarks and condition of test object after test:
The condition of the switchgear before and after test is shown on the photos on sheet-
76 to 34. The measured pressure gauge was about 57 kPa.

Assessment of the test:

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

« Parts of the switchgear, which may cause injury ta 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},

——

——— e

B O

366




P .

/1
| g ABB Calor Emag = AL BB
XANFRR Laboratories FREPIP

Reg. No. ,
DAT-P-032/93 TEST REPORT No. HZ 146 L 02 Sheet 22

Issued by an Accredited Laboratory
corresponding te EN 45001

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
panei (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. 02706 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 79.3 38.7 30.3 31.0
L2 26.1 37.1 323 31.8
L3 62.6 38.3 32.0 31.6
Average value 38.0 31.5 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 48 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).

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

s Al 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/ 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.

ignition: 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) Duration of short-
HZ 146 L 02707 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 78.8 39.0 32.0 318
L2 23.3 36.6 31.4 31.3
L3 60.3 38.4 31.6 31.6
Average value 38.0 31.7 316
Equivalent duration of corresponding to a
short-circuit current  1.06s short-circuit current of 31.5 kA
—

Remarks and condition of test object after test:
The condition of the switchgear before and afier 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).

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

368



. Bes  ABB Calor Emag. ./ 4B EB BB
YASLRX L aboratories //" FR DD
Reg. No.

DAT-P-032/93 TEST REPORT ’S. HZ 146 L 02 Sheet 24

Issued by an Accredited oratory
corresponding to EN.45001

Internal Arcing Test
Condition of test object 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 x 3 x 240 mm® through the closed bottom of the centre paneli.

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

Test-No.: Applied voltage (phase-to-phase) Luration 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 kKA kA
L1 77.3 38.5 30.8 31.2
L2 254 37.4 32.1 . 32.2
L3 61.4 38.4 314 31.2
Average value 38.1 31.4 31.5
Eqguivalent duration of corresponding to a
short-circuit current 1.05s short-circuit current of 31.5 kA

e

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 test:

s 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 indicaters arranged horizontally did not ignite (Criterion No. 5).

s All earthing connhections were still effective (Criterion No. 8},
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Internal Arcing Test
Condition of test object before test: as after test HZ 146 1. 02 / 08.
See sheet-no.: 2

Arrangement:

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.

Connection:

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 6.85 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
KA KA kA kA
L1 77.2 38.0 31.4 31.2
L2 274 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 o
The measured pressure gauge was about 44 kPa. '

Assessment of the test:

+ Correctly secured doors, covers, elc. 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).

« All earthing connections were still effective {Criterion No. 6).
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Photo No. 01
Before Test HZ 146 L. 02/ 03

FPhoto No. 02
After Test HZ 146 L 52 / 03
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Photo No. 03
After Test HZ 146 L 02 /03
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Photo No. 04
Before Test BZ 146 L 02 /05
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Photo No. 05
After Test HZ 146 L. 02 / 05

Photo No. 06
After Test HZ 146 L 02/ 05
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Creutscher

% Qﬁued‘ﬂews ABB CGIOI’ Emag ‘k E! .E
YANR2 Laboratories AR EP P

Reg.-Nr.
DAT-P-032/93 TEST REPORT No. HZ 144 F 08 Sheet 1
__Issued by an Accredifed [ aboratory )
r’ correspow . Copy-No. 02e
Test Object Mert?l €lad air-insulated switchgear type ZS1.2 consisting of three panels.
/Ce ter panel equipped with vacuum circuit-breaker type VM1 1212-31.
¢
Rated voltage u 12 kV
Rated normal current (busbar) In 1250 A
Rated frequency f 50/60 Hz
Rated short-time withstand current ln 31.5 kA
Rated peak withstand current Il 80 kA
Rated duration of short-circuit current fin 3s
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 pane! 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 8.5,

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

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

9" of June 2000
Date of Issue

W me”
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 accredited according to
ABB Calor Emag Mittelspannung GmbH is certified according EN 45001 by DATech under Reg. No. DAT - P - 032/93
to DIN ISO 2001 by DAS under Rey. No. 373 - 02 .
With the exception of the cover sheet and any subsequent sheels mentioned thereon, this documnent may not ba parlly copied without wiitten consent of ABR
Calor Emag Mittelspannung GmbH Ratingen. .

ABB Calor Emag Mittetspannung GmbH Ratingen Oberhausener Strake 33 Phone + 49 (0) 2t p# 121736
High-Power Testing Laboratory D - 40472 Ratingen Fax  +49(0) 202 {2-1713
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il i~  ABB Calor Emag
y ) =N[RR Laboratories

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

Contents

Test Report - Cover Sheet

Contents E
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 Current Test

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

Oscillograms

Sheet

13
14

15-16
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ABB Calor Emag AR EP
Laboratories Y V| J

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

Issued by an Accredited Laboralory
correspongding to EN 45001
T

Technical Data of Test Object

(Ratings assigned by'the manufacturer)

Sy’tchgear

Test Object: Metal-clad alr-insulated switchgear

Type: ZS81.2

Manufacturer: ABB Calor Emag Mittelspannung 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 75 kV
Rated power frequency withstand voltage 28 kV
Rated frequency 50/60 Hz
Rated current : 1250 A
Rated short-circuit peék 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 957060.
Ratio: 1250/5/5 A
Voltage: 12/28/75 kV 50 Hz
E 1999
31.5kA-3s/125kA
IEC 60044-1
161-182 16VA cl. 0.5
2561-252 15VA cl. 5P10

Date of receipt of test object: 22" of February 2000
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l§5~  ABB Calor Emag | AR EP 0P
ZANRR  Laboratories SR EPEP

DAT-P-032/93 TEST REPORT No. HZ 144 F 08 Sheet 4
Issued by an Accredited Laboratory .
corresponding to EN 45001 i
//-
Technjcal Data of Test Object
&l tings assigned by the manufaciurer)
£ 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: 1999 (
Drawing Nos.: See sheet-no. 5
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 1000 A

Rated short-circuit breaking current 315 KA

Rated short-circuit making current 80 KA

DC-component 3B %

Pole factor 1.5

Rated peak withstand current 80 kA

Rated short-time withstand current 315 kA

Rated duration of short-circuit 3 s _
Rated operating sequence 0-0.3 s-CO-3 min-CO (
Rated times of circuit-breaker:

- opening time =40 ms

- closing time ~55 ms

Number of poles 3

Number of units per pole 1

Rated auxiliary voltages:

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

Additional specifications and data: -

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

E———

o

e

———————

396




Dsutachar

T ABRB Calor Emag
A\ VAN L aboratories
Reg.-Nr.

DAT-P-032/93 TEST REPORT No. HZ144F 08 Sheet 5

issued by an Accredited Labaratory
corresponding to EN 45001

TR
Table of D;a’{uingf;s,o%elest’ébject
-
The drawing submitted for identification of the test abject 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 GCES8010450R0101, sheet-no. 1, index 00,
Bushing plate GCES8005031R0101, sheet-no. 1, index 08,
Draw out VM1 12/17.5 kV in Z81.2 GCE7004912R1141, sheet-no. 7, index GO0,
Pole compl. VM1, 12kV, 1250 A GCE7003979R0104, sheet-no. 1, index 06,
VM1-Drive GCE7004310R0104, sheet-no. 1, index 04.
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Laboratories FREPDEP

TEST REPORT No. HZ 144 F 08 Sheet 7

Issuad by an Accredited Laboratory . 3
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ABB Calor Emag
Laboratories

b ED ED
 PREPED

DAT-P-032/93 TEST REPORT No: 144 F 08 Sheet 11
Issued by an Accredited Laboratory >
corresponding to EN 45001 =
Technical Data,oést Circuits
Test STC - - -
Oscillogram-No. HZ 144 F 08 -7 “ - -
Number of phases {circuit) 3 - - -
Number of poles/phases _ (test object) 3 - - -
Power frequency Hz 50 - - -
Power factor cos @ <0.1 - - -
Generator|  earthed via -
5k
Earthing Transformer| not earthed -
Short-circuit point earthed -
Circuit diagram Sheet no.. 12 -
Circuit impedance mQ =5 - - -
TRV control elements - - - -
Capacitance in parallel uF - - - -
Resistance in series Q - - - -
Prospective TRV - - - - -
TRV peak value U, kY - - - -
Time co-ordinate 4 us - - - -
Time delay t4 us - - - -
Based on kV - - - -
Rate-of-rise KVius - - - -
- - - - -
Voltage measurements Divider - - - ﬁé
75 kQ /1.1 kQ <l
Current measurements Transformer - - -
50kAI5A
Remarks:-

A P
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TEST REPORT No. P

Z 144 =08
Issued by an Accredited Laboratory
corresponding to EN 45001

?

Sheet 12

Principle Diagram of Test Circuit

Generator

Master Breaker

€D: 510

Make Switch
Transformer

|0 Lo

:>°:>°: Current
e Transformers
Voltage
Dividers
Test Object

L
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e ABRB Calor Emag
/2[R Laboratories

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

Issued by an Accredited Laboratory
corresponding to EN 45001

/7

—

Peak and Short-Time Withstand Current Test

Actual valj/

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 terminals 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 12 KA 24.8 23.8 - -
L3 KA 57.6 54.7 - -

L1 KA 35.1 33.5 - -

firstcycle L2 KA 41.0 3g.1 - -

Short-circuit current 13 KA 34.0 325 - -
L1 kA 28.1 30.2 - -

lastcycle 12 KA 338 36.2 - -

L3 kA 27.3 29.3 - -

Lt KA 303 30.5 - -

Equivalent r.m.s. value 12 KA 36.5 38.7 - -
13 kA 206 29.7 - -

Average vaiue kA 321 32.3 - -
Duration of short-circuit current s 1.00 3.03 - -
L1 KA 30.3 - - -

Short-time current 1s L2 KA 36.5 - - -
L3 kA 296 - - -

Average value KA 32.1 - - -
L1 KA - 307 - -

Shorn-time current 3s L2 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.
H7 144 F 08 /3 and 4: Tests with reduced values.

i \Wjﬂﬁﬂ?
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Doutscher

ABB Calor Emag
l.aboratories

DAT-P.032163 TEST REPORT No—— HZ 7-1':\@/
{ssued by an Accredited Laboratory
corresponding to EN 45001

Actual Values of No-load'Operations

Rated supply voltage of opening coil 220 V dc

Operation | Voltage Closing Voltage Opening
closing coil time opening coil time
vV ms \' ms
Test HZ 144 F 08/ 2 O - - 220 35.0
Test HZ 144 F08/7 - O - - 220 36.5

Measurement of the Resistance

Phase L 1 Phase L 2 Phase L3
Before Test HZ 144 F 08 117 pQ 113 pQ2 103 pQ
After Test HZ 144F08/86 120 uQ 113 pQ 103 pQ

Measuring points: Infeeding busbar against short-circuit point in the center panel.
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Dautscher

lf;i&%-  ABB Calor Emag

R Lab tori ‘H=l=
- aboratories e
Reg.-Nr, ' %_ /I
DAT-P-032/93 TEST REPORT No. HZ My;s/ Sheet 15
lssued by an Accredited Laboratory
corresponding to EN 45001

Photo No. 01
Before Test HZ 144 F08 /1

Photo No. 02
Before Test HZ 144 F 0B/ 1
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Beigachier

| is  ABB Calor Emag

L HP EP
=2  Laboratories REPEP
Reg.-Nr.
DAT-P-032/83 TEST REPORT No. HZ144 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

i
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ABB Trasmissione & Distribuzione S.p.A.

Unita operativa Sace T.M.S.

Via Friuli 4
| 24044 — Dalmine (BG)

[taly

Tel.. 0039.035.395111
Fax: 0039.035.395874

E —mat: sacetms.tipm@dit.abb.com
Intemet : Avww.abb.com

/

TYPE TEST DOCUMENTATION No. 100081_C Page 1/1

Apparatus:

type VD4/P 12.12.31 p=210

Identification:

Performances:

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

Rated frequency :

Rated normal current (busbar)
Rated normal current {tee-off) :
Rated peak withstand current :

Rated short-time withstand current :

Rated duration of short circuit :

Metal-clad switchgear type ZS1 re! 1.2 with vacum circuit-breaker

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

12
75
28

1250
1250

Test reports verifying rating assigned by the manufacturer:

kv
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 IEC 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 IEC 60298 HZ 144 F08 [ 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 HEC 60298 HZ 146 L02 | Calor Emag
Annex AA Laboratories
Mechanical operation IEC 62271-100 0316 Ra | PEHLA Hight-power
test subclause 6.101.2 Laboratories
Making and breaking IEC 62271-100 0231 Ra |PEHLA Hight-power
capacity test subclause 6.106 L.aboratories

ABB T&D Unila operativa SACE T.M.S. Laboratories Dalmine are accredited according UNI CE1EN ISO/IEC 17025 by SINAL under Req. No. 0253
ABB Calor Emag Laboratories Ratingen are accredited according UNI CEI EN ISOAEG 17025 by DATech under Req, No, DAT-P-032/93
PEHLA Higth-power Laboratories are accredited according UNI CEf EN ISOAEC 17025 by DATech under Reg. No, DAT-P-032/53

Date of issue:
03/08/23

Development Dept.
G.M. Cravanzola

A A

ABB T&D Unita operativa Sace T.M.S. is accreditated by DET NORSKE VERITAS QUALITY CERTIFICATE Quacer Certificate
No. GERT-07978-2001-AQ-MIL-SINCERT/B.according fo 150 9001,

PR
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*EHLO

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Member of the Short-Circuit-Testing Liaison {8TL)

Test Report

Report No.: 0003 Ra CopyNo: O Contents; 17 Sheets
Equipment under test: Metal-clad air-insuiated switchgear panel type Z81.2, rated voltage 12 kv

(width = 650 mm), drawing-no. GCE 8010450 R0 02,
with withdrawable vacuum circuit-breaker type VD4P 1212-31.

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

Date of test: 17" and 18™ January 2000

Applied test specifications: 1EC 80298: 1990-12, clauses 6.1.1, 6.1.3,6.1.4a),6.1.5-6.1.7,
’ IEC 50694; 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 phasas and
8cr0ss open switching device,

’ ~
Test results: The above ZS1.2-type panel passed the dielectric type test \
successfully. The respective dielectric requirements are met.

GESELLSCHAFT FUR ELEKTRISCHE
HOCHLEIS B BRUFUNGEN

7

Technical Committee

WAL TP

Mannhelm, 24™ April 2004

g Deutscher .
| 27 Akkredlierungs
M &2 Rat

The test results relate only to the ems tested.

Without a written pemission of PEHLA it is not allowed to make reproduction in extracts of this
document..@opying the cover sheet accompanied by sheet 7 314 the sheets mentioned here is

LT T

o

—
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PEEFILEE GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.: 0003 Ra Sheet: 2

- )
Accreditation /—\1 /
The PEHLA-Testing Station Ratingen has been apprové DATech (German accreditation body for technology)

according to DIN EN 45001 for tests In the field o /ﬁigh-voltage switchgear and controlgear and power engineeting
equipment (Registration-No. DAT-P-032/93).

Under reference to DIN EN 45001 PEHLA stza‘es the following:

- The accreditation of the PEHLA-Testing Sfation 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-Testing 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 Shori-Circuit Testing Liaison (STL) which has been founded in March 1869,
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 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 time of the test.

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

A Test Docurnent

is issued for parts of type fests which have successfully been carrled out in full compliance with the relevant
spaecifications 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-Richilinien"
{PEHLA Guides) and/or clients instructions.

Simiiarly, 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-Geschiéfisstelle
Hallenwag 40 B
D-68219 Mannheim

Testing Station: PEHLA-Testing Station Ratingen
Oberhausener Str, 33
D-40472 Ratingen

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

Client: ABB Calor Emag Miftelspannung GmbH
Oberhausener Sir, 33
D-40472 Ratingen

i
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PEHLA Geseliscuart FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.: 0003 Ra Sheet: 3

P .
T

Table of Contents

Sheet-No,

Test Report - cover sheet 1
Accreditation 2
Table of Contents 3
List of Test Participants 4
Technical Data of Test Object 5
Switchgear
Technical Data of Test Object 6 (
Switching Device )
List of Drawings
Drawing No. GCE 8010450 R 0102 index 00
Drawing No. GCE 7002291 R 0152 Index 00 9
Technical Data of Test Circuit 10
Power Frequancy Voltage
Technicai Data of Test Circuit 11
Lightning Imputse Voltage
Lightning impulse Wave 12
Atmospheric Conditions during Tests 13
Test Results (Dielectric Tests) 14-16
Fig. 1: Z81.2 panel 17
Fig. 2: Vacuum circuit-breaker type VD4P 1212-31 17
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IPEHLA  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUEUNGEN

Report No.: (003 Ra Sheet: 4
, List of Test Participants IR

Representatives of the Test Commlttee: _ /\/

Mr. A. Meier PEHLA- Testing Station Ratinge

Mr. H. Biallas PEHLA- Testing Station Manriheim

Test Englneer:
( Mr. G. Langwieler PEHLA- Testing Station Ratingen (17" January 2000)

Mr. W. Schmiedel PEHLA- Testing Station Ratingen (18" January 2000)

Other Participiants: -
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PEHLA

Report No.: 0003 Ra

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

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

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Sheet: 5§

Technical Data of Test Object

Switchgear

£81.2

Ratings assigned by the manufact rer
Metal-clad air-insulated switchgear p/a,nef/u

ABB Calor Emag Mittelspannung GmbH, D4 72¥aﬁngen,’ ermany

07550027/2001/00
GCEB010450 R0102 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 bushar
Rated normal current of tee-off

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

Insulating medium
Rated functional pressure (abs./20 °C)
Minirum functional pressure (abs.;20 °C)

Permissibie values for internal arc faults:
Peak current

Short-time current

Duration of short-circuit

Max. ambient air temperature

Essential characteristics and instalied devices:

The above switchgear

Essential detail

S are:

~ Busbar2x80mmx10mm/RS5 mm, Cu, bare.
-- Busbar tee-off conductor 1 x 80 mm x 10 mm /R & mm, Cu, bare.
-~ tulip insulator with contact pin & = 35 mm.

