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ErFEN . Temperature-rise tests and power-dissipation measurement
. HH-SI 6/12kV 16A FC TB ULA 282/56

Lab.-No. 01129 | Sheet 1 of 2

1. Type HH-S1 6/12kV 16A EC TB ULA 292/56
Order-No.: 67220.0169

2. Reason for test

Temperature-fise tests and power-dissipation measurement

3. Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents. ‘

4, Applied standards
[EC 60282-1 1998-01 . VDE 0670 Teil 4 Abs. 12 62/98

5. Test-laboratory, period of time

EFEN Priiflabor Eltville, 10/04/2000 — 10/12/2000

6. Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin

at the top.

The size of bare copper conductors is 25 mm?. : :
Temperatures are measured at the fuse contacts (top and bottomy, in the middie of
the fuse with thermocouples and are recorded.

The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents | = 80Aandi=16A .

Test current [[A] | Comments
8,0 50% rated current
16 Rated current

Temperatures are measured at the fuse contacts and in the middie of the tube with

thermocouples.
Calculation of power dissipation from recorded voltage drop and recorded test

current. ,
Calculation of resistance dependjfig oh the currents.
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Temperature-rise tests and power-dissipation measurement

EKEE H HH-8] 6/12kV 16A FC TB ULA 292/56
Lab.-No. 01129 Sheet 2 of 2
8. Restults
Type: HH-SI 6/12kV 16A FC TB ULA 292/56
Rcold: 107 mQ
8.1 Temperature rise test
Temperature Temperature rise " Informative
I 5 amb, | O tep 3 Sperm. AS top A‘gbottom AS perm. \g‘center 9center
[Al_ | I°C] | I°C] | botom | ['C]| K] IK] K] ['Cl | IK]
8,0 | 21 28 26 | 105 7 5 65 .37 16
16 23 48 38 | 105 25 15 65 85 62

8.2  Power dissipation and resistance of the test object at defined currents.

! Py Utuse-tink R
Al ] W] (V] [mQ]
8 7.5 0,94 118
16 38 2,36 148
g, Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and

VDE 0670 Teil 4 respectively,

372123
06/06/2001

Test engineer

Head of laboratory
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2 Temperature-rise tests and power-dissipation measurement
EKEHE;E H . HH-SI16/12kV 20A FC TB ULA 202/56
Lab.-No. 01130 ' Sheet 1 0f 2
1. Type HH-S! 6/12kV 20A FC TB ULA 292/66
Order-No.: 67220.0209
2. Reason for test
Temperature-rise tests and power-dissipation measurement
3. Tests performed / measurements
Meésurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents. '
4. Applied standards
EC 602821 1998-01 - VDE 0670 Teil 4 Abs. 12 02/98
5. Test-laboratory, period of time
EFEN Priflabor Eltville, 10/24/2000 ~ 10/30/2000
6. Arrangement of the equipment
The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the top. ‘
The size of bare copper conductors is 25 mm?, :
Temperatures are measured at the fuse contacts (top and bottom), in the middie of
the fuse with thermocouples and are recorded. '
The test currents are recorded.
7. Inspection and test sequence
The fuse-link was loaded with test currents | = 10Aandi=20A
Test current [JA] | Comments
10 50% rated current
20 Rated current
Temperatures are measured at the fuse contacts and. in the middle of the tube with
thermocouples. ‘
Calculation of power dissipation from recorded voltage drop and récorded test
current, .
Calculation of resistance dependi the currents.
;
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Temperature-rise tests and power-dissipation measurement

%xﬁﬁ H HH-8I 6/12kV 20A FC TB ULA 282/56
Lab.-No. 01130 Sheet 2 of 2
8. Results
Type: HH-SI 6/12kV 20A FC TB ULA 292/56
Reoid: 71,4 mQ
8.1 Temperature rise test |
" Temperature Temperature rise ' Informative
I 3 amb, 8 top 9 S'perm. AS top Asboitom A8 perm. Scenter Yeenter
Al 1 °C] | I°C] | botom | ['C] | [K] (K] [K] [’Cl | _IK]
10 22 28 26 | 105 8 4 85 37 15
20 { 23 48 37 1 105 25 14 65 83 60
8.2  Power dissipation and resistance of the test object at defined currents.
‘ ,I P d- Ufuse~llnk R
AL W] V] [MO]
10 7,7 0,772 | 77,2
20 38 1,91 95,5
9. Evaluation

The product passed the temperature-rise test acc. to [EC 80 282-1 and
VDE 0870 Tell 4 respectively.

372123
06/06/2001
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Test engineer

CO 0 Q 9y

ad of laboratory
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EFEN - Temperature-rise tests anq_power—dissipatioh measurement
WIGKMANN SRUPPE . HH-SI 6/12kV 26A FC TB ULA 292/56 '

Lab,.-No. 09131 Sheet 1 of 2

1. Type HH-S1 6/12kV 25A FC TB ULA 292/56
- Order-No.: 67220.0259

2. Reason for test

Temperature-rise fests and power-dissipation measurement
3. Tests performed / measurements

Measurement of temperatures, of voltage drop across 'fuse-!ink and power
dissipation at different operating currents. - '

4, Applied standards
IEC 60282-1 1998-01 . - VDE 0670 Teil 4 Abs. 12 02/98

\

5. Test-laboratory, period of time

EFEN Prifflabor Eltville, 10/24/2000 — 10/30/2000

6. Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the top. : '

The size of bare copper conductors is 256 mm?.

Temperatures are measured at the fuse contacts (top and bottom), in the middle of

the fuse with thermocouples and are recorded.
The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents | = 125Aand 1 =25A

Test current | [A] [Comments
12,5 50% rated current
25 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with

thermocouples. , : g
Calculation of power dissipation from recorded voltage drop and recorded test
current. T
Calculation of resistance depengi the currents.
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EFEN Temperature-rise tests and power-dissipation measurement
WICKUANW GRUPFE e - HH-8I 6/12kV 25A FC TB ULA 292/56

Lab.-No. 01131 Sheet 2 of 2
8. Results |
Type: HH-SI 6/12kV 25A FC TB (LA 292/56
Rcold: 51,6 mQ

8.1 Temperaiure rise test

Temperature Temperature rise Informative

I 8 amb, S top 8 Sperm. AS top A\(}boﬁom AS pem. Scenter Scenter
[Al | I°C] | [°C] | botom | [°C] | [K] K[ [K] ['Cl | K]
12,5 | 22 30 28 ] 105 8 6 65 40 18
25 22 54 41 105 32 19 65 94 72

8.2 Power dissipation and resistance of the test object at defined currents,

I Pq Ufuse—!ink R
(Al ] W] M | [mQ]
12,61 89 0,71 96,8
25 | 455 1,82 72,8
9. Evaluation
The product-passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0870 Teil 4 respectively, '
372123
06/06/2001 (
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Test engineer - Head of laboratory

. N GmbH o f
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EFEN .  Temperature-rise tests and gpwer—dissipation'rneasurement
WIGKMANE BREPPE e . HH-SI 6/12kV 31,5A FC TB ULA 292/66

Lab.-No. 01132 Sheet 1 0f 2

1. Type HH-SI 8/12kV 31,5A FC TB ULA 292/56
Order-No.: 67220.0329

2. Reason for test

Te?nperature—rise tests and power-dissipation measurement
3. Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power '
dissipation at different operating currents. ‘

4, Applied standards
IEC 60282~1 1998-01 . VDE 0870 Teil 4 Abs. 12 02/98

5. Test-laboratory, period of time

EFEN Prtflabor Eltville, 10/24/2000 ~ 10/30/2000

6. Arrangement of the equipment

The high-voltage fuse-fink is mounted vertically in a fuse-base, with the striker-pin
at the top. '

The size of bare copper conductors is 25 mm?, :

Temperaiures are measured at the fuse contacts (top and bottom), in the middle of
the fuse with thermocouples and are recorded.

! The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents | = 16 Aand [ =31,5A

Test current [[A] | Comments
16 50% rated current
31,6 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with_. . | _ .
thermocouples.

Caleulation of power dissipation from recorded voltage drop and recorded test
current.

Calculation of resistance dependin e currents.

EFEN GmbH-
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EFEN Temperature-rise tests and power-dissipation measurement
- HH-SI'6/12kV 31,5A FC TB ULA 292/56

WICKMARNY SRAUPPE

l.ab.-No. 01132 Sheet 2 of 2
8. Results
Type: HH- Sl 6/12kV 31,5A FC TB ULA 292/56
8.1 Temperature rise test
Temperature Temperature rise " Informative
l ) amb. | 9 top S Sperm. AS fop ASbotb::um AS perm. Scenter Scenter
[A] | I°'C] | I°Cl | botom | [°C1 | [K] K] . Kl ['Cl | [K]
16 23 33 29 105 10 6 65 46 23
31,6 20 59 46 | 105 39 26 65 115 95
8.2  Power dissipation and resistance of the test object at defined currents. )
{
! Py Ususe-tink R
Al] W [V] [MmQ]
16 12,8 0,78 49,8
31,6] 644 2,05 65,1
9. Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0870 Tell 4 respectively. _

372123
06/06/2001

000 Qs

Head of laboratory

Test engineer

‘EN GmbH -
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L




KEMA

“

HIGH-POWER LABORATORY —
Utrachtsaweg 310 — 6812 AR Amhem — The Netherands ’ 71 9 00

REPORT OF PERFORMANCE

CLIENT EFEN Eiskirotechnische Fabrik GmbH,

] B Eftville am Rhain, Germany

MANUFACTURER EFEN Elakirotechnische Fabrik GmbH,
- Eltville am 8heln, Germany

APPARATUS Current Hmlting fuses

DES]GNATION : HHV—-S! 612KV FC TB 202/561 ~ 2~ 4 - 68— 10— 16 - 20 ~ 25 ~31.5A

SERIAL No. 67220.0010, 67220.0020, 67220.0040, 67220.0060, 67220.0100, 67220,0180, 67220.0200, 67220.0260 and
. 87220.0320,

HAT‘NGS ASSIGNED BY THE MANUFACTURER

Voltage - 12 TRy
Currsnt {m2-4~-63-10-16-20~26—-315 A1}
Frequency 50 He

Breaking capacity at 12 kV 63 KA

Series 1
Class Back-up

{1} The fuse—links 20 — 26 — 31.8 Aform a homgeneous serfas In accordance with Sub—clause 13.3,1 of IEC 602821, <§

The lasts have been carred out strictly In accordanca with [EC 60282~1, Sub—clause 13 (Test~duty 1).
Tha apperatus has complisd with the relevant requiremants.

Dats of tests 22nd November 2000 -

The parformance of the apparatus tested and the observations mada during the tests have been recorded in the tables with test results
and the osclllograms

THIS REPORT CONSISTS OF:

Pagas ' 1
Clrouit dlagrams 1
Osclilograms 26

B70E

© Copyright: Publication of reproduciion of the conlanls of this réport fn any other {form than
a complate copy 10 tho letter, 5 not allowad without aur written consent.

KEMA Naderlang BV,

A.L.J.J nss , .
ManaGer High—Power Laboratory

Arnhem, 27th February 2001
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g '
TABLE WITH TEST RESULTS
REPORT 719-00 TYPE OF TESTS REQUESTED: Test—duty 1 TEST CIRCUIT 501 _ PAGE 11
Condition before tests:  Fuse—base in same condition. ’
Before each fest new fuse~[ink,
Fusa—link mounted vertically In tree alr.
Distance fuse—link to flcor 1.5m.
Fuse~link Resistance | Test eireuit Instanta~ i Melt Total Energy : Condition after test
Aated bedeore MM:#MW ™ heous n:Tm.MW li ﬂnﬁm 0408_... Fuse—link |__siriker’
voltage 1 ftest Applied Pros— Edmmn currentat | “ mMBMm ™ _“HME Recovery | Switching! J12 Jit. [ Jusxrxe
Date and kv me ; after d Initiation gw voltage voltage .
: Type vellage | pective o of _ Behaviour during test
test P Raled after current quw arcing 4)] Remarks
current test pask . peak y peek
T A Me kv KA ° KA kA ms s ms RV kY | A%sx 105 | AZsx 108 kd
001122 HH~-3SI 612 . ] : cold | opersted
FC TB 292/56 12 4 106 64.3 47 4.24 432 0.21 534 5.55 a8 223 1280 3720 20.2 Fuse cloared.
4095 67220.0320 '
001577 3.5 > 300 .
001122 HH~SE mﬁm cold _ aperated
FCTB292m6| 12 1 106 | 643 80 | 483 | 520 [ cte | 41t | 427 | 105 | 287 .| 1280 | 5840 348 | Fusecleared.
4026 67220.0320 .
001578 315 > 300
RH=ST8A2 . cold | operated
001122 \pe TR 2g/56 | 12 "1 08 | sea 79 148 |52 | o017 {870 |87 {105 | 29 | 1310 | 4730 256 | Fuse cloared.
4027 | 67220.0320
001579 315 [>300
!
|
- }
Remarks: Fuse—base showed no visible changa,
Photograph 0401305,




FGH

Engineering & Test GmbH

8

Mannheim-Rheinau, Hallenweg 40

Accreditad testing laboratory to DIN EN 45001 for subject

Test Report

Bl gt AT ear and controlgoar
No. L 00056 =" N =3 DAT-P-183/00-10 Eill%h:églatggg::smes
Duly signed copy 1E
Reference: 114-00/829...842, 1034,.,1045
Apparatus: Current-limiting fuse-link

Types: a) HH-816/12kV - 16A FC TB 292/58, Ident-No.: 67220.0160
"~ b) HH-SI6/12kV  20A FC TR 202/56, ident-No.: 67220.0200

c) HH-SI8/12kV  25A FC TB 202/56, Ident-No.: 672200250

d) HH-SI6/12kV 31.5A FC TB 282/56, [dent-No.: 67220.0320

Rated voltage: 12 kv :
Rated current; a)16 A b)20 A, c) 25 A, d) 315 A
Class: Back-up .

Manufacturer: EFEN Elektrotechnische Fabrik GmbH,
Postfach 12 54, D-85344 Eitville, Germany

Customer: EFEN Elektrotechnische Fabrik GmbH,
Postfach 12 54, D-85344 Eitvllle, Germany

Test Specification:  1EC 60282-1 (1 998-01), Ed.4.2

Tests performed:  Breaking tests:

Test duty 2:
Verification of the operation with prospective current I2 at which current limiting
occurs when a high level of energy is stored in the inductance of the circuit,

These fuse-links form a homogenous series, therefore only types a); b) and d)
were tested. ,

Test duty 3:
Verification of the aperation at the rated minimum breaking current

o D

Test Results: During the breaking tests performed, the tested fuse-links fully complied with the
standard conditions of behaviour with respect to breaking capacity. ' ‘

Mannheim, October 11, 2000
Heh

Test Englneen

Place and date of test: LPF Mannheim-Rheinau, September 26, 2000

Number of sheets: 40

This report may only be ussd fo and unabridged. Photographs and drawings must bear tha FGH-stamp.
. / o A
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FGH Engineering & Test GmbH
No. L 00056 '  Sheet13
FUSE-LINKS - BREAKING TESTS
Tested fuse-link CUrkv]  IrfAl Type '
, 12 16 67220.0160
HH-81 6/12kV 16AFC TB 292/56
Test-no, 11400/ | 1042 | 1043 | 1044 | 1045
Specimen . No. | Adust- 001380 | 001382 | 001383
Resistance _ mo| - 107 108 100
Test-duty (according to IEC 282-1) ) 2 2 2. 2
Power factor of the test circuit cos @ 0.11 0.11 0.11 0.011
Prospective breaking current (RMS) ] A ‘ 574 574 574 573 (
Making angle after voltage zero °el 8.6 9.4 8.6 8.0
Pre-arcing / Melting time ) tm ms 347 3.51 3.43
Melting current | . [ A 530 530 -522
Pre-arcing Joule Integral A%s 245 246 235
Cut-off / Let through current Id A 606 599 604
Axcing time ttg | ms 7.03 7.02 7.36
Arcing Joule Integral A% 1270 | 1240 | 1450
Arcing time untlt breaking by the clreult breaker ms - - -
Max, switching voltage ug | kV 204 | 204 | 188
Power frequency recovery voltage Uy | kV | 1050 10.80 10.50 9 0.48
Maintaining voltage after breaking ' s - . =60 =60 >B0
Test result:
Fuse operated correct yin _yes yes yes
Switching voltage ug < permissive value yin yes yes yes
Current limiting: (ig < Let-through _characteristic) yin - o -
Requirementfor12: iyl =0.85...1.06 il | 092 | 082 | 091
Emission of flames or sand ' - { vy no no no
Damages (external) . y/n no no no
Operation of sfriker correct y/n yes yes yes




FGH Engineering & Test GmbH
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No. L 00056 Sheet 14
FUSE-LINKS - BREAKING TESTSl
Tested fuse-link Ur [kV] Ir [A] Type '
12 16 67220.0160
HH-S1 8/12kV 16A FC TB 292/56
Test-no. 114-00/ 820 830 | 831
Specimen No. | Adjust- | 001384 | 001385
ment test
Resistance mQo - 109 110
Test-duty (according to IEC 282-1) ' 3 :
Power factor of the test clrcuit cos @ 0.53 [/
Prospective breaking current (RMS) ‘ A 53.8 ‘;
Maintained current with a8 Al s 189 | 181 N
low voitage source at A
: AN
Time of current-inter{uptlon while swit.chlng over ms 155 155 \
from low voltage to high voltage circuit N
Pre-arcing / Melting time try s 19.9 16.1 - (\\
Pre-arcing Joule Integral kA%s 57.7 47.0 \
Arcing time g | ms a7 | 407 |\
Arcing Joule Integral A%s 117 118
Arcing time unti! breaking by the circult breaker ms - -
Max. switching voltage Ug kv 17.8 17.9
Power frequency recovery voltage Uy | kV 12.4 12.4 12.4
Maintaining voltage after breaking s 260 260
Test resulf:
Fuse operated correct yin yes yes
Switching voliage ug < permissive value yin _yes ves
Emission of flames or sand yin no no
Damages {external) yin no no
Operation of striker correct y/n yes yes

L3




FGH Engineering & Test GmbH

No. L. 00056 Sheet 15
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur [kV] Ir [A] Type
12 20 67220.0200
HH-SI 6/12kV 20A FC TB 292/56
Test-no, - 114-00/ 1038 | 1039 | 1040 | 1041
Specimen No. 001394 | 001385 | 001396
Resistance mg2 - 73.2 74.0 74.2
Test-duty {according to IEC 282-1) 2 2 2 2
.Power factor of the test circuit cos ¢ a1 0.14 0.1 0.1
Prospective breaking current (RMS) A 765 765 765 765
Making angle affer voltage zero ° el 8.3 9.0 8.1 | 8.1
Pre-arcirig / Melting time tyy, | ms 3.67 3.70 3.68
Meiting current im A 757 758 755
Pre-arcing Jouls Integral ) A% 524 528 523
Cut-off  Let through current ' g | A 855 857 | 850
Arcing time ' g | ms 7.20 7.27 7.14
Arcing Joule Integral . AZs 2790 2820 2680
Arcing time until breaking by the circuit breaker ms . . .
Max. switching voltage ug [ kv 18.7 18.3 19.0
Power frequency recovery voltage Uy | kv { 1063 10.63 10.53 10.53
Maintaining voitage after breaking 5 - 260 260 >60
Test result: - ‘
Fuse operated correct yin yes yes yes
Switching voltége Ug < permissive value y/n yes yes yes |
Current limlting£ _ (Ig < Let-through characteristic) y/n - - -
Requirement for 12: Iyl = 0.85...1.06 imfl 0.99 0.99 0.89
Emission of flames or sand - y/n no na no
_Damages (external) y/n ne no | no
Operation of striker correct y/n yes yes yes




FGH Enlgineerin'g & Test GmbH
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No. L 00056 Sheet 16
FUSE-LINKS - BREAKING TES_TS
Tested fuse-link Urlkvl  Ir[A] Type '
12 20 67220,0200 .
HH-S168/12kV 20A FC TB 202/566
Test-no, | | - 11400/ 82 | 833 | 834
Specimen o No. | Adjust- | 001397 | 001398
_ ment test
Resistance m& - 74.6 76.2
Test-duty (according to |EC 282-1) : 3
Power factor of the fest circuit ‘ cos @ 0.62
Prospective breaking current (RMS) Al 722 {
Malntained current with at 2 A s 200 218 {
low voltage source - at A (_
Time of current-interruption while switching over ms _ 133 140
from low voltage to high voltage circuit \ (
Pre-arcing / Melting time ‘ tm s 200 218 Y
Pre-arcing Joule Integral As - . r__‘
Arcing time , g | ms 26.4 239 \
Arcing Joule Integral . A's 17 95.4
Arcing time until breaking by the circuit breaker ms : - -
Max, switching voitage ug | kV 20.7 21.7
Powaer frequency recovery voltage ' Uy KV 125 12.5 12.4
Maintaining voltage after breaking s -§ - 260 280
Test resuit:
Fuse operated correct yln' yes yes
Switching voltage Ug < permissive value yin yes yes
Emission of flames or sand yin ' no no
Damages {external) y/n : no no
Operation of striker correct y/n - yes yes
I\

Wor



FGH Engineering & Test GmbH

No. | 00056 ' Shest 17

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Urlkvi  Ir[A] Type : -
' 12 25 §7220,0250
HH-S! 6/12kV 25A FC TB 292/56
Test-no. . 114-00/ 836 837 838
Specimen . No. | Adjust- | 001410 | 001411
ment test
Resistance . me - 53.1 52,6
Test-duty (according to (EC 282-1) 3
Power factor of the test circuit cos ¢ 0.50
Prospective breaking current (RMS) A 93.3
Maintained current with at 93 A | s 34 51
low voltage source at A
Time of current-interruption while switching over ms 168 146
from low voltage to high voltage circult _
Pre-arcing / Melting time tm s 34 51
Pre-arcing Joule integral ' A%g - .
Arcing time hg | ms | | 26.8 23.7
Arcing Joule Integral A’s 206 204
Arcing time until breaking by the circult breaker ms - -
Max. switching voltage ' ug | KV 18.1 18.1
Power frequency recovery voltage Uy | kV 124 2.6 12.8
Maintaining voltage after breaking 5. r >60 | >80
Test result:
Fuse operated correct yin yes yes
Switching voltage ug < permiséive value 7 yin yes yes
Emission of flames or sand yin no no
Damages (external) : yin ' no ho

Operation of striker correct yin yes yes




FGH Engineering & Test GmbH
No. L 00056 : ) Sheet 18
FUSE-LINKS - BREAKING TESTS
Tested fuse-iink Ur [kV] ir [A) Type ' |
12 315 67220.0320 .
- HH-St 6/12kV 31.5AFC T8 202/5
Test-no. 114-00/ 1034 | 1035 1036 1037
Specimen . No. 001422 | 001423 | 001424
Reslistance mQ -~ 43.3 431 | 4386
Test-duty (according to IEC 282-1) 2 2 2 2
“Power factor of the test clrouit 005 ¢ 000 | 009 | 009 | 009 \/\
Prospective breaking current (RMS) kA-| 1.37 1.38 1.38 1.38 \ '
Making angle after voltage zero ¢ el 8.6 8.3 94 9.0
Pre-arcing / Melting time ty | mS 355 | 352 | as2
Melting current Im kA 1.31 1.31 1.32
Pre-arcing Joule Integral . kA®s 1.60 152 1.53
Cut-off / Let through current | kA 144 | 145 1.43 N
Arcing time fg (ms | 897 | 716 | e77
Arcing Joule integral kA%s 6.35 7.03 570
Arcing time until breaking by the gircuit breaker ms - . - K
Max. switching voltage Ug kv 22.3 213 234
Power frequency recovery voltage ' Uy | KV | 1049 10.58 10.68 10.58
Maintaining voitage after breaking s - | =60 =60 260
Test result: ' ' '
Fuse operated correct ' y/n yes yes yes .
Swifching voltage ug < permissive value yin yes yes yes
“Current limiting: ' (g < Let-through characteristic) yin - - -
Requirement for 12: imfl = 0.85...1.08 il 0.95 0.95 0.95
Emission of flames or sand ‘ yin ' no no - no
Damages (external) _ yin _ no no no
Operatlon of striker correct yin - yes yes yes




__FGH Engineering & Test GmbH

No. L 00056 | Sheet 19

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] Ir{Al ‘Type
12 31.5 67220.0320
HH-S1 6/12kV 31.5A FC TB 202/56
Test-no, 114-00/ 840 841 842
Specimen . : - No. | Adjust- | 001425 | 001426
] ment test

Resistance _ me - 43.2 42.9
Test-duty (according to IEC 282-1) 3

Power factor of the testvcircuit' o COS ¢ 0.51

Prospective breaking current (RMS.) A 105

Maintained current with at 108 A s 23.2 22.0
low voltage source at : A

Time of current-interruption while switching over ms 144 180
from low voltage to high voltage circuit .