-- Current tran
Serial-No. L

sformer type TPU 43.11, manufacturer: ABB,
1: 957058; 1.2: 957059; L3: 957060,

-- Voltage transformer type TJC4, manufacturer: ABB,

Serial-No. L

1: 803568; L2: 903669; L3: 903770,

— Earthing switch type EK6-1208-150, Serial-No. 11/357/96.
- Cable conductor 60 mmx 10 mm /R 5 mm, Cu, bare.

- Date of receipt of test object: 03" January 2000

e

Ul

Year of manufacture: 2000

12 kv
75 kV
- kv
28 kv

50 Hz (
2000
1000

31.5

A

A
80 kA

kA
3 s

air / vacuum
- kPa
- kPa

panel is fully described in the mentioned drawings.

‘-ﬁ_ﬁqwl




PEHLA

0003 Ra

Report No.:

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

Vacuum interrupter:

Drawing No.:

Technical Data of Test Object

Switching Device — Circuit-B:
Ratings assigned by..

Vacuum circuit-breaker
VD4P 1212-31

he mafuf;

aker
rer

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Sheet: 6

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

7006082/4001/9

Year of manufacture:

GCE 7002291 R 0152 index 00 (circuit-breaker)

GCE 7003879 R 0104 index 06 (pale part)

1999

Type VGA4S, L1: No. VG48 55830, L2: No. VG4S 55838, L3: No. VG4S 55829

Rated voitage 12 kV
Rated lightning impulse withstand voltage 76 kV -
Rated switching impulse withstand voltage - kv
Rated power frequency withstand voltage 28 kv
Rated frequency 50 Hz
Rated norma! current 1260 A
Rated peak withstand current 80 kA
Rated short-time withstand current 31.56 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-circult making current 80 kA
Rated transient recovery voltage:

Peak value 206 kv

Rate of rise 0.34 kV/us
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 4
Number of units per pole 1 k
Rated opening time <45 ms
Rated closing time approx. 60 ms
Rated voltage of trip coil 220 V-DC .z
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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Drawing-No. index Title Additicnal remarks

GCE 8010450 R 0102 [ 0o Cubicle 12 kv, 650 wide included in this Test Report
GCE 7002291 R 0152 | 00 draw out VD4-P 12117 kV 251.2 included in this Test Report
GCE 7002291 R 0104 | 06 Pole part --
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Drawing No. 7002291 R 0152
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Report No.: 0003 Ra Sheet 10

Technical Data of Test Circuit
Power Frequency Voltage

Technical Data

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

Rated Vollage 260 kV

Rated Capacity 50 kVA

Short Circuit Impedance 148 %
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:

- Capaclitive Divider (ldent-No. ELK-000894, ELK-000890, ELK-000992);
calibrated in April 1998 at DEACENH, -
Calibration Report-No. 9800086.

- Peak Voltmeter Typ DMI 551 {Ident-No. ELK-000989):
calibrated in April 1999 at DECMS/LK,
Calibration Report No, 99000786,

A /7
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Report No.: 0003 Ra Sheel: 11

Technical Data of Test Circuit
Lightning Impulse Voltage 1.2/50

(
. s
Technical Data

Maximum Charging Voltage Uy = 200 kv
Number of Stages n = 2

Surge Capacity per Stage Cs = 600 nF
Load Capacitance Cg = 1000 pF
Damping Resistance Rp = Rs + Rgg
Internal Front Resistance per Stage Re = 200
External Front Resistance Rse = 000
Discharge Resistance Re = 2Rp

Tail Resistance per Stage Rp = 115 Q

TO - Test Object

M - Voltage Measurement: Capacitive Divider Type CS 200 SPZ (ldent-No. ELK-000893,
ELK-000894) in connection with a Peak Voltmeter Type OMI 551/
Haefely (ident-No. ELK-000989) and Oscilloscope Typa TDS520"
(ldent-No. ELK-000545).

Verificatin of Calibration:

- Capacitive Divider (Ident-No. ELK-000893, ELK-000894, ELK-000922, ELK-001074):
Calibrated in February 1998 at FGH Mannheim,
FGH-Calibration-Report-No. 050 DKD-K-15901 98-02.

- Peak Voltmeter Type DMI 551 (Ident-No. ELK-000989):
Calibrated in April 1999 at FGH Mannheim,
FGH-Calibration-Report-No. 060 DKD-K-15801 99-04.

- Oscilloscope Type TDS520 {Ident-No. ELK-000545):
Calibrated in March 1999 at DEACE/LK,
Calibration-Report-No. 9900060,
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PEHER  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Report No.: 0003 Ra Sheet: 12

Lightning Impulse Voitage with the Test Object connected
{Standard Value: 1.2 £ 30 %/50 + 20 %/peak +3 %)

‘e Running: Waiting for Trigger ..
'/fgf./ﬁ} e

e /’ ,:s,/ﬁ
AT e

S ST s

f Ti=128ps

Rt S

TeK Running: waiting forTrigger e - L
SN wocs o % o

i < N 1 T.=507ps
thi T geov T T T Mg00ps chi.f o 3.0V

It was verified that the lightning impulse voltage during the tests was within the admissible
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 IEC60694, 2000-01

{indices: ~ powsr frequency voltage; + positive lightning impulse voltage; - negative lightning impufse voltage}

Input data Correction factors calculated applied
air temperature {; 18 °C air density ki~ 1.0252 -
air pressure b; 1035 hPa | correction factors kqs 1.0252 -
air humidity h: 651 gim® Ky, : 1.0252 -
50% disruptive- Ug~: kv Jair humidity ko~; 0.9442 -
discharge voltages | Ug,: kV | comrection factors Ka.: 0.9535 -
Us.: kv k. : 0.9535 -

minimum discharge path L: m | atmospheric Ki~: 0.8680 0.9680

correction factors Ko 0.9778 0.9776

K : 0.9776 0.9778

Date of test: 18" January 2000

|EC 17A/567/Q; Corrigendum to subclause 6.2.1 of IECE0884, 2000-01
{Indices: ~ power frequency voRage; + positive fightning imputse voltage; - negative lightning impulse vollage)
Input data Correction factors calculated applied
air temperature t: 21 °C  |airdensity Kq~: 1.0114 -
air pressure b: 1028 hPa |cormection factors Kts: 1.0114 -
air humidity h: 7.32 gm’ k- : 1.0114 -
50% disruptive- Ug~: kV | air humidity ka~: 0.9548 -
discharge voltages | Ug,: kv [ correction factors Ka! 0.9624 - ~
' Ug. KV k. : 0.9624 . )
minimum discharge path L m | atmospheric K 0.9657 0.9657 ~ [~
correction factors Ky : 0.9733 0.9733
K : 0.9733 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 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: 1.28 ps Time to half-value T,;  50.7 us Test frequency f. 150 Hz
Alf 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:
Applied power Result
frequency voltage
~kV
App!ied lightning Tast duration or
Volt
Condition a pgli:g ?o Earthed impuliekv\'loltage numg?;a(:(fdlgn‘.ﬁ:éses,

Vacuum circuit-breaker Aa BCbcF 28 1 minute/0 %)
in service position and closed. +75 15/0

-75 15/0

Bb ACacF 28 1 minute/0 )
+75 15/0
-75 15/0
==
Ce ABabF 28 1 minute/) é_(‘bﬁ d
+75 15/0
75 1510 ="

Remarks: Aa=Phasel1, B, b=Phasel?, C,c=Phasel3, F=Frame

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

P — e ———n
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Report No.: 0003 Ra Sheet: 15
_ T
Lightn i/ng"lm pulse Voltage Test
PowerFrequency Voltage Test
Test performed: Test of insufation phase-to-phase, phase-to-ground and across
open swit/ching device,
Date of test: 18" January 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 cable compartment.
Fronttime Ty: 1.14 ps Time to half-value T 50.7 ps Test frequency £ 50/150 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 2:
Applied power Result
frequency voltage
~kV
Applied lightning Test dur.aﬁon or
Volt .
Condition apg“:g ?o Farthed Jmpuliek\\f’oltage numgre;'a:;(ft;gnﬁ:éses '
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 15H1
-75 15/0
Cc ABabcF 28 1 minute/0
+75 15/0
-75 150 ]
Vacuum circuit-breaker in service position a bcABCF 28 1 minute/Qty—"]
and open, +75 15/0
-75 15/0_
b acABCF 28 1 minute/0 )
+75 15/0
-75 15/0
¢ abABCF 28 1 minute/0 ')
+75 18/0
-75 15/0

Remarks: Aa=Phase L1, B,b=Phase L2, C,c=Phasel3, F=Frame

1) Due to the voitage transformers the test frequency was increased upto 150 Hz.
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Report No.: 0003 Ra Sheet: 16
SN T
L

Lightﬁg Impuise Voltage Test
Power Frequency Voltage Test

Test petformed: ‘Test of insulation phase-to-phase, phase-to-ground and against shutter,
Date of test: 17" January 2000
Condition of test object before test:  Factory new, clean and ary.
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: 1.14 s Time to half-value T;:  50.7 ps Test frequency f:  50/150 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 3. I
G2
A
R o
-y
i 1'-_ Applied power Result
N frequency voltage
i.22be iF ~ kv
Applied lightning Test dur:ation or
. Veliage i number of impulses /
Condition . applied to Eaithed lmpu!iek\\r;:ftage breakdo\.sns
Vacuum circuit-breaker in test position, A BCabcF 28 1 minute/
shutters closed. +75 15/0
-75 15/0
B ACabceF 28 1 minute/0
+75 15/0
-75 15/0 é[
c ABabcF 28 1 minute/0—} i;
+75 15/0
-75 1510
Vacuum circuit-breaker in test position, a ABCbcF 28 1 minute/0 1)
shutters closed. +75 15/0
-75 15/0
b ABCacF 28 1 minute/0 %)
+75 15/0
-75 15/0
c ABCabF 28 1 minute/0 %)
+75 1540
=75 15/0

Remarks: A,a=Phase L1, B.b = Phase L2, C,c = Phase L3, F = Frame

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

429



PEHLA

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Report No.: 0003 Ra

Sheet: 17
-

Fig. 1: Z51.2/12 kV panel under test
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Eig. 2: Vacuum circuit-breaker type VD4P1212-31
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ABB Trasmissione & Distribuzione S.p.A.
Unita operativa Sace T.NLS.

Via Friai 4
[ 24044 — Dalmine (BG)

ltaly

Tel.: 0039.035.395111
Fax: 0039.035.395874 -
E —mail: sacetms tipm@it.abb.com
Internet: fivvww.abb.com e

TYPE TEST DOCUMENTAT/i@N No. 100087_C Page 1/1

Apparatus: Metal-clad switchgear type ZS1 rel 1.2 with vacum circuit-breaker
type VD4/P 12.25.31 p=210
Identification: 1VCP0000138-Rev.-,en-Technical catalogue-2003-04
Perfermances: 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) : 2500 A
Rated normal current (tee-off) : 2500 A
Rated peak withstand current : 63 kA
Rated short-time withstand current : 315 kA
Rated duration of short circuit 3 s
Test repotts verifying rating assigned by the manufacturer:
Performances Test according to Test reports
No. Issued by
Dielectric test IEC 60298 0016 Ra | PEHLA High-power
Subclausole 8.1 Laboratories
Temperature-rise test IEC 60298 HZ 147 E10 | PEHLA High-power
Subclausole 6.3/6.4 Laboratories -
Short-time and peak IEC 60298 MP — CESI Laborateries
withstand current test Subclausole 6.5 A4/010735
Mechanical operation IEC 60298 0020 Ra | PEHLA High-power
and interlock test Subclausole 6.102 Laboratories
Intemal arc test [EC 60298 HZ 146 L02 | Calor Emag
Annex AA Laboratories
Mechanical operation IEC 62271-100 0317_2 Ra |PEHLA High-power
test subclause 8.101.2 Laboratories
Making and breaking IEC 62271-100 0303 Ra | PEHLA High-power
capacity test subclause 6.106 Laboratories

ABB T&D Unita operativa SACE T.M.8. Laboratories Dalmine are accredited according UNICEI EN ISOEC 17025 by SINAL under Reqg. Na. 0253

ABB Calor Emag Laboratesies Ralingen are accredited according UNECEI EN ISOAEC 17025 by DATech under Reg. No. DAT-P-032/23

PEHLA Higth-power Laboraleries are accredited according UNI CEIEN

PL-12

1SOAIEC 17025 by DATech under Reg. No. DAT-P-032/33 and certificate D-
072-06-01

CES| Laboratories Milano are accredited according UNI CEIEN ISOAEC 17025 by SINAL under Reg. No. 030

Date of issuse:
04/07/05

Development Dept.

G.M. Cravanzola

AL

e

4/{7 . [,\/Q/\
ABB T&D Uriia opérativa Sace T.M.5. Is accreditated by DE ILNORSKE VERITAS QUALTTY CERTIFICATE Quacer Certificate ‘

NO@LAQ—M[L-SINCERTIB according t
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ABb TpaHcmucrone & Oucrpubysuone C.n.A.

YHura Onepatusa Caue T.M.C.

Bua Gpuynu 4 Ten.: 0039,035.395111
124044 ~ DanvuHe (BG) daxc: 0039.035.395874 P

HNranus E — mail ‘zacetms.tipm @it.abb.com > N
uHTepHeT : iwww . abb.com 7

/

MPOTOKO/ 3A TUTMOBMU manmyxﬁﬂ No. 100087_C CTPAHLI 1/1

Apparatus: KPY tun ZS1 nsa. 1.2 c BakyymHeH npekbsesay Tun VDA/P
12.25.32 p=210

Wpentudurauna:  1VCPO000138-Rev.~en-TexHumuecku katanor-2003-04

NapameTpu; HomuHanHo HanpeeHue: 12 kv (
Hom. UsfbpiaHo MMNYACHO Hanpesenne: 75 kv
Hom. Usaep:kaHo Hanpexenue ¢ 50Hz: 28 kV
HomuHanHa yecToTa: 50-60 Hz
HomKHaneH ToK Ha WuHaTa; 2500 A
HoMWHaneH ToK Ha oluuMHOBKaTA: 2500 A
Hom. UsabpaaH ToK, nukosa croliHocT: 63 kA
Hom. UsabpikaH KpaTkoBpeMeHeH TOK Ha k.c.. 31.5 kA
Hom. Npoabmwurentoct Ha x.c.: 3 S

Test reports verifying rating assigned by the manufacturer:

WanutaHua Tecr cwrnacHo Tectos npotokon
craraapt No. UspapeH or
JuenerTpuueHy usnuTanua iEC 60298 0016 Ra MEXNA BUCOKO-MOLHOCTHH
Subclauscle 6.1 nabopatopuu
TecT c NOBUINABAHE Ha IEC 60298 HZ 147 E 10| ABB Kanop Emar flaGopatupuu
TEMNEepaTypaTa Subclausole 6.3/6 .4
TecT 3a KpaTkoBpemeHeH T.K.¢. | IEC 60298 MP— ABE Kanop Emar laGoparupum
MHKOB T.K.C. Subclausole 6.5 Ad4/010735 |8 nabopatopus CESI fiab. (
MexaHwuna pabora u Tecr I[EC 60298 0020 Ra MEXNA BUCOKO-MOLIHOCTHM
3a BNOKUPOBKU Subclausole 6.102 naboparopum
Tecr 3a BbTpeltiHa Abra IEC 60298 HZ 146 LO2 | ABE Kanop Emar laGopatupuu
Annex AA
Tect 2a mexaHu4Ha pabota IEC 62271-100 0317_2 Ra | NEX/IA BUCOKO-MOLUHOCTHU
subclause 6.101.2 naboparopuu
Tect 3a cnocobHoCT 3a m3kn. Ha | IEC 62271-100 0303 Ra MMEXNA BUCOKO-MOLWHOCTHH
T.K.C. M BKA. BbPXY T.K.C. subclause 6.106 nabopaTopuu

Nebopatapuara va ABB Tul] YHuTa Onepatstaa CAYE TM.C. 3 p. Qanmite e akpeuTipana cemacko UNI GEI EN ISO/IEC 17025 ot SINAL ¢ penicTpalioHen
Homep Reg. No, 0253
NaBapatopuaTa Ha ABE Kanop Emar & rp, Parunren, MepManus e akpefMTMpana ckmacko UNI CEl EN ISO/IEC 17025 or DATech nog pertcTpaumoHeH Kouep No.
DAT-P-032/93
Bitcoko-MoLHOCTHUTE: nabopatopii MEXIIA ¢a akpepuTipann chrnacko UNI GEI EN ISOAEC 17025 or DATech ¢ perucTpaupotied HoMep No, DAT-P-032/93
cepduxar [-NN-12072-06-01
HESM NaBopatopust Mithado 2 akpeawnipany coraacHo UNI CEF EN ISO/IEC 17025 ot SINAL ¢ pencTpalidole HoMep Reg, No. 0030

Dara Ha uspaeaHe: Otaen 3a PazeoliHa geliHocT

2004/07/05 I.M. pasaHsona

JCo

ABB T&D Unita operativa Sace T.MS. Is accreditated by DET NORSKE VERIT AS QUALIY-GERTIFICATE  Quacer Cerliiicale

No. CE?T—(} /ZB-)2[301-A(}MIL—SH\CERTIB according to IS0 gon@t— P“{“&%h‘“‘h‘;
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PEHELO

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

3 E

k?est Report

Report No.. 0317-2 Ra © Gopy No.: 1 Contents: - 24 Sheets

Equipment under test: Vacuum circuit-breaker type VD4 17.20.32

Manufacturer: )
Cireuit-breaker: ABB T&D 3.p.A, - Unita operativa Sace TMS, Via Friuli, 4 - 24044 Balmine (BG), italy
Pole parts inclusive .
vacuum interrupter:  ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Germany
Client: ABB T&D S.p.A. “unita operativa Sace TMS, Via Friuli, 4 — 24044 Dalmine (BG), ftaly
Testing statlon: PEHLA - Testing taboratory Ratingen
Date oftest. - 29™ April 2003 - 23" May 2003
Applied 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
|EC 60694, £d.2.2, 2002-01

Tesls 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 {o
demonstrate the mechanical reliability. '

Test results: .