Pre-arcing / Melting time ' tm s 232 22.0
Pre-arcing Joule Integral ' kA%s 254 241
Arcing time ' g | ms 34.6 30.9
Arcing Joule Integral l Als 308 350
Arcing time unti! breaking by the circuit breaker ms - -
Max. switching voltage ' ug | kv 18.1 18.1
Power frequency recovery voliage T Uy | KV 12.6 12.5 12.5
Maintaining voltage after breaking S 260 =60
Test result: | |

Fuse operated correct y/n yes yes
Swilching voltage ug < permissive value yin yas ‘ yes
Emission of flames or sand o vin no ho
Damages (external) yin ’ no no

Operation of striker correct yin yes’ yes




EFEN

WICKMANY BRUPPE

| ab.-No. 01168 6/12kV 1 A - 200 A acc. to IEC 60282-1 / VDE 0670 Teil 4

Time-current characteristics of H.V. back-up fuse-links
@ with ULA (controlled power dissipation)

v

Order-No.: 87220.0019 - 67220.2009
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EFEN Cut-off characteristics of H.V. back-up fuse-links
' with ULA (controlled power dissipation) -

Lab.-No. 01170 6/12 kV 1 A-200 A acc. to IEC 60282-1 / VDE 0870 Teil 4

. Order-No.: 67220.0019 to 67220.2009
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Exﬁ E H @ : Test of striker according to [EC 60282-1
'81902.0100 striker, typ medium, 30mm

l.ab.-Nr. 03 088 Seite 1 von 4
1. Type  HH-fuse link with striker 81902.0100(3) (duration 30mm)
2. Reason for test
Test of Strikers
3. Tests performed / measurements

l. measurement of the duration of travel

Il. measurement of the force-trave! characteristics and calculation of the striker

energy actuated by the spring

111. Verification of the withstand force according to applied standard 4)

4. Applied standards

IEC 80282-1 2002-01 VDE 0870 Teil 4 Abs. 12 02/98

4.1 standard in detail regarding strikers

[
[]—-——o
TN

)
W,

a3fe
OA - Free travel ~ No energy output specified,
AB — Further travel during which energy must be delivered.
OB ~ Minimum actual travel.
OC - Maximurm actual travel.
OB — Maximumn permitted return travel undsr withstand force (when applivable).
Mechanical eharacterisflics
‘Valuas of Actual travel
Type Energy Free Further travel during Minimum Maximum
trave] |which energy mustbe | Min. Max. |withstand force| duration of
- delivered travel
(DA} _ (AB)* (oBy* (oCc)y* {see note)
J mm mm mm mm N ms
Light 0,3025 2 8 10 * 80 Not appllcable i00 - -
Medium 1+08 4 6 20 40 <20 . 100,
Heavwy -| 2&1 4 8 10 18 40 100
* Bee figure 12, '
NOTE ~ Duration of travel Is defined for actual fuse-links as the time from commencament of arcing o the tlrne :
when travel OB is reached, For dummy fuses it is the thme from application of voltage untll travel OB Is reached.

«

A

17
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EFEN GmbH
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EFEN

WEOKHMAKY aRUPPE - Test of striker according to IEC 602821
B 81902.0100 striker, typ medium, 30mm :
Lab.-Nr. 03 088 7 Seite 2 von 4

5. Test-laboratory, peridd of time
EFEN laboratory Eltville, 4.12.2003
6. Arrangement of the equipment

I. The tested fuse link is fixed in a fuse-base. An NC (normally closed) switch will
he opened if the striker has travelled 30mm. Current, Voltage and the NC switch
are recorded by an digital oscilloscope. :
il. & IIl. The force-travel characteristics will be measured by an approved force
meter*, For this measurement the striker will be prepared with an scale indicator for
measuring the travelled way in mm.

*Zwick Z2.5 { TN1S Material testing device
7. Inspection and test sequence
I Intact striker circuit is tested with current < 10A and voltage < 15V,
. Gurrent, voltage and the NC switch are recorded.
1. Force of striker is measured at Positions: 0, 10, und 20mm.
The Posgition of the Striker is measured at the minimum withstand force of 20N.
8. Results

|. measurement of the duration of travel

duration of travel| Current Voliage ’
Sample 1 5ms 9.9 A <15V
Sample2 | 2ms 1 11,7a | <1isv
Sample 3 4 ms : 10A <15V
Sample 4 6ms _ 99A <18V

EFEN GmbH

Postfach 1254 - D-65332 Eltvflle - Tel. 0049 (0) 6129 46-0 - Fax 46222 « g-Mall: efen@efen.com - Internet: www.efen.com




Esﬁa EJN,; : Test of striker according to [EC 60282-1

‘ 81902.0100 striker, typ medium, 30mm
Lab.-Nr. 03 088 Seite 3von 4

I measurement of the force-travel characteristics and calculation of the striker energy

Sample 1 Sample 2 Sample 3

Positlon | Length / mm | Measurem, 1 | Measurem. 2 [ Measurem, 1 Measurem. 2| Measurem, 1 [Measurem. 2| Average:
0 0 77 76,8 85,6 81,7 78 78 79,5
A 4 66,6 66,4 87,5 67,4 71,7 69,7 58,2
B 20 37.7 36,4 33,7 33,1 36,2 36,5 35,6
Enorgy [ J: 0,83 0,82 0,84 0,80 0,86 0,85 0,83
© (R, +F)xAB —— -
Energy=( 4t Fy) Energyl7\; F,[N1; F[N]; 4Blmm]; y
2000 :
FQD
|t
TOi \\ \[\
60 1 -
50 ] \\
40 - \ : :
: AN N .
30 , - < Ml
20 : \\ '
10 - §
0_-:1:::::-:::::::::::::::::1::: .
0 5 10 15 20 25 a0 —» .35 - .
. s [mm]

1. Verification of the withstand force of 20N at Position 220mm

Measurement Force /N Length / mm
Sample 1 1 20 27,4
Sample 1 2 20 277
Sample 2 1 20 27,3
Sample 2 2 20 26,9
Sample 3 1 20 28,4
Sample 3 2 20 28,4
- EFEN GmbH

Postfach 1254 - %5%32 Elwyg - Tel. 0049 (0) 6129 46-0 - Fax 46222 - e-Mail: efen@efen.com - Internet: www.efen.com
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Ex ﬁ E wl\slf @ Test of striker according to IEC 60282-1

81902.0100 striker, typ medium, 30mm ‘
Lab.-Nr, 03 088 Seite 4 von 4
9. Evaluation
Energy : Eurther travel Actual travel Minimum travel force
Free during which
travel energy must Specified
Type Actual | Specified| —— | bedelivered | Actual value Actual | Specified
value value OA AB value | Min. | Max. | value value
OB | OC
J mm mm mm- N
Medium 0,83 [ 1205 4 16 30 | 20 _|_40 356 | =20

I Measured duration of travel < maximum duration of travel (100ms)
Il. striker energy is Medium 1J +-0,5 J

1. Verification of the withstand force proofed that the striker has the necessary force.

The striker full fills all Requirements of striker Type medium according to:
IEC 60282-1 2002-01; VDE 0670 Teil 4 Abs. 12 02/98

370/65

2004-03-29

Head of Laboratory-

EFEN GmbH
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EFEN Type Test Report
Lab.-No. 01158 Sheet 1 of 2
1. Object

Current-limiting high-voltage fuse-links

Class: Back-up

Striker: “medium’ : .

Type: HH-81 6/12kV 40A / 50A / 63A FC TB ULA 292/56

Ident-No.: $7220.0409 / 67220,0509 / 67220.0639
Rated voltage 6/12 kV
Rated current 40 A | 50 A 63 A
Rated maximum breaking current 63 kKA :
Rated frequency ' 50 Hz
Rated minimum breaking curtent - 125A | 160A | 230A
2. Reason for test

Type test according to IEC 60282-1 (VDE 0870 Teil 4): 1998-02
3. Tests Derforme_d
3.1 Temperature-rise fests and power-dissipation measurement
Rated current 40 A | 50 A | 63 A
Test laboratory EFEN Praflabor Eltville \
Test result: A8, " 38K 47K 55 K

. . at 50% |, 10,3 W 12,6 W 14,9 W

Testresult: Py 1o 400% 1, 53.8 W 65.5 W g45 W
EFEN Lab-No. 01133 01134 01135
Test passed Yes Yes Yes

T permissible temperature rise: 65 K
3.2 Breaking Test: Test Duty 1
Rated current ‘ 40 A I 50 A | 83 A
Test Laboratory / Document No KEMA /281-01
Test circuit applied voltage: U 10,6 kV
Test circuit prospective current | 64,0 kA
EFEN Lab-No. ' 01107
Test passed Yes | - Hom. I Yes .

Iy
EFEN GmbH -
_Posifach.1254 D-65332 Eitville Tel. 0049 {0) 6128 46-0 Fax 46222 e-Mail efen@efen.com Internet: www.efen.com




EFEN @ - Type Test Report

WICKUMAAN BRUPPE

Lab.-No. 01158 | Sheet 2 of 2
3.3 Breaking Test; Test Duty 2 :

-|Rated current 40A | BOA [ 63 A
Test Laboratory / Document No - FGH/L 01004 1E
Test circuit applied voltage U 10,51 kV 10,50 kV 10,55 kV
Test circuit prospective current } 2,25 kA 3,48 kA 4,29 kA
EFEN Lab-No, ' 01069 :
Test passed ' Yes |- Yes = ] Yes
3.4 Breaking Test: Test Duty 3 B
Rated current 40 A l 50 A |. 63 A
Test Laboratory / Document No. FGH/L 01004 1E .
Test circuit applied voltage: U 12,3 kV 12,4 kV 12,4 KV
Test circuit prospective current | 123 A 164 A 222 A
EFEN Lab-No. 01069
Test passed Yes I Yes | Yes

3.5 Tests for time-current characteristics
Test Laboratory: EFEN Priiflabor Eltville
EFEN Lab-No: 01168
Test passed -

3.6 Cut-off characteristics
EFEN Lab-No: 01170

3.7 Test of strikers :
Test result: 0,83 J => Type medium :
Test Laboratory: EFEN Priiflabor Eltvilie
- EFEN Lab-No: 03088
Test passed

4, Test results

‘The products passed the type tests according to IEC 60 282-1 and VDE 0870 Tell 4
respectively at KEMA, FGH and EFEN test laboratories. -

All requirements are fulfilled (see 3.). -

370/ 65
2004-11-18

Test Engineer

\ EFEN GmbH ' o '
‘Postfach 1254 D-65332 Eliville - Tel. 0049 (0) 6129 46-0 Fax 46222 e-Mall: efen@sfen.com Internet: www.sfen.com




Temperature-rise tests and power-dissipation measurement
Exﬁﬁ ul:\s‘e . HH-SI 6/12KV 40A FC TB ULA 292/56

Lab.-No. 01133 Sheet 1 of 2

1. Type HH-S1 6/12kV 40A FC TB ULA 292/56
' Order-No.: 67220,0409

2. Reason for test _

Temperature-rise tests and power-dissipation measurement

3. Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents. ‘

4, Applied standards
JEC 60282-1 1998-01 . VDE 0670 Teil 4 Abs. 12 02/98

5. Test-laboratory, period of time
' EFEN Prifiabor Eltville, 10/04/2000 — 10/12/2000 _

8.  Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the top. .

The size of bare copper conductors is 50 mm?, -

Temperatures are measured at the fuse contacts (top and bottom), in the middle of
the fuse with thermocouples and are recorded.

The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents 1 =20 Aand =40 A

Test current | [A] | Comments
20 50% rated current
40 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples. ' o

Calculation of power dissipation from recorded voltage drop and recorded test
current.

Calculation of resistance depending on the currents.

v

EFEN GmbH o |
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Temperature-rise tests and power-dissipation measurement
Exﬁ E 1!! @ HH-SI 8/12kV 40A FC TB ULA 292/56 .
Lah.-No, 01133 Sheet 2 of 2
8. Results
Type: HH-S1 6/12kV 40A FC TB ULA 292/56
Reold: 22,2 MmO,
8.1 Temperature rise test
Temperature Temperature rise " Informative
| 3 amb. S top 9 Sperm. AS top A\gbo(tom 59 perm, Scenter 9center
[Al | I°C] | I°Cl | botom | [°C1 | K] [K] (K] ['Cl | [K]
20 20 30 26 105 10 B 65 .40 20
40 19 57 41 105 38 22 65 102 83
8.2 Power dissipation and resistance of the test object at defined currents. ({
I Pa- Ufus_eflink R (
[A] | W] V] [mQ]
20 | 10,3 0,51 25,8
40 | 53,8 1,34 33,6
0. Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0670 Tell 4 respectively.

372123
06/06/2001

00 %)

$ig5d of laboratory

Test engineer

s .. ™

e
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EFEN Temperature-rise tests and power-dissipation measurement
WILKMANN GRUFPFE e - HH Sl 6/12kV5OAFCTB ULA292/56

Lab.-No. 01134 ‘ Sheet 1 of 2

1. Type HH-8I 8/12kV 50A FC TB ULA 292/56
Order-No.: 67220.0509

2. Reason for test

Temperature-rise tests and power-dissipation measurement

3. Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operatmg currents.

4. Applied standards
IEC 60282-1 1998-01 . VDE 0670 Teil4 Abs. 12 02/98 w\

5. Test-laboratory, period of time

EFEN Priifiabor Eltville, 01/04/2001 — 01/10/2001

8.  Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin

at the top.

The size of bare copper conductors is 50 mm?.

Temperatures are measured at the fuse contacts (top and bottom) in the middle of
the fuse with thermocouples and are recorded.

The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currénts [=25AandI=5680A .

Test current 1 [A] | Comments
25 50% rated current
50 Rated current

“Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples.

Calculation of power drss,lpation from recorded voltage drop and recorded test -
current.

Calculation of resistance depending on the currents.

]
7
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EFEN @ Temperature-rise tests and power-dissipation measurement
WICKHARY GRUPPE - HH-81 6/12kV 50A FC TB ULA 292/56

Lab.-No. 01134 Sheet 2 of 2
8. Results ‘
Type: HH-8! 6/12kV 50A FC TB ULA 292/56
Reoit: 17,2 mQ

8.1  Temperature rise test

Temperature Temperature rise Informative
I $ amb. 8 top 8 Spsrm. AS top ABpottom | AS pemn. Scenter 9center
[A] | [°C] | I°C] | bowem | [°C] | [K] Kl | K ['CI | K
25 20 33 28 1105 i3 8 65 46 26
50 21 68 47 | 105 47 28 65 123 102
8.2 Power dissipation and resistance of the test object at defined currents. ' (-
[ Py Utuse-iink R '
[Al'] W] [Vl [mQ]
25 | 126 0,51 20,2
50 | 69,6 0,95 23,9
9. Evaluation
The product passed the temperature-rise test acc. to [EC 60 282-1 and
VDE 0670 Teil 4 respectively.
372123
06/06/2001 ‘ ¢

000 9o

Head of laboratory

Test engineer

FEN GmbH
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WICKKMAHN BRUPPE

HH-SI 6/12kV 63A FC TB ULA 292/56

EFEN Temperatufe—rise tests and power-dissipation measurement

Lab.-No. 01135 Sheet 1 of 2

1.

Type HH-S! 8/12kV 63A FC TB ULA 292/56
Order-No.: 67220.0639

Reason for test

Temperature-rise tests and power-dissipation measurement

Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents. '

Applied standards
IEC 60282-1 1998-01 . VDE 0870 Teil 4 Abs. 12 02/98

Test-laboratory, period of time

EFEN Proflabor Eltville, 01/04/2001 - 01/10/2001

Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the top. '
The size of bare copper conductors is 50 mm?, - :
Temperatures are measured at the fuse contacts (top and bottom), in the middle of
the fuse with thermocouples and are recorded. _
The test currents are recorded.

Inspection and test sequence

The fuse-link was loaded with test cusrents I=31,5Aand =63 A

Test current 1[A] | Comments
31,5 50% rated current
6_3 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples. o '
Calculation of power dissipation fram recorded voltage drop and recorded test
current. _ '
Calculation of resistance depending on the currents.

EFEN GmbH
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The product passed the temperature-rise test acc. to IEC 60 282-1 and

VVDE 0670 Tell 4 respectively.

372123

06/06/2001

/AN

Test engineer

Head of laboratory

Temperature-rise tests and power-dissipation measurement
- Lab.-No. 01135 Sheet 2 of 2
8. Results
Type: HH-SI 6/12kV 63A FC TB ULA 292/56
Reod: 12,56 mQ
8.1 Temperature rise test
_ Temperature Temperature rise Informative
I Samp. | 9 top 8 Sperm. AS top ASpottom | AS perm. Scenler Scenter
Al | I°C] | I°C [ botem | [°C] [ [K] [K] K] ['C] | K]
31,61 20 33 27 | 105 13 7 65 48 28
83 21 76 52 | 105 55 31 65 133 112
8.2 Power dissipation and resistance of the test object at defined currents.
[ Pa - | Uuseink R
[A] | W] V] [mQ]
31,5 14,9 0,47 15,0
B3 | 84,6 1,34 | 21,3
9. Evaluation

EFEN GmbH
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HIGH~POWER LABORATORY —
Ulrechtseweg 310 - 6812 AR Arnhem — The Netherlands 2 8 1 0 1

REPORT OF PERFORMANCE

CLIENT EFEN Elakirotechnische Fabrik GmbH,
Eltville am Rhaln, Germany

MANUFACTURER EFEN Elaktrotechnische Fabrik GmbH,
Eltville am Rhaein, Germany

APPARATUS Current limiting fuses
DESIGNATION HH—81 6/12KV FC T8 292/566
SERIAL No. 67220,0400, 67220,0500, 67220.0630, 672200800, 67220.1000, 67220.1250, 67220.1600, 67220.2000.

RATINGS ASSIGNED BY THE MANUFACTURER

Voltage 12 kv
Current 40 — 50 — 63 — B0 — 100 —125 - 160 — 200 A (1)
Frequancy 50 Hz
Breaking capacity at 12 KV 63 kA
Series 1

Class pack up

(1) The fuse—links 40 ~ 50 — 63 A form a homgeneous serles In accordance with Sub—clause 13.3.1 of [EC 60282—1.
The tests have been carried out strictly In accordance with IEC 60282~1.
The epparatus has complied wiih the relevant requlrements. .
Date of tests 13th March 2001
The performance of the apparatus tested and the ohservations made during the tests have basn recorded in the tables with test resull
and the oscilograms .

THIS REPORT CONSISTS OF:
Pages i 11 :
Clreult dlagrams i

Osclllograms 23

© Copyright; Publication or reproduction of the contents of this report in any other form than
a complete copy 1o the letter, 1s not allowed without our written consent. -~

KEMA Nederlang B.V.
'/
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alayifa he.