10 000 mechanical operating cycles were carried out.

After 6 400 operating cycles, the opening hook assembly was replaced.

Except for this maintenance, no changes impairing the function of the circuit-breaker were noted after the
urance test, )

GESELLSCHAFT FUR ELEKTRISCHE
HOCHLEISTUNGSPRUFUNGEN

/7

Technical Commiite

A EE Wy,

Mannheim, 25" July 2003

Dewmtscher .
sz Akkreditierungs
i

The test resuits relate only to the items tested.

Without a written pemission of PEHLA # is nol allowed to make reproduction in extracts of this
document. Copying the cover shest accompaniad-by-sheet-2-and tha.sheelswm]eniioned here is

ST
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I PEHLO  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Report No.; 0317-Z Ra Sheel: 2

?

The PEHLA-Tesling Labqraéc}w Ratingen has been approved by the DATech {German accreditation body for technology)
according to DIN EN ISQ/IEC 17025 for tests in the field of high-voltage switchgear and contrelgear arid power engineering

- equipment (Registration-No, DAT-P-032/93),
r Under reference to DIN EN ISO/IEC 17025 PEHLA states the following:

The accreditation of the PEHILA-Testing Labaratory or ariy of its test

reports by themselves in no way constitute or imply
product approval by DATech ar any other body,

If someone refers to a test In an accredited PEHLA-Testing Laboratory this reference shall include the accreditation
body, 1.6, DATech, the relevant scope of the accreditation and the appropriate registration number.

STL-Member

el

EHLA Is foundation-member of the Short-Circult Testing Liaison (STL) which has been founded in March 1969, STLis a
orum for the international co-operation of the esting organisations with the further full members ASTA (GB), CES! {I), ESEF

@ (F), KEMA (NL), SATS (N, $, AIR) and STLNA (USA). in the Framewofk of EC, STL has been recognised in 1592 by EOTG
A as agreement group. ! . (

R
ey,

i PEHLA-Documents

= A Certificatg

£ is issued for type tests which have sticcessiully 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 must be clearly identified by technical description, drawings and additional
% specifications.

A Test Document
3 is issued for parts of type tests which have successiully 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 bo clearly identfified by tachnical description, drawings and additianat
2 specifications.

A Test Report

‘ is Issued for all other tests which have been carried out according to specifications, standards or "PEHLA-Richtiinien™ (PEHLA
3 Guldes) and/or clients instructions.

A Similarly, this test report contains all test results, details of the conditions under which

the tests were carried out, also details
& refating to the behaviour of the equipment during test, and its condition after the tests, .

Office; PEHLA-Geschéftsstelle
e Hallenweg 40
68219 Mannheim; Germany

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

Manufacturer:  ABB T&D 8.p.A - Unita Operativa Sace TMS ABB Calor Emag Mittelspannung GmbH
2 Via Friuli, 4 Oberhausener Str. 33
24044 Dalmine (BG), ltaly 40472 Ratingen, Germany
# Client: ABB T&D S.p.A - Unita Operativa Sace TMS
Via Friuli, 4

24044 Dalmine (BG), ltaly

i //;Z : 434
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R'eponNo.: 0317-2 Ra TN Sheet: 4

+

of Test Participants

Mr. G. Heit PEHLA-Testing Laboratory Mannheim
Mr. K.-H. Koch PEHLA-Testing Laboratory Mannheim
S Mr. M. Schottler . PEHLA-Testing Laboratory Ratingen
2 pr. U, Kaster : PEHLA-Testing Laboratory Ratingen

PEHLA-Testing LaBoratory Ratingen (
PEHLA-Testing Laboratory Ratingen
PEHLA-Testing Laboratory Ratingen
PERLA-Testing Laboratory Ratingen

- Mr. A. Piglas
£

Representatives of the Client:

Mr. S. Magoni ABB T&D S.p.A. - Unita operativa Sace TMS, Haly
Mr. L. Cavenati ABB T&D S.p.A. - Unita operativa Sace TMS, ltaly
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Vacuum circuit-breaker

s Object:
Test Dbl VD4 17.20.32

Type:

Kanufacturer:
Circuit-breaker:
Pole parts including

Rated frequency of supply voltage

§Essential characteristics and installed devices:

Motor Drive Type 701 921/804 (EL2)

2After 8 400 operating cycles, the following part was replaced:
#Part-no:
aPart name;

510568801
Gruppo Gancio di Aperfura / opening hook assembly

2Date of receipt of test object: 23 April 2003

" vdﬁh\:;ech“lcag Data of Test ()bJeC't

Nitching Device — Circuit-Breaker -
Ratings assigned by the manufacturer

vacuum interrupters: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Germany

GESELLSCHAFT FUR ELEKTRISCGHE HOGHLEISTUNGSPRUFUNGEN

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

Serial-No.: ADQOO011928 Year of manufacture: 2003
Drawing No.: TN. 7408 (circuit-breaker)
Vacuum interrupter;  Type VGE4S  L1i: No. 480320 £2: No. 8335/ L3: No. 4832/1
Drawing No.: GCE7005745R0152 (pole part)
ki
Rated voltage ) 17.5 kV
Rated lightning impulse withstand voltage 95 kY
"Rated switching impulse withstand voltage + kY
Rated power frequency withstand voltage 38 kv
Rated frequency 50 Hz
*  Rated normal current 2000 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 af 17.5 kv 31.56 kA
D.C. component 30 %
Rated shori-circuit making current at 17.5 kY .80 KA
Rated transient recovery voltage:
Peak value 30.0 kV
Rate of rise 0.42 kV/us
First-pole-to-clear-factor 1.5
Rated oparating sequence 0-0.35-C0O-3min-CO
Arc extinguishing medium Vacuum
Number of poles 3
Number of units per pole 1
Rated opening time > 45
Rated closing time approx. 70
Rated voitage.of frip coit 220
Rated valtage of closing coil 220
Rated supply voltage 220

ST TSGR T T T T
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List of Drawings

s 3 . The manufacturer has guaranteed, that the equipment submitted for test has been

2 ————manufactured in full accordance with the following drawings. PEHI.A has verified that

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

with the test documents at the test laboratory.
(7 at the client, “

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

Drawing-No. Revision H Title Additlonal remarks
M5234 | VACGUUM CIRCUIT BREAKER;[YPE VD4 12- | Included in test report
17.5kV 1600-2000-2500A
50538 | OPERATING MECHANISM ASSEMBLY Included in test report
00 pole VID4p 12kV 2000A 31,5kA H=310 Included in test report

50538 | COMPRESSION SPRING
50538 | COMPRESSION SPRING

03 Montagegruppe

Ass. molle di ch. com. EL2
Assieme comando EL2

Pol VD4P 12kV 2000A 31,5kA H=310

B e Ty e
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b

Details on 'Pe wance of the Test

ing electrical and mechanical data were determined by
& measurements on the circuit-bredker and its auxiliary systems:

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 motorized operating mechanism (5 times )
f) consumption of the motorized operating mechanism (5 times ..
g) consumption of the tripping devices (5 times *)
h) duration of opening and closing ‘cdmmand impulse
i) tightness
J) gas déhsities 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

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

' The subsequent endurance test comprisiﬁg 10 000 mechanical operating cycles was structured as
gfollows and carried out five times:. :

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

500 operating cycles with operating sequence C - 30 5 - O - 30 5 at the rated supply voltage of closi
and opening devices and motorized operating mechanism and the rated pressure for operatin

500 operating cycles with operating sequence C- 30 s - O - 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-0-300ms-CO-90 s at the rated supply
voltage of closing and apening devices and motorized operating mechanism and at the rated pressure
for operation

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

SAfter each series of 2 000 operating sequences the operating characteristics: a), b), d), e), and [} as’
?lsted above have been recorded. ;

B
%:Vollowmg the endurance test, the measurements carried out before the mechanical endurance
B re measured again for comparison. Check, whether the travel characteristics fell within the

s°Urves, taken before the endurance test.

Wi
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Results of meas? ents before the mechanical endurance test

f operations: co?. 99923
;%a ):@pg,riii‘:g--and ciosi:} time:

SN to (Opening) tc {closing)
=220V DC up 07X [10x 1% [0.85x [10x [1.1x
Ua Ua Ua Ua Ua Ua
i Opérating time [ms] ‘ 66.9 | 465 | 44.4 | 696 | 648 | 62.7
¥ iheasured during the 5 x CO operations 669 | 47.1 | 44.4 | 69.0 | 64.5 | 627
& -atthe minimum supply voltage 4y yae1 | 66.9 | 48.8 | 44.4 | 69.6 | 65.1 | 62.4
& . at the rated supply voltage X
at the maximum supply voltage C 67.8 1468 { 444 | 69.3 | 64.8 62.4
- . ! 66.3 468 | 444 | 69.6 | 64.8 | 62.7

4Measured during the 5 x CO operations
- at the minimum supply voltage

at the rated supply voltage

at the maximum supply voltage

‘—_-‘—~_
amotor voltage charging time current consumption power consumption
g after O-C operation [A] (W]l
: [s]
#I=085xUa i
ééi_j 187V DC 39614.08|4.201425)420(0.980.9611.02]1.02{1.00]| 183 | 180 [ 191 | 191 | 187

=10xUs '
_%%EZZOVDC 3.47|3.44 336336} 3.37[1.01[1.00]0.98{ 0.99 | 0.99 [ 222 | 220 | 216 | 218 | 218
W =11xUa

2.77|2.99|2.87 | 3.00} 3.00§1.02 | 1.02 [ 1.0211.03 | 1.03| 247 | 247 | 247 | 249 | 249
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fMeasurecf during the 5 x CO o (e atlons

;ég_ -gt the minimum supply v {
3. - at the rated supply vo
S b the maximum supBly vo{tage

af Shunt-release ON -MC Shunt-release OFF -MO1
#|Rated operating 220V DG 220V DC

jlvoltage Us : > —
J[Currentatminimui 4 75 | o750 072 ] 0.72 | 0.72 | 0527 0.52 | 0.52 ] 0.52 | 0.50
Slisupply voltage [A ]

?xcé‘l;;%’:[ﬁ’]ated SUPPIY | 0.88 [ 0.84 | 0.88 | 0.88 | 0.58 | 0.68 | 0.64 | 0.68 | 0.64 | 0.68

o 0.958 0.96j 0.96 {0.96 (0961076 | 076|072 |0.72]0.72
il ‘supply voltage [A ] i

.t

easured 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 QFF Q1

SiDuration of command

.;lmpulse at minimum 69.3 1 73.8 (741|723 |70.8|67.2|68.1186901{ 702|698
;supply voltage [ms ]
HiiDuration of command

67.2|64.8 | 67.2 1678 |69.0|462 | 471|483 (471 | 48.3

444




2 Measuring | L1 L2—T\3 |~
w| points pQ uQ) \Egé/
a7 1-2 124 | 114 | A1.8

Coniactresistance measured during the

2 Weasuring | L1 A2 L3
| points o 4 B0 uQ
1-2 12.3 11.5 12.1

Gontact resistance measured during the

Measuring iy L2 L3
poinis EQ pa2 HQ
-2 12.4 11.6 12.1.
H

5]
2

i3

yE
b

BV

of:  opening spee
2.  opening spee
closing speed considered 3.

Speed in [m/s}; Ua =220 VDG

% atU=10xUa ‘
¥ The deviations from the measured mechanical time travel charts are in the allowable fimits of the

L reference mechanical fravel characteristics.

) Other important characteristics:

= Contact travel:

) Time-trave! chart with opening and closing speed: See diagram 1.1 and 1.2

Voi | Vor Ve

L2

1.18 ] 1.30 0.91

4 considered 8.25 mm after the separation in the main contacts of phase L2.
d considered betwsen 1.65 and 8.25 mm after the separation in the main contacts of phase L2.

3 mm hefore the touching in the main contacts of phase L2.

0-0.3s-CO-3min-CO at rated voitage
= Ambient atmospheric conditions:
Date: 20" April 2003, ambient air temperature: approx. 23°C

L1 L2 L3
Total Travel [mm] 14.8 14.8 14.8
Cont.-frave! jmm] 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 sequerice;

ok

G

e .

—_—
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Sheet: 13

asured during the 5 x /L‘,O'opera’sions at the minimum supply voltage of the coils:

5 x CO operations at the rated supply voitage of the coils:

5xCO opl‘erations at the maximum .supply voltage of the coils:
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o iﬂg,opéxtihg speed before the mechanical endurance test
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i+ Measuring point; Insulated coupling rod in phase L2

3 ?Perat:ng speed measured: Ve =091 misat U=1.0 x Ua
. 1?? the speed calculation, an enlarged similar triangle was used in order to increase the acgfacy
%E of the travel and time meastirement,

2 AP
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; ,M WMeasurement of the operating speed pefore the mechanical endurance test

_— - e v o
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. Oeasufmg point: Insufated coupling rod in phase L2
Fperatmg spead measured; Vo = 1.18 mfs, Vo = 1.30mfsatU=1.0x Ua
£ or the speed calculation, an enlarged similar triangle was used in order {0 increase the accuracy

of the travel and time measurement.
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:Sgeraztlznog\;rrgg el UV 0.7 >t(o 1 (10.%8; mg% x |0.85 & (ﬁlgsxin %.1 X
Ua Ua |Ua [xUa }jUa Ua
Number of operations: 2 000 t[ms] | 666 | 474 | 447 | 684 | 636 | 61.5
Number of operations: 4 000 t{ims] | 67.2 | 45.9 | 447 | 684 | 642 | 1.8
Number of operations: 6 000 tms] | 67.5 | 465 | 44.7 | 68.1 | 63.9 | 62.1
Number of operations: 8 000 t[ms] | 67,8 [ 480 | 45,7 | 67,8 | 63,6 | 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. (

 e) Charging time of the motorized operating mechanism:

J charging time aiter O-C operation [ s}
Motor voltage U=085xUa | U=1.0xUa U=11xUa
Ua =220V DC =187V DC =220V DC =242V DC
Number of operations: 2 000 4.04 3.23 2.80
Number of operations: 4 000 423 3.29 2.90
Number of operations: 8 000 4.20 3.23 2.98
Number of operations: 8 000 4,22 3.27 2,93

2:m) Other important characteristics - contact travel;

il Contact travel in L2 Total Travel

{mm]

28| Number of operations: 2 000 14.7

Number of operations: 4 000 14.7

| Number of operations: 6 000 14.6

Number of operations: 8 000 14.6

i_l} Time-fravel chart with opening and closing speed:

1 |Speedin [m/s]; at Ua=220VDC L2 Vo Voz Ve

& {8.25 mm) (6.60 mm) . (3.30 mm)
Number' of operations: 2 000 1.08 1.31 0.91

4 Number of operations: 4 000 1.11 1.27 0.95

% |Number of operations: 6 000 1.10 1.29 0.91

& Number of operations: 8 000 1.12 1.33 0.93

| reference mechanical travel characteristics.

_The deviations from the measured mechanical time travel charts are in the allowable limits of the
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lts-of measurements after t—he’m,\eshaﬁz”c’al endurance test

-

o (opening) tc (closing)

Ua =220V DC 0.7x [1.0x[1.1x [085x[1.0x [1.1x
U UiVl Ua Ua |Ua Ua ta Ua
Operating time [ms] . 71.4 | 486 | 45.9 | 68.4 | 63.9 | 62.1
measured during the 6 x CO operations 71.1 | 486 | 45.9 | 68.4 | 64.5 | 6138
- &t the minimum supply voltage tims] |70.2|48.3 {459 | 681 | 64.2 | 61.8
- at the rated supply voltage
. gt the maximum supply voltage il 720|486 | 459 | 68,7 | 642 | 61.8

71.1 [ 48:3 | 456 | 68.1 | 64.2 | 61.8

—~

) Time spread between the breaker poles:
4

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

easured to <2 ms.

/f) Charging time and power consumption of the motorized operating mechanism:

ated voltage: Ua = 220 V DC

easured valugs:

easured during the § x CO operations
af the minimum supply voltage
at the rated supply voltage
at the maximum supply voltage

g wmmm-zwr IR

motor voltage charging time current consumption power consumption
after O-C operation TA] [W]
! [s]
fU=0,
E% 85 x Ua 4.04}14.12|4.10{4.03|4.06{0.24{0,98|0.9810.94 097|176 | 183 | 183 | 176 | 181
il 187V DC
i;U—10an 345|3 - 9 ' 11
gg 220V DC N A213.12(3.42(31110.87(0.96 | 0.96( 0.96 (0.96 213 [ 2¢1 [ 241 211 2
4 =T1xUa
$=242 VDG 271283277277 |2.75|0.95(0.98{0.94(0.95 | 0.94| 230 | 237 | 228 [ 230 | 228
_g

g IOWY|

A "numu;

e e

e
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umption of the tripping devices: ST
ured during the 5 x CO operations -
itthe minimum supply voltage
the rated supply voltage
at-the fijaximum supply voitage
Shunt-release ON -MC Shunt-release OFF -MO1
220V DC 220V bC
Currentat minimum | 4 65 | 675 1 572 | 072 | 0.72 | 056 | 052 | 0.52 | 052 | 0.52
2 'supply volfage [A]
&) Current at rated SUPPY | 55 | 55 | 088 | 0.85 | 0.88 | 0.68 | 0.72 | 0.68 | 0.68 | 0.68
Silvoltagé [A] :
e H 1
| Current at Maximim 1 o6 1 1.00 [ 0.96 | 0.96 | 0.96 | 0.76 | 0.75 | 0.76 | 0.76 | 0.76 |
supply voltage [A ] "1 ) (
; h) Duration of closing and opening command impulse:
£
Measured during the 5 x CO operations
- at the minimum supply voltage
at the rated supply voltage
5 at the maximum supply voltage
-'f;===~. Shunt-release ON -MC Shunt-release OFF -MO1
. .
&l Duration of command
Hlimpulse at minimum 69.6 696 |69.3|699(693|705}723]699 738|726
© #fisupply voltage [ ms ] ‘
ZiDuration of command
gimpulse at rated supply | 65.7 | 66.3 | 66.0 | 68.0 | 66.0 { 50.7 | 50.4 | 51.9 | 51.6 50,7
glvoltage [ ms ]
5tDuration of command 7
j impulse at maximum 64.5 | 64.2 | 63.9 | 64.2 | 64.2 | 51.9 } 50.7 | 52.2 | 51.6 | 50.7 (
Jsupply voltage [ ms ] --

& . .
k) Resistance of the main conductors:
i

Measurmg points:

450
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e Contact resistance measured during the 5 x CO operations at the minimum supply voltage of the coils:
' "Measuring | L1 1.2 31— -
- points uG o) Lo :

1-2 136 | 136 | 13.2

/’,

= 2 [ i 3 ¥ CO operations at the rated supply voltage of the coils;
3 L1 L2 L3 ]’

points HO pQ pQ
1-2 14.3 | 14.1 13.3

~

ﬁ?ontact resistance measured during the 5 x CO operations at the maximum supply voltage of the coils:
tMeasuring L1 L2 L3

points ) pQ uQ .-
1-2 13.8 | 14.0 | 13.7;

T‘me-traverchart with opening and closing speed: See diagram 2.1 and 2.2

N
%mwwm e

Speedm[mls} Ua=220VDC Vo \f02 Ve
ZatU=1.0xUa : | L2 1.22 | 1.37 0.89

“he deviations from the measured mechanical time travel charts are in the allowable limits of the
%eference mechanical travel characteristics.

W

Wol:  opening speed considered 8.25 mm after the separation in the main contacts of phase L2,
502 opening speed considered between 1.85 and 8.25 mm after the separation in the main contacts of phase L2.
"""""""" ;%c: closing speed congidered 3.3 mm before the touching In the main contacts of phase L2,

e %1) Other important characteristics:

= Gontiact travel:

L1 L2 L3
Total Travel [mm] |- 14.6 14.7 14.6

Cont.-travel [mm] 11.0 11.2 11.1
Contact-spring

travel [mm] 3.6 3.5 3.5
= Check of vacuum of interrupters:
80 kV DC ok

T oy R R MMW@%

» Verification of the rated operating sequence;
0-0.3s-CO-3min-CO at rated voltage ok

Ambient atmospheric conditions:

Date: 23™ May 2003, ambient air temperature: approx. 22°C

Lw. i
|

o IR e
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Measurement of the operafing speed after the mechanical endurance test

" Sheet: 20

Diagram 2.1:

't T i TTTL .
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i;': Measuring point: Insulated coupling rod in phase .2
¢ Operating speed measured: Vo =0.89 m/s at U= 1.0 x Ua
£ For the speed calculation, an enlarged similar triangle was used in order to increase the accur.
. of the travel and time measurement,
i
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izgram 2.2; Measurement of the’ﬁbéi*atin{spe‘éa after the mechanical endurance test
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iz Measuring point: Insulated coupling rod in phase L2 !
Operating speed measured: Vg = 1.22 m/s, Voo = 1.37 mfs at U = 1.0 x Ua
For the speed calculation, an enlarged similar triangle was usad in order fo increase the ace

of the travel and time measurement,
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iThe reference mechanical travel c!haracteristic was recorded at the rated supply voltage befors the

* gendurance test. All measured travel-curves fall within the limits of the two envelope curves which
;é%haracteﬁze the allowable deviations from the reference curve.

%

P
]

& .
;fgn characteristics measured before and after the test program do not show unacceptable variations,

ArRT

,g'%}he circuit-breaker operated only on command and did not operate without command.,
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}4easurmg Instrumerit Record

;{rest job no.: _ 240
pbject tested: VD4 17.20.32
;ibate of test: 29" April — 23" May 2003
3% fest report: PEHLA 0317-2Ra
iz{est operator: OtYSchittler
?rument Ident.-no. Measuring Remarks
:-glicroohmmeter ELK 001111 | 2pp€/200p0 Resistance measurement
o #1024 50 o
( %snstwe travel pick-up |ELK 001076 |5kQ Travel time measurement
) pe lino pot Ts 50 502
Smri00 S ELK 000466 |2V / full scale
Hransient memory . 50usiword,
% channel 4 ( 12 bit)
?EW 3083 ELK 000464 |0.25 V/cm-vernier
@ultl pen 10 cm/min, channe! 4
“Hlide caliper rule LAE 002162 {0 - 300 mm
hunt 1.5A/150mV ELK 001044 {1.5A/150mV Current measurement (MC/MO1)
DM 7100 ELK 000466 |+20/0.2 Vifull scale Operating time measurement,
rans:ent memory 50 pseciword/10msfword
channe! 1,2, 3, 8
(8 bit)
W 3063 ELK 000464 |Channel 1, 2, 3, 8,
- ~pen 0.25/1 Vicm-calfvernier
g; 10 em/min
ﬁ ectronic time clock ELK 001231 {0-100s . | Charging time measurement
;_'._‘;,g'glnlgor 6E ELK 000389 [1A Motor current measurement
“Hidar-Vacuum- DRU 000026 |40/60kV DG Vacuum-Checker-Test
-shecker-Test device
5:#BC M2110 ELK 000359 [300V DC Voltage measurement
FEU 000022 {-30°C - +50°C temperature measurement -

e bt
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PEHLA

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

| / " (:Ie/st Report

Report No. 0303Ra Copy No.: 0 Contents: 59 Sheets

£quipment under test: Vacuum circuit-breaker type VD4.17.20.32 (17.5 kV, 2000 A, 31.5 kA) equipped
with vacuum interrupters type VG4S.

Manufacturer:
Circuit-breaker: ABB T&D SpA, Divisione Sace T.M.S, Via Friuli, 4 — 24044 Dalmine (BG), italy

pole parts Inclusive
vacuum interrupters: ABB Calor Emag Mittelspannung GmbH, Oberhausener Str. 33, 40472 Ratingen,

Germany
CHent: ABB T&D SpA, Divisione Sace T.M.S, Via Friuli, 4 — 24044 Dalmine (BG), ltaly
Testing station: 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:

IEC 82271-100/2001-05, 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 Slip No. 2

Tests performed:

Basic short-circuit 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 rasults:
¢ vacuum circuit-breaker passed the mentioned test successfully.
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AV
Accreditation m/ /—\
The PEHLA-Tesling Laboratory Ralifigen has been approved by the DATech (German accreditation body for
technology) according ta DIN EN |SOAEC 17025 for tests in the field of high-voltage swiichgear and controlgear and
power engineering equipment L gistration-No. DAT-P-032/93}.

Under reference to DIN EN ISO/IEGC 17025 PEHLA states the following:

- The accreditalion of the PEHLA-Testing Laboratory or any of its test reports by themselves in no way constituie
or imply product approval by DATech or any other body.

- If someone refers to a test 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.

STL-Member

PEHLA is foundation-member of ihe Shori-Circuit Testing Liaison (STL) which has been founded in March 1969,
STL. is a forum for the international co-operation of the testing organisations with the further full members ASTA (GB),
CESI (I), ESEF (F). KEMA (NL), S8ATS (N, S, AIR) and STLNA (USA). In the Framework of EC, STL. has been
recognised in 1992 by EOQTC as agreement group.

PEHLA-Documenis

A Certificate

is issued for type tests which have successfully been carfed 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 must be clearly identified by technical description, drawings and additional
specifications.

A Test Document

is tssued for parts of type tests which have successtully 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 addittonal
specifications.

A Test Report

is issued for all olher tests which have been carrded out according to spedifications, standards or "PEHLA-Richtlinien”
(PEHLA Guides) and/or clients instructions.
Stmilarly, this test report contains all test results, detalls 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.

il

SN

Addresses:

Office: PEHLA-Geschéifisstelle
Hallenweg 40
68219 Mannheim, Germany

Testing Station:  PEHLA-Testing Laboratory Ratingen
Oberhausener Sir, 33
40472 Ratingen, Germany

Manutacturer:  ABB T&D SpA, Divisione SACE T.M.5. ABB Galor Emag Mittelspannung GmbH
Via Friuli, 4 Oberhausener Sir, 33
24044 Dalmine (BG}, ltaly 40472 Ratingen, Germany

Client; ABB T&D SpA, Divisione SACE T.M.S.
Via Friull, 4

24044 Dalmine (BQ), ltaly

T

r—



PERIELES  GESELLSCHAFT FUR ELEKTRISCHE HOGHLEISTUNGSPRUFUNGEN

Report No.: 0303Ra T Sheal: 3

Tests performed: )
Basic short-circuit test series T10 - T100 and double-earth fault braaking test.

-

e
T10:  3.56 kA at 18.9KV/3:54 kA at 18.8 kV /3.56 kA at 18.8 KV
(10 % 1, 0-0.35-G@3min-CO).

T30:  10.2kAat19.1 kV/10.2kA at 18.6 KV / 10.1 kA at 18.5 kV
{30 % s, 0-0.35-CO-3 min-CO).

T60: 19.0kAat18.5kV/185kAat 17.6 kV/ 18.6 kA at 18.1 kV
(60 % I, 0O-0.35-CO-3min-CO).

T100s: 33.2 kA at 20.8 KV /32.3 kA at 10.3kV /32,3 kA at 19.5 kV
(100% 1., 0-0.3 s-CO-3min-CO).

T100a: 81.5 KA (24.3%0g-comp) at 19.6 KV / 32.0 kA (32.2%pc comp) at 19.6 kV /
31.6 KA (26.8%pc.comp.) al 19.6 kV (
(100% Lss Oasyrn/ Oy ey

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 ihe tosts.
Measurement of the time-travel characteristic before and after the tests.

)

459




FEEEFREES  GESELLSCHAFT FUR ELEKTRISCHE HOGCHLEISTUNGSPRUFUNGEN

ReportNo.. 0303Ra . .~ ¢ Sheel: 4

L/”f able of Contents

Sheet

Test Report - Cover Sheet i
Accreditation 2
Tests petformed 3
Table of Contents 4
List of Test Participants 5
Technical Data of Test Object 5
List of Drawings 7
Drawings 8-10
Technical Data of Test Gircuits i 11-13
Principle Diagram of Three-phase Test Circuits 14
Principle Diagram of Single-phase Test Circuit 15
Short-Cireuit Making and Breaking Tesis 160 16
Oscillograms 0303Ra / 06 to 07 17 - 21
Shor-Gircuit Making and Breaking Tests T100s 22
Oscillograms 0303Ra/ 11 to 12 23-27 :
Short-Circuit Making and Breaking Tests T100a 28
Oscillograms 0303Ra/ 17 {0 19 29 - 34
Short-Gireult Making and Breaking Tests T30 35
Oscillograms 0303Ra /2210 23 36 - 40
Short-Circuit Making and Breaking Tests T10 41
Oscillograms 0303Ra/ 26 to 27 42 - 46
Double-earth fault breaking test 47
Oscillograms 0303Ra /33 48 - 49
Table of No-joad Operaticns,
Measurement of the Resistance 50
Oscillograms 0303Ra/ 02 to 02B, 34 to 348 51 -58
Photos 57 - 59

.




GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

—F
2 Sheat: 5
//. ) .

List of Test Participants

P B (L

Report No.:  0303Ra

P
Representatives of the Test Committee;

Mr. G. Heit

Mr. K.-H. Diergardt

Test Engineer;
Mr. K.-H. Diergardt

Representatives of the Client:
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Technical Data of Test Object

-

Repori No.: Shesat: B

/.

Vacuum circuit-breaker
VD4.17.20.32

Switching Device — Circuit-Breaker
Ratings assigned by the manutacturer

Test Ohject:

Type:

Manufacturer:
Circuit-breaker:
Pole parts including
vacuum inferrupters:

ABB T&D SpA, Divisione Sace T.M.3, Via Friuli, 4 — 24044 Dalmine (BG), lialy

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

Germany
Serial-No.: AC00048045 Year of manufacture:
Drawing No.: see sheet 7
Vacuum interrupter: Type: VG4S L1: No. 5081, L2: No. 5002, L3: No. 50086
Drawing No.: see sheet 7
Rated voltage 17.5 KV
Rated lightning impulse withstand voltage 95 KV
Rated switching impulse withstand voltage - kv
Rated power frequency withstand voliage 38 kY
Rated frequency 50 Hz
Rated normal current 2000 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 at 17.5 KV 31.5 kA
D.C. component 30 %
Rated short-circuit making current at 17.5 kV 80 kA
Rated transien! recovery voltage:
Peak value 30.0 kV
Rate of rise 0.42 kVius
First-pole-to-clear-factor 1.5
Raied operating sequence 0-0.3s-C0O-3min-CO
Arc extinguishing medium Vacuum
Number of poles 3
Number of units par pole i
Rated opening time =45 ms
Rated closing time apprax. 70 ms
Rated valiage of trip coll 220 V-DC
Rated vollage of closing coil 220 V-DC
Rated supply voltage 220 V-DC
Rated frequency of supply voltage - Hz

Essential characteristics:
Motor Drive Type 701 921/804 Serial No. CA 69T L02 D {EL1)

Date of receipt of test object: 7" January 2003

>
e
’—‘""

0t

s




PPERILM  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Repori No.:  0303Ra -, Sheat: 7
. -

-

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

witht 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 Repott

TYPE VD4 12-17.5 kV 1600-2000-2500A

GCE7005745R0152 | o1 pole VD4p 12kV 2500A 31,5kA H=310 Included in this Test Report ( i
510507 50535 OPERATION MECHANISM ASSEMBLY | Included in this Test Report :
510564 50535 CLOSING SPRINGS ASSEMBLY -
Paris list
510564 Ass. molle di ch. com. EL1 -
510507 Assieme commando EL1 -
GGE7005745R0152 Pal VD4P 12kV 2000A 31,5kA H=310 -

463
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GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra Sheet: 11
Technical Data of Test Circuits
Test Basic ShortCircuit-Test-Duty~",~ T60 T100
Test No. \.0303Ra 04 - 07 08 ~19
Number of phases test-tircuit) 3 3
Rated voltage pd kv 17.5 17.5
Number of poles or phases - (test object) 3 3
Voltage distribution . % - -
Power frequency s Hz 50 50
Power factor cos @ <0.15 <£0.15
Earthing Generator / System earthed via 5 kQ garthed via 5 kQ
conditions Transformer not earthed not earthed
Short-circuit point earthed earthed
Shart-circuit breaking current KA 18.9 31.5
Test frequency Hz - - (
Crest value of injected currant KA - - \
Corresponding test frequency Hz - -
Transient Recovery Voltage required actual reguired aciual
values values values values
TRY peak value u, kV 32.0 37.3 30.0 29.6
Timetorty IE 31.0 36.0 71.0 64.0
Time delay 1, s - - - -
Rale-of-rise uy /t or u, /15 kV/us 1.04 1.04 0.42 0.46
Voltage u; kv - - - -
Time t us - - - -
First peak u_ kY - - - -
Time { s - - - -
Rate of rise u./t, kV/us - - - -
Surge impedance 7 Q - - - -
Time Delay ty s - - - -
Crest value ug kV - - - -
Creast value u, kv - - - -
Voltage measurements - Dividers - Dividers
- 4.5MQ/ - 4.5 MQ /
10kQ 10k
Current measurements - Shunts - Shunts
- 37.6 nQ - 37.6 pQ
Remarks: -

PO g
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SEEILEY  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra Sheel: 12

Technical Data of Test Circuils

Test Basic Short-Circuit Test-Duty T30 T10
Test No. 0303Ra 20—24 25— 27
Number of phases {test circui) 3 3
Raied voltage kV 17.5 17.5
Number of poles or phases {test object) 3 3
Voltage distribution % - -
Power frequency Hz 50 50 f\
Power factor coS @ <0.15 <0.15 |
Earthing Generatot / System earthed via 5 KQ earthed via 5 k@
conditions Transformer not earthed not earthed
Shott-circuit point earthed sarthed .
Short-circuit breaking current KA 9.45 3.15 /
Test frequency - Hz - -
Crest value of injecied current KA - -
Gorresponding test frequency Hz - - /
Transient Recovery Voltage required actual required actual ( K
values values values values |\ .