Manafer High—Power Laboratory

Arnhem, 23rd April 2001
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FGH
Engineering & Test GmbH -

@\ ‘

Mannheim-Rheinau, Hallenweg 40

Accredited testing laboratory to BIN EN 45001 for subject

B Deutecher DAT-P-103/00-00  High-
Test Report Ao unge untohgess and bontrolgesr
DAT-P-103i00-10  High-vol bt
No. L. 01004 =5 ANt 3 and acoassorss -
Duly signed copy  1E '
Reference: 114-00/1089...1096, 1108...1128, 1202.,.1207
Apparatus: Current-limiting fuse-link

Types: a) HH-S16/12kV  40A FC TB202/56, ident-No.: 67220.0400
b) HH-SI6/M2KV  50A FC TB 292/56, ldent-No.: 67220.0500
¢) HH-SI6/12KV  63A FC TB 292/56, Ident-No.: 67220.0630

Rated voltage: 12 kv
Rated current; a) 40 A b) 50 A, )63 A
Class: Back-up

Manufacturer: EFEN Elektrotechnische Fabrik GmbH,
Postfach 12 54, D-66344 Eitville, Germany

Customer: EFEN Elektrotechnische Fabrlk GmbH,
Postfach 12 54, D-66344 Eltvills, Germany

Test Specification:  1EC 60282-1 (1988-01), Ed.4.2

Tests performed: Breéking tests:

Test duty 2: ,
Veiification of the operation with prospective current 12 at which current limiting
occurs when a high level of energy is stored in the Inductance of the circuit,

Test duty 3:
Verification of the operation at the rated minimum breaking current

Test Resulfs: During the breaking tests performed, the tested fuse-links fully complied with the -
: standard conditions of hehaviour with respect to breaking capacity. ‘

Mannheim, January 11, 2001
Hch

.

.Place and date of fest:  LPF Mannheim-Rheinau, November 30, 2000 and December 12, 2000

'*Nljn]ber of sheets: | 36

- This report may only be used complete and unabridged. Photographs and drawings must bear the FGH-stamp.




FGH Engineering & Test GmbH

Sheetf 14

No, L 01004
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Urkv] - Ir[A] Type '
: 12 40 67220.0400
HH-S! 6/12kV 40A FC TB 282/56
Test-no, 114-00/ 1082 1083 1085 1086
Specimen No. | Adjust- | 001584 | 001586 | 001587
: ment test
Reslistance _ mQ - 22,5 22,4 228
Test-duty {according to IEG 282-1) ' 2 2 2 2 | /\
Power factor of the test circuit €oS ¢ 0.08 0.09 0.08 0.08 \
Prospective breaking current {(RMS) kA | 225 2.25 226 | 228
Making angle after voltage zero °el 9.0 9.0 9.0 - 8.0
Pre-arcing / Melting {ime tm ms 3.74 3.77 3.71 %
Melting current im | kA 036 | 236 | 236\{\ N
Pre-arcing Joule Integral kA%s 5.24 5.23 5,22 \
Cut-off / Let through current Iq kA 2.51 2.54 2.52 Q&!
Arcing fime ttg | ms 7.00 7.27 7.42
Arcing Joule Infegral kAZs 181 21.7 197 ,
Arcing time until breaking by the circuit breaker ms - - -
Max. switching voltage ' Us KV 232 217 | 228
Power frequency recovery voltage Uy | kv | 1051 | 1051 | 1054 | 1057 '
Maintalning voltage after breaking s 60 60 60
Test result:
Fuse operated correct yin yes yes yes
Switching voltage ug < permissive value yin yes yas yes '
Current limiing: (ig S Let-through characteristic) yin yes yes yes
Requirementfor 12 i/l =0.85...1.08 il 1.0 1.04 | 104
Emission of flames or sand ‘ yin no no’ A no
Damages {external) yin no no - no
Operation of striker correct yin yes yes yes

e

T



FGH Engineering & Testf GmbH

Ne, L 01004 Sheet 15

FUSE-LINKS - BREAKING TESTS

Tested fuse-fink Ur {kV] ir{A] _ Type
12 40 67220.0400
HH-51 6/12kV 40A FC TB 292/56
Test-no, 114-00/ 1108 1109 1110
Specimen No. | Adjust- | 001591 | 001592
ment test

Resistance mQ - 23.0 225
Test-duty (according to IEC 282-1) 3
Pawer factor of the test circuit T cos 0.49
Prospactive breaking current (RMS) Al 123
Maintained current with bef 123..126 A min 410 5:00
low voltage source hei A
Time of current-interruption while switching over ms 151 158
from low voltage to high voltage circuit
Pre-arcing / Melting time tm 5 250 300
Pre-arcing Joule Integral Als - -
Arcing time ttg | ms 94.2 57.8
Arcing Joule Integral A%s 1020 746
Arcing time untit breaking by the circuit breaker ms - -
Max. switching voltage ' ug | kv 17.6 17.6
Power frequency recovery voltage ~ Uy kv ' 12,3 12.3 12.3
Maintaining voltage aﬁef breaking L 60 60
Testresult:
Fuse operated correct yin yeé yes
Switching voltage ug < permts;ive value y/n yes yes
Emission of flames or sand yin no no
Damages (external) yin no no
Operation of striker correct yin yes yes




FGH Engineering & Test GmbH

No. L 01004 . Sheet 16

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] Ir [A] Type
12 50 67220.0600 ‘
HH-S1 6/12kV 50A FC TB 202/56
Testno. ' 114000 1003 | 1084 | 1095 | {o0us
Specimen . No. | Adjust | 001690 | 001600 001601
ment test

Resistance . me - 18.0 17.9 18.0
Test-duty (according to IEC 282-1) 2 2 2 2
Power factor of the test circuit cos ¢ 0.105 0.105 0.105 0.105 \
Prospective breaking current (RMS) , KA | 3.48 3.48 3,48 3.48 \
Making angle after voltage zero cel | T4 6.8 7.2 8.8 .
Pre-arcing / Melting time ty | ms 3.42 3.43 3.36 x
Melting current | KA 346 | 347 | 36 \
Pre-arcing Joule Integral ' KAZs | 856 | 862 8.49 N \
Cut-off / Let through current . ig kA 3,33 3.32 3.34 (§
Arcing time . g | ms 6.90 8.80 7.05
Arcing Joule Integral ' ka%s 263 | 265 29.6 \
Arcing time until breaking by the circuit breaker : ms | - . -

' Max. switching voltage ' Ug kV 254 25,5 24.2
Power frequency recovery voltage Uy | KV | 1050 10,60 10.49 10.50
Maintalning voltage after breaking 7 ] . .60 60 60
Test resuit: A '
Fuse operated correct yin yes yes yes
Switching voltage ug < permissive valus yin yes yes yes
Current limiting: (Iq £ Let-through characteristic) yin yes yos yes
Regquirement for 12: imf! =0.85...1.06 imfl _ 0.91 091 | 081
Emission of flamés or sand ' y/n no no no
Damages (external) yin no no no
Operation of striker correct yin yes yas yas

y I
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FGH Engineering & Test GmbH
No. L 01004 - Shest 17
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur fkv] Ir[A] Type
12 -50 - 67220,0500
HH-8| 6/12kV 50A FC TB 202/56
Test-no, 114-00/ | 1128 1127 1128
Specimen o No. | Adjust- { 001735 | 001736
L ment test )
Resistance | ma| - 178 | 17.8
Test-duty (according to 1EC 282-1) 3
Power factor of the test circult €oS ¢ 0.50
Prospective breaking current (RMS) A 154
| Maintained current with , at 154 A s 30 26
low voltage source at A
Time of current-interruption while switching over ms - 150 142
from low voitage to high voltage circuit
Pre-arcing / Melting time tm_ 5 30 26
Pre-arcing Joule Integral , A’s - -
Arcing time g | ms 88.1 126
Arcing Joule Integral kA%s | 1.70 | 2.27
Arcing time until breaking by the circuit breaker ms . -
Max. _switching voltage , g KV 17.9 17.8
Power frequency recovery voltage Uy | kV 12.4 124 12.3
Malntafning voltage after breaking , s 60 60
Test result:
Fuse operated correct . y/n yes yes
Switching voltage ug < permissive value y/n yes ' yes
Emission of flames or sand yin no no
Damages (external) - yin{ - - no no
-Operation of striker correct yin yes yes
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FGH Engineering & Test GmbH
No. L 01004 Sheet 18
FUSE-LINKS - BREAKING TESTS R
Tested fuse-link Ur [kV] Ir {A} Type
12 83 67220,0830
HH-SI 6/12kV 63A FGC TB 292/56
Test-no. 114-00/ 1202 | 1204 | 1205 | 1207
Specimen . No. | Adjust- | 001741 | 001742 | 001745
ment test
Resistance mQ - 13,0 13.0 13.0
Test-duty (according fo IEC 282-1) ' 2 2 2 | -2
Power factor of the test circult cos ¢ 0.005 | 0.005 | 0.085 | 0,095
: Prospective breaking current (RMS) kA | 4.29 4.29 4.27 4.27
(/ ' Making angle after voltage zero ‘el | 9.0 9.0 9.0 9.0
Pre-arcing / Melting time tm ms 3.80 3.60 3.?1
Melting current . im kA 421 | 423 4.22
Pre-arcing Joute Integral kA%s 16.1 16.4 16.2
Gut-off / Let through current iq | kA 435 | 434 | 433
Arcing time : o kg | ms ] 6.89 6.70 6.72
Arcing Joule Integral kAZs 47.3 41.9 42.6
Arcing time until breaking by the circuit breaker ‘ ms - - -
"Max, switching voltage ug | kv 264 | 265 | 263
Power frequencsf recovery voltage Uy | kV | 10.55 10.55 10.561 10.51
Maintaining voltage after breaking - s 60 60 60
( E Test result: |
Fuse operated correct yin yes '’ yes yes
Switching voltage Ug < permissive value A _yln ' yes - yes yes
Current limiting: (iq < Let-through characteristic) yin yes yes yes
Requirement for 2 i/l =0.86...1.06 il ) 098 .| 0.8 0.89
Emission of flames or sand T _ yin no no no
Damages (external) " y/n no no no
Operation of striker correct - yin yes |. yes | vyes

P \%



FGH Enginéering & Test GmbH

No. L 01004 ' Sheet 19

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] -r [A] Type
’ 12 €3 67220.0630
HH-SI 6/12kV 63A FC TB 282/56
Test-no, 114-00/ 1119 | 1123 | 1124
Specimen o No. | Adjust- | 001751 | 001752
ment test
Resistance ma| - 125 | 125
Test-duty (according to IEC 282-1) 3
Power factor of the test circuit | COS ¢ 0.51
Prospective breaking current (RMS) - A 222
Maintained current with at 223.224 A s 6.03 5.25
low voltage source at A
Time of current-interruption while switching over ms 147 | 151
from low voltage to high voltage clrcuit .
Pre-arcing / Melting ime - tn | s 6.03 5.25
Pre-arcing Joule Integral . ' ka%s S 300 | 283
Arcing time : ttg { ms 80.0 118
Arcing Joule Integral ' kA%s 3.54 439
Arcing time untit breaking by the clrcuit breaker ms - -
Max. switching voltage | ug | KV | 179 | 179
Power frequency recovery voltage Uy | kV 12.3: 12.4 124
Maintalning voltage after breaking - s 60 B0
Test result: ‘ ‘ @
FFuse operated correct yi yes ' yes
Switching voltage ug < permissive value y/n ‘ yes yés
Emission of flames or sand yin no ho
Damages (externai) _ yin ‘ no no

Operation of striker correct yin yes yes
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Time-current characteristics of H.V. back-up fuse-links
EFEN with ULA (controlled power dissipation)

Lab.-No. 01168 8/12kV 1 A - 200 A acc. to [EC 60282-1 / VDE 0670 Teil 4

Order-No.: 67220.0019 - 67220.2009
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EFEN Cut-off characteristics of H.V. back-up fuse-links
mrexukny snurre ' with ULA (controlled power dissipation)
Lab.-No. 01170 6/12 kV 1 A - 200 A ace. to IEC 60282-1 /VDE 0870 Teil 4
Order-No.: 67220.0019 to 87220.2009
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Lab.-Nr. 03 088

Test of striker according to I[EC 60282-1
'81802.0100 striker, typ medium, 30mm

Seite 1 von 4

1. Type HH — fuse link with striker 81902.0100(3) (duration 30mm)
2. Reason for test
Test of Strikers
3. Tests performed / measurements
I. measurement of the duration of travel ) )
li. measurement of the force-travel characteristics and calculation of the striker
energy actuated by the spring
I1I. Verification of the withstand force according to applied standard {4)
4. Applied standards /\
[EC 60282-1 2002-01 VDE 0670 Teil 4 Abs, 12 02/98 '
4.1 standard in detail regarding strikers
C A B C p
| R
™ ™ ™~
- ~ - \
|
s o g
QA - Free travel -~ No en'ergy output specified,
AB — Further travel during which energy must be delivered.
OB - Minimum actual travel.
OC - Maximum aciual travel.
" CB - Maximum permlitted return travel under withstand force {when applicable).
Mechanlcal characteristics
Values of Actuzl travel
Type Energy Frae Further travel during Minimiim Maximum
trave! [which energy mustbe| Min, Max. |withstand force | duration of
. delivered travel
(oA (AB}* (0B | {oc)y {see note)
d mm mm mm mm N ms
Light 0,3 £0,25 2 8 10 30 Not applicable 100 .- |-
Medlum 10,8 4 16 20 40 - 20 100
Heavy 241 4 6 10 16 40 100 .
¥ Sae flgure 12, - . .
NOTE ~ Duration of travel is deilned for actual fuse-iinks as the time from commencement of arclng 1o the time
when travel OB is reached. For dummy fuse; it Ids the fimo from application of vollage until travel OB Is reached.
EFEN GmbH i

Postfach 1254 - D-65332 Elville - Te!. 00489 (0) 6129 46-0 - Fax 46222 - e-Mail; efen@efen.com - Internet: www.efen.com

R



Test of striker according to IEC 60282-1
81902.0100 striker, typ medium, 30mm
Seite 2 von 4

Lab.-Nr. 03 088

5. Test-laboratory, period of time
EFEN laboratory Eltville, 4.12.2003
6. Arrangement of the equipment

l. The tested fuse link is fixed In a fuse-base. An NC (normally closed) switch will -
be opened if the striker has travelled 30mm. Current, Voltage and the NC switch
are recorded by an digital oscilloscope. -

Il. & ill. The force-travel characteristics will be measured by an approved force
meter®. For this measurement the striker will be prepared with an scale indicator for
measuring the travelled way in mm.,

*Zwick Z2.5 / TN1S Material testing device : (
7. Inspection and test sequence ' | ( .
I Intact striker circuit Is tested with current < 10A and voltage < 15V,
ll. Current, voltage and the NC switch are recorded. ‘
lIl. Force of striker is measured at Positions: 0, 10, und 20mm. -
The Position of the Striker is measured at the minimum withstand foree of 20N.
8. Results

I. measurement of the duration of travel

: duration of travel{ Current Voliage
Sample 1 5 ms 89A | <15V
Sample 2 2ms 11,7A <15V
Sample 3 4 ms 10 A <{5V
Sample 4 5 ms 89A <15V

2

" EFEN GmbH

Postfach 1254 - D-65332 Eltville - Tel, 0049 (0) 6129 46-0 - Fax 46222 - e-Mall: efen@efen.com - Internet: www.efen.com




Exﬁ E H; @ - Test of striker according to 1IEC 60282-1
81902.0100 striker, typ medium, 30mm

Lab.-Nr. 03 088 Seite 3von 4

II. measurement of the force-travel characteristics and calculation of the striker energy

. Sample 1 Sample 2 Sample 3
Position | Length / mm | Measurem. 1| Measurem. 2 | Measurem. 1 Measurem. 2 | Measurem. 1 | Measurem. 2| _ Average:
0 0 77 76,8 85,6 81,7 78 78 79,8
A 4 66,6 66,4 67,5 67,4 717 68,7 68,2
B 20 37,7 36,1 33,7 33,1 36,2 36,6 35,6
Energy / J; 0,83 0,82 0,81 0,80 9,86 0,85 0,53
Energy = (Fy £ Fp) x A EnergylJ]; F[N]; Fy[N]; ZBlmm]; )
] 2000 :
a0
F ‘r:
{IND

8o \
70 1——
60 \

503- <

e

/

7

302 - \
20? : \\

10

Ocnuu-l.l.-n..-|g|||-|||n-|||
el e T e T T T e T

0 5 10 15 20 25 30 —» 35
s [mm]

[t1. Verification of the withstand force of 20N at Position 220mm

Measurement Force/N | Length/mm
Sample 1 1 20 274
Sample 1 2 20 27,7
Sample 2 1 20 27,3
Sample 2 2 20 26,9
Sample 3 1 20 284
Sample 3 2 20 28,4
\ \
EFEN GmbH

Postfach 1254 +D-65332 Eitville - Tel. 0049 (0) 6129 46-0 - Fax 46222 - e-Mall: efen@efen.com - Internet: www.efen.com
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Test of striker according to IEC 60282-1
81802.0100 striker, typ medium, 30mm
Lab.-Nr. 03 088

Seite 4 von 4
9. Evaluation
Energy : Further travel Actual travel Minimum travel force
Fres during which
travel energy must Specifled
Type Actual | Specified| — | bedelivered | Actual value Actual | Specified
value value OA AB value | Min. | Max. value value
. OB | OC
J mim mm mm- N
Medium 0,83 | 10,5 4 16 30 1.20 |40 356 | <20

Measured duration of travel < maximum duration of travel (100ms)
Il. striker energy is Medium 1J +-0,5 J

i1 Verification of the withstand force proofed that the striker has the necessary force

The striker full fills all Requirements of striker Ty

i pe medium according to:
IEC 60282-1 2002-01; VDE 0670 Teil 4 Abs. 1

2 02/98

370/65
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2’ EFEN GmbH
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EFEN Type Test Report
Lab.-No, 01159 Sheet1 of 2
1. Object
Current-limiting high-voltage fuse-links
Class: Back-up
Striker: “medium”
Type: HH-S1 6/12kV 80A / 100A FC TB ULA 292/85
Ident-No.: 67220.0809 / 67220.1009
Rated voltage 6/12 kV
Rated current 80 A | 100 A
Rated maximum breaking current 63 kA
Rated frequency 50 Hz
Rafed minimum breaking current 350 A | 500 A
2. Reason for test
Type test according to [EC 60282-1 (VDE 0870 Teil 4): 1998-02 é\
N
3, Tests performed
3.1 Temperature-rise fests and pOWGI‘—dISSIpatIOI'I measurement _ \‘§
Rated current 80 A | 100 A A
Test laboratory EFEN Priiflabor Eitville
Test result: A8y, 56,6 K 74,5 K* ,
Test result: P at50 % |, 19,2 W 245 W
oSt Ta 100 %I, 114,4 W 156 W |
EFEN Lab-No. 01136 01137
Test passed Yes Yes
T permissible temperature rise: 65 K
2 derating factor: 0, 94
3.2 Breaking Test: Test Duty 1
Rated current 80 A l 100 A
Test Laboratory / Document No KEMA / 281-01
. {Test circuit applied voltage: U 10,68 kV
Test circuit prospective current | 64,0 kA
EFEN Lab-No. 01107
Test passed Yes I Yes
{ —
EFEN GmbH

_RPostfach 1254 D-65332 Eltville Tel. 0049 (0) 5129 46-0 Fax46222 e-Mall: efen@esfen.com Intermet: www.sfen.com
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EFEN @ - Type Test Report

Lab,-No, 01159 Sheet 2 of 2
3.3 Breaking Test: Test Duty 2
Rated current 80 A 100 A
Test Laboratory / Document No | FGH/LV 00042 1E FGH / LV 98080/1E
Test circuit applied. voltage U 10,51 kV 10,65 kV
Test circuit prospective current | - 505 kA 6,27 kA
EFEN Lab-No.. - 00088 08108
Test passed ' Yes Yes
- 3.4 Breaking Test: Test Duty 3 '
Rated current 80 A | 100 A
Test Laboratory / Document No. FGH /LV 00042 1E
Test circult applied voltage: U 12,1 kV 12,4 kV
Test circult prospective current | " 345 A 497 A
EFEN Lab-No. 00088
Test passed ' Yes | Yes

3.5 Tests for time-current characteristics
Test Laboratory: EFEN Priiflabor Eltville
EFEN Lab-No: 01168
Test passed

3.8 Cut-off characteristics
EFEN Lab-No: 01170

3.7 Test of strikers
Test resuit: 0,83 J => Type medium
Test Laboratory: EFEN Priflabor Eltville
EFEN Lab-No: 03088
Test passed

4. Test results

The products passed the type tests according to JEC 60 282-1 and VDE 0670 Teil 4 -
respactively at KEMA, FGH and EFEN test laboratories. ‘

- Al requirements are fulfilled (see 3.).

370 /65
2004-11-18

e

( EFE N GmbH :
. Postfach 1254 D-65332 Eliville Tel. 0049 (0)6129 46-0 Fax 46222 e-Mall: efen@sfon.com Intemet; www.efen.com




EFE N Temperature-rise tests and power-dissipation measurement
WICKUANE DAUFFE . HH-SI 8/12kV 80A FC TB ULA 202/65 .

Lab.-No. 01136 Sheet 1 of 2

1. Type HH-SI 6/12kV 80A FC TB ULA 292/65
Order-No.: 67220.0809

2. Reason for test

Temperature-rise tests and power-dissipation measurement

3. Tests performed / measurements

Measurement of temperatures, of voltage drop acroés fuse-link and power
dissipation at different operating currents. '

7

4. Applied standards
IEC 60282-1 1998-01 . - VDEO0670Teil 4 Abs, 12 02/98

5. Test-laboratory, period of time

N

EFEN Pruflabor Eltville, 10/21/1998

6. Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin v
at the fop.

The size of bare copper conductors is 150 mm?,

Temperatures are measured at the fuse contacts {top and bottom), in the middle of
the fuse with thermocouples and are recorded.

The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents =40 Aand1=80A -

Test current | [A] | Comments

40 50% rated current

80 Rated current
Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples. -
Calculation of power dissipation from recorded voltage drop and recorded test
current. "
Calculation of resistance dependi e currents.

EFEN GmbH

Postiach 1254 - D-85332 Eltville - Tel. 00 49 (0) 6128 46-0 - Fax 46222 e-Mall: efen@efen.com « Internet: www.efen.com
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Temperature-rise tests and power-dissipation measurement

———

Ex!: u% N - HH-8I 6/12kV 80A FC TB ULA 292/65
Lab.-No. 01136 Sheet 2 of 2
8, Results
Type: HH-SI 6/12kV 80A FC TB ULA 292/65
Reotd: 10,7 mE
8.1  Temperature rise test
Temperature Temperature rise . Informative
I 8 amb. 3 top 3 19'perm. AS fop Asbottom A8 perm. \9center Scenter
[Al | 1°C] | I°C] | botam | [°C] | [K] K | Kl | ['C] [K]
40 119113281289 | 106 | 137 9,8 66 49,0 29,8
80 1180|746 | 56,0 | 105 | 56,8 38,0 65 143,3 | 1253
8.2  Power dissipation and resistance of the test object at defined currents.
! Pd . U;'use—ilnk R
Al W V] [mQ]
40 | 19,2 0,48 12,0
80 | 1144 1,43 18,5

9. Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0870 Teil 4 respectively.

372123
08/06/2001

<000 O

Head of laboratory

J e

Test engineer

EFEN GmbH _ .
Postfach 1254 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 46222 - s-Mail: efen@efen.com - Internet: www.efen.com
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WICKEWAHN BRUPPE

HH-SI 6/12kV 100A FC TB ULA 292/65

EFEN @ Temperature-rise tests and power-dissipation measurement

Lab.-No. 01137 ' Sheet 1 of 2

1.

Type HH-SI 6/12kV 100A FC TB ULA 292/65
Order-No.: 67220.1009

Reéson for test

N

i

2.
Temperature-rise fests and power-dissipation measurement
3. Tests performed / measurements
Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents. ' '
4, Applied standards
IEC 602821 1898-01 VDE 0670 Teil4 Abs, 12 02/98 \
5. Test-laboratory, period of time
EFEN Priflabor Eltville, 12/01/1998
6. Arrangement of the equipment
The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the top.
The size of bare copper conductors is 150 mm?, i
Temperatures are measured at the fuse contacts (top and bottom), in the middle of :
the fuse with thermocouples and are recorded. :
The test currents are recorded.
7. Inspection and test sequence
The fuse-link was loaded with test currents 1 = 50 A and 1 =100 A -
Test current [ [A] |Comments
50 50% rated current
100 Rated current
Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples. '
Calculation of power dissipation from recorded voltage drop and recorded test
current. -
Calculation of resistance depending op-the currents.
i
_ v
EFEN GmbH

Mail: efen@eaferi.com - Internat: www.efen.com

Postfach 1254 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 46222 - e~




Temperature-rise tests and power-dissipation measurement
EquM:uEan H HH-S1 6/12kV 100A FC TB ULA 292/65
L.ab.-No. 01137 Sheet 2 of 2
8.  Results _
Type: HH-SI 6/12kV 100A FC TB ULA 202/65
Rco[d: 8,50 mQ
8.1 Temperature rise test
Temperature Temperature rise Informative
! 4 amb, 3 top S Sperm, AS fop A19hottom AS perm. Scenter Scenter
[Al | [°C] | I°C] | botom | [°CI | K] (K] Kl | [°C] [K]
50 12191395 336 | 105 176 11,7 65 57,1 35,2
100 | 226 [ 971 1 70,1 | 105 | 74,5 47,5 65 1751 | 152,5
8.2  Power dissipation and resistance of the test object at defined currents.
I Pa - | Ususeink R
[Al | W] (V] Im&)
50 | 24,50 0,49 9,80
100 ) 156,00 | 1,56 15,60
9. Evaluation
The limits for temperature (105 °C) and temperature-rise (65 K) for components
and materials are followed according to the IEC standard up o 94 A, A derating
factor of 0,84 has to be applied with reference to rated current.
3721723
06/06/2001
st engineer Head of laboratory
> EFEN GmbH

U“ostfach 1254 - D-65332 Eltville - Tel, 0049 (0) 6129 46-0 - Fax 46222 . a-Mail: efen@efen.com - Internet: www.efen.com




KEMAZ

HIGH~POWER LABORATORY ' A —
Utrechtsewag 310 - 6812 AR Amhem — The Netherlands 2 8 1 0 1

REPORT OF PERFORMANCE

CLIENT EFEN Elektrotechnlsche Fabrik GmbH,
Eliville am Rheln, Germany

MANUFACTURER EFEN Elektrotechnische Fabrik GmbH,
Efiville am Rheln, Germany

APPARATUS Current Imiting fuses
DESIGNATION HMH~SI 6/12KV FC TB 262/66 )
SERIAL No. © 67220.0400, 67220.0500, 67220.0630, 67220.0800, 67220,1000, 67220.1250, 67220,1600, 67220.2000.

RATINGS ASSIGNED BY THE MANUFACTURER

Voltage i2 kv
Current 40 - 50 ~ 63 ~ 80 — 100 ~125 ~ 160 — 200 A
Froquency 50 Hz
Breaking capacityat 12 kV : 63 kA .
Setles 1
Class " backup Q ,\
(1} The fuse~links 40 — 50 ~ 83 A form & homgeneous serles in accardance with Sub~clausa 13.3.1 of IEC 60202—1. w
The lesle have been carrdled out strictly in accordance vith {EC 60282-1.
The apparatus has compiled with the relevant raquirements.
Daleof tests 13th March 2001

The performancs of the apparatus tested and the observatlons mads during the tests have been recorded in the tables with test results
and the osclllograms

THIS REFORT CONSISTS OF;

Pages . 1

pry

Clreutt dlagrams'

Oscilegrams

R B

B7OE

© Copyright: Publieation or reproduction of the contants of thls report In any other form than
a complate copy to the Jetter, is not alfowed vithout our writtan consent.

KEMA Nederlangt B.V.

AL, Jdnss
Manager High~Power Laboratory

Arnhem, 23rd April 2001
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FORSCHUNGSGEMEINSCHAFT FUR
ELEKTRISCHE ANLAGEN UND STROMWIRTSCHAFT E.V,

g

Mannheim-Rheinau, Hallenweg 40

Agcredited testing laboratory to DIN EN 45001 for subjact

Daulacher DAT-P-020/92-04.  High-vollage apparatus
TeSt RepO rt QR P auirectioriras awitchgesr and coptrolgear
[T e DAT-P-020/9242  High-voltage cables
NO LV 00042 . and accessores
. ) DAT-P-020/82-21 Veltagae quality filcker
Duly signed copy 1E
Reference: 114-98/596...605

114-99/294,,.298
114-00/050,,,.052

Apparatus: Current-limiting fuse-link :
Types: a) HH-SI6/12kV 63A FC TB 292/65, Ident-No.. 67220.0630
b} HH-S16/12kV 80A FC TB292/65, Ident-No.. B87220.0800
¢) HH-S16/12kV 100AFC TB 292/65, Ident-No.: 67220.1000

Rated voltage: 12 kV
Rated current: - a)63 A, b) 80 A, ¢) 100A
Class: Back-up

Manufacturer; EFEN Elektrotechnische Fabrik GmbH,
Postfach 12 64, D-65344 Eltville, Germany

Customer: EFEN Elektrotechnische Fabrik GmbH,
' Postfach 12 54, D-65344 Eltville, Germany

Test Specification:  IEC 282-1, fourth edition, 1994

Tests performed: Breaking tests:

Test duty 2 with type b):
Verlfication of the operation with prospective current 12 at which current limiting
ocours when a high leve! of energy Is stored in the inductance of the circuit.

Test duty 3 with fypes a), b), c):

Verification of the operalion at the rated minimum breaking current
a) 1I3=221A,

b} 13=345A,

c) 13 =487 A,

Test Results: During the breaking tests performed, the tested fuse-links fully complled with the
standard conditions of behaviour with respect to breaking capacity.

FORSCH $GEMEINSCHAFT FUR )

UND STROMWIRTSCHAFT BV
‘ . /
Qi

Mannheim, May &, 2000 .
" Heh . ELEKTRISCHE AN

X%}smaem{ff‘ Z’ ‘/\' |

'| Place and date'of test:  LVF Manniieim-Rheinau, 01/42/98, 07/12/98, 08/12/99, 26/01/00

 Nurmber of ‘éhegié:’? 28

"f‘l;hls ;e‘iﬁurt may only ha sed complete and unabridged, Photographs and drawings must bear the FGH-stamp,




Forschungsgemeinschaft fiir Elektrische Anlagen und Stromwirtschaft e.V.

No. LV 00042 ' Sheet 14

FUSE-LINKS - BREAKING TESTS |
Tested fuse-link UrfkVl  Ir[A] Type
' 12 80 HH-S1 6/12kV 80A FC TB 292/65 -
Ident.-No.: 67220.0800

Test-no. ' 114-99/ 204 098 | 297 2908
Specimen No. | Adustment | 691077 991078 | 991079
Resistance ma - 10.8 10.4 10.7
Test-duty {(according to IEC 262-1) 2

Power factor of the test circuilt cos ¢ _ 0.083

Prospective breaking current (RMS) kA 5.05 5.056 5.05 5.05 ) / \
Making angle after voltage zero ° gl 8.1 7.6 8.5 7.7
Pre-arcing / Melting time m ms 3.67 3.69 3.67 \S
Melting current i | kA 490 | 505 4.96
Pre-arcing Joule Integral kA®s 21.4 23.3 22.2 x
Cut-off / Let through current g kA | 520 5.32 5.2& \
Arcing time ttg 1 msi 7.12 7.20 6.95 '
Arcing Joule Integral ‘ KkAZs 73.1 85.2 67.6 \
Arcing fime until breaking by the circuit breaker ms - - -

Max. switching voltage ug | kv 25.9 24.9 27.0 &
Power frequency recovery voltage Uy | kv | 10.51 10,50 | 10.61 10.51
Maintaining Qollage after breaking [ > 60 >80 > 60

Test result:

Fuse operated correct yin y y y

Swilching voltage ug < permissive value yin y y

Current imiting: (i4 < Let-through characteristic) yin - S -
Requirementfor 12 i/t =0.85...1.06 Iyl | oe7 | 100 | o8
Emission of flames or sand y/n 1 n | n n

Damages {external) yin n n n

Operation of striker correct yin ¥ ¥ y

\




Forschungsgemeinschaft fiir Elektrische Anlagen und Stromwirtschaft e.V.

No. LV 00042 Sheet 15

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Urikvl  Ir[A] Type
‘ , 12 80 HH-SI 6/12kV 80A FC TB 292/65
[dent.-No.: 67220.0800

Test-no. : 114-98/ 602 | 604 | 605
Specimen . No, | Adusiment | 99401 | 99401a
Resistance mQ . 10.5 10.6
Test-duty (according to 1EC 282-1) ' 3

Power factor of the test circuit cos @ 0.50
Prospective breaking current (RMS}) A 345
Maintained current with at - A - -
low voltage source at ) A s

Time of current-interruption while switching over

from low voltage fo high voltage circuit ms - -
Melting time a O 168 | 222
Pre-arcing Joule Integral kA%s 202 268
Arcing time g Jms| 23 21
Arcing Joule Integral kA®s 2.05 1.66
Arcing time until breaking by the circuit breaker 5 - -
Max, switching voltage ug | kv 174 | 174
Power frequéncy recoyery voltage - Uy kv 12,1 12.1 121
Maintaining voltage after breaking | 5 60 60
Test result: '

Fuse operated cérrect ' yin y y
Switching voltage ug < permissive value 7 | yin y y
Emission of flames cr sand yin n n
Damages (external) - y¥/n n n
Operation of striker correct y/n : ¥ y




FORSCHUNGSGEMEINSCHAFT FUR - _
HOCHSPANNUNGS- UND HOCHSTROMTECHNIK E.V. FGH

Mannheim-Rheinau, Hallenweg 40

Accreditod lesting laboratary to DIN EN 45001 for sublact
Deuticher DAT-P-020/02-01 High-volage apparalus,

Tes t Re port - | [t swiichgear and coptrolgear
B Rl DAT-P-020/02-12 High-vollage cables
By F = and accessorles
No.: LV 98080/1E

DAT-P-020/2221  Vollage qualtty fllcker
Reference: 114-98/126-144

Apparatus: Current-limiting fuse-links, with striker
Types: HH-SI6/12kV 63A FC TB 202/65 Orderno.:.  67220.0630
HH-S! 6/42KV 100A FC TB 292/65 Order-no..  67220.1000
HH-SI 6/12kV 160A FC TB 202/88 Order-no.:  67220.1600
Rated voltage: 12 kV
Rated currents: 63 A, 100 A, 160 A
Classification: Back-up

Manufacturer: EFEN Elekirotechnische Fabrik GmbH,
Postfach 12 54, D-65332 Eltville, Germany

Customer: EFEN Elektrotechnische Fabrik GmbH,
Postfach 12 54, D-65332 Eltville, Germany

Test Specification: |EC 282-1, fourth editlon, 1994

Tests performed: Breaking tests
Test duty 2: Verification of the operation with prospective current 12 at which
current limitation ocours when a high level of energy is stored In the inductance
of the circuit, -

o

Test Results: During the performed tosts th'e fuse-links fully complied with the standard
conditions of behaviour with respect to breaking capacity.

FORSGHUNGSGEMEINSCHAFT FUR
HOGHSPABNUNGS- UND HOCHSTROMTECHNIK E.V.

’ W Test.Engineer: /"é éﬁ? r%

Mannheim, November 18, 1998
Wa

7

Place and date of test: LVF Mannheim-Rheinau, Aprll 14 and 15, 1998

Number of sheets: 26

This report may only be used camplete and unabridged. Phnto'graphs and drawings must bear tho FGH-stamp.

T < |



| FGH-VERSUCHSFELDER MANNHEIM-RHEINAU

No. LV 28080 Sheet 16
BREAKING TESTS ~ HIGH-VOLTAGE FUSES
tested fuse: Upn: 6M2kV IN: 10D A Type: 67220.1000
HH-S1 6/12kV 100A FC TB 292/65
Test-No. : 114-98/ 130 131 132 - 133
Specimen No, | Adjust- | 98490 98491 98462
ment test
Resistance mi - 8.3 8.2 8.3
Test-duty (according to 1EC 282-1. 1994) 2
Power factor of the test ¢ircuit . COS 0,026
Prospeciive breaking current ! A 6.27
peak current ig 16.8
Making angle after voltage zero “el 13 13 13 13
Pre-arcing / Melting time ' tm ms 34 3.4 3.4
Meiting eurrent im kA 6.42 6.33 6.30
Pre-arcing Joule Integral kAZs 36.8 354 35.2
imfl (for test-duty 2: i/l = 0.85...1.06} 1.02 1.04 1.00
Cut-off / Let through current ig kA '6.80 6.81 6.70
- Arcing time - g | ms 7.4 73 | 72
Arcing Joule Integral kAZs 143 | 158 | 155
Max. switching voltage ug kv 26.8 25.9 258
Power frequency recovery voltage Uy | KV | 10.55 1 0.55 10.54 10.53
‘Maintaining voitage after breaking s 60 60 B0
-Fuse operated correct (yes / no) yes yes " yes
Emission of flames or sand no no no
- Damages (external) no no no
Operation of striker correct - yes yes yes




Forschungsgemeinschaft fiir Elektrische Anlagen und Stromwirtschaft e.V.

No, LV 00042 Sheet 16

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] Ir[A) Type
‘ .12 100 67220.1000
HH-SI 6/12kV 100A FC TB 292/65

Test-no. 114-00/ 50 51 52
Specimen ‘ No, | Adustment | 91080 991081
Resistance me - 8.6 . 886
Test-duty (according to IEC 282-1) . ' 3'
Power factor of the test circuit oS ¢ 050 ’ \[\

{ | Prospective breaking current (RMS) A | 497 496 498 !
Maintained current with at A - -
low voltage source at A min | .
Time of curreni-interruption while switching over ‘ Qé
from low voltage to high voltage circuit ms B B
Melting time trn | ms 782 785 \\\
Pre-arcing Joule Integral kAZs 192 | 198 N
Arcing time ig | ms 7 16 §
Arcing Joule Integral kAZs 1.95 3.66 (\
Arcing time until breaking by the circuit breaker ' ms - - )
Max, switching voltage ug | kv 17.7 17.9 \.
Power frequency recovery voltage . Uy | KV 124 12.3 12.4

( Maintaining voltage after breaking s 60 60
Test resuif: .
Fuse operaied correct yin ‘ y y
Switcﬁing voltage Ug < permissive value yin . ¥ y
Emisslon of flames or sand yin _ | n n.
Damages (external) yin n n
Operation of striker correct : ~{ym ' y A y




Time-current characteristics of H.V. back-up fuse-links
FEFI}I -with ULA (controlled power dissipation)
“Lab.-No, 01168 8/12kV 1 A - 200 A acc. to IEC 60282-1/ VDE 0670 Teil 4
Order-No.: 67220.0019 - 67220.2009
10000 :
t Az G i i
—2c—4~63-10 18~420--25-315-50 63 BO~1OO-—1251200 -
[S] I T 1 y]40 T . 160 — 1
: TR S 1| |- '= ol ]’ | v shv bbb Ll
1000 = l : .I I‘!' "”.
e » "‘-":"‘f_ 1:_::-1" i‘“:% i i fEe e TR
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EFEN Cut-off characteristics of H.V. back-up fuse-links
wrexuany enuret with ULA (controlled power dissipation)
Lab.-No. 01170 68/12 kV 1 A - 200 A acc. to |EC 60282-1 / VDE 0870 Teil 4
o Order-No.: 67220.0019 to 67220.2009
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EFEN

w

16KMARK GRUPPE @ : Test of striker according to IEC 60282-1
81002.0100 striker, typ medium, 30mm

Lab.-Nr. 03 088 _ Seite 1 von 4
1. Type HH — fuse Iink. with striker 81902.0100(3) (duration 30mm)
2, Reason for test
Test of Strikers
3. Tests performed / measurements
l.  measurement of the duration of travel _
II. measurement of the force-travel characteristics and calculation of the striker
energy actuated by the spring
I1I. Verification of the withstand force according to applied standard (4)
4, Applied standards
IEC 60282-1 2002-01 VDE 0670 Teil 4 Abs. 12 02/98
4.1  standard in detail regarding strikers

RN

039480

OA - Free travel ~ No energy oulput specified.

AB — Further travel during which energy mist be delivered.

OB ~ Minimum actual travel,

0OC - Maximum actual travel.

CB ~ Maximum permitled return travel under withstand force {when applicable).

Mechanical characterisflies
Vatues of ' Actuai travel
Type Energy Fras Further travel during Minimum Maximum
trave| |which energy must be Min. Max. |withstand force| duration of
dellvered ) - ) travel
{OAY _ (AB)* (oB)* {ocy : {see note)
J mm mim mm mm N ms

Light 0,3 0,25 2 8 10 © 80 Not applicable 100
Medlum 105 4 16 20 40 - 20 100
Heavy 211 4 8 10 16 40 100
* See figure 12, . .
NOTE — Duratlon of travet Is defined for actual fuse-links as the time from commencement of arclng o the time
whan travel OB Is reached. For dummy fuses It Is the time from applicatfon of voliage untll traval OB Is reached.

EFEN GmbH

' Posifach 1264 - D-65332 Eltville - Tel, 0049 {0) 6129 46-0 - Fax 46222 - e-Mail: efen@efen.com -

Internet: www.efen,com
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WICKMANN BRUPPE

|ab.-Nr. 03 088

Test of striker according to IEC 60282-1
81902.0100 striker, typ medium, 30mm
Seite 2von 4

5.

7.
I Intact striker circuit is tested with current < 10A and voltage < 18V.
Il. Current, voltage and the NC switch are recorded.

ill. Force of striker is measured at Positions: 0, 10, und 20mm.
The Position of the Striker is measured at the minimum withstand force of 20N.

8.

. measurement of the duration of travel

Test-laboratory, period of time
EFEN laboratory Eltville, 4.12.2003
Arrangement of the equipment

I. The tested fuse link is fixed in a fuse-base. An NC (normally closed) switch will
be opened if the striker has travelled 30mm. Current, Voltage and the NC switch
are recorded by an digital oscilloscope. :

-

Ii. & I1l. The force-travel characteristics will be measured by an approved force
meter*. For this measurement the striker will be prepared with an scale indicator for
measuring the travelled way in mm.

s7wick Z2.5 / TN1S Material testing device

Inspection and test sequence

Resulis

duration of travet| Current | Voltage ’
Sample 1 5ms 99A 1 < 15V
Sample 2 2ms 11,7A <15V
Sample 3 4ms 10A <15V
[Sample 4 Bms 98A | <18V
EFEN GmbH

Postfach 1254 - D-65332 Eltville - Tel. 0049 (0) 6128 46-0 - Fax 46222 - e
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EFEN

WICKMANN GRUPPE - . Test of striker according to IEC 60282-1
81902.0100 striker, typ medium, 30mm
Lab.-Nr. 03 088 ‘ Seite 3 von 4

1. measurehent of the force-travel characteristics and calculation of the striker energy

Sample 1 Sample 2 Sample 3
Posflion _ t Length / mm |Measurem. 4 | Measurem. 2 | Measurem. 1 Measurem. 2 | Measurem, 1 |Measurem. 2 Average:
[¢] 0 77 76,8 85,5 81,7 78 78 79,8
A 4 66,5 66,4 67,5 87,4 71,7 89,7 68,2
B 20 37 36,1 33,7 33,1 36,2 38,5 35,6
Energy / J: 0,83 0,82 0,81 0,80 0,86 0,85 0,83
" (F,+F,)x 4B e
Energy =S4t Lo EnergylJ); F,[NT; Fy[N]; ABlmm]; .
2000 -
a0
F f:
N
80 ( _
70 \\
” | \\
a0 AN

AN

30 ]
] N
20 : \\

10

0 5 10 15 20 25 30 —»_ 35

s [mm] 8

1. Verjﬁcation of the withstand force of 20N at Position 220mm

_ Measurement | Force /N Length / mm
Sample 1 1 20 274
Sample 1 2 20 277
Sample 2 i 20 27,3
Sample 2 2 20 26,9
Sample 3 1 20 _ 284
Sample 3 2 20 284

EFEN GmbH

'] Postfach 1264 - D-65332 Eltville - Tel. 0049 (0) 6129 460 - Fax 46222 - e-Mall: efen@efen.com - Internet: www.sfen.com




E;ﬁ Hos RH Test of striker according to [EC 60282-1

81902.0100 striker, typ medium, 30mm

Lab.-Nr. 03 088 Seite 4 von 4
9. Evaluation
Energy : Further travel Actual travel Minimum travel force
Free during which
travel energy must Specified
Type Actual | Specified | —— | bedelivered | Actual value Actual | Specified
value value OA G value | Min. | Max. | value value
. OB | OC
J mm mm mm: N
Medium 0,83 | 1105 4 18 30 [ 20 | 40 358 | "20

|- Measured duration of travel < maximum duration of trave! (100ms)
It. striker energy is Medium 1J +0,5J

|11, Verification of the withstand force proofed that the striker has the necessary force.