TRV peak value ug kY 32.0 35.0 32.0 35.4
Time to or us! 15.0 56.5 " 15.0 49.0*
Time delay 14 us - - - -
Rate-of-rise uy ft; or Uy / 13 kv/us 2,14 0.62 2,14 0.72
Voltage kV - - - -
Timety us - - - -
First peak u, kV - - - -
Time t, us - - - -
Rate of rise u/ty kV/ns - - - -
Surge impedance Z; Q - - - -
Time Delay g us - - - -
Crest vaiue Uy kV - - - -
Crest value U, kv - - - -
Voltage measuremsnis - Dividers - Dividers

- 45 MQ/ - 45MQ/

10 k& 10 kQ

Current measuraments - Shunts - Shunts

- 37.6 uQ - 37.6 uQ
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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GESELLSCHAFT FUR ELEKTRISCH ISTUNGSPRUFUNGEN

Report No.:  0303Ra Sheet: 13
Technical Data of Test Circuits
Test Double-earth faull test -
Test No. 0303Ra 20-31 -
Number of phases {test circuit) 2 -
Rated voltage kv 17.5 -
Number of poles or phases (lest object) 1 -
Valtage distribution % - - i
Pawer freguency Hz 50 - l
Power factor cos @ <0.15 . "
Earthing Generator / System garthed via b kQ -
conditions Transformer not earthed - :
Short-circuit point earthed - aa—d
Shoit-circuit breaking current kA 27.4 -
Test frequency Hz . - (
Crest value of injected current kA - - ‘
Corresponding test frequency Hz - -
Transient Recovery Voltage required actual required actual
values values values values

TRV peak vaiue u, kv 34.8 34.1 - -
Time orig s 81.g 77.5 - -
Time delay ty us - - - -
Rate-of-rise ug /tyor U, /1, kV/us 0.42 0.44 - -
Voltage uy kV - - - -
Time ty L us - - - -
irst peak u, k¥ - - - -
Time s - - - -
Rate of rise ugft, kVius - - - -
Surgs impedance 7, [9) - - - -
Time Delay tq s - - - -
Crest value uy kv - - - - (
Crest value u, kV - - - -
Voltage measurements - Dividers - -

- 4.5MQ/ - -

10 k@2

Gurrent measurements - Shunts - -

- 37.6 pQ - .
Remarks: -
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REEAE L GESELLSCHAFT FURE

Report No.:  0303Ra

HE HOCHLEISTUNGSPRUFUNGEN

Sheal: 14

Principle Diagram of Three-phase Test Circuils
Basic Short-circuit Test Duties T10 - T100
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Report No.:  0303Ra Sheat: 15

Principle Diagram of Single-phase Test Circuit
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B NE( EKTRISCHE HOCHLEISTUNGSPRUFUNGEN

EEHILER GESELLSCHAFT RY

Repori No..  0303Ra Sheal: 16
Short-Circuit Making and Breaking Tests
Circuit-breaker
Test duty: 160
Date of test: 09" January 2003
Condition of test abject hefore test: Factory new.
Connections to test object: By means of copper bars fo 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 . 5] 7
Operating sequence 0-0.83s- CO-3min-CO
Applied voltage kV - 18.6 17.7
Short-circuit making current L1 - 44,2 34.7 ,
kKA L2 - 39.2 47.0
13 - 51.3 50.7
Short-circuit L1 19.6 18.4 18.6
breaking current Short-circuit current kKA L2 17.8 18.5 8.5
L3 19.6 18.7 18.8
Average value kA 19.0 18.5 18.6
L1 < 20 < 20 <20
d.c. component % L2 <20 <20 < 20
L3 <20 <20 <20 ¢
Rocovery voltage i1 10.7 10.1 10.5
kV L2 10.7 10.1 10.4
L3 10.7 10.2 10.4
Average value (phase-to-phase) KY - 18.5 17.6 18.1
Transient Recovery Voltage (TRV), - - -
firsi-pole-to-clear KV 33.4 33.8 35.8
Arcing time L1 1.0 2.2 1.4
ms L2 6.6 7.0 8.2
L3 7.0 7.8 8.2
Closing time ms - 64.6 65.8
Opening time ms 69.7 701 71.6
Result p P P
Legend: P: Positive, breaker cleared or breaker closed and cleared N: Negative, breaker failed
Remarks:
PEHLA 0303Ra /01: GCurrent calibration
PEHLA 0303Ra / 02: No-load operations before tests
PEHI.A0303Ra/ 03: 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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BREEIES o BQC:HAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra Sheset: 18

Test no.
PEHLA 0303Ra /06
Transient Recovery Voltage, First O
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GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Sheat: 12

Test no.
PEHLA 0303Ra /08
Transient Recovery Voltage, Second O

208

208

208
—

1
w&wﬂ.ﬁm
205

204
[ms]
—

1

2m 202

200

199

{r4]

A0 A Y%

475




ERIE B EY  GESELLSCHAFT FOR ELEKTRISCHE H

Report No.:  0303Ra
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BEE.EY  GESELLSCHAFT FOR ELEKTRISCME HOCHLEISTUNGSPRUFUNGEN

ReportNo.:  03(3Ra Sheel; 21
Test no, y
PEHLA 0303Ra/0
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5
+

o

22
[ms]
3

31

30
—
\

45
-

p

-
T h
2 ) o 2 g 2 8 g g b5
) E t i 3 T T
(]

0y

N0 ORAAT

ERTERS

477




GESELLSCHAFT FURE RISCHE HOGHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra Sheel: 22

Short-Circuit Making and Breaking Tests

Circuit-breaker

Test duty: T100s

Date of test: 00" January 2003

Condition of test object before tesi: As after test PEHLA 0303Ra/ 07,

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

cireuit-breaker. Lower terminals of the circuit-breaker short-
circuited and earthed.

Arc extinguishing medium: Vacuum
Test No. PEHLA 0303Ra 10 | 11
Operating sequence 0-0.3s-C0O-3min-CO
Applied voitage kv - 20.6 20.3
Short-circuit making current i - 56.1 88.8
kA L2 - 83.7 77.8
L3 - 84.7 55.6
Short-circuit L1 33.9 31.2 32.2
breaking current Short-gircuit current kA L2 33.3 32.7 32.5
L3 32.5 32.9 32.1
Average value kA 33.2 32.3 32.3
11 = 20 <20 <20
d.c. component % L2 <20 <20 <20
L3 <20 < 20 < 20
Recovery voltage L1 12.0 11.0 1.3
kV L2 121 11.4 11.3
L3 12.0 11.1 e A T
Average value (phase-to-phase) kv - 20.8 18.3 19.5 /
Transient Recovery Voltage (TRV), - - -/
first-pole-to-clear kv 33.4 28.6 325"
Arcing time L1 5.2 8.4 17.5
ms 1.2 10.5 8.6 10.1
L3 10.3 3.0 18.1
Closing time ms - 66.2 62.0
Opening time ms 68.5 70.0 73.3
Result P p p

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

Remarks:
PEHLA 0303Ra /0810 10: Tests with reduced values
PEHLA 0303Ra/10and 11:  The operating devices are supplied at their minimum voltage.

Condition of test object after test: Gircuit-breaker without functional or visible change.
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Report Mo.:  0303Ra . Shest: 23

Tesl no.
PEHLA 0303Ra/ 10
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FPEERILEY  GESELLSBAXFT FUR ELEKTRISCHE HOGHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra Shesl; 24

e ™"

Test no.
PEHLA 0303Ra/ 10
Transient Recovery Voitage, First ©
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FPEBILES cesclised UR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.: 0303Ra . _ ) ) Sheat; 25

il J[J;’ln i

Testno.
PEHLA 0303Ra/ 10
Transient Recovery Voltage, Second O
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Report No.:  0303Ra Sheat: 27

Test no.
PEHLA 0303Ra/ 11
Transient Recovery Voltage
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Ay GESELLSGHAFT AUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra Sheat: 28

Short-Circuit Making and Breaking Tests

Circuit-breaker

- Test duty: T100a
) Date of test: 09" January 2003
Condition of test object before test: As after test PEHLA 0303Ra / 11.
_ Connections to test object: By means of copper bars to the upper terminals of the

circuit-breaket. Lower terminals of the circuit-breaker short-
circuited and earthed,

Arc extinguishing medium: Vacuum
- {Test No, PEHLA 03038a 17 i8 16
Operating seauence O O O
Applied voltage kV - - -
Shori-circult making current L1 - - -
kA L2 - - -
L3 - - -
Short-circuit [ 30.8 31.8 31.3
breaking current Short-circutt current KA 1.2 31.86 31.8 31.8
L3 32.0 32.4 31.6
Average value KA 31.5 32.0 31.8 /
L1 24.3 <20 25.3 h
d.c. component % L2 22.8 32.2 <20 f
1.3 < 20 25.8 26.8 /
use . ‘ | 12.3 - - 7
ms L2 - 12.5 -
L3 - - 12.0 )
Peak last loop L1 54.8 - -
kA L2 - 56.7 -
L3 - - 55.4
Recovery voltage Li 11.2 i1.3 i1.4
kV L2 1.7 1.5 11.0
L3 11.1 11.2 11.5
Average value (phase-to-phase) KV - 19.6 19.8 19.6
Transient Recovery Voltage (TRV), - - -
first-pole-to-clear kV 33.6 33.4 31.6
Arcing time L1 5.0 56 10.3
ms L2 9.4 10.9 5.2
L3 9.4 10.7 9.6
Opeaning time ms 45.4 45.2 454
Hesult P P P

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

Remarks:
PEHLA 0363Ra /1210 16 Tests for determination of the prospective d.¢. componant.
PEHLA 0303Ra/ 17 to 19: The operating devices are supplied at their maxim

Condition of test object after test: C|rc1,=|t breaker without functional or visible change
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Report No:_: 03G3Ra

Sheet: 29
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Sheel; 30
Test no.
PEHLA 0303Ra/ 17
Transient Recovery Voltage
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Report No.:  03G3Ra
Test no.
PEHLA 0303Ra/ 18
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Shestr 32

Report No.: 0303Ra \
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PEHEA 0303Ras 18
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EPERBELY  GESENIREANFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No,:  0303Ra ' Sheal: 34

Test na,
PEHLA 0303Ra/ 19
Transient Recovery Voltage

16

1%

14

W/\MNM

1
[ms]

10

[+1]
0
Y
T L3 - o
[=] < (=] o
7 & g g 3 g 2 & g
1 1 1 1 — - -
1 1 1
{ax]

490




PR DSS FT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra Sheet: 35
Short-Circuit Making and Breaking Tests
Circuit-breaker
Test duty: T30
Date of test: 10¥ January 2003
Condition of test ubject before test: As after test PEHLA 0303Ra/ 19
Connections to test object: By means of copper bars to the upper terminals of the

circult-breaker, Lower terminals of the circuit-breaker short-
circuited and earthed.

Arc extinguishing medium: Vacuum
[Test No. PEHLA 0303Ra 22 23
Operating sequence 0O -0.35 - CO - 3min - CO ,
Applied voltage kV : 10.2 18.9 (
Short-circuit making current 1 - 17.7 16.0
kA L2 - 23.7 247
L3 - 25.7 24.0
Short-circuit L1 10.1 10.2 10.0
breaking current Short-circuit current kKA L2 10.3 10.0 9.93 i
L3 10.4 10.3 10.2
Average value kA 10.2 i6.2 10.1
L1 <20 <20 < 20
d.c. component % L2 <20 <20 <20 N
L3 <20 <20 < 20
Recovery voltage L1 1.4 10.7 10.5
kV L2 11.0 10.7 10.8
L3 11.0 10.8 10.7
Average value (phase-lo-phase) KV - 19.1 i8.6 18.5
Transient Recovery Voltage (TRV), - - -
first-pole-to-clear KV 34.2 32.4 31.8
Arcing time Lt 7.0 7.0 7.8 (
ms L2 2.0 7.0 3.6
L3 7.0 2.0 8.0
Closing time . ms - 64.8 65.4
Opening time ms 66.1 68.0 68.6
Hesult P P P

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

Remarks:
PEHLA 0303Ra /20 and 21:  Tests with reduced values
PEHLA 0303Ra/22and 23:  The operating devices are supplied at their minimum voltage.

Condition of test object after test: Gircuit-breaker without functional or visible change.
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Report Mo.: (302Ra | Sheet: 36

Test no.
PEHLA 0303RBa /22
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FPEMELE  GESELLSCHAPAUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.:  0303Ra

Sheel; 37

e

Test na.
PEHLA 0303Ra /22
Transient Recovery Vollage, First O
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PPREEFLE cEsELs FUR ELEKTRISCHE HOCHLEIS TUNGSPRUFUNGEN
Raport No.:  0303Ra Sheet: 38
Test iwo.

PEHLA 0303Ra /22
Transieni Recovery Voltage, Second O
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BEERIEES  oEsELL %FT )R ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No,:  0363Ra Sheel; 30
Tesi no.
PEHLA 0303Ra /23
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Aeport No,: 9303Ra Sheel; 40
Test no.

. PEHLA0303Ra/23
Transient Recovery Voltage
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PREILEAE  eEsEL

Report No.:  0303Ra

Short-Circuit Making and Breaking Tests

Circuit-breaker

Test duty:
Date of test:
Condition of test cbject before test:

Connections to test object:

T10
10" January 2003
As after test PEHLA 0303Ra /23

By means of copper bars 1o the upper terminals of the
circuit-breaker. Lower terminals of the circuit-breaker short-
circuited and earthed.

AFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Arc extinguishing medium: Vacuum
[Test No. PEHLA 0303Ra 25 26
Operating sequence 0-0.3s - CO - 3min - CO
Applied voltage kv - 18.0 18.4
Short-circuit making current i - 6.1 5.3
kA L2 - 8.1 8.2
L3 - 8.6 8.5
Short-circuit L1 3.54 3.61 3.56
hreaking current Short-circuit current kA L2 3.60 3.50 3.49
L3 3.54 3.50 3.83
Average vajus kKA 3.56 3.54 3.56
. i1 < 20 <20 <20
d.c. comporient % L2 <20 < 20 <20
L3 <20 < 20 < 20
Recovery voltage L1 10.9 10.8 9.87
kv L2 10.8 i1.0 11.2
L3 i1 10.8 10.8
Average value (phase-to-phase) kY 18.9 18.8 18.8
Transient Recovery Voltage (TRV), - - -
first-pole-to-clear kv 36.6 31.8 33.1
Arcing time L1 8.0 7.5 7.8
ms L2 3.0 7.5 2.8
L3 8.0 2.5 7.8
Closing time ms - 64.0 67.0
Opening time ms 65.0 67.0 87.5
Result P p P

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

Remarks:
PEHLA 0303Ra/ 24:

Test with reduced values
PEHLA 0303Ra/25and 26:  The operating devices are supplied at their minimum voltage.

Condition of test object after test: Gircuit-breaker without functional or visible change.
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Report No.:  0303Ra i Sheat, 47

short-Circuit Making and Breaking Tests

Circuit-breaker

Test duty: Double-earth fault tesi

Date of test: 10" January 2003

Condition of test object hefore test: As after test PEHILA 0303Ra /26

Connections to test object: Phase L3 of the Test Laboratory connected by means of a

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

Arc extinguishing medium: Vacuum
Test No. PEHLA 0303Ra 33 - -
Operating sequence Q - - (
tApplied voltage kV - - -
Shori-circuit making current i1 - - -
KA L2 - - -
L3 - - -
Shart-circuit L1 27.8 -
breaking cutrent Short-cireuit current kA L2 - - -
13 - - -
Average value KA - - -
1 <20 - -
d.c. component % L2 - - -
L3 - - -
Recovery voltage L1 18.7 - -
KV L2 - - -
L3 - - -
Average value (phase-to-phase) KV - - - -
Fransient Recovery Voliage (TRV), - -
first-pole-to-clear kv 32.8 - - (
Arcing time L1 1.1 - -
ms L2 - - -
L3 - - -
Opening time ms 46.8 - -
Result P -

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

PEHLA 0303Ra / 27 to 32: Tests with reduced values
PEHLA 0303Ra/ 3a: The operating devices are supplied at their rated voltage.

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

Power frequency withstand voltage test at 38 kV — 1 min successfully performed after test PEHLA
0303Ra/ 32.

The deviations {rom the reference mechanical travel characteristic are in the allowable limits,
[ ———
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Test no.

PEHLA 0303Ra /23

Transient Recovery Voltage
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Report No.:  0303Ra i Shaet: 50

Actual Values of No-load Operations

Rated supply voltage of closing coil: 220V DC
Aated supply voltage of opening coil: 220V DG
Operation Voltage Closing Voltage Opening
closing coll time opening coll tirme
V) (ms} (V) {ms)
Before basic short-circuit test duties
Test 0303Ra /002 O- - - 220 46.4
CO 220 58.8 220 46.9
Test 0303Ra / 02A 0O- -- -- 154 79.1
co 187 62.9 154 79.7
Tost 0303Ra / 025 0- - - 242 437 1'
CO 242 56.5 242 44.4

After double-earth fault test

Test 0303Ra / 034 0- - - 220 45.3 /
CO 220 60.1 220 46.3 o
Test 0303Ra / 34A Q- -- -- 154 70,7
GO 187 64.9 154 73.8
Test 0303Ra /348 O- - - 242 43.2
cO 242 57.7 242 44.1

Measurement of the Resistance

Ambient air temperature: =18 °C
Resistance of the pole parts
. po
L1 L2 L3
Before tes! 0303Ra /004 12.3 12.7 12.1
After test 0303Ra /034 18.8 17.8 17.8

{The resistance values fulfil the requirements of STL-Guide to [EG56: 4th Edition: 1987, Amendment Slip No. 2).

Remarks:
Resistance measurement at direct current of; 50 A
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Photo No. 01
Befc_are Test 0303Ra /04

Photo No. 02

Before Test 0303Ra / 04
G
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Photo No. 03
After Test 0303Ra /26

Photo No. 04
Alter Test 0303Ra / 26
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GESELLSCHAFT

PEHLA

Repord No.t  0303Ra
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Photo No. 05
Before Test 0303Ra/ 30

Photo No. 08
Before Test 0303Ra/ 30
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Remark: Photos of the test object after test 0303Ra / 34 are not available.
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Devtucher

| R ABB Calor Emag A Ep P
b Z2AN[R2 Laboratories FREPEP

Reg.-Nr.
DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 1
Issued by an Accrediled Laboratory
corresponding to EN 45001 Copy-No. 1e
Test Object 4-panel metal-clad air-insutated switchgear type 281.2 - 12 kV
consisting of
- feeder panel 2000 A with vacuum circuit-breaker type VD4P 1220-31 ¢
- feeder panel 25600 A with vacuum circuit-breaker type VD4P 1225-31
- feeder panel 1600 A with vacuum circuit-breaker type VD4P 1216-31,
- feeder panel 630 A with vacuum circuit-breaker type VD4P 1206-31
max. ambient temperature 9ymax = 40 °C,
Rated voltage U 12 kv :
Rated normal current panel I 2500/630 A /
Rated frequency f 50 w
Rated short-time withstand current I 315 ; kA
Rated peak withstand current Ip 80 kA
Rated duration of short-circuit current tn 3 s
Rated short-circuit breaking capacity at 12 kV lsc 316 KA
Max. ambient temperature 3, 40 °C
Manufacturer ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany

Tests performed  Three-phase temperature-rise test at the rated currents of 2500/ 630 A at
a power frequency of 50 Hz.
Measuring of the resistances of the main circuit.