The striker full fills all Requirements of striker Type medium according to:
IEC 60282-1 2002-01; VDE 0670 Teil 4 Abs. 12 02/98
370/65 ‘ ' _ :
2004-03-29 §

7z A %%

Test engineer

EFEN GmbH
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EFEN

WIGEWARH BRUPPE

Lab.-No. 01163

Sheet 1 of 2

1. Object
Current-limiting high-voltage fuse-links
Class: Back-up
Striker: “medium”
Type: HH-SI 10/24kV 1A { 2A/ 4AFC TB ULA 442/56
Ident-No.: 67240.0019 / 67240.0029 / 67240.0048
Rated voltage 10/24 kV
Rated current 1A | 2A | 4A
Rated maximum breaking current 63 kA
Rated frequency 50 Hz
Rated minimum breaking current 14A | 16A | 23A
2. Reason for test
Type test according to IEC 60282-1 (VDE 0670 Teil 4): 1998-02
3. Tests performed
3.1 Temperature-tise tests and power-dissipation measurement
Rated current ' 1A | 2A | 4 A
Test laboratory EFEN Priiflabor Eltville
Test result; AS,,, ! 1K 2K 6 K
. At 50% |, 0,54 W 0,81 W 2,31W
Testresult: Ps 2 150% I 247 W 3.32W 5.70 W
EFEN Lab-No. 01141 01142 01143
Test passed - Yes Yes Yes
" W permissible temperature rise: 65 K
3.2 Breaking Test: Test Duty 1
Rated current 1A | 2A | 4 A
Test Laboratory / Document No KEMA / 720-00
Test circuit applied voltage: U 21 kV
Test circuit prospective current | 63 kA
EFEN Lab-No. 01072 N
Yes 1 Yes [ Yes

Test passed

]

I —PostfEe 1254 - D:65332 Eitville ~Tel, 0049 (0) 6120 46-0- Fax-46222- e-Mall-efen@efen.com -Internet: ]
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EFEN @ | Type Test Report

WIGKMANN DAUPFE

Lab,.-No. 01163 . Sheet2 of 2

3.3 Breaking Test: Test Duty 2

Rated current 1A | 2A l 4 A

Test Laboratory / Document No : FGH /L 00038 1E

Test circuit applied voltage U 20,98 kV 20,96 kV 21,00 kV

Test circult prospective current | 103 A 173 A 246 A

EFEN Lab-No. - 00183

Test passed Yes ] Yes | Yes

3.4 Breaking Test: Test Duty 3 '

Rated current 1A | 2A | 4 A

Test Laboratory / Document No. FGH /L 00038 1E

Test circuit applied voltage: U 24,1 kV 24,74 kV 24,3 kV

Test circuit prospective current | 13,7 A 15,1 A - 23,2 A

EFEN Lab-No. B 00183 K
Test passed ‘ Yes | Yes | Yes -

3.5 Tests for time-current characteristics
Test Laboratory: EFEN Priiflabor Eltville
EFEN Lab-No: 01169
Test passed

3.6 Cut-off characteristics
EFEN Lab-No: 01171

3.7 Test of strikers
Test result; 0,83 J => Type medium
Test Laboratory: EFEN Priiflabor Eltville

EFEN Lab-No: 03088
Test passed

4. Test results ' 5

The products passed the type tests according to IEC 60 282-1 and VDE 0670 Tell 4
respectively at KEMA, FGH and EFEN test laboratories.

All requirements are fulfilled (see 3.).

370/65
.2004-11-18

: TestEngineer Abf boratory

Y8 EFEN GmbH . _
A Postiath 1254 ~D-65332 Eltville ~Tel: 0049 (0)8129- 46-0- Fax46222 - e-Malh efen@efen:com -internet: www:efen.com- — -




EFEN @ Temperature-rise tests and power-dissipation measurement
WICKMANR @RUPEE HH-S1 10/24kV 1A FC TB ULA 442/56

Lab.-No, 01141 Sheet 1 of 2
1. Type HH-S1 10/24kV 1A FC TB ULA 442/56

Order-No.: 87240,0019

2. Reason for fest

Temperature-rise tests and power-dissipation measurement

3.  Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents.

4.  Applied standards
IEC 60282-1 1998-01 VDE 08'70 Teil 4 Abs, 12 02/98

5. Test-faboratory, period of time

EFEN Prifiabor Eltville, 09/04/2000 — 09/08/2000

B. Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin

at the top.
The size of bare copper conductors is 25 mm?.
Temperatures are measured at the fuse contacts (top and bottom), in the middle of .

the fuse with thermocouples and are recorded.
The fest currents are recorded.

7. Inspection and test sequence

The fuse-iink was loaded with test currents |=0,5Aandi=10A

Test current | [A]_| Comments
- 05 50% rated current
1,0 - |Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with

thermocouples. _ .
Calculation of power dissipation from recorded voltage drop and recorded test

current.

Calculation of resistance depending OWM&
: i
v

ey

=

<

EFEN GmbH
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Temperature-rise tests and power-dissipation measurement

EFEN ]
wieKuANk BREPL HH-SI 10/24kV 1A FC TB ULA 442/56
| Lab.-No. 01141 Sheet2of2
8. Resulis
Type: HH-SI 10/24KV 1A FC TB ULA 442/56
‘ Reord: 2103 mQ
8.1 Temperature rise fest
Temperature Temperature rise Informative
I S amb. 4 top S 1{-)fperm. AS top ASpottom AS perm. \gcanler Scenter
Al | [°C] | [°C] | bowom | [°C] | K] [K] [Kl | [FC] [K]
056 | 21 22 21 106 1 0 65 22 1
1 21 22 22 | 105 1 1 65 24 3

82 Power dissipation and resistance of the test object at defined currents.

| Py Utuse-tink R
Al | W] [V] [mQ]
051 0,54 1,06 2160

1 2,17 217 2170

9.  Evaluation
The product passed the temperature-rise test acc. to IEC 60 282-1 and

VDE 0670 Teil 4 respectively.

372723
07/06/2001

CLU_3

Head of laboratory

Test engineer

FEN GmbH
Postfach 1254 - D-85332 Eltville - Tel. 0049 (0) 6129 46-0 : Fax 46222 « e-Mall: efen@efen.com - Internet; www.efen.com
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Exﬁ Ea [\ | @ Temperature-rise tests anq‘power-dissipation measurement
voenores HH-SI 10/24kV 2A FC TB ULA 442/56

Lab.-No. 01142 _ ) Sheet 1 of 2

1. Type HH-8I 10/24kV 2A FC T8 ULA 442/58
Order-No.; 67240.0029

2. Reason for test

Temperature-rise tests and power-dissipation measurement

3, - Tests performedlmeasurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents.

4.  Applied standards
|[EC 60282-1 1998-01 VDE 0670 Teil 4 Abs, 12 02/98 '

-

5.  Test-laboratory, perlod of time
EFEN Prflabor Ettvilie; 00/04/2000 — 08/08/2000 )
8. Arrangement of the equipment :
. ’ N
_The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
af the top.

The size of bare copper conduciors is 25 mm?, _
Temperatures are measured at the fuse contacts (top and bottom), in the middle of
the fuse with thermocouples and are recorded.

The test currents are recorded.

7. Inspection and fest Sequence

The fuse-link was joaded with test currents 1 = 1,0 Aand 1 =2,0 A

Test current 1[A] | Comments
1 50% rated current
| 2 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with

thermocouples. _
Calculation of power dissipation from recorded voltage drop and recorded test

current.
Calculation of resistance depending on

EFEN GmbH =

iostfach 1254 + D-65332 Eltville - Tel, 0049 (0) 6129 46-0 - Fax 46222 - e-Malil: efen@efen.com « Internet: www.efen.com




Temperature-rise tests and power-dissipation measurement

EFEN @ ]
roxaruE eRurve HH-SI 10/24kV 2A FC TB ULA 442/56
Lab.-No. 01142 Sheet 2 of 2
8. Resuilts ,
Type: HH-S1 10/24kV 2A FC TB ULA 442/56
Reold: 797 mQ
8.1 Temperature rise test
Temperaiure Temperature rise Informative
[ S ams. 3 top 3 'g‘pe:m. A8 top A\(}botto'm AS perm. Scenter ‘9‘center
[Al | [°C] | I°C] | bottom | [°CI | IK] K] K] | [°C] [K]
1 21 21 21 105 0 65 22 1
2 21 23 22 | 105 1 B85 28 5
8.2 Power dissipation and resistance of the test object at defined currents.
‘ P | Ussenk | R
[Al | W] [me]
1 0,81 0,81 797
2 3,32 1,66 830
9, Evaluation _
The product passed the temperature-rise test acc. to I[EC 60 282-1 and
VDE 0670 Teil 4 respectively. 7
372123
07/06/2001
(] (e SAN9 &
Test engineer - Head of laboratory
Y —
~DEFEN GmbH
e f\zﬁ’osﬁach 1254 « D~-65332 Eftville - Tel. 00 49 (0) 6128 46-0 - Fax 462 22 « e-Mall: efen@efen.com - Internat: www.efen.com
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WIOXMANY BRALPPE:

EFEN @ Temperature-rise tests and power:dissipation measurement

Lab.-No. 01143 Sheet 1 of 2

HH-S} 10/24kV 4A FC TB ULA 442/56

1.

Type HH-SI 10/24kV 4A FC TB ULA 442/56
Order-No.: 67240.0049

Reason for test

Temperature-rise tests and power-dissipation measurement

Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents.

Applied standards
JEC 60282~1 1998-01 ' VDE 0670 Teil 4 Abs. 12  02/08

Test-laboratory, period of time

EFEN Priflabor Eltville, 09/04/2000 — 05/08/2000

Arrangement of the equipment x
The high-voltage fuse-link is mounted vertically In a fuse-base, with the striker-pin

at the top.

The size of bare copper conductors is 25 mm=,

Temperatures are meastured at the fuse contacts (top and bottom), in the middle of

the fuse with thermocouples and are recorded.
“The test currents are recorded.

Inspection and test sequence

The fuse-link was Joaded with test currents I=2,0Aandl=40A

Test current | [A] { Comments
2 50% rated current
4 Rated current

Temperatures are measured at the fuse contacts and In the middie of the tube with

thermocouples. . .
Galculation of power dissipation from recorded voltage drop and recorded fest

current. . ‘ /
Calculation of resistance depending on the currents. ‘

\

EFEN GmbH
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EFEN Temperature-rise tests and power-dissipation measurement
wleNMANY aRubre HH-S] 10/24kV 4A FC TB ULA 442/56
Lab.-No. 01143 Sheet2of2 -
8. Resulis .
Type: HH-SI 10/24KV 4A FC TB ULA 442/56
‘ Reold: 587 mO
8.1 _ Temperature rise tost _
Temperature Temperature rise Informative
! 3 amb. ) top 5 Spsrm. AS fop Asboﬂom A8 perm. Scenter ‘gcenler
Al | [°C] { I°C] | botom | [°Cl | K] {K] K] [°C] [K]
2 21 23 22 105 2 1 65 25 4
4 21 27 25 105 6 4 65 34 13

8.2 Power dissipation and resistance of the test object at defined currents.

! Ps | Uuse-link R
Al | W] Vi [mQ]
2 2,31 1,15 580
4 9,70 2,42 606
g, Evaluatidn

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VVDE 0670 Teil 4 respectively.

372723
07/06/2001

A

Test engineer Head of laboratory

.
A{EFEN GmbH s
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"KEMA=Z
' | 2
BIGH-POWER LABORATORY —
Utrechisewag 310 — 8812 AR Arnhem — The Netherlands 7 0 00

REPORT OF PERFORMANCE

CLIENT EFEN Elektrolechnische Fabrik GmbH,
Ettville am Rhein, Germany

MANUFACTURER EFEN Elektrotechnische Fabrik GmbH,
Eltville am Rheln, Germany

APPARATUS Current imiting fuses
DESIGNATION HH—81 10/24kV FC T8 442/56 1 -2 ~4-63~10~ 1620~ 25~ 315 -40 - B0 - 63 A~ 80 A
SERIAL No. 67240.0010, 67240.0020, 67240.0040, 672400060, 67240.,0100, 67240.0160, 67240.0200, 67240.0250, 67240,0320,

672400400, B57240,0500, 67240.0630 and 67240.0800.

RATINGS ASSIGNED BY THE MANUFACTURER

Voltaga . 24 kv
Current 1=-2-4-63-10~-16~-20-25—315—-40—-50-63 80 All)
Fraguency &0 Hz
Breaking capacity at 24 kV - 63 kA
Seriss . 1

Class Back—up

{1) The fuse~links 20 ~ 25 — 81,5 A and 40 — 60 — 63 A form a homgeneous series In accordance with Sub—clause 13,3,1 of IEC 602821, -

| o/

The tasts hava baen carrad out strictly In accordance with IEC 80282—-1, Sub~clause 13 (Test—duty 1).
The apparatus has complied with the relsvant requirements.

Dato of tests 22nd Novembsr 2000 and 15th March 2001

The performance of the apparatus tested and the observations made during the tests have been recorded In the tables with test restlls
and the osclllograms . i

THIS REPORT CONSISTS OF:
Pages ' 15
Circuit diagrams 1

B70E

© Copyrighl: Publication or reproduction of the epntants of this repert In any other fesm than
a complate copy ta tha lattey, Is nol allowad without aur written consent,

<7
(£
ALJ.J nss L
’ Manager High—Power Laboratory
,O , Arnhem, 27th February 2001.
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FGH

Engineering & Test GmbH

Mannheim-Rheinau, Hallenweg 40

8
X

- Deutsch DAT-P-103/00-00 High-voltage apparatu
TeSt Report . ”;’I‘J'::“a‘r“’"“‘ s‘.'ﬂtchgea?an;go?&osligaar

No. L 00038

Duly signed copy 1E
Reference:

Apparatus:

Manufacturer:

Customer:

Test Specification:

Tests performed:

Test Results:

Wa

'EFEN Elektrotechnische Fabrik GmbH,

Mannhelm, September 6, 2000

Accreditad testing laboratory to DIN EN 45001 for subject

Rat
Fem ¥ an[E=2 DAT-P-103/00-40  High-voitage cables

and accessorles

114-00!331..34?, 370...373, 418...425, 549...569, 707...709

Current-limiting fuse-link .

Types: ) HH-SI 10/24kV 1A FC TB 442/586, Ident-No.; 67240.0010
b) HH-SI 10/24kV 2A FC TB 442/58, Ident-No.: 672400020
¢) HH-S1 10/24kV 4A FC TB 442/68, Ideni-No.: 67240.0040
d) HH-S1 10/24kV 8,3A FC TB 442/56, ldent-No.: 67240.0060
e) HH-81 10/24kV 10A FC TB 442/66, ldent-No.: 67240.0100

Rated voltage: 24 kv

Rated current: a)1A b)2A C)4A d)B3A,e)10A
Class: Back-up

EFEN Elektrotechnische Fabrik GmbH,

Postfach 12 54, D-65344 Eltville, Germany

Postfach 12 54, D-656344 Eltville, Germany

IEC 60282-1 (1998-01), Ed.4.2

77

Breaking tests:

Test duty 2: . :
Verification of the operation with prospective current 12 at which current limiting
occurs when a high level of energy is stored in the inductance of the circuit. . \

Test duty 3: .
Verlficatlon of the operatiori at the rated minimum breaking current.

During the breaking tests performed, the tested fuse-links fully complied with'the
standard conditions of behaviour with respect to breaking capacity. :

Eng/neering & Tgst GmhH |

Piace and date of test:

LPF Mannheim-Rheinau, May 28-30, and July 1-20, and August 23, 2000

Number of sheets: ’

50

This raport may only be used comAplate and unabridged, Photographs and drawings must bear the FGH-stamp.




FGH Engineering & Test GmbH
No. L 00038 _ Sheet 16
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur[kv] Ir[A] Type '
24 1 87240.0010
HH-SI 101_'24kV 1A FC TB 442/56
Testno. - 114-00/ - 332 336 337 338
Specimen ‘ No. | Adust- | 00558 | 00558 | 00860
ment test
Resistance , ' ma| - 2130 | 2110 | 2110
Test-duty (according to |EC 282-1) 2 2 2 2
Power factor of the test circuit | coSs @ 1 0133 0.133 0.133 0.133
Prospectivé breaking current {RMS) A 102 103 103 102
Maklng angle after voltage zero ool | 11 11 11
Pre-arcing / Meiting time tm ms 3.80 3.73 3.73
Melting current Im A 88.9 103 102
Pre-arcing Joule Integral Als 020 | 102 10.2
Cut-off / Let through current e | A : 180 | 171 169
Arcing time _ g | ms 7.63 6.48 7.37
Arcing Joule integral | _ ( A%s 105 75.4 89.9
Arcing fime until breaking by the circuit breaker ms‘,‘ - - .
Max. switching voltage ‘ Ug i{V . 71.5 83.2 75.8
Power frequency recovery voltage _ ' Uy | KV | 2098 2118 21.21 20,94
Maintaining voltage after breaking ) 5 - >80 560 >80
Test resuit: '
Fuse operated correct | yin yes yes yes
Switching voltage ug < permissive value | vin yes yes yes
Current limiting: (g < Let-through characteristic) yin - - .
Reguirement for 12: imfl =0.85...1.06 imfl : 0.96 1.00 1.00
Emission of flames orsand - y)n no no no |
Damages (extemal) - ‘ ¥/n . no no no
Operation of striker correct y/n yes yes yes




FGH Engineering & Test GmbH

Sheet 17

No. L 00038
- FUSE-LINKS - BREAKING TESTS
Tested fuse-iink Ur [kV] Ir[A) Type
24 1 67240,0010
HH-S1 10/24kV 1A FC TB 442/56
Test-no. 114-00/ 549 550 | 661
Specimen No. | Adjust- | 00721 | 00722
ment test

Resistance m& - 2130 2150

Test-duty {according to IEC 262-1) 3

Power factor of the test circuit cOS ¢ 0.562 N
Prospective breaking current (RMS) A 4.1 13.7 13.7 \
Maintained current with at A B ) o \
low voltage source _ at A \
Time of current-interruption while switching over ms - - t\
ffom low voltage fo high voltage circuit . x
Pre-arcing / Melting time tm s 0.59 "0:53 \\
Pre-arcing Joule Integral A?s 113 103 x
Arcing time g | ms 645 291 : \
Arcing Joule Infegral A’s 6.86 498 \
Arcing time until breaking by the ciroult breaker ms - - '
Max. switching voltage | Ug KV 36.3 36.5

Power frequency recovery voltage Uy KV 24.3 241 24.0 .

Maintaining voltage after breaking ‘ ] >80 >80

Test result:

Fuse operated correct yin yes yes

Switching voltage ug < permissive value . yin yes yes

Emission of flames or sand yin no no

Damages {external) y/n no no

Operation of striker correct _ yin yes yes

Test-no, 850: low resolutipn in measuring Uw




FGH Engineering & Test GmbH

No. L 00038 Sheet 18

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] IrfA] Type
24 2 67240.0020
HH-81 10/24kV 2A FC TB 442/56
Test-no. 114-00/ 339. 340 341 342
Specimen ‘ _ No. | Adjust- | 00574 | 00575 | 00576
ment test
Resistance m{ - 812 808 804
Test-duty (according fo IEC 282-1) . 2 2 2 2
Power factor of the test circuit c0S (p 0.11 0.11 0.11 " 0.1
Prospective breaking current (RMS) A 173 173 173 173
Making an'gle after voltage zero el 16.2 - 9 9 9
Pre-arcing / Melting time : . tm ms 3.73 3.71 3.75
Melting current . Im A 169 170 168
Pre-arcing Joule Integral A’s | 270 | 274 26.4
Cut-off / Let through current iq . A 277 276 277
Arcing time g { ms _ B.23 7.99 8.05
Arcing Joule Integral AZs 336 a2 | 3te
Arcing time until breaking by the circuit breaker | ms - - -
Max. switching voltage Ug kv - 39.2 417 41.7
Power frequency recovery voltage - Uy kv 20.94 20.96 20.96 20.96
Maintainlng voltage after breaking . ’ s - >80 >B0 >80 .
Test result: | |
Fuse operated correct . yin ‘ yes yes yes
Switching voltage ug < permissive value yin | yes yes yes
Current limiting: (ig < Let-through characteristic) yin - - -
Réquirement for 12: imfl = 0.85...1.06 _ imf! ' 0.98 0.98 0.97
Emission of flamés or sand . yin | ' no ho no
Damages (external) yin no -no no
Operation of striker correct : yin yes yés yes




FGH Engineering & Test GmbH

No. L 00038 Sheet 19
FUSE-LINKS ~ BREAKING TESTS
Tested fuse-link Ur [kV} Ir [Al Type
24 2 67240.0020
.HH~Sl 10/24KV 2A FC TB 442/56
Test-no. 19400/ 553 556 | 558
Specimen " [ No. | Adjust- | 00733 | 00735
ment test
Resistance mQ - 812 804 - v \
Test-duty (according to 1EC 282-1) 3 \\q
Power factor of the test circult GOS ¢ 0.63 \\3
Prospecﬁve breaking current (RMS) _ A 16.1 . \§
Maintained current with at 15.2 A 8 | 7.84 \&k
low voltage source at 16.6 A 21.4
Time of current-inferruption while switching over ms 100 a0 ‘\\
from low voltage to high voltage circuit t\
Pre-arcing / Meliing time ty | S 784 | 214 N
Pre-arcing Joule Integral A%s 1810 5210 . \«'
Arcing time g | ms 398 380
Arcing Joule integral AZs 938 | 85.1
Arcing time until breaking by the circuit breaker ms . -
Max. switching voliage Ug kv 36.1 354
Power frequency recovery voltage Uw lkV 23.8 24.7 _24,7
Maintaining voltage after bréaking 8 =60 >60
Test result:
Fuse operated correct yin yes yes
Switching voltage ug < permissive vaiue yin yes yes
Emisslon of flames or sand y/in no no
Damages (external) yin no no
Operation of striker correct y/n yes yes




FGH Engineering & Test GmbH

No. L 00038 Sheet 20

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] Ir[A] Type
24 4 67240.0040
HH-SI 10/24kV 4A FC TR 442/56
Test-no, 114-00/ ‘417 419 420 421
Specimen , No. | Adjust- | 00801 00802 | 00803
. ment test

Resistance I mQ - 562 537 542
Test-duty (according to IEC 282-1) 2 2 2 2
Power factor of the test circuit cos ¢ 0.101 ‘0.'1 01 0.101 0.101
Prospective breaking current (RMS) A 248 247 246 245
Making angle after voltage zero ‘ ° gl 8.1 10.6 10.6 106
Pre-arcing / Melting time tm | ms 354 | 349 | 348
Melting current - im | A 233 231 229
Pre-arcing Joule Integral As 48.1 '46.5 45.6
Cut-off / Let through current ig A 352 340 343

* Arging time g | ms 7.89 7.40 ' 7.65
Arcing Joule Integral : A% | 494 405 450
Arcing time until breaking by the circuit breaker ms - - -
Max. switching voltage Ug kv - 45.5 57.0 54.5
Power frequency recovery voltage Uy kV | 21.00 21.10 20.96 20.94
Maintaining voltage after breaking s - . >B0 >80 >60
Testresult: . .
Fuse operated correct y/n yes yes yes
Switching voltage ug < permissive value yin yes yes yes
Current limiting: (Iq < Let-through characteristic) y/n - - -
Requirement for [2: imfl =0.85...1.06 imfl ‘ 0.93 0.94 0.93
Ehission of flames or sand _ -1 yin ho no no
Damages {external) y/n ho no " no
Operatlon of striker correct ' yin yes yes .yes




FGH Engineering & Test GmbH

S

No. L (00038

)k
T

Sheet 21
. FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur [kV] Ir [A] Type
24 4 67240.0040
HH-S1 10/24kV 4A FC TB 442/66

Testno. 114-00/ 707 708 709
Specimen ‘ No. | Adjust- | 001086 | 001087

ment test N
Resistance mal| - 544 547 \
Test-duty (according to IEC 282-1) 3
Power factor of the test circuit cos ¢ 0.50 \
Prospective breaking current (RMS) Al 232 T
Maintained current with at 28.2 A s 0.454 . X (
low voltage source at 234 A 0.644 \
Time of current-interruption while switching over ms 8 97
from low voltage to high voltage circult
Pre-arctng / Melting tme tn | ms 454 644
Pre-arcing Joule [ntegral A?s 1 241 350
Arcing time g {ms}| 121 141
Arcing Joule integral Als 65.8 76.2
Arcing time until breaking by the clrcuit breaker ms | - -
Max. switching voitage Ug kv 35.3 36,5
Power frequency recovery voltage Uy | kY 24.3 243 244
Maintaining voltage after breaking 5 »60 >60
Test result: '
Fuse operated correct yin “yes yes
Switching voitage ug < permissive value yin yes " .yes
Emission of flames or sand y/n no no
Damages (external) yin . o no
Operation of striker correct y/n yes yes




EFEN

WICKMAXNE SBRUPPME

labh.~-No. 01168

Time-current characteristics of H.V. back-up fuse-links
with ULA (controlled power dissipation)

10/24 kV 1 A 100 A acc. to IEC 60282-1 / VDE 0670 Teil 4
Order-No.: 67240.0019 - 67240.1009
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E‘E—'EN . Cut-off characteristics of H.V. back-up fuse-links
' with ULA (controlled power dissipation)

lab-No. 01171 10/24 kV 1 A - 100 A acc. to IEC 60282-1 / VDE 0670 Teil 4

Order-No.: 67240.0019 to 67240.1009
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Exﬁ Em @ - Test of striker according to IEC 60282-1
81802.0100 striker, typ medium, 30mm

Lab.-Nr. 03 088 Seite 1 von 4
1. Type  HH-fuse link with striker 81902.0100(3) (duration 30mm)
2. Reason for test
Test of Strikers
3. Tesis performed / measurements

l. measurement of the duration of travel _

II. measurement of the force-travel characteristics and caleulation of the striker
energy actuated by the spring

I, Verification of the withstand force according to applied standard (4)

4. - Applied standards
IEC 60282-1 2002-01 VDE 0670 Teil 4 Abs. 12 02/98

4.1  standard in detail regarding strikers

L
l o a B c
L Jd
— .\ Ny ™
Py vy -
|
s 039180
OA - Free travel -~ No energy output specified.
AB - Further trave! during which energy must be delivered.
OB ~ Minimum actual travel,
QC —- Maximum actual travel.
CB - Maximum permitted return travel under withstand forcs (when applicable).
Mechanicai characterisfics
Values of Agtual travel
- Type Energy -Free Further travel during Minimum Maximum
travel | which energy must he Min, Max. |withstand force| duration of
. "~ delivered . fravel
(OA) | . _ (AB)* (oB)* (ocy {see note)
J mm mmt mm mm N ms
Light 0,3 + 0,25 2 8 i6 ‘a0 Not applicable 100
Medlum 10,5 4 16 20 40 - 20 . 100
Heavy 21 4 8 10 16 40 100
¥ Sena flgure 12, '
NOTE — Duratlon of travel Is deflned for actual fuse-links as the time from commencemsm of arcing to the time
when-travel OB is reached, For dummy fuses It Is the time from application of voltage untii travel OB is reached,

v

—

| EFEN GmbH

Postfach 1254 - D-65332 Eliviile - Tel, 00490 (0) 6129 46-0 - Fax 46222 - e-Mail: efen@efen.com - Internet: www.efen,com




Egﬁ. E H » Test of striker according to |EC 60282-1

81902.0100 striker, typ medium, 30mm .
Lab.-Nr. 03 088 Seite 2von 4 -

5. Test-laboratory, period of time
EFEN laboratory Eltville, 4.12.2003
B. Arrangement of the equipment

| The tested fuse link is fixed in a fuse-base. An NC (normally closed) switch will
be opened if the striker has travelled 30mm. Current, Voltage and the NC switch
are recorded by an digital oscilloscope. |

Il. & IlI. The force-trave! characteristics will be measured by an approved force
meter*. For this measurement the striker will be prepared with an scale indicator for
measuring the travelled way in mm.

*7wick Z2.5 / TN1S Material testing device

7. Inspection and test sequence .

. Intact striker circuit is tested with current < 10A and voltage < 18V,

{. Current, voltage and the NC switch are recorded.

iIl. Force of striker is measured at Positions: 0, 10, und 20mm.

The Position of the Striker is measured at the minimum withstand force of 20N.

8. Results

|. measurement of the duration of travel

duration of travet| Current | Voltage *
Sample 1 5ms | 99 A_| <15 \'
Sample 2 2ms 11,7A <15V
Sample 3 4 ms : 10A <415V
Sample 4 Ems _ 9.9 A <15V
L
EFEN GmbH _

Postfach 1254 - D-65332 Elville - Tel. 0040 (0) 6129 46-0 - Fax 46222 - e-Mail: efen@efen.com - Internet: www.efen.com
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EFEN

WICKEAEE GRUPPE : Test of striker according to IEC 60282-1
81902.0100 striker, typ medium, 30mm
Lab.-Nr. 03 088 Seite 3 von 4

II. measurement of the force-travel characteristics and calculation of the striker energy

Sample 1 Sample 2 Sample 3
Posilion_ | Length / mm | Measurem. 1 |Measurem. 2 Measurem, 1 [Measurem, 2 |Msasurem, 1 |Measurem. 2 Average:
[¢] 0 77 76,8 85,6 81,7 78 78 79,5
A 4 66,5 66,4 67,5 67,4 71,7 69,7 68,2
B 20 37,7 36,1 33,7 33,1 36,2 36,5 35,6
Energy / J: 0,83 0,82 0,81 0,80 0,86 0,86 0,83
- (F,+F)x 4B -
Energy = A" 5 EnergylJ}; F [N By[N; AB[mm]; -
2000 )
a0
F T:
NI
80 -
70 N
60 1 — \

50 \
2 | \

305 ' \

205 , NG
<

10

0 5 10 15 20 25- 30 —» 35
. s [mm]

Il. Verification of the withstand force of 20N at Position 220mm

Measurement | Forca/N | Length/mm
Sample 1 1 ' 20 274
Sample 1 2 20 27,7
Sample 2 1 20 27,3
Sample. 2 2 20 26,9
Sample 3 1 20 284
Sample 3 2 20 28,4

"EFEN GmbH

Postfach 1254 » D-65332 Eltville - Tel, 0049 (0) 6128 46-0 - Fax 46222 + e-Mall: efen@efen.com - Infernet: www.efen.com




E:ﬁ E hls : Test of striker according to 1EC 60282-1

81902.0100 striker, typ medium, 30mm

Lab.-Nr. 03 088 Seite 4 von 4
9. Evaluation
Energy : Further travel Actual travel Minimum travel force
Free during which
travel energy must Specified
Type Actual | Specified | —— | bedelivered | Actual value Actual | Specified
valus | value OA B value | Min. | Max. | value value
_ ' OB | OC
J mm mm mm- N
Medium 083 | 1405 4 18 30 | 20 |40 386 | °20

|- Measured duration of fravel < maximum duration of travel (100ms)
I, striker energy is Medium 1J +-0,5 J A
Itl. Verification of the withstand force proofed that the striker has the necessary force.

The striker full fills all Requirements of striker Type medium according to:
IEC 60282-1 2002-01; VDE 0670 Teil 4 Abs. 12 02/98

N\
370/65 i '
2004-03-29

Lt

] 7 !
. 4

Test engineer Head of Laboratoty-

EFEN GmbH

Postfach 1264 - D-65332 Eftville « Tel. 0049 (0) 6129 46-0 - Fax 46222 - e-Malil: efen@efen.com - Internet: www.efen.com
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EFEN - Type Test Report

Rated current 6,3A | 10 A
Test Laboratory / Document No KEMA / 720-00
1 Test circuit applied voltage: U 21 kV
Test circult prospective gurrent | 63 kA
EFEN Lab-No. 01072
- |Test passed Yes | Yes

Lab.-No. 01164 Sheet1of2
1. Object
Current-limiting high-voltage fuse-links
Class: Back-up
Striker: “medium’ )
‘Type: HH-S1 10/24kV 6,3A / 10A FC TB ULA 442/56 -
ident-No.; 67240.0069 / 67240.0109 - f\
Rated voltage 10024 1V \
Rated current 6,3 A | 10 A N
Rated maximum breaking current 63 kA \
Rated frequency ' B0 Hz & ‘
Rated minimum breaking current : - 30A | 43 A \
2. Reason for test _ , \E\x
Type test according to 1EC 60282-1 (VDE 0670 Teil 4): 1998-02 s\
3, Tesis performed \

3.1 Temperature-rise tests and power-dissipation measurement

Rated current 6,3 A | 10 A
Test laboratory EFEN Priiflabor Eltville
Test result: A9, " . 8K 13 K
. at 50 % |, 3,06 W 587 W
Testresult: Ps 11900% I, 18AW T 262 W
EFEN Lab-No, 01144 01145
Test passed Yes Yes

Tpermissible temperature rise: 65 K

3.2 Breaking Test: Test Duty 1

- —pastiach 1264 D-65332 Eltville ~Tel-0048°(0) 6128 -46:0—Fax-46222--e=Mail:-sfen@efercom—Internet-wwwi.efemcom——— — |

EFEN GmbH




EFEN Type Test Report

Lab.-No. 01164 Sheet 2 of 2
3.3 Breaking Test: Test Duty 2 :
Rated current 6,3 A | 10A
Test Laboratory / Document No FGH /L 00038 1E

Test circult applied voltage U 21,11 kV 20,96 kv
Test circuit prospective current | 319 A 424 A
EFEN Lab-No. 00183

Test passed . Yes | Yes
3.4 Breaking Test: Test Duty 3

Rated current ‘ 6,3A | 10 A
Test Laboratory / Document No. FGH /L 00038 1F

Test circuit applied voltage: U 25,0 kV 24,9 kv
Test circuit prospective current | - 293 A 42,1 A
EFEN Lab-No. : 00183

Test passed Yes l Yes

3.5 Tests for time-current characteristics
Test Laboratory: EFEN Priiflabor Eltville
EFEN Lab-No; 01169
Test passed

3.6 Cut-off characteristics
EFEN Lab-No: 01171

3.7 Test of strikers
Test result: 0,83 J => Type medium
- Test Laboratory: EFEN Priiflabor Eltville
EFEN Lab-No: 03088
Test passed
- 4. Test results

The products passed the type tests according to IEC 60 282-1 and VDE 0670 Teil 4
respectively at KEMA, FGH.and EFEN test laboratories.

All requirements are fulfilled (see 3.).

370/ 65
2004-11-18 -
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Head of boratory
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EFEN @) il
Lab.-No, 01144 ‘ Sheet 1 of 2
1. Type HH-SI 10/24kV 6,3A FC TB ULA 442/56

Order-No.: 67240.0069
72. ‘Reason for test

" " Temperature-rise tests and power-dissipation measurement

A~ L

3, Tests performed / measurements
Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents.
4,  Applied standards
IEC 60282-1 1998-01 VDE 0670 Teil 4 Abs. 12 02/98 §
5, Test-laboratory, period of time
EFEN Priflabor Eltville, 08/04/2000 — 09/08/2000
B. Arrangerrient of the equipment
The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the top.
The size of bare copper conductors is 25 mm?.
Temperatures are measured at the fuse contacts (top and bottom), in the middle of
the fuse with thermocouples and are recorded. '
The test currents are recorded.
7. Inspection and test sequence
The fuse-link was loaded with test currents 1 = 8,15 Aandl= 6,3 A
Test current | {A] | Commenis '
3,15 50% rated current
6,3 Ra_ted current
Temperatures are measured at the fuse contacts and in the middie of the tube with
thermocouples. ' _
Calculation of power dissipation from recorded voltage drop and recorded test
current. S
Calculation of resistance depending on the guyt
L
EFEN GmbH

Postfach 1254 « D-65332 E[tvlila/-l‘el. 0049 (0) 6129 46-0 - Fax 46222+ a-Mall: efen@efen.com - Internel: www.efen.com
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Temperature-rise tests and power-dissipation measurement
E“;F“ E .!\,,IE @ HH-8I 10/24kV 6,3A FC TB ULA 442/56
Lab.-No. 01144 Sheet 2 of 2
8. Results
Type: HH-SI 10/24kV 6,3A FC TB ULA 442/56
Reotd: 299 mQ
8.1  Temperature rise test
Temperature Temperature rise Informative
I 3 amb. 9 fop S Bperm. AS top A\gboﬂom AY perm, Scentsr Scenier
[Al | I°C] | I°C] | botem | [°C1 | IKI [K] [K] [°C] [K]
3,16 | 21 23 22 105 2 1 65 26 5
63 | 21 29 25 105 8 4 65 41 20

8.2 Power dissipation and resistance of the test object at defined currents. (
I Pa | Utuse-tink R '
[Al | W] [mQ]
3,15] 3,05 0,97 307
6,3 ] 13,1 2,09 330
9. Evaluation
The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0670 Teil 4 respectively.
372123
07/06/2001 (
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Head of laboratory

e

"~ Test engineer
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Temperature-rise tests and power-dissipation measurement
EFEN HU-S| 10/24kV 10A FC TB ULA 442/56

WICKMHANN BRUPFPE

Lab.-No. 01145 ' o Sheet 1 of 2

1.

Type ) HH-SI 10/24kV 10AFC TB ULA 442156
Order-No.: 67240.0108

Reason for test

Temperature-rise tests and power-dissipation measurement

Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power

dissipation at different operating currents.

Abplied standards
IEC 60282-1 1998-01 VDE 0670 Teil 4 Abs, 12 02/98

Test-laboratory, period of time

" EFEN Priiflabor Eltville, 09/04/2000 — 09/08/2000

Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin

at the top.

The size of bare copper conductors is 25 mm?,

Temperatures are measured at the fuse contacts (top and bottom), in the middle of
the fuse with thermocouples and are recorded. :

The test currents are recorded. :

Inspection and test sequence

The fuse-link was loaded with test currents I=50Aand[=10A

Test current 1 [A] | Comments
5 50% rated current
10 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with

thermocouples.
Calculation of power dissipation from recorded voltage drop and recorded test

current.
Calculation of resistance depending on the ¢, is.

Y

EFEN GmbH
Postfach 1254 - D-65332 Eltvlle - Tel. 0048 (0) 6128 46-0 - Fax 46222 - e-
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Temperature-rise tests and power-dissipation measurement

EFEN @ HH-S1 10/24kV 10A FC TB ULA 442/56
Lab.-No. 01145 Sheet 2 of 2
8. Resuits
Type: HH-SI 10/24kV 10A FC TB ULA 442/56
Reoig: 219 mQ
8.1  Temperature rise test
Temperature Temperatufe rise [nformative
l 3 amb. ) top 9 Sperm. AS top Asbottom A pem. Bcenter Scenier
Al | I°C] | I°C] | botom | [°C} | IKI [K] Kl [ I°C] [K]
5 21 24 23 | 105 3 2 65 30 9
10 | 21 34 28 | 105 13 7 85 55 34

8.2  Power dissipation and resistance of the test object at defined currents.

[ Pa | Utuse-tink R
[A] | W] [mQ]
5 5,87 1,17 235
10 26,2 2,81 262
9, Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0870 Tell 4 respectively.

372/23
07/06/2001

S 00\

Head of laboratory

I b

Test engineer .

EFEN GmbH
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KEMAZ

HIGH-POWER LABORATORY —
Utrachtsewag 310 — 6812 AR Arnhem — The Netherlands ‘ 720 00

‘REPORT OF PERFORMANCE

CLIENT EFEN Elektrotachnlsche Fabrik GmbH,
. Elivllle am Rheln, Germeny

MANUFACTURER EFEN Elsktrotechnlsche Fabrik GmbH,
Eltville am Rhaln, Germany

APPARATUS Current limtting fuses
DESIGNATION HH—S1 {0/24KV FC 7B 442/56 1 — 2 ~ 4 —6.3 ~ 10 =16 = 20 — 25~ 315~ 40 ~ 50 ~ 63 A — 80 A

SERIAL No. 67240,00110, 67240,0020, 67240.0040, 67240.0060, 67240.0100, 67240.0160, 67240.0200, 67240,0250, 67240.0320,
: £7240.0400, 67240.0500, 67240.0630 and 67240.0800.

RATINGS ASSIGNED BY THE MANUFACTURER

Voltage ' 24 kv
Current 1—2-4—6.3--10--16—20-25—-31.5-—-40—50—-63—80 Al
Frequency 50 Hz
Breaking capacty at 24 kV 63 kA
Serles 1

Class Back—-up

{1) The fuse—links 20 — 25 ~ 31.5 Aend 40 - 50 — B3 A form a homgeneous serles In accordancs with Sub—clause 13.3.1 of IEC 60282-1.

The tests have been carrled out strictly in accordance with 1EC 60282—1, Sub~clause i3 (Test—duty 1).
The apparatus has complied with the relavant requiremsnits.

Date of ests 22nd November 2000 and 13th Masch 2001

Tha performance of the apparatus tested and the observations mads during the tests have been recordad in tha tables with test results
and the oscillograms ) .