Test Specification EC Standard 60694/2™ Ed./1996-5, clause 6.4 and 6.5
JEC Standard 60298/3" £d./1990-12, clause 6.3 and 6.4

Test Results The 4-panel ZS1.2-type arrangement passed the above mentioned tests
successfully. The respective requirements are met. The test results are
tabulated on sheets 23 to 28.

Test Date May 31" - June 01, 2000

Client mag Mittelspannung GmbH, D-40472 Ratingen, Germany s

March 20", 2001
Date of Issue L aboratory Manager

Total Number of Sheets: 33 Sheets (Test Report)

-est Engineer

This test report refers exclusively to the object tested, ABB Calor Emag Laboralories Rahpéen are accredited aceo to
ABB Calor Emag Mittelspannung GmbH is cerlified according EHN 45001 by DATech undst Reg.No. DAT - P - 032:‘93
[{ D]N ISC 9001 by DOS under Reg. No. 373-02

Calor Emag rmitelspannung GsmbH Ratingen.
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ABRB Calor Emag Miitelspannung GmbH Ratingen Oberhausengr Steake 337 """ 4 ¢ "Bh + 49 APz 1211805
High-Power Testing Laboratory [D - 40472 Ratingen r}P)Us‘} 4 ;’}f‘ !Jf ’ﬂ Jf ﬁ +49(o 102121793
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Jj &  ABB Calor Emag A BEp
““~[R2  Laboratories FREPEP

Reg.-Nr.
DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 1
tssued by an Accredited Laboratory
corresponding to EN 45001 Copy-No. Og

Test Object 4-panel metal-clad air-insulated switchgear type 7ZS1.2 ~ 12 kv
consisting of
- feeder panel 2000 A with vacuum circuit-breaker type VD4P 1220-31
- feeder panei 2500 A with vacuum circuit-breaker type VD4P 1225-31«
- feeder panel 1600 A with vacuum circuit-breaker type VD4P 1216-31
- feeder panel 830 A with vacuum circuit-breaker type VD4P 1206-31
max. ambient temperature 9. = 40 °C, 1

|
Rated voltage U 12 kv |
Rated normal current pane! Iy 2500/630 A : (
Rated frequency f 50 Hz
Rated short-time withstand current lih 31.5 /kA\/
Rated peak withstand current I 80 KA
Rated duration of short-circuit current tin 3/s
Rated short-circuit breaking capacity at 12 kv lse 315 [ kA -
Max. ambient temperature Y4 40§ °C.
i
Manufacturer ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany

Tests performed  Three-phase temperature-rise test at the rated currents of 2500 / 630 A at
a power frequency of 50 Hz,
Measuring of the resistances of the main circuit.

Test Specification |EC Standard 60694/2™ Ed./1996-5, clause 6.4 and 6.5
IEC Standard 60298/3" Ed./1990-12, clause 6.3 and 6.4

Test Results The 4-panel Z51.2-type arrangement passed the above mentioned tests (
successfully. The respective requirements are met. The test results are
tabulated on sheets 23 to 28.

Test Date May 31" - June 01%!, 2000

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

March 20", 2001

Date of issue Laboratory Manager Test Engineer
Total Number of Sheets: 33 Sheets (Test Report)

This test report refars exclusivaly to the object tested, ABB Calor Emag Laboratories Ratingen are accredited accordlng to
ABB Calor Emag Mittelspannung GmbH is certified according EN 45001 by DATech under Reg.No, DAT-P - 032.'93 RN

o DIN ISO 8001 by DQS under Reg. No. 373-02 - A

With the exceplion of the cover sheet and any subsequent sheets mentioned thereon, this document may not be parly copled wrthout wntien consent ,fABB
Calor Emag Mittelspannung GmbH Ratingen.

ABB Calor Emag Mittelspannung GmbH Ralingen Oberhausenss Stralie 32 Phong. + 49 {0} 21 y
High-Power Testing Laboratory D- 40472 Ratingen Fax  +49(0)2

| eoun @(’ Mf! i /ﬂ '
AN ! 517
DA G A

! Eiri




s, ABB CalorEmag

ZA2NR2 Laboratories R EP EP
Reg.-Nr.
DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 2
Issued by an Accrediled Laboratory
corresponding to EN 45001
Table of Contents
_ Sheet No.
Cover sheet 1
Table of Contents 2 ‘-\
Technical Data of Test Object 3to 10 \
List of Drawings 11 ‘
Drawing No. GCE8010452R0112 (Switchgear 12 kV, PW 1000) 12
Drawing No. GCE8010450R0101 (cubicle; < 1000 A, T. 650) 13
Drawing No. GCE7008251R1178 (Einschub fiir Z81.2 VD4P) 14
Drawing No. GCE7002291R0150 (draw-out VD4P, 12/117.6 kV, 251.2) 15
Drawing No. GCE7005745R0122 (pole VM1, 12KV, 2000 A) 16 /\
Drawing No. GCE7003979R0104 (pole compl. VM1, 12 kV, 1250 A) 17
Test Arrangement and Measurement Points for Temperatures and
Resistances of the Busbars . 18 _
Measurement Points for Temperatures and Resistances of the Feeder Panel 2 19
Measurement Points for Temperatures and Resistances of the Feeder Panel 4 20
Measurement Points for Temperatures of the Circuit-Breaker Poles Panel 2 21
Measurement Points for Temperatures of the Circuit-Breaker Poles Panel 4 22
Measurement of the Resistance of the Main Circuit before and after the
Temperature Rise Test 23
Temperature Rise Test 241028
Photos of the Test Object (Photo 1 - Photo 9) 2910 33
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DAT-P-032/93

TEST REPORT No.

Issued by an Accredited Laboratory
corresponding to EN 45001

HZ 147 E 10

Sheet 3

Technical Data of Test Object

Switchgear — Feeder Panel 1
Ratings assigned by the manufacturer

Test Object;
Type: Z51.2
Manufacturer:
Serial-No.: 7550027/2011/00 (switchgear)
Drawing No.: GCE8010452R0111
Rated valtage

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 feeder

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

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

Minimum functional pressure (abs. / 20°C)

Permissible values for internal arc faulis:

Peak current

Short-time current
Duration of shor-circuit

Max. ambiant air temperature

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

Year of manufacture:
12

75

28

50

2500

2000

31.5

3

air / vacuum
- kPa

°C

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

Essential characteristics and installed devices:

The power loss of the controlgear in the low voltage compartment was simulated by a heating resistor of 60 W,

Current transformer:

Metal-clad air-insulated switchgear pane! with vacuum circuit-breaker type VD4P

2000

Manufacturer Type Year of manufacture Insulation class
WIRGES GmbH ASS 12-20 2000 E

Voltages Frequency |Sort-time withst. current | Peak withstand current
12/28/975 kV 50 Hz 315kA/3s 80 kA

Serial Nos. L1 166472 L2 167473; L3 166474

Core 1 200075 A; 15 VA, accuracy class 1

Core 2 2000/5 A 15 VA, 5P 10

Date of receipt of test object: 18" May 2000
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TEST REPORT No.

|ssued by an Accredited Laboratory
corresponding lo EN 45001

HZ 147 E 10

Technical Data of Test Object

Switchgear — Feeder Panel 2
Ratings assigned by the manufacturer

Test Object:
Type: Z51.2
Manufacturer:
Serial-No.: 7550027/2012/00 {switchgear)
Drawing No.: GCE8010452R0112
Rated voltage

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

Rated frequency

Rated normal current of busbhar
Rated normal current of feeder

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

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

Permissible values for internal arc fauilts:
Peak current
Short-time current
Duration of short-circuit

Max. ambient air temperature

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

Year of manufacture:
12
75
28
50

2500
2500

BO
315

air { vacuum
- kPa
- kPa

80
31.5

40

The above mentioned switchgear panel is fully described by the menticned drawings.

Essential characteristics and installed devices:

Metal-clad air-insulated switchgear panel with vacuum circuit-breaker type VD4P

2000

\

The power loss of the controlgear in the low vollage compartment was simulated by a heating resistor of 60 W.

Current transformer:

Manufacturer Type Year of manufacfure Insutation class
WIRGES GmbH ASS 12-20 | 2000 E

Voltages Frequency | Sort-time withst. current | Peak withstand current
12/28/975 kV 50 Hz 315kA/3s 80 kA

Serial Nos. L1 1668479 L2 167480, L.3 166481

Core 1 2500/ 5 A 15 VA, accuracy class 1

Core 2 2500/56 A, 15 VA, P 10

Date of receipt of test object: 19" May 2000
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- Reg.-Nr.

DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet
Issued by an Accredited Laboratory
corresponding to EN 45001
Technical Data of Test Object
Switchgear — Feeder Panel 3
Ratings assigned by the manufacturer
Test Object; Metal-clad air-insulated switchgear panel with vacuum circuit-breaker type VD4P
Typs: ZS81.2
Manufacturer:  ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.: 7550027/2007/00 (switchgear) Year of manufacture: 2000
Drawing No.: GCEB010452R0103
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 of bushar 2600 A -
Rated normal current of feeder 1600 A /
Rated peak withstand current 80 kA v
Rated short-time withstand current 31.5 kA
Rated duration of short-circuit 3 s
Insulating medium air / vacuum
Rated functional pressure {(abs. / 20°C) - kPa
Minimum functional pressure (abs. / 20°C) - kPa

Permissible values for internal arc faults:

Peak current 80 kA (
Short-time current 315 KA :
Duration of short-circuit is
Max. ambient air temperature 40 °C

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

Essential characteristics and installed devices:

The power loss of the controlgear in the low voltage compartment was simulated by a heating resistor of 60 W.

Current transformer:

Manufactfurer Type Year of manufacture Insulation class
WIRGES GmbH ASS 12-20 12000 E

Voltages Frequency i Sort-time withst. current | Peak withstand current
12/28/975 kV 50 Hz 3N5KkAI/3s 80 kA

Serial Nos. L1 166458 L2 167459; L3 166460

Core 1 1600/ 5 A; 15 VA, accuracy class 1

Core 2 1600 /5 A; 15 VA, 5P 10

Date of receipt of test object: 19" May 2000
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Reg.-Nr.
DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 6
Issued by an Accredited Laboratory
corresponding to EN 45001
Technical Data of Test Object
Switchgear — Feeder Panel 4
Ratings assigned by the manufaclurer

Test Object: Metal-clad air-insulated switchgear panel with vacuum circuit-breaker type VD4P
Type: 2512
Manufacturer:  ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.. 7550027/2003/00 (switchgear) Year of manufacture: 2000
Prawing No.: GCEB8010450R0101

Rated voltage 12 kv

Rated lightning impuise withstand voltage 75 kv

Rated switching impulse withstand voltage - kv

Rated power frequency withstand voltage 28 kV (Ff\h_/

Rated frequency 50 Hz

Rated normal current of busbar 2500 A

Rated normal current of feeder 630 A

Rated peak withstand current 80 kA

Rated short-time withstand current 31.5 kA

Rated duration of short-circuit 3 s

tnsulating medium air / vacuum

Rated functional pressure (abs. / 20°C) - kPa
Minimum 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 1 s
Max. ambient air temperature 40 =C

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

Essential characteristics and installed devices:

In order to generate the power losses of the 630 A current transformers a heat power of 5 W was feeded to
each ¢.t.. The heating resistors were adhered on the surface of each c.t.

The power loss of the controlgear in the low voltage compartment was simulated by a heating resistor of 60 W.

Current transformer: ~
Manufacturer Type Year of manufacture Insulation class

ABB EJF Czech Republic [TPU 4311|2000 E

Voltages Frequency | Sort-time withst, current | Peak withstand current

12/28/95 kV 50 Hz 31.5kA/3s 80 kA

Serial Nos. L1 957055 L2 957056; L3 957057

Core 1 12501 5 A; 15 VA, accuracy class 0.5

Core 2 12507 5 A, 15 VA, accuracy class 5P
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Date of receipt of test object: 19" May 2000
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Reg.-Nr.
DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 7
Issued by an Accredited Laboratory
corresponding to EN 45001
Technical Data of Test Object
Switching Device — Circuit-Breaker in Feeder Panel 1
Ratings assigned by the manufacturer
Test Object: Vacuum circuit-breaker (draw-out unit)
Type: VD4P 1220-31
Manufacturer; ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany (
Serial-No.: 7007054/4001/00 Year of manufacture: 2000
Drawing No.: GCE7000162R 1173 (circuit-breaker)
Vacuum interrupter: Type: VG4-S L1: No. 1115, L2: No, 1116, L3; No. 1117 .
Drawing No.: GCE7005745R0122 (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 2000 A \‘ /
Rated peak withstand current 80 kA
Rated short-time withstand current 315 kA
Rated duration of short-circuit 3s
Rated short-circuit breaking 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 kVius
First-pole-to-clear-factor 1.5

Rated operating sequence
Arc extinguishing medium
Rated pressure / Minimal pressure (20 °C)
Insulating medium
Rated pressure / Minimal pressure (20 °C)
Driving mechanism
Rated pressure / Minimal pressure (20 *C)
Number of poles
Number of units per pole
Rated opening time
Rated closing time
Rated voltage of trip coil
Rated voltage of closing coil
Rated supply voltage
Rated frequency of supply voltage
Further specifications:

Max, ambient air temperature

Essential characteristics:

0-0.3 s —CO-3 min-CoO

vacuum

3

1

<45
approx. 60
220

220

220

40

The breaker was switched off and in disconnecting position during the test.

Date of receipt of test object: 19" May 2000
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DAT-P-032/93 TEST REPORT No. HZ 147 E10 Sheet 8
Issued by an Accredited Laboratory
correspending to EN 45001
Technical Data of Test Object
Switching Device — Circuit-Breaker in Feeder 2
Ratings assigned by the mantfacturer
Test Object: Vacuum circuit-breaker (draw-out unit)
Type: VD4P 1225-31
Manufacturer; ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.: 7007054/4005/00 Year of manufacture: 20
Drawing No.: GCE7000162R01178 (circuit-breaker) P=275 i
Vacuum interrupter: Type: VG4-S L1: No. 1172, L2: No. 1173, L3: No. 1110
Drawing No.: GCE7005745R0122 (pole part)
Rated voltage 12 kv
Rated lightning impulse withstand voltage 75 kV
Rated switching impulse withstand voltage - kV \ g
Rated power frequency withstand voltage 28 kV S
Rated frequency 50 Hz /—l\/
Rated normal current 2500 A al }
Rated peak withstand current 80 kKA \v"
Rated short-time withstand current 31.5 kA
Rated duration of short-clrcuit 3s
Rated shont-circuit breaking current 31.8 KA
D.C. component ‘ 30 %
Rated short-circuit making current 80 kA
Rated transient recovery voltage:
Peak value 208 kV
Rate of rise 0.34 kVius
First-pole-to-clear-factor 1.5
Rated operating sequence 0-0.3 5 -CO-3 min-CO
Arc extinguishing medium vacuum
Rated pressure / Minimal pressure (20 °C) - kPa
Insulating medium
Rated pressure / Minimal pressure (20 °C) - kPa
Driving mechanism
Rated pressure / Minimat pressure (20 °C) - kPa
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-bDC
Rated voltage of clesing coil 220 V-DC
Rated supply voltage 220 V-DC
Rated frequency of supply voltage - Hz

Further specifications:

Max. ambient air temperature 40 <C

Essential characteristics:

Date of receipt of test object: 19" May 2000 ‘FQ‘)HQ 5 E:!P{'Zr”
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DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 9
Issued by an Accredited Laboratory
corresponding to EN 45001
Technical Data of Test Object
Switching Device ~ Circuit-Breaker in Feeder Panel 3
Ratings assigned by the manufacturer

Test Object: ~ Vacuum circuit-breaker (draw-out unit)
Type: VD4P 1216-31
Manufacturer: ABB Calor Emag Mittelspannung GmbH, D-40472 Ratingen, Germany
Serial-No.: 7007054/4004/00 Year of manufacture: 20G0
Drawing No.: GCEY7000162R 1172 {circuit-breaker) P=210

Vacuum interrupter:

Drawing No.:

GCE7005745R0122 {pole part)

Rated voltage

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

Rated normal current

Rated peak withstand current
Rated short-time withstand current
Rated duration of short-circuit
Rated short-circuit breaking current
D.C. component
Rated short-circuit making current
Rated transient recovery voltage:
Peak value
Rate of rise
First-pole-to-ctear-factor
Rated operating sequence
Arc extinguishing medium
Rated pressure / Minimal pressure (20 °C)
Insulating medium
Rated pressure / Minimal pressure (20 °C)
Driving mechanism
Rated pressure / Minimal pressure (20 °C)
Number of poles
Number of units per pole
Rated opening time
Rated closing time
Rated veltage of trip coil
Rated voltage of closing coil
Rated supply voltage
Rated frequency of supply voltage
Further specifications:

Max. ambient air temperature

Essential characteristics:
The breaker was switched off and in disconnecting position during the test.