THIS REFORT CONSISTS OF:
. Pages 15
Circult dlagrams 1

© Copyright: Publication of reproduction of the conlents of this report In any other form than
a complate copy to {he latter, Is not aliowed without our writtan consant,

KEMA Nederlang
4]

AL, JAnsse o
Manaber High—Power Laboratory -

Arnherm, 27th February 2001
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FGH

Engineering & Test GmbH

:

Mannheim-Rheinau, Hallenweg 40

Accredited testing laboratory {0 DIN EN 45001 for sublect

| . Deulscher DAT-P-103/00-00 High-voltage apparatus
TESt Report M [ Xreditiarungs - swlichgear and controlgear
[CR P AN[ESR  DAT-P-0300-0  High-vollage cables

NO. L 00038 and accessorles
Duly signed copy 1E
Reference: 114-00/332...342, 370...373, 418...425, 549...569, 707...709
Apparatus: Current-limiting fuse-link _
Types: a) HH-SI 10/24kV 1A FC TB 442/586, Ident-No.: 67240.0010
b) HH-S! 10/24kV 2A FC TB 442/58, Ident-No.: 67240.0020
c) HR-S1 10/24kV 4A FC TB 442/58, Ident-No.: 67240.0040
d) HH-S110/24kV 6,3A FC TB 442/58, Ident-No.: 67240.0060
8) HH-8I 10/24kV 10A FC TB 442/56, Ident-No.: 67240.0100
Rated voltége:. 24 kv
Rated current: a)TAD)2A,c)4A,d)B3A e)10A
Class: Back-up )
Manufacturer: EFEN Elektrotechnische Fabrik GmbH,
) Postfach 12 54, D-65344 Eltville, Germany
Customer: - EFEN Elektrotechnische Fabrik GmbH,

Postfach 12 54, D-85344 Eitville, Germany
Test Specification:  |EC 602821 (1998-01), Ed.4.2 -

Tests performed: Breaking tests:

Test duty 2: . .
Verification of the operatlon with prospective current 12 at which current limiting
oceurs when a high level of energy Is stored in the inductance, of the circuit,

Test duty 3:
Verification of the operation at the rated minimum breaking current,

Test Results: During the breaking tests performed, the tested fuse-links fully complied with the
standard conditions of behaviour with respect to breaking capacity.

Mannheim, September 6, 2000
Wa )

lace and‘ date of test: LPF Mannheim-Rheinau, May 29-30, and July 1-20, and August 23, 2000

)Nil'rﬁhqrbﬁf sheets: - 50

This report may only be used complefe and unabridged. Photographs and drgw]ngs must hear the FGH-stamp.




F‘GH Engineering & Test GmbH

No. L 00038 ‘ Sheet 23 -

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] Ir [A Type

24 6.3 672400060
HH-S1 10/24 kV 6,3A FC TB 442/56
Test-no. . _ 114-00/ 559 562 564
Specimen No. | Adjust- | 00758 | 00760
ment test
Resistance me - 303 300
Test-duty (according to IEC 282-1) 3
' Powef factor of the test circuit cos ¢ 0.53
Prospective breaking current {RMS) A 29.3 \
Maintained current with at 288.207 A 5 70 115
low voltage source at A
Time of current-interruption while switching over ms a0 a0
from low voltage to high voltage circuit \
Pre-arcing / Melting time tm s 70 115
Pre-arcing Joule Integra Als - -
Arcing time tg | ms 98.1 141 \
Arcing Joule Integral A’s 83.3 121
Arcing time until breaking by the circuit breaker ms - -
Max. switching voltage us | kv 36.0 36.7
Power frequency recovery voitage Uy | kV | 247 25.0 251
Maintaining voltage after breaking 5 >60 >60
Test result: |
Fuse operated correct yin yes ves
Switching voltage g < permissive value yin yes yes
Emission of flames or sand yin no no
Damages {external) yin no no
Operation of striker correct yin yes yes

Y

s
B B
.‘) i
K
R

5 i



FGH Engineering & Test GmbH

No. L 00038 Sheet 24
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur [kV] Ir[A] . Type .
24 - 10 672400100
HH-S1 10/24KV 10A FC TB 442/56
Test-no. . 114-00/ 370 371 372 373
Specimen ' ' No. | Adjust- | 00624 | 00625 | 00626
ment test ,

Resistance mae| - 221 219 220
Test-duty (according to JEC 282-1) _ 2 2 2 2
Power factor of the test circuit cos ¢ 0.086 0.086 0.086 0.086 (
Prospective breaking current (RMS) ) A 426 424 424 424
Making angle after voltage zero ' | ®al 8 9 8 8
Pre-arcing / Melting time : tm ms 3.49 3.5 3.48
Melting current in;, Al 419 418 418
Pre—ércing Joule integral AZs - 158 157 158
Cut-off / Let through current ig A 481 487 483
Arcing time g |ms{ | 670 6.97 6.88
Arcing Joule Integral Als 782 877 | 837
ArcinQ time until breaking by the circuit breaker ‘ msi - - “
Max, sWitching voltage 7 Ug kv - 396 37.0 38.2
Power frequency recovery voltage Uy [ KV | 21.05 20.96 20.83 20.93 (
Maintaining voltage after breaking 5 - =60 >60 >60
Test result:
Fuse operated correct yin | yes yes yes
Switching voliage ug < permissive value yin yes yes yes
Current limiting: (ig < Let-through characteristic) yin . - - -
Requirement for 12: imll = 0.85...1.06 imfl : 0.98 0.99 0.89
Emission of ﬂa}n_es or sand ' vin no no no
Damages (external) i yin ) no no no

. Operafibn_of striker correct ) ' ' yin yes yes yes




FGH Engineering & Test GmbH
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No. L 00038 Shest 25
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Urkv  Ir[A] Type '
24 10 67240,0100
HH-S1 10/24kV 10A FC TB 442/56
Test-no. : 114-00/ 567 568 569
Specimen : No. | Adjust- | 00827 | 00628
" iment fest
Resistance , mQ - 220 218
Test-duty (according to [EC 282-1) _ 3
Power factor of the test circuit COS @ 0.53
Prospective breaking current (RMS) A 421
| Maintained current with ) at 42 A s 2.66 148
low voltage source at A
Time of current-lnterruptibn while switching over ' ms 80 g0
from low voltage to high voltage circuit q
Pre-arcing / Meiting time “m s 2.66 1.48 (\
Pre-arcing Joule Integral ' A% |- 4980 2590 \
Arcing time g | ms 74.6 81.1
Arcing Joule Integral Als 128 121
Arcing time until breaking by the circuit breaker . ms - -
Max. switching voltage Ug kv 50.6 374
Power frequency recovery voltage Uy | KV | 249 24.9 248
M'alntaining voitage after breaking [ >B60 " =60
Test resuli: ‘
Fuse operated correct . yin yes yes
Switching voltage Ug < permissiye value y/n yes yes
Emission of flames or sand Syl no no
Damages (exterhal) : | . yin ' no no
Operation of striker correct yin ves yes

e




Time-current characteristics of H.V.back-up fuse-iinks
EFEN with ULA (controlled power dissipation)
" Lab.-No. 01169  10/24 kV 1 A - 100 A acc. to JEC 60282-1 / VDE 0670 Teil 4

Order-No.: 67240.0019 - 67240.1009
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EFE . Cut-off characteristics of H.V. back-up fuse-links
CWieKmANE °N‘ e with ULA (controlled power dissipation)

Lab.-No. 01174 10/24 KV 1 A - 100 A acc, to JEC 60282-1 / VDE 0870 Teil 4

Order-No.: 87240.0019 to 67240.1009 '
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EFE N

WIGKMANN GRUFPE . Test of striker according to IEC 60282-1

81902.0100 striker, typ medium, 30mm

Lab.-Nr. 03 088 Seite 1 von 4
1. . Type | HH — fuse h'nk' with striker 81902.0100(3) (duration 30mm)
2, Reason for test

Test of Strikers

Tests performed / measurements
L. measurement of the duration of travel _ a
Il measurement of the force-travel characteristics and calculation of the striker
energy actuated by the spring .
1. Verification of the withstand force according to applied standard (4)
4. Applied standards
[EC 60282-1 2002-01 VDE 0670 Teil 4 Abs. 12  02/98
4.1 standard in detail regarding strikers
1\0 A B C
L J o J
— ™ i ™
o -~ o~
|
s 030/
OA - Free travel — No energy output specified.
AB — Further travel during which energy must be delivered.
OB - Minimum actual travel.
OC -~ Maximum actual travel.
CB - Maxlmum permitted return travel under withstand force {when applicable).
Mechanical characterisfics
Values of Actual travel
Type Energy Free Further travel during Minimum Maximum
travel | which energy mustbe| Min, Max. |withstand force| duration of
. delivered travel
(oA (AB)* {oBy | (0C) (see note)
J mm mm mm mm N : ms
Light .. | 0,840,256 2 8 10 *30 Not appifcable 100
Medium 1+£0,5 4 18 20 40 - 20 . 100
Heavy | 211 4 & 10 18 40 100
“ Sesiigure 12, .
NOTE ~ Duration of travel Is deflned for actual fuse-tinks as the fime from commencamsent of arcing to the time
when travel OB is reached. For dummy fuses It Is the time from application of vollage untll travel OB Is reached.

N

YEFEN GmbH

= Pefstfach 1254 . D-65332 Eltville - Tel, 0049 (0) 6129 46-0 - Fax 46222 - o-Mail: efen@efen.com - Internet: www.efen.com




=
Wi xﬁaﬁ u:I:rl# e : Test of striker according to IEC 60282-1

81902.0100 striker, typ medium, 30mm :
lab.-Nr. 03 088 Seite 2 von 4

"I. measurement of the duration of travel

5. Test-lahoratory, period of time
EFEN lahoratory Eltville, 4.12.2003
6. Arrangement of the equipment

. The tested fuse link is fixed in a fuse-base. An NC (normally closed) switch will
be opened if the striker has travelled 30mm. Current, Voltage and the NC switch
are recorded by an digital oscilloscope. '

II. & Ill. The force-travel characteristics wiil be measured by an approved force
meter*. For this measurement the striker will be prepared with an scale indicator for
measuring the travelled way in mm.

i

*Zwick Z2.5 / TN1S Material testing device
7. Inspection and test sequence
I. Intact striker circuit is tested with current < 10A and voltage < 15V.
IIl. Current, voltage and the NC switch are recorded.
Il. Force of striker is measured at Positions: 0, 10, und 20mm.
The Position of the Striker is measured at the minimum withstand force of 20N.

8. Results

) o

duration of travet| Current | Voitage !

Sample 1 5 ms | 88A | < 5V

Sampie 2 2 1ms 1M,7A <15V

Sample 3 4 ms : 10A <18V

Sample 4 Bms 99A <15V
\ i
v

EFEN GmbH

Postfach 1254 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 46222 - e-Mall; efen@efen.com - Infemet: wwiw.efen.com




EFEN

WItKKRANN &8

RUPPE

Lab.-Nr. 03 088

Test of striker according to |EC 60282-1
81902.0100 striker, typ medium, 30mm

Seite 3von 4

1. measurement of the force-travel characteristics and calculation of the striker energy

Sample 1 Sample 2 Sample 3
Posltlon ] Length / mm | Measurem. 1|Measurem. 2{Measurem. 1 Measurem. 2j Measurem, 1 |Measurem. 2| Averape:
o] 0 77 76,8 85,6 81,7 78 78 79,5
A 4 66,5 66,4 67,6 67.4 7,7 ‘ 89,7 68,2
B 20 37,7 36,1 337 331 ‘36,2 " 36,5 35,6
Energy / J: 0,83 0,82 0,81 0,80 0,86 0,85 0,83
© (F,+F)x 4B —— -
Energy = L 20‘6?) EnergylJ]; F,[N); F,[NT; ABJmm]; .
FQO .
It
80
70 \\'
&0 . .\\
50 : AN
40 X
30 - AN
20 \\
10
]
0+ it i
0 0 —» 35
0 5 10 15 2 25 3 s mm]

HI. Verification of the withstand force of 20N at Position =20mm

Measurement | Force /N Length / mm

Sampie 1 1 20 274
Sample 1 2 20 27,7
.Sample 2 1 20 27,3
Sample 2 2 20 28,9

- Sample 3 1 20 284
|__sample 3- 2 20 28,4

EFEN GmbH

Postfach 1254 - D-65332 Eltville - Tel. 0049 (0} 6129 46-0 - Fax 46222 - e-Mail: efen@sfen.com - internet: www.efen.com




Erﬁ EH : Test of striker according to IEC 60282-1

81902.0100 striker, typ medium, 30mm

L ab.-Nr. 03 088 Seite 4 von 4
9. Evaluation
Energy ' Further travel Actual travel Minimum travel force
Free during which
travel | energy must Specified
Type | Actual |Specified| —— | bedelivered | Actual value Actual | Specified
value value OA 2B value | Min. | Max. | value value g
. OB | OC :
J mm mm mm- N '
Medum | 083 | 1205 | 4 16 30 ] 20 ] 40 | 366 | <20 \ \/’\
| \

- Measured duration of travel < maximum duration of travel (100ms)
ll. striker energy is Medium 1J +-0,5 J _
I11. Verification of the withstand force proofed that the striker has the necessary force.

The striker full fills all Requirements of striker Type medium according to:
IEC 60282-1 2002-01; VDE 0670 Teil 4 Abs. 12 02/08

370/85

2004-03-29

Head of Laboratory-

YR A o

-EFEN GmbH

—
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HIGKM‘.HH BRUPPE

Lab.-No. 01185

Type Test Report

Sheef1of2

- .
T 77T

1. Object

Current-limiting high-voltage fuse-links

Class: Back-up

Striker: “medium”

Type: HH-S] 10/24kV 18A / 20A [ 25 A/ 315A FC TB ULA 442/56

[dent-No.: 67240.0169 / 67240.0209 / 67240. 0259 /67240.0329
Rated voltage 10/24 kV : ‘
Rated current : 16A | 20A [ 25A | 315A
Rated maximum breaking current 63 kA
Rated frequency $H0 Hz
Rated minimum breaking current 54A | 73A | 93A | 105A %
2. Reason for test Q

Type test according to IEC 60282-1 (VDE 0670 Tell 4); 1998-02
3. Tests performed
3.1 Temperature-tise tests and power-dissipation measurement :
Rated current 16A | 20A | 25A |. 31,6A
Test laboratory EFEN Priiflabor Eltville
Test result: A9, ! 32K 32 K 37K 48 K

, at 50% |, 16,8 W 14,6 W 14,2 W 23,6 W

Testresult: Py 154 100% 1, 7o5W | 763W | 892W | 127 W
EFEN Lab-No. 01146 01147 01148 01149
Test passed Yes Yes Yes Yes

T permissible temperature rise: 85 K
3.2 Breaking Test: Test Duty 1 )
Rated current 18A | 20A | 25A 31,5A-
Test Laboratory/ Document No KEMA / 720-00
Test circuit applied voltage: U 21 kV
Test circuit prospective current | 63 kA
EFEN Lab-No. 01072
Test passed Yes | Yes | Hom. Yes

\v
EFEN GmbH

- w“Postfat:h 1254—-D+65332-Eltville~-Tel 6049-{0)-6120-46-0- -Fax-46222-e-Mall-efen@efen som—Internet-wwwiefermeermn- — - -— -7




EFEN | - Type Test Report

Lab.-No, 01165 : Sheet 2 of 2
3.3 Breaking Test: Test Duty 2

Rated current 16A | 20A | 25A | 315A
Test Laboratory / Document No | FGH /L 00039 1E

Test circuit applied voltage U 20,92 kV | 21,11 kV 21,04 kV
Test circuit prospective current | | 520 A 776 A 1,37 kKA
EFEN Lab-No. ‘ ' 00184

Test passed Yes | Yes | Hom. | Yes
3.4 Breaking Test: Test Duty 3 ‘

Rated current 16A | 20A | 25A | 31,5A
Test Laboratory / Document No. FGH /L 00039 1E

Test circuit applied voitage: U 240kV | 242kV 24,5 kV 24,5 kV
Test circuit prospective currentl | 53,6 A 72,9 A 923A 105 A

EFEN Lab-No. 00184
Test passed Yes | Yes | Yes | Yes

3.5 Tests for time-current characteristics
Test Laboratary: EFEN Priiflabor Eltville
EFEN Lab-No: 01169
Test passed

3.6 Cut-off characteristics
EFEN Lab-No: 01171

3.7 Test of strikers
Test resuit: 0,83 J => Type medium .
Test Laboratory: EFEN Priiflabor Eltville
EFEN Lab-No: 03088
Test passed

4, Test resulis

The products-passed the type tests accordlng to IEC 60 282-1 and VDE 0670 Tell 4

respectively at KEMA, FGH and EFEN test laborafories.

All requirements are fulfilled (see 3.).

T

370/865
2004-11-18

Q/Testdgﬁ{-i }ggd of aborafory
FEN GmbH

“~PostfaciT 1264 D-65332 Eltville—Tel-0049{0)-6128- 46-0- Fax-46222- -o-Mall-efen@efen:com-Internet-wwefen.com- — J — 1
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Temperature-rise tests and power-dissipation measurement
EFEN HH-SI 10/24kV 16A FC TB ULA 442/56

WICERAXH GERUPPE

Lab.-No, 01146 ' Sheet 1 of 2

1. Type HH-SI 10/24kV 16A FC TB ULA 442/56
Order-No.: 67240.0169

2. Reason for test

Temperature-rise tests and power-dissipation measurement

3. Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power \
dissipation at different operating currents, '
4, Applied standards Q\

JEC 60282-1 1998-01 ‘ VDE 0670 Tell 4 Abs. 12 02/98

5. Test-laboratory, period of time

EFEN Priflabor Eitville, 03/07/2000 ~ 03/09/2000

ey

L v L0

6.  Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin

at the top.
The size of bare copper conductors is 25 mm?,
Temperatures are measured at the fuse contacts (top and bottom}, in the middle of

the fuse with thermocouples and are recorded.
The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents 1=8Aand1=16 A

Test current [{A] | Comments
' 8 50% rated current
16 - Rated cutrent

Temperatures are measyred at the fuse contacts and in the middie of the tube with

thermocouples. .
Calculation of power dissipation from recorded voltage drop and recorded test L L
current. _ -
Calculation of resistance depending W&-ntg. _ W
) | & S
EFEN GmbH ' '
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Temperature-rise tests and power-dissipation measurement
Eﬁ_ﬁ E H HH-SI 10/24kV 16A FC TB ULA 442/56
Lab.-No. 01146 Sheet 2 of 2
8. Results
Type: HH-SI 10/24kV 16A FC TB ULA 442/56
Reort: 197 M2
8.1 Temperature rise fest
Temperature Temperature rise Informative
I S amb. 3 top S Sperm. AS top Asbnttom AS perm, SGenler Scenter
[A] | I°C] | I°C] | bottem | ['C] | K] (K] K} I°C] [K]
16 | 22 54 40 | 105 32 18 65 97 75
8.2 Power dissipation and resistance of the test object at defined currents. (
N
I Pd Ufuse—llnk R (
[A] | W] [v] [mQ]
8 14,2 1,78 222
16 | 725 4,53 283
8. Evaluation
The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0670 Teil 4 respectively.
372723
07/06/2001
(,
(

Test engineer

X0a

Head of laboratory

) EFEN GmbH
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' Temperature-rise tests and power-dissipation measurement
Exﬁ n%x ”l\,! HH-SI 10/24kV 20A FC TB ULA 442/56

Lab.-No. 01147 ' Sheet 1 of 2

1. Type HH-S1 10/24kV 20A FC TB ULA 442/58
Order-No.: 67240.0209

2. Reason for test

Temperature-rise tests and power-dissipation measurement

3, Tests performed / measurements

Measurement of temperatures, of voltage drop acrosé fuse-link and power
dissipation at different operating currents.

4, Applied standards
IEC 602821 1998-01 VDE 0670 Teil 4 Abs. 12 02/28

5. Test-laboratory, period of time

EFEN Priftabor Eltville, 03/07/2000 — 03/09/2000

B. Arrangement of the equipment

) s

The high-voltage fuse-link is mounted verticgily in a fuse-base, with the striker-pin

at the top.
The size of bare copper conductors is 25 mm?®,
Temperatures are measured at the fuse contacts (top and bottomy), in the middie of

the fuse with thermocouples and are recorded.
The test currents are recorded.

7. inspection and test sequence

The fuse-link was loaded with fest currents i=10Aandl=20A

Test current | [A] | Comments
10 ‘ 50% rated current
20 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with

thertocouples.
Calculation of power dissipation from recorded voltage drop and recorded test

current, :
Calculation of resistance depending urrents.

I\

~

EFEN GmbH
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Temperature-rise tests and power-dissipation measurement

The product passed the temperature-rise test ace. to IEC 60 282-1 and

VDE 0670 Teil 4 respectively.

3727123
07/06/2001

Test engineer

EKENE“ L,l:\,! HH-SI 10/24kV 20A FC TB ULA 442/56
Lab.-No. 01147 Sheet 2 of 2
8. Results
Type: HMH-SI 10/24kV 20A FC TB ULA 442/56
Reoid: 134 mQ ' .
8.1 Temperature rise test
Temperature Temperature rise Informative
I Samp. | & top 9 Sparm. AS fop Agbottom A3 perm. Scanler Bcenter
[Al | I°C] | I°C] | bottem | [°C} | K] [K] Kl | I°C] IK]
10 | 22 30 26 | 105 8 4 65 42 20
20 | 23 55 39 | 105 32 16 65 97 54
8.2 Power dissipation and resistance of the test object at defined currents.
. Ps | Unsemy| R
[A] | W] V] [mQ]
10 | 14,6 1,46 146
20 | 76,3 3,82 191
9. Evaluation

Q00 9

Head of laboratory

AN

-

%jEFEN GmbH

ostfach 1254 - D-65332 Eltville - Tel. 0049 {0) 6129 46-0- Fax 46222 + o-Mall: efen@efen.com - Internet; www.efen.com




Temperature-rise tests and power-.dissipation measurement
EFEN HH-SI 10/24kV 25A FC TB ULA 442/56

WICKEMANN GRUPPE

Lab.-No. 01148 ' Sheet 1 0of 2

1. Type HH-8I 10/24kV 25A FC TB ULA 442/56
Order-No.; 67240.0259

2. Reason for {est

Temperature-rise tests and power-dissipation measurement

3, Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents.

4. Applied standards
[EC 60282-1 1898-01 , VDE 0670 Teil 4 Abs. 12 02/98

5.  Testlaboratory, period of time
EFEN Priiflabor Eltville, 03/07/2000 — 03/09/2000

B. Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin

" at the top.
The size of bare copper conductors is 25 mm?,
Temperatures are measured at the fuse contacts (top and bottom), in the middle of

the fuse with thermocouples and are recorded.
The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents 1 = 12,5 A and1=25A

Test current | [A] | Comments

12,5 50% rated current

25 Rated current
Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples. ,
Calculation of power dissipation from recorded voltage drop and recorded test
current. ' . ,
Calculation of resistance depending pn iy rrents.