Date of receipt of test object: 19" May 2000
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Type: VG4-S L1: No, 1126, 1L2: No. 1109, L3: No. 1125

12
75
28
50
1600

30
31.5
3
31.5
30
80

-20.6
0.34
1.5

%
KA

KV
KV/js

0-0.3 s ~CO-3 min-CO

vacuum

3

1

<45
approx. 60
220

220

220

40
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T ABB Calor Emag

P Laboratories
Reg.-Nr.
DAT-P-032/93

TEST REPORT No.

issued by an Accredited Laboratory
corresponding to EN 45001

HZ 147 E 10

Technical Data of Test Object

Switching Device — Circuit-Breaker in Feeder Panel 4
Ratings assigned by the manufacturer

Test Object: Vacuum cireuit-breaker (draw-out unit)

Type: VD4P 1208-31

Manufacturer: ABB Calor Emag Mittelspannung GmbH, Ratingen, Germany

Serial-No.: 7006082/4002/99 Year of manufacture: 1999
Drawing No.: GCE7002291R0150 (circuit-breaker) P=150 k

Vacuum interrupter: Type VG4-S L1: No. 55830, L2: No. 55838, L3: No. 55829

DPrawing No.: GCE7003979R0104 (pole part)
Rated voltage 12 kV
Rated lightning impulse withstand vollage 75 kV
Rated switching impulse withstand voltage - kY '
Rated power frequency withstand voltage 28 kv /
Rated frequency 50 Hz i
Rated normal current 630 A ;
Rated peak withstand current 80 kA ,/\ AN
Rated short-time withstand current 315 kA | 7J
Rated duration of shori-circuit 3s ! !
Rated short-circuit breaking current 315 kA '\J’
D.C. component 30 %
Rated short-circuit making current 80 KA
Rated fransient recovery voltage:
Peak value 206 kv
Rate of rise 0.34 kVips
First-pole-to-clear-factor 15
Rated operating sequence 0-0.3 5 -CO-3 min-CO
Arc extinguishing medium vacuum
Rated pressure / Minimal pressure (20 °C) - kPa
Insutating medium
Rated pressure / Minimal pressure (20 °C) - kPa
Driving mechanism
Rated pressure / Minimal pressure (20 °C}) - kPa
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
Further specifications:
Max. ambient air temperature 40 °C

Essential characteristics:

Date of receipt of test object: 18" May 2000
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DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 11

Issued by an Accredited Laboratory
corresponding to EN 45001

List of Drawings

The manufacturer has guaranteed, that the equipment submitted for test has been manufactured in full
accordance with the following drawings. These drawings have been stamped and signed by the
manufacturer representative. The drawings has not been checked in detail by the testing authority. The
drawings are kept
X with the test documents at the test laboratory.

at the client.

Drawing no. Description

GCEB010452R0112 index 00 | Switchgear 12 kV, PW1000
GCEB010450R0101 index 00 | Cubicle 12 kV, <1000 A: T. 650
GCE7000162R1178 index 00 |Einschub fir ZS1.2, VD4-P
GCE7002291R0150 index 00 | Draw-out VD4P 12/17.5 kV, ZS1.2
GCET7005745R0102 index 05 | Pole compl. VM1 12 kV, 2000 A
GCE7003979R0104 index 05 | Pole compl. VM1 12 kV, 1250 A
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L2202 Laboratories

Issued by an Accredited Laboratory

corresponding to EN 45001
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DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 18

Issued by an Accredited Laboratory
corresponding to EN 45001

Test Arrangement and Measurement Points for Temperatures and Resis-
tances of the Busbars
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Issued by an Accredited Laboratory
corresponding to EN 45001

Measurement Points for Temperatures and Resistances of the
Feeder Panel (Panel 2)
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Measurement Points for Temperatures and Resistances of
Feeder Panel (Panel 4)
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DAT-P-032/93 TEST REPORT 6. HZ147 E 10 Sheet 21

Issued by an Accredited La ratory
corresponding to EN 450}

K
(B

Measurement Points for Temperatures of the Circuit-Breaker Poles
Panel 2
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Issued by an Accredited Laboratory
corresponding to EN 45001

Measurement Points for TemperatureW@reaker Poles
Panel 4
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TEST REPORT No. HZ 147 E 10 Sheet 23

{ssued by an Accredited Laboratory
corresponding to EN 45001

Date of test:

Measurement of the Resistance of the Main Circuit

31*' May 2000 - before temperature rise test
01 June 2000 - after temperature rise test

Condition of test object before test: factory new panels

Ambient air temperature:

before temperature rise test 21 °C
after temperature rise test 22 °C

Measurement Resistance of the main circuit
between points ¥l9]
( see sheet 20-22) L1 L2 3
beforefafter” | beforelafter” | beforefafter”

2 - 14 {panel 2) 53.7/53.5 5221520 50.6 /50.3

14 - 26 (panel 4) 1107109 104 / 103 94.0/93.8

Remarks: " Before:  before temperature rise test
After: after temperature rise test
Resistance measurement at direct current of: 50 A

g
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DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 24

Issued by an Accredited Laboratory
corresponding to EN 45001

Date of test:
Condition of test object before test:

Connections to test object:

Temperature Rise Test

_—

i

31 May and 01* June 2000

factory new panels

feeder:

two bars 100x10 mm? Cu, length about 2 m outside the panel and
three bars 80x10 mm? Cu, length about'0.8 m inside the panel

neutral points:

1. cable terminal of feeder panei 4 with one bar 80x10 mm? Cu,
length about 0.4

2. extended busbar of panel 4 with two bars 80x10 mm? Cu

Duration of test: 10 h
Ambient air temperature: 286 °C
Test current: see below A
Test frequency 50 Hz
Distribution of the currenis of the panels:
panel or busbar currentin A

. phase L1 | phase L2 | phase L3 | average value
panel 2, feeder 2000 A 2504 2498 2507 2603
bushar panel 2 - 4 2504 2498 2507 2503
panel 4, outgoing 6300 A 690 667 668 675
Remarks:
1. The permitted temperature rises are valid for an ambient air temperature of 40 *C.

2.

3.

The distribution of the currents at the busbar connections of the feeder panel 4 was done by using iron
cores over the extended busbar.

The side walls of the panels and the extended busbars were covered by expanded polystyrene s
30 mm thickness.

The temperatures were measured by thermocouples type T. For the measurement points of the main cir-
cuit the thermocouples were inserted into holes and fixed. The measurement system determines the aver-
age value of the ambient temperatures, calculates the differences to the temperatures of all measuring
points and records the temperature rises directly.

The circuit breakers of the panels 1 and 3 were switched off and in disconnected position.

heets of
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DAT-P-032/93 TEST REPORT No. HZ 147 E 10 Sheet 25
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corresponding to EN 45001
Continuation from sheet 25 /
Measuring | Description of measuring point|  Kind of measuring Fiqél Permitted
point point temperature { temperature
(see sheet rise rise
18-23) K K
Front door top Access. part expected
31 - cable comp. panel 2 to be touched in nor- 3.7 30
mal operation
Front door top Access. part expected
32 - ¢.b. comp. panel 2 to be touched in nor- 5.7 30
mal operation
Front door fop Access, part expected
33 - low volt. comp. pan. 2 to be touched in nor- 12.0 30
mal operation
Rear wall top Accessible part
34 - panel 2 which need not to be 159 40
touched in normat op.
Front door top Access. part expected
35 - cable comp. panel 4 to be touched in nor- 2.7 30
mal operation '
Front door top Access, part expected
36 - c.b. comp. panel 4 to be touched in nor- 6.6 30
mal operation
Front door top Access. part expected
37 - low volt. comp. pan. 4 to be touched in nor- 11.0 30
mal operation
Rear wall top Accessible part
38 - pangl 4 which need not to be 8.7 40
touched in normal op.
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Temperature rises of the Upper Pole Terminal of C.B. Panel 2 and

Upper Disconnecting Contact of Panel 4
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Test Report

MP-A4/010735 0.5

Rated characteristics of the apparatus installed in the equipment

Three-pole medium-voltage vacuum insulated circuit-breaker in withdrawable version

manufacturer ABB
designation / type VD4/P 12,25.32
serfal number ADQ0140546
voltage i 12 kv
lightning impulse withstand voitage 75 kV peak
power frequency withstand voltage 28 kV rms
frequency 50+60 Hz
normal current 2500 A
breaking capacity 31,5 kA

short-time withstand current
making capacity

earthing switch

31,5 kA for 3s
80 kA at 12 kV

manufacturer ABB
designation / type EK6 1208-275
serial number 0335622
voltage 12 kv
insulation level 28-75
frequency 50 + 60 Hz
short-circuit making current 80 kA

short-time withstand current
short-circuit duration

Medium-voltage cast resin current transformer

(31 5 kA

manufacturer ABB
designation { type TPU 46-11
voltage 12 kV
frequency 50 Hz
ratio 2500/5-5 A
short-time withstand current 80 for1s
peak withstand current 200 kA
FOD.MZS0 TSRO qu}iO C gPLﬁrquﬂﬂﬂ
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Test Object

Manufacturer

Tests performed

Test Specification

Test Results

Test Date

Client

12" February 2002
Date of Issue

bushing plates

Rated voltage r 12 kv
Rated normatl current ) 1000/1600/1600 A
Rated frequency fr 50/60 Hz
Rated short-time withstand current Iy 31.5 kA
Rated peak withstand current Iy 80 kA
Rated duration of short-circuit current & 3 s

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

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. 2 to 5.

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 / 3.1995.

(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 detalls 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

A3_dF

Andreas Brandt
Test Engineer

Dr. Stefan Gottlich

Laboratory Manager

Total Number of Sheets:

34 Sheets 11 Oszillograms

This lest report refers exclusively to the object tested.
ABB Calor Emag Mittelspannung GmtH is cerified according

ABB Calor Emag Laboratories Ratingen are accredited according to

1o DIN IS0 §00t by DQS under Reg. No. 373-02

Wilh the exception of the cover sheet and any subsequent sheels mentioned thereon, this document may not be partly copied without writleri consent of
ABB Calor Emag Miltelspannung GmbH Ratingen. . .

ABB Calor Emag Mittelspannung GmbH Ratingen

High-Power Tesling Laboratory

+ 49 {5) 21 02 121
+49(0) 21021241

Obarhausener Stralle 33 Phone
40472 Ralingen, Deuischland Fax
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EN 45001 by DATech under Reg.No. DAT-2-032/93 s
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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
751.2 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 celling 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 left-
handed panel.

Each panel was equig)ped with a VD4 vacuum circuit-breaker dummy and a commeon 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 boftom of the centre panel.

For all tests black cretonne indicators (cotton fabric approximately 150 g/mz) 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 Resulfs: ™

Test-no.: HZ146 L 02/ 03 Internal arcing test in the cable co Kadment 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 equivalent to 31.5 kA -1.02 s
Assessment of the test: (

e Correctly secured doors, covers, etc. did not open (Criterion No. 1),
+ Paits of the switchgear, which may cause injury to persons, did not fly off (Criterion No. 2).
+ Arcdid 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. 43,
+ 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 SN -
Short-circuit current: 31.5 KA - 1.05 s equivalent to 31.5 kA - 1.05 s R A

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).

P C O
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Tegt 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: 79.3 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).
« 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
bushars.

Peak shoit-circuit current: 78.8 kA
Short-circuit current: 31.6 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).

« 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 herizontally did not ignite (Criterion No. 5).

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

-/
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Test Regults:

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: 77.3KA
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).
+ 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.: HZ146 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 o~
Short-circuit current: 31.3 kA - 1.05 s equivalent to 31.5 kKA-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. 5).
» Ali 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 resuit 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 slated under Test Specification in the Test Report the
results of each test were assessed by all six criteria.

BP0 0P
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Participants of the Tests
T /
, i
Client: ABB Cafor Emag Mittelspannung GmbH, 40472 Ratingen,
De? hland
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. Géttlich ABB Calor Emag Mitteispannung GmbH, 40472 Ratingen,

Deutschiand
Dept. LL %

Mr. Strathmann ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen,
Deutschiand
Dept. LL

Test Engineer:
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Technical Data of Test Object
(Ratings assigned by the/manufaclurer)
Switchgear (Ieﬁ -handed)
Test Object: Metal-clad, air insulated switchgear
Type: Z581.2, 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 voitage 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:
* busbars 2 x 80 mm x 10 mm / R 5 mm, Cu, bare
e tee-off bars 1 x 60 mmx 10 mm /R 5 mm, Cu, bare

Date of receipt of test object: 3" July 2000
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Technical Data of Test Objegt -
(Ratings assigned by the manufactur;r) w
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 Year of manufacture; 2000

Drawing Nos.: See sheet-no. 12

Rated voltage | 12
Rated lightning impulse withstand voltage 75
Rated power frequiency 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 315
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 31.5
Short-circuit duration 1

Additional specifications and data:
e busbars 2 x 80 mm x 10 mm /R 5 mm, Cu, bare
o tee-off bars 2 x 100 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%ect/ J
(Ratings assigned by the manufactirer)
Switchgear (right-handed).
Test Object: Metal-clad, air insulated switchgear
Type: Z51.2, 800 mm width
Manufacturer: ABB Calor Emag Mittelspannung GmbH, 40472 Ratingen, Deutschland

Serial-No.: 7550027/2005/00 Year of manufacture: 2000

Drawing Nos.: See sheet-ne. 12

Rated voitage 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 31.5 kA
Short-circuit duration 1 s

AddHtional specifications and data:
+ busbars 2 x 80 mm x 10 mm /R 5 mm, Cu, bare
¢ tee-off bars 2x 80 mmx 10 mm /R 5 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:

ZS 1.2, feeder panel 12 kV, PW.650
ZS 1.2, feeder panel 12 kV, PW.1000
7S 1.2, feeder panel 12 kV, PW.800

Type Test Arrangement (internal fault)
Z51.2 - Panel

GCES010450R0101, sheet 1, index 00,
GCES8010452R0110, sheet 19, index 00,
GCE8010451R0103, sheet 3, index 00,

GCEP800241 sheet 1, index 00
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P N
‘echnical Data of Test Circuit
Test Internal fault - -
QOscillogram-No. HZ 146 L 02 02-09 - -
Number of phases (circuit) 3 - -
Number of (test object) 3 - -
poles/phases
Power frequency Hz 50 - -
Power factor cOos @ % 0.15 - -
Generator earthed via - -
5k
Earthing Transformer | not earthed - -
Short-circuit point|  not earthed - -
Circuit diagram Sheet no.; 18 - -
Circuit impedance mQ =120 - -
TRV control elements - - -
Capacitance in parallel nF - - -
Resistance in series Q - - -
Prospective TRV - - - -
TRV peak value ug kV - - - .
Time co-ordinate t us - - - (
Time delay t4 Us - - -
Based on KV - - T
Rate-of-rise kV/us - - =
Voltage measurements Divider - -
375 kQ/2Kk0
Current measurements Transformer - -
50kA/5A

Remarks:

HZ 146 L 02 / 01: Current calibration

HZ 146 L 02 / 04: Pre-test
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@ Generator

\f;e\ Master Breaker

Priﬁyi)le Diagram of Test Circuit

Make Switch
Inductance
Resistor
o Lo Lo
::w:}’:}o Current
3.4, Transformers
: Voltage
= Dividers
Test Object
(Switchgear)

A ]

567



* Rireimarnss ABB Calor Emag AL BB

VNS Laboratories - AR D D
Reg. No,
DAT-P-032/93 TEST REPORT No. HZ 146 L. 02 Sheet 19

Issued by an Accredited Laboratory
corresponding to EN 45001

,/\ . e |

Determjnﬁtion' of the Prospective
/-Shon-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 02/02 6.5 kv circuit current
1.05s
Peak short-circuit | Shori-circuit current: Arithmetic mean
current first cycle last cycle value ( %
KA KA KA KA :
L1 81.9 374 30.0 30.2 4TS
L2 27.7 36.4 305 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 1.01s short-circuit current of 31.5 kA :
Remarks: -

(3 e S 4k e e R 2 s
1
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Arcing Test

Condition of test objec?efore 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 L02/03 8.5 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic mean
current first cycle last cycle value
kA kA KA kA
L1 72.5 37.1 30.4 30.2 -~
L2 27.0 36.0 309 31.0 -
L3 60.7 374 30.1 30.6
Average value 36.9 39.8 30.6

Equivalent duration of
short-circuit current

1.02s

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 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).

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

+ Al earthing connections were still effective {Criterion No. 6).
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nternal Arcing Test

Condition of test objegt before test: as after test HZ 146 L. 02 / 03.
Arrangement: See shest-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 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 kA kA JSN -
L1 77.3 38.3 309 31.4
L2 257 36.7 31.2 31.3 P
L3 60.9 377 31.7 31.7
Average value 37.6 31.3 31.5 (
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 57 kPa.

Assessment of the test:

s 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).

» 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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S
ternal Arcing Test

Condition of test object before test:

as after test HZ 146 1. 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 (850 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 /086 6.65 kV circuit current
1.05s
Peak short-circuit | Short-circuit current: Arithmetic me |
current first cycle last cycle value ?
kA KA kA KA "
L1 79.3 38.7 30.3 31.0 <=
L2 26.1 371 323 31.8
L3 62.8 38.3 32.0 31.6
Average value 38.0 31.6 31.6
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, etc. did not open (Criterion No. 1).
o Parts of the switchgear, which may cause injury to persens, 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).
e 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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Condition of test object before test: as afte/test HZ 146 L 02/ 06.

Internal Arcing_ Test

Arrangement: See sheet-no.: 2 L
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) Duration of short-
HZ146 L 02/07 6.65 kV circuit current
1.05s I
Peak short-circuit | Short-circuit 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 36.6 314 31.3
L3 60.3 38.4 31.86 31.6
Average value 38.0 31.7 31.6

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 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).
s Arc did not cause holes to develop in the ouler, 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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Condition of test object before test:

i

7

/Irﬁérna! Arcing 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 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 busbars.

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

HZ 146 L 02 /08 6.65 kV circuit current
1.05s a
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 37.4 321 32.2

L3 61.4 38.4 314 31.2

Average value 38.1 314 31.5

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 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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Internafl 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
1 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 medn
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 31.7
L3 62.1 38.0 30.5 31.0
Average value 37.7 31.3 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, etc. did not open (Criterion No. 1).

+ Paris 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).

' 574

7/ T




Dautscher

| Baessions ABB Calor Emag b EP BB
ZANFRR Laboratories FREPEP
Reg. No.
DAT-P-032/93 TEST REPORT No. HZ 146 L 02 . Sheet28
Coremrang s oo P

Photo No. 01
Before Test HZ 146 L. 02/ 03

)
LTI
R ITH

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

P A




Deutscher
Akkrediienungs

DAT-P-032/93

#/
P
g
.

ABB Calor Emag//ﬂ', b EP EP
Laboratories / / y % | J

TEST REPORT No.  HZ 146 L 02

Sheet 27
Issued by an Accredited Laboratory
corresponding to EN 45001

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

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

L | AT

P JO




1 Deutscher
Akkrediitrungs
3 Rat

is
Reg. No.
DAT-P-032/93

ABB Calor Emag Ab EP
Laboratories FR_EPEP

TEST REPORT No, HZ 146 L 02 Sheet 28

Issued by an Accradited Laboratory
corresponding fo EN 45001

E

Photo No. 05
After Test HZ 146 L 02 /05

Photo No. 06
After Test HZ 146 L 02/ 05

| i

. ok BN L B B 4 e b - d




i f.  ABB Calor Emag /,gl Eb EP
szf—flﬁ:@ Laboratories //»«:\7;’\ EP EP
eg. No.
DAT-P-032/93 TEST REPORT No. HZ 146 L/)'é Sheet 29
Issued by an Accregited Laboratory
corresponding 1o EN 45001

A

PIFGRL pEe 3
»l Y8 (62, 0§

Photo No. 07
Before Test HZ 146 L. 02/ 08

.
I
1
N

R 2 ATLR
h L I
B =N 52l
W
» i
i
i
i
GRBAENTERNOELIL

By [ Py

Photo No. 08
After Test HZ 146 L 02 /06

i

578




Deutseher

él;?red!!lemngs ABB Calor Emag |

: AL HP EP
ho~~~FR2  Laboratories ' AR EPHEP
Reg. No. : el
DAT-P-032/93 TEST REPORT No. H/Zz’lﬁﬁ L 02 Sheet 30
Issued by an Accredited Laboratory ’

corresponding to EN 45001

Photo No. 08
Bofore Test HZ 146 L 02 / 07

Photo No. 10
After Test HZ 146.1. 02 / 07

e e

e, AL
e ST AR & 8 RTAS
s

579




TR ABB CalorEmag.__ - 4R EP EP
AN Laboratories AR EP BP
Reg. No.

TEST REPORT No.

Issued by an Accredited Laboratory
corfesponding to EN 45001

DAT-P-032/93

HZ )46

L 02 Sheet 31

Photo No. 11
After Test HZ 146 L 02 / 07

Photo No. 12
Before Test HZ 146 L 02 /08

(-

|B7PH0 € OPTIAAMA,

L i

R

i1

B



1R ABB Calor Emag></}‘5 B EP
* FREDED

AR Laboratories
Reg. No. /
DAT-P-032/93 TEST REPORT No. I;lé 146 L 02 Sheet 32
Issued by an Acciedited Labaratory ) :

corresponding to EN 45001

Photo No. 13 -
After Test HZ 146 L. 02 / 08
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Test Report MP-A4/010735 p.1
client M@mm. - Zurich {Switzerland)
equipment upder test / Three-phase metal-clad switchgear and controlgear, for medium

voltage, fitted with vacuum circuit breaker composed by no.1 section
designed: UniGear Z51

tests performed short-time and peak withstand current tests of the ‘main and earthing
circuits

normative documents IEC 62271-200 (2003-11) ed. 1.0

receipt date of the sample February 8, 2004

test date from February 8, 2004 to February 9, 2004

no. of pages 20 no. of pages annexed 10

the test results relate only 1o the sample tested
this document shall not be reproduced except in full without the written approval of CESI

COFiA CONFORME ALL ORIGINALE
COPY TRUE TO THE ORIGINAD

first issue date April 6, 2004

prepared PeC/T EST C. De! Giorgio D/O, U m
verified PeC/TEST - A. Geroli @FA)‘
[y
appraved PeC/TEST - V. Scarioni CENTRO ELEFTROTEGRID SPERIMENTALE ITALIAHO
Provel e Componénti
1 Resp el lLabgratotfo
\
CESE Via R, Rubattino B4 Capltale sociale 8 560 OO0 Euro Rogistte Imprese di Milano
Centre Elettrotosnico 20134 MiFano - ltali interasmente versato Sezione Ordinaria .
Sperimentalte lzllano Telefono +39 072126.1  Codice fiscale e numero N, R.EA, 429222
Giacinto Motta SpA Fax +39 0221265440 iscrizione CClAA CO723680150 P.l. ITOGC793680150 -
Wyw. casiit ‘ ’

S C I
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MOD.MZCOTIG-R01

Test Report MP-A4/010735 p.2
fests wiinessed by: Mr. Zdenek Otrisal ABB s.1.0. organization unit EJF Brao - Czech Republic
Mr. Vit Badin "
Mr. FranﬁEek«SM "
Mr. Miroslav Vyhnantk i
Mr. Manzoni ABB PT S.p.a. Unita Operatiya SACE PT MV

identification of the object: effected

The Manufacturer guarantees that the tested object is manufactured according to the submitted drawings,
CES! checked that these drawings adequately represent in shape and dimensions the essential details and
the parts of the tested 'object.

These drawings identified by CESI and numbered A4/008152 no.1te 22 have been returned to the Client. (

Only for laboratory requirement, in order to reproduce the test conditions, all the laboratory data are
contained in the document marked: MP-A4/004075

The measurement uncertainties of the test results reported in this document are the following:

valtage: & 5 % H current; * 5 % H time: + 5 %
The measurement uncertainties are estimated at the level of twige the standard deviation {corresponding,
in the case of normal distribution, to a confidence level of about 95 %) and have to be considered as
raaximum values,

activity code: 406870

e




SELOLO/VV-dIN

599

v

uoday 1891

s
~

;
i
m
|
g
!
i
§
!

oo |

ZZ 01 L'0u ZG1L800/PY PeIequnu PUe 1S30 Aq poynuep! sumesp - | Z57
JUSLINI0P 30UIBI3Y

(0L:sabed B101) §7 0V0/PV-4N Lodal 1581 woli welbofosy -
psxauue sofey

AW
1a8lqo 1sar aul Jo sydesboloug -

- L+ 1L )] SLOW - 910N SUN2NS 159
Y007 ‘6 Alenigeq ol UNSID UL 8y J0 89Uelsise) ay) u& wawamnsesy
¥00z ‘g Aleniged 8 sHnsal 1581 UNOLO-1i0ys sseyd-oifulg -
Y007 ‘B Aenigad 8 {19yealg-1naII0 m.r_u‘ uc uonelade peo-ou UM} S1NSas 31881 MNoNO-110Ys aseyd-gany] -
e L aunpasoad 183 pue siuswebueiie 159 - JUSLND PUBISYUAM Yead pue aunl-1ioys syl }o UONBILIaA
- 9 . 0008IN uonieinbiyuss 158 - S1581 UNDIID-1I0YS 104 Ba._oa uonIBuLoD
- G wswdinbs ayl u psjeisul sniesedde e} 10 SansuBloRIRYS PalRY
- b w0 syl AQ paubisse 5198[Q0 1591 8UL S0 $VISISIORIEYD paley
a1ep 159 abed SHUFIUOD

DITAZWNOoKW



MODM250116

CESH/

Test Report

([
1%

5]

MP-A4/010735 p.4

Rated characteristics of the test ohjects assigned

metal enclosed switchgear

manufacturer
designation / type
serial number
voltage
insulation level
power frequency withstarr?i/&roltage
lightning impulse withstaid voltage
frequency
normal current
short-time withstand current for main circuits
peak withstand current for main circuits
duration of short-circuit for main circuits
short-time withstand current for earthing circuits
peak withstand current for earthing circults
duration of short-circult for earthing circuits
degree of protection

by the Client

ABB s.r.0. organization unit EJF Brno - Czech Republic
' UniGear ZS1 12.25.31
VLS 1000003842/007

12 kv

28 kV rms
75 kV peak

50 Hz
2500 A(

31,5 kA
80 kA

3s

31,5 kA
80 kA

1s

141

-
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HOD.MZ50213-501

CESITES

Test Report

MP-A4/010735 p.5
Rated characteristics of the apparatus installed in the equipment
Three-pole medium-voltage vacuum insulated circuit-breaker in withdrawable version
manufacturer ABB
designation / type VD4/P 12.26.32
serial number AD0O0140548
voltage T L 12 kV
lightning impulse withstand voltage ) 75 kV peak
power frequency withstand veltage 28 kV rms
frequency 5060 Hz
normal current 2500 A
breaking ¢apacity 31,6 kA

short-time withstand current
making capacity

earthing switch
manufacturer

designation / type

serial number

voltage

insulation level

frequency

short-circuit making current
short-time withstand current
short-circuit duration

Medium-voltage cast resin current transformer
manufacturer

designation / type

voltage

frequency

ratio

short-time withstand current

peak withstand current

e AT T T

lri-ﬂw-rr--:.—wn—-. — A T T T

O]

31,5 kA for 38
B0 kA at 12 kv

ABB

EKG 1208-275
033622

12 kV

28-75

50 + 60 Hz
80 kA

(3-1 5 kA

\

ABB

TPU 46-11
12 kV

50 Hz
2500/5-5 A
80 for1s
200 kA

601
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Test Report

MP-A4/010735 p.G

Connection points for short-circuit tests

Test configuration M8000

I T et S DU

.......................................................................
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CESITE

Test Report

MiP-A4/010735 p.7

Verification of the short-time and peak withstand current of the main and earthing circuits
Test arrangements and test procedure
The eauipment under test was placed, on a metallic platform, as in normal use and was appropriately

insulated from earth.

Main circuits

The tests were performed supplying the terminals of the main busbars (point "A" of the configuration
M8000Q) by one tubular copper conductor per-phase having a cross sectional area of 700 mm?; these
conductors were clamped together at a distance of 30 ¢m from the incoming terminals of the equipment
under test. The short-circuit was put in the point "B, (

The three-phase short-circuit test on the earthing switch was performed supplying the point "B* and the
short-circuit has been made closing the earthing switch at the point "C",

Earthing circuits

The verification of the short-circuit strength of the earthing circuit was performed connecting a single
phase supply to one of the main busbars terminal (point "A"} and the terminal of the earthing circuit {point

IIT“)‘

The continuity between the main circuit and the earthing circuit of the withdrawable circuit-breaker was
effected connecting one terminal and the metallic frame {point "D").

The single-phase shert-circuit test on the earthing switch was performed supplying the point "B” and the

terminal of the earthing circuit (point "T"}. The short-circuit has been made closing the earthing switch at
the points "C".,

MO ZECHG .

OPHD ORI

LU - -
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Test Report .

MP-A4/010735 p.8

Three-phase short-circuit test resulis

e T
Test cireuit; /"' MOi16
Test configuration: M8000
Protocot number of the osciflograms: MP-A4/004075
i i
Conditions of the apparatus befare the tests: as supplied by the Customer,

Before the short-circuit test the no-load operation on the circujt-brea

ker have been performed

type of operation oscillogram Operational time
pole R pale S pole T
No./sheets ms ms ms
alosing 85,2 65,2 . 64,8
101/2
opening 48,7 48,8 49,0
date: February @, 2004
connection points current values .
test | oscillogram . voltags duration |frequency| notes
supply | shot-gircuit peak | r.nm.s, | average It

no. [ no./shests point point v - A A A MAZs s Hz no.
31900

1 211 A B - 82620 | 32870 | 32260 - 1,0 50 ab
32220
: 78200 | 31740

2 31 A B - 32410 | 32050 - 3,0 50 abo

32000
’ 31680

4 7h 8 C - 80120 | 31g40 | 31630 - 1,0 50 ab
31850
79020 | 31550

5 81 B Cc - 31910 | 31660 - 3,0 50 ab
31530

conditions of the apparatus after the tests: see notes

a:  the apparatus did not show any permanent deformation of it

L

s metallic structure and bars; ths insutation of the canductors

and the supporting insutating parts did not show any signiffeant sign of deterioration.

b: the equipments provided into the apparatus operated regulart

y and did not show any mark of damage.

o after the test the nodoad operation on the cirouit-breaker at rated auxillary voltage was performed
type of operation oscillogram Opaerational time
pole R pote § pole T
No./shesets ms ms ms
cloging 85,2 85,5 65,2
- 10212
opening 48,4 48,4 48,6

LODIE25051a
/7

G

R

e et a2 e
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Test Report MP-A4/G10735 p.9
Single-phase short-circuit test results
Test circuit: ' a15
Tast configuration: MBODO
Protocol number of the oscillograms; ) MP-A4/004075
Conditions of the apparatus bafors the tests: as supplied by the Customer
dats: February 9, 2004
connection points current values
test oscillogram . voltage N duration | frequency | notes
supply | short-circuit peak r.m.s. *t
no. no./shests point point \'4 A . A MAZs s Hz no. g
3 . B AT D - 79080 31300 - 1 101 50 abe (
] 10/1 B-T C - 79040 31700 - 1.0 50 abgo

conditions of the apparatus after the tests: see notes

a: the apparatus did not show any permanent deformation of its metallic structure and bars; the insulation of the conductors
and the supporting insulating parts did not show any significant sign of deterioration,

b: the squipments provided inte the switchgear and controlgear operated rogularly and did not show any mark of damage.
the continuity of the earthing circuit was not impaired.
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» Test Report

MP-A4/010735 p.10
Measurement of the resistance of the main circuit
)

Resistance measured with 100 A d.c. ’ o .
date: February 8, 2004

/ resistance { 1) ) amnbient air

measurement effected 7 asross the pole 5 temperature

R 5 T e
before the tests 14 13 13 16,0
after the test no.3 14 13 13 16,0

note; -

- 606
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Test Report

MP-A4/010735 p.11

Test circuit MO16

Test object

R X Ir
: * <
Earthed R X Ig 7,
suppl [:l i
PPy R X .
lr—1 A e v,

Symbols used In this diagram are the same as those on the oscillograms.

BAPH0 G ni (.
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Test Report

MP-A4/010735 p.12

Test circuit MO015

/ Test object
R X

Earthed
supply

Symbals used in this diagram are the same as those on the oscillograms.

AAPHC (P
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Test Report
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Test Report

MP-A4/010735 p. L6
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MP-A4/010735

Test Report
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Photo no.
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PEIHEC

GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN
Member of the Short-Circuit-Testing Liaison'(ST[)\

Test Documen

Report No.: 0020 Ra Copy No.: 0 Contents: 14 Sheets

Equipment under test: Metal-clad air-insulated switchgear panel from a 12 kV switchgear type Z51.2
(T = 1000 mm), drawing-no. GCE 80104562 R0112, with withdrawable vacuum
circuit-breaker type VD4P 1225-31 and with earthing switch type EKB-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-Priffeld Ratingen

Date of test: 08" May 2000 (

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

[EC 60694, 2™ edition, 1996-5

According lo STL Objectives and Operating Principles PEHLA issues a Test Document following exclusively the above mentioned
test specifications and the STL Guides wheraver 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 EK6 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 positicn.
2

b Tost results:
B\l switching devices, removable parts and the mechanical and electrical interlocks passed the

hanical operation test successfully. They were in proper working order and the effort to operate-t
gcotically the same before and after the test. ;

ZSEHE 4o GESELLSCHAFT FOR ELEKTRISCHE
& (O HOCHLEISTUYNGEPRUFUNGEN

Mannheim, 10™ October 2000

Deutscher
B =5 Akkreditierungs -

W Rat
Without a written permission of PEHLA it is not allowed to make reproduction in extracts of this e 3
document. Copying the covar sheet accompanied by sheet 2 and the sheets mantioned here is nA @

— A= i

The test resulis relate only to the items tested.
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PERBILD  GESELLSCHAFT FUR ELEKTRISCHE HOCHLEISTUNGSPRUFUNGEN

Report No.: 0020 Ra e Sheet: 2

Accreditation

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

Under reference to DIN EN 45001 PEHLA states the following:

- The accreditation of the PEHLA-Priiffeld or any of its lest reports by themselves in no way conslitute or imply
product approval by DATech or any other body.

- if someche refers to a test in an accredited PEHLA-Priiffeld this reference shall inciude 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 1868.
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-Doguments

A Cedificate

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 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 carred 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 lssued 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
details relating to the behaviour of the equipment during test, and its condition after the tests.

Addresses: . y
Office: PEHLA-Geschiftsstells

Hallenweg 40

D-68219 Mannheim

Testing Station:  PEHLA-Priffeld Ratingen
Oberhausener Sir, 33
D-40472 Ratingen

Manufacturer:  ABE Calor Emag Mitlelspannung GmbH
Oberhausener Str, 33
D-40472 Ratingen

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

BAPH0 L OPARA

o L S B B T I B e

O4PEDOOD
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/ List of Test Participants

Representatives of Test Committe:

Mr. U. Késter PEHLA-Testing Station Ratingen

Mr. W. Stolz PEHLA-Testing Station Mannheim

Test Enqgineer:
Mr. U. Keal PEHLA-Testing Station Ratingen

Other Participiants:
Mr. L. Horbelt PEHLA-Testing Station Ratingen
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Report No..

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

¥ /: '
.

Technieé 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
GCEB010452 R0112 index 00

Rated voltage

Rated fightning impulse withstand voltage

Rated switching impulse withstand voltage
Rated power frequency withstand voltage

Rated frequency

- Rated normal current of busbar

Rated normal current of feeder

Rated peak withstand current
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 instailed devices:

Date of recelpt of test object: 08" May 2000

Year of manufacture:

12
75

28
50/60

2500
2500

80
31,6
3

alr / vacuum
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Report No.: 0020 Ra Sheet: 6
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.: 07007064/4001/00 Year of manufacture: 2000
Drawing No.: GCE 7000162 R1178 index 00 (breaker)
Vacuum interrupter:  L1: No. 0064501115, L2: No. 00G45011186, L3: No. 00G4801117
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 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 value - kV
Rate of rise - kVips
First-pole-to-clear-factor 1.5
Rated operating sequence 0-0.35-C0-3min-CO
Arc extinguishing medium vacuum
Rated pressure / Minimai pressure (20 °C) MPa y
insulating medium — =7
Rated pressure / Minimal pressure (20 °C) MPa i
Driving mechanism
Type of drive VD4 drive
Rated pressure / Minima! pressure (20 °C) MPa
Number of poles 3
Number of units per pole i
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 AD °C

Further specifications:

Essential characteristics:

Date of receipt of test object: 08" May 2000
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Technical Data of Test Object
Switching Device

Ratings assigned by the manufacturer
Test Object: Earthing switch // )

Type: EKB-1208-275
Manufacturer: ABB C