EFEN GmbH

Postiach 1264 - D-65332 Etville -+ Tel. 0049 (0) 6129 46-0 - Fax 46222 - e-Mall: efen@efen.com - Internet: www.efen.com
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WICKHARN ERUPPE

Temperature-rise tests and power-dissipation measurement
EFEN HH-SI 10/24kV 25A FC TB ULA 442/56

Lab.-No. 01148 ' Sheet2 of 2
R, Resuits
Type: HH-SI 10/24kV 25A FC TB [ILA 442/56
Reowd: 86,3 mQ

8.1 Tempefature rise test

Temperature Temperature rise Informative

| 5 amb. N top 3 Sperm. AS top ASbottom AS perm. Scenter 9center
[Al 1 I°C] | I°C] | botom | [°C] | K] [K] Kl | I°C] (K]
25 | 22 59 41 106 37 19 65 109 87

8.2 Power dissipation and resistance of the test object at defined currents.

I Pa | Duse-link R
[A] | W] V] [mQ]
125] 168 | 1,34 | 108
25 89,2 3,57 143

9.  Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0670 Teil 4 respectively.

372123
07/06/2001

J Ke €O 099

Test engineer ' '7 Head of laboratory

ostfach 1264 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 46222 . e-Mail; efen@efen,com - internet: www.efen.com
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Temperature-rise tests and power-dissipation measurement
EFEN @ HH-SI 10/24kV 31,5A FC TB ULA 442/56

WICKHAXN BRUPFE

Lab.-No. 01149 ' Sheet 1 of 2

1. Type HH-S 10/24kV 31,5A FC TB ULA 442/56
_ Order-No.: 67240.0329

2. Reason for test

Temperature-rise tests and power-dissipation measurement

3. Tests performed / measurements

Measurement of temperatures, of voltage drop across_fuse-link and power
dissipation at different operating currents.

4. Applied standards _ A

IEC 60282~ 1998-01 VDE 0670 Teil 4 Abs. 12 02/98 -
5.  Testlaboratory, period of time '

EFEN Priiflabor Eltvills, 03/07/2000 — 03/09/2000 . _

8.  Arrangement of the equipment

The high-voltage fuse-link Is mounted vertically in a fuse-base, with the striker-pi

at the top.
The size of bare copper conductors is 50 mm?.
Temperatures are measured at the fuse contacts (top and bottom), in the middle of

the fuse with thermocouples and are recorded.
The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents | = 16 Aand =315 A

Test current | [A] |Comments
16 50% rated current
31,5 Rated current

Temperatures are measured at the fuse contacts and in the middie of the tube with -

thermocouples.
Calculation of power dissipation from recorded voltage drop-and recorded test

current.
Calculation of resistance dependjng on the currents.

i\

EFEN GmbH
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WICKMARN SGRUFFE

Temperature-rise tests and power-dissipation measurement
EFEN HH-81 10/24kV 31,5A FC TB ULA 442/56

Lab.-No, 01149 | ' Sheet 2 of 2
8. Results
Type: HH-SI 10/24kV 31,5A FC TB ULA 442/56
Reoig: 79,4 mQ

8.1 Temperature rise test

Temperature Temperature rise Informative
I ) aﬁ’ab. 8 fop 8 Sperm. A3 top A19’bc>l'tom AS perm, Scenter Scen!er
[Al | I°C] | I°C] | botom | [°C] | IK] [K] Kl | I°C] (K]
16 22 36 29 105 14 7 65 53 31
M5( 24 72 46 105 48 22 65 140 116

8.2 Power dissipation and resistance of the test object at defined currents.

! Pa | Unsennx | R
Al | W] V] [mQ]
16 23,6 1,48 922

316| 127 4,03 128

9. Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0670 Teil 4 respectively.

372123

07/06/2001

. Fee\&/ Sh00 o
Test engineer ' T Head of laboratory

[~

) EFEN GmbH
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KEMAZX

N

HIGH-FPOWER LABORATORY : —
Uirechiseweg 310 = 5812 AR Arnhem — The Nethsriands 72 0 00

REPORT OF PERFORMANCE

CLIENT - EFEN Elakirotechnische Fabrik GmbH,
B Eltviite am Rheln, Germany
MANUFACTURER EFEN Elektrotechnischa Fabitk GmbH, '
Eltville am Rheln, Germany

APPARATUS Current limliting fuses
DESIGNATION HH-SI 10/24kV FCTB 442561 ~2-4-68-10~16-~20~25-315-40 - 60~ 63 A~ 80A

SERIALNo, 67240,0010, 57240.0020, 67240.0040, 67240.0060, 67240.0100, 67240,0160, 67240.0200, 67240,0250, 67240.0320,
: 67240,0400, 67240.0500, 67240.0630 and 67240.0800.

RATINGS ASSIGNED BY THE MANUFACTURER

Voltage 24 kv
Current 1=2-4-83~10~16~-20-25 ~ 315 — 40 —~ 50 — 63 —~ B0 A1)
Frequency &0 Hz
Brasking capacity at 24 kY 63 kA
Serles 1

Class Back-up

{1} The fuse~Ilinks 20 — 25 ~ 31.5 Aand 40 - 50 — 63 A form a homgseneous saries in accordance wﬂh Sub—clausa 13.3.1 of IEC 60236{1\.

The tests have been carriad out sticlly In actordanca with IEC 602821, Sub—clausa 13 (Test—duty 1).
The apparatus has compllad with the relevant requirements. .
Date of tests 22nd Novamber 2000 and 13th March 2001 -
Tha performance of the apparatus tested and the observations made during the tests have been racordad In the tables with test results\>-

and the osclliograms

THIS REPORT CONSISTS OF:
Pages ~ 16
Clreult dlagrams i 1

Oscllograms

e Cnpy-rlght: Publication or reproduction of the contents of this report in any other form than
a complete copy to tha lettar, is not allawed without our written consent.

KEMA Nederlang B.V.

Manager High—Power Laboratory

Arnhem, 27th February 2001
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FGH

Fngineering & Test GmbH

Mannheim-Rheinau, Hallenweg 40

Test Report

No. L 00039

Duly signed copy 1E

Reference:

Apparatus:

Manufacturer:

Customer:

Test Specification:

Tests performed:

Test Resulfs:

Mannheim, September 6, 2000

Wa

Accredited testing laboratory to DIN EN 45001 for subject

Dautschsr DAT-P-103/00-00 High-voltage apparalus

H 8 gy Akckcadiiorungs switchgear and controlgear

d Rt

DAT-P-103/00-10 High-voltage cables
and accessories

114-00/164...175, 460...470

Current-limiting fuse-link

Types: a) HH-S110/24kV  16A FC TB 442/56, Ident-No.: 67240.0160
b) HH-SI 10/24kV  20A FC TB 442/56, [dent-No.: 67240.0200
¢) HH-S1 10/24kV  25A FC TB 442/66, Ident-No.: 67240.0250
d) HH-SI 10/24kV. 31.56A FC TB 442/56, Ident-No.: 67240.0320

Rated voltage: 24KV
Rated current: a) 18 A, b) 20 A, c) 25 A, d) 31.5 A
Class: Back-up .

EFEN Elekirotechnische Fabrlk GmbH,
Postfach 12 54, D-85344 Eltville, Germany

EFEN Elektrotechnische Fabrik GmbH,

~ Postfach 12 54, D-65344 Eltville, Germany

IEC 60282-1 (1998-01), Ed.4.2

Breaking tests:

Test duty 2: : '
Verification of the operation with prospective current 12 at which current liriting
ocelirs when a high leve! of energy is stored in the inductance of the circuit.

These fuse-links form a homogenous series, therefore only types a); b) and d)
were tested.

Test duty 3:
Verification of the operation at the rated minimum breaking current

During the breaking tests performed, the fested fuse-links fully complied with the
standard conditions of behaviour with respect to breaking capacity.

~

Place and date of test: L PF Mannheim-Rheinauy, March 15, 2000 and May 30-31, 2000

Number of sheets: '

| )
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This report may only be used complete and unab
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FGH Engineering & Test GmbH .
No. L 00039 Sheet 13
FUSE-LINKS - BREAKING TESTS
| ‘Tested fuse-link Ur [kV] Ir{A) Type
24 16 67240.0160
HH-8I 10/24kV 16AFC TB 442/56

‘“Testno, : 114-00/ 172 173 174 175

Specimen ' No. | Adjust~ | 00224 | 00225 | 002286
ment test

Resistance ' ma | - 197 196 195
Test-duty (according to IEC 282-1) 2 2 2 2
Power factor of the test circuit coSs ¢ 0.012 6.012 0.012 0.012
Prospective breaking current (RMS) | Al 820 | 520 | 520 | . 521
Making angle after voltage zero *el 12.2 10.4° 10.4 10.4
Pre:arcing / Melting time tmy | ms 3.58 3,57 3.47
Melting current m | A 524 | 5025 500
Pre-arcing Joule Integral . Als . 244 246 215
Cut-off / Let through current g | A 596 600 593
Arcing time g | ms 6.98 7.28 7.37
Arcing Joule Integral kAZs - 1.18 1.38 1.36
Arcing time untll breaking by the clrcuit breaker ms - - -
Max. switching voltage ug kv 452 | 420 41,7
Power frequency recovery voltage Uw | KV | 20.92 20.92 20.94 20,96
Maintaining voltage after breaking ‘ s - >60 >B0 »60
Test resuit;
Fuse operated correct wn yes yes yes
Switching voltage ug < permissive value ' y/n yes yes yes
Current limiting: (ig s Let-through characteristic) y/n - - -
Requirementfor 12: i/l =0.85...1.06 iy T 1.01 0.95
Emisslon of flames or sand. ) ' yin no no no
Damages (external) _ y/n no no no
Operalion of striker correct yin yes yes yes




FGH Engineering & Test GmbH
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No. L 00039 Sheet 14
FUSE-LINKS - BREAKING TESTS
Tasted fuse-link Ur [kV] Ir 1A] Type '
24 16 67240.0160
HH-SI 10/24kV 16A FC TB 442/66
Test-no, '114-00/ ’ 463 464 465
Specimen o No. | Adjust- | 00228 | 00229
ment test
Resistance me - 185 198
Test-duty (according fo IEC 282-1) 3 (R\’
Power factor of the test clreuit oS @ 0.52 \(
Prospective breaking current (RMS) Al 5386 \
Maintained current with . at 54 A s 30 40 F
low voltage source at A
Time of current-Interruption while switching over ms 133 140 \\\
from low voltage to high voltage circuit
Pre-arcing / Melting time tm 5 - 30 40 (‘\\
Pre-arcing Joule Integral A’s . ) K
Arcing time 7 ' g | ms - 56 08
Arci‘ng Joule Integral A%s 137 248
Arcing time until breaking by the circuit breaker ms - -
Max. switching voltage ' ug kv 34.7 34.6
Power frequency recovery voltage Uy kV 24.0 24.0 241
Maintaining voltage after breaking s >60 »60
Test result;
Fuse operated correct : y/n yes yes
Swiltching voitage ug < permissive value yin yes yes
Ernission of flames or sand _ y/n no no
Damages (external) . y/n . no no
Operation of striker correct i | yin yes . yes




FGH Engineering & Test GmbH

No. L 00038 Sheet 15

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Urkv] I [A] Type
24 20 67240.0200
HH-S1 10/24kV 20A FC TB 442/56
Testno, 114-00/ 168 169 170 171
Specimen ' No. | Adjust- | 00239 | 00240 | 00241
. ) ment test
Resistance mQ - 131 133 131
Test-duty (according to IEC 282-1) 12 2 2 2
Power factor of the test circuit cos @ 0.013 | 0013 | 0.013 | 0.013
Prospective breaking current (RMS) - A 776 775 778 770
Making angle after voltage zero ' “el 8.9 7.0 9.7 9.0
Pre-arcing / Melting time tm ms | 1 3.49 3.46 3.48
Melting current Im A ' 788 T 786
Pre-arcing Joule Integral . Als | 558 536 553
Cut-off / Let through current ' q | A 867 855 | 860
Arcing fime ' hg | ms 7.04 7.01 6.98
Arcing Joule Integral B kA%s 267 | 255 | 262
Arcing time unti breaking by the circuit breaker ms - - -
Max. switching voltage Ug kv 44.9 44.4 44,4
Power frequency recovery voitage Uy | KV | 2111 21.09 21.16 20.94
Maintaining voltage after breaking s - >60 >B0 >B0
Test result: '
Fuse operated correct yin yes yes - yés
Switching voitage ug < permissive value y/n yes yes yes
Current limiting: (iq < Let-through characteristic) yin . - . | - -
Requirementfor [2: byl = 0.85...1.06 /! : 1.02 | 100 | 1.02
Emission of flames or sand y/n no no ho
Damages (external) yin no no no
Operatlon of striker correct | yin yes yes yes




FGH Engineering & Test GmbH

No. L. 060039

S ST

Sheet 16
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur [kV] Ir [A] Type
24 20 67240.0200
HH-SI 10/24kV 20A FC TB 442/56
Test-no. 144-00/ 468 | 469 | 470
Specimen No, | Adjust- | 00244 00245
ment test
Resistance me - 131 134
Test-duty (according to IEC 282-1) 3 v
Power factor of the test circuit cos ¢ 0.50
Prospective breaking current (RMS) Al 729 |
Maintained current with at 73 A min 3:26 315
low voitage source at A S
Time of current-interruption while switching over ms 150 155 (
from low voltage to high voltage clrcuit
Pre-arcing / Meiting time tm 5 206 195 §
Pre-arcing Joule Integral A%s - - (‘
Arcing time ‘ g | ms 23 31 N
Arcing Joule Integral A’s 112 - 138
Arcing time until breaking by the circuit breaker ms - -
Max. switching voltage Ug KV 349 345
Power frequency recovery voltage Uy | KV 242 24.2 24.2
Maintaining voitage after breaking s B0 >60
Test result: '
Fuse operated correct yim yes yes
Switching voltage ug < permissive value y/n yes yes
Emission of flames or sand y/n no no
Damages (external) y/n no no -
Operation of striker correct yin yes yes'

Test-no. 470  An restrike with current duration 8 ms, 58.3 ms after first break -

e




FGH Engineering & Test GmbH

No, |. 00039 Sheet 17

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] Ir [A] Type '
24 25 67240.0250
HH-S1 10/24kV 25A FC TB 442/56
Test-no. 114-00/ 457 458 459
Specimen No. | Adjust- | 00256 | 00257
: ment test

‘Reslstance me - 96.6 86.3
Test-duty {according to IEC 282-1) 3
Power factor of the test circuit €os @ 0.51
Prospective bfeaking current (RMS) A 02.3
Maintalned current with at %2 A min 220 147
low voltage sourcs at A
Time of current-interrupfion while switching over ms 116 - 127
from low voltage to high voltage circuit
Pre-arcing / Melting time tm s 140 107
Pre-arcing Joule Integral A’s - -
Arcing time g | ms ‘ 41.8 436
Arcing Joule Integral A%s 334 294
Arcing time untll breaking by the circuit breaker ns - -
Max. switching voltage Ug kv . 35.5 3586
Power frequency recovery voltage Uy | KV | 245 24.4 245
Maintalning voltage aiter breaking s >50 >B0
Test result:
Fuse cperated correct y/n yes yes
Switching voltage ug < permissive value yin yes yes
Emission of flames or sand yin no no
Damages (external) yin no no
Opération of striker correct y/n yes yes




FGH Engineering & Test GmbH
No. L 00039 Sheet 18
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur [kV] tr[A) Type . '
24 31,6 67240.0320
HH-S1 10/24kV 31,5A FC TB 442/66
Test-no. 114-00/ 164 165 166 167
Specimen B ‘ ' No. | Adjust- | 00270 | 00271 0027?(/ \
ment test '
Resistance me| - 706 | 795 | 790N\
Test-duty (according to |EC 282-1) - 2 2 2 2 o
Power factor of the test clrcut cos ¢ 0.086 | 0.096 | 0.096 0.096@x
Prospective breaking current (RMS) kA 1.37 1.37 1.37 Q.s?r&
Making angle after voltage zero _ * el 7.6 8.3 8.3 8})\\' \
Pre-arcing / Melling time ' tm | ™S BECEECEEER
Melting current ' im | kA 1.30 1.29 13?\%
Pre-arcing Joule Integral kA% 148 | 147 148\
Cut-off / Let through current iq kA 1.38 1.38 1.38
Argcing time fig | ms |- 6.43 6.64 6.55
Arcing Joule Integral o kAs 4,38 4,88 4.68
Arcing time until breaking by the circuit breaker ms ' - - -
May. switching voliage Ug kv 2.8 49.9 50.8
Power frequency recovery voltage Uy | kv | 21.06 21.04 21.04 21.04
Maintaining voltage after breaking 7 .8 - >80 >B0 =60
Test result:
Fuse operated correct y/n Yes Yes Yes
Switching voltage ug < permissive value ) ¥in Yes Yes Yes .
Current limiting: (ig < Let-through characteristic) yin | . - - -
Regquirement for i2: imfl = 0.85...1.06 i1 . 0.95 0.94 0.95
Emission of flames or sand y/n no ' no- 3 e
Damages (external} _ ' yin 1 no no ﬁo
Operation of striker correct : yin Yes Yes Yes
\




FGH Engineeoring & Test AGmbH

No. L 00039 Sheet 19
FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur [kV] Ir[A]
24 31.5 67240.0320
HH-SI 10/24kV 31,5A FC TB 442/56
Test-no, 114-00/ 4560 461 462
Specimen No. | Adjust~- | 00274 00275
ment test

Resistance ma{ -~ | 798 | 795
Test-duty (according to {EC 282-1) 3

Power factor of the test cirout o8 ¢ 0.51

Prospective breaking current (RMS) A 105

Maintained current with | at 105 A s 40 49
low voltage source at A

Time of current-interruption while switching over ms 121 123
from low voltage to high voltage circuit

Pre-arcing / Melting time tm 5 40 49
‘Pré_-arclng Joule Integral Als - -
Arcing time tLB‘ ms 49 47
Arcing Joule Integral Als 426 413
Arcing time until breaking by the circuit breaker ms - -
Max. switching voltage Ug kv 35.7 35.6
Power frequéency recovery voltage Uy | kV 24.5 24.5 24.5
Maintaining voltage after breaking ] >80 >80
Test result:

Fuse operated correct yin yes yes
Switching voltage ug < permissive value y/n " yes yes
Emission of flames or sand yin no no
Damages (external) . y!n' ho no
Operation of striker correct yin yes yes

Test-no. 461; An restrike with current duration 8 ms, 114 ms after first break




EFEN Time—current characteristics of H.V. back-up fuse-links
wiEHAEE wavrre with ULA (controlled power dissipation)

[

6N ot1es 10724 KV 1A-100 A acc. to IEC 60282-1 / VDE 0670 Teil 4

Order-No.: 67240.0019 - 67240.1009

1p000
t T—-z——mti—s,s—w 16 — 20 — 25 - 31,5 - 50 63 80 100
IIS] " ¥ 1 [ ) . 4‘01'_ * 3
; | I 1 o F t_" X
1 X ] 1  : l-' L 3
1 g vt X T
1000 =t : et et
— o e i s o, V
x ] . L ] Ty :
. ] 1 . 1 1 l;‘ : * N
. SEEIE N \\“ ' 5 §
: AN MR N
100 1 e ¥ N
: - IEEE -
—— i A . s N\
T l “\7: Y . .
! ] : y» u \ L] o ‘\ \
v o W\ b §
104 l - i \ = ; \ ' i
* { { - .
X ¥ 1 1 1 | L W, Yl | VY
' 1 | 1 1L YOO YO W A | WY
— \ L A VR \
| I e 1A \\\\ \
1‘5 \\ '= \'l \-'n \ \\ \\\ \‘\ )
X A1 A1 Y W W A4
- A 1) 1 \ A A\ hY \
o L W \ | WO W YA W WA Y hY
' \\ \ L A W WA VA Y
11

-
"
L
L
=
L

w . "

’/

—

’/

— "

/

! ]

p L] i
”‘ /‘/, .a-"" ul
A /‘
o

0,1

N
X\
N \\\ N A\ \\ \ N\ N A\
NEMN I NRANN AN
0,01 v - LY \‘ X LY LY LY \\ \\\‘ e
b Y AN Y LY LY N\ LY b h WY XN
Y b o N WY A} hY LAY b L . Y AN
N ~ b N W .Y N, A S, Y
M, N SNT N N, NN
NED WA NN WA NN R Y AN
N SSUS OISR NN SORNOY
N, A N Y LV Y LSS AT A
1 2 4 83 10 16| 20§ 25 35 40 60 6380 100
0001 d—— N NN RN S N NS W WA WA
40 400 — 10000
HA]
_ © 06.06.2001 723
EFEN GmbH '
Pﬁsijfach 1254 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 46222 - a-Muail: efen@efen.com + Internet: www.efen.com
/ /M/ 7 - .,f,\f"’ 6‘:,)%‘ )

Y
i



EFEN Cut-off characteristics of H.V. back-up fuse-links
with ULA (controlled power dissipation)

_ab.-Neo. 01171 10/24 kV 1 A - 100 A acc. to IEC 80282-1 / VDE 0670 Teil 4

Order-No.: 67240.0019 to 67240.1009
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EFEN

WICKMARNNE SGRUFPPE

Lab.-Nr. 03 088

Test of striker according to IEC 60282-1

'81902.0100 striker, typ medium, 30mm

Se_ite 1ven 4

HH —fuse Iink' with striker 81902.0100(3) (duration 30mm)

1. Type
2. Reason for test
Test of Strikers
3. Tests performed / measurements

[
.

1.

IEC 80282-1

4.1

measurement of the duration of travel ,
measurement of the force-travel characteristics and calculation of the striker
energy actuated by the spring
Verification of the withstand force according to applied standard (4)

Applied standards
2002-01

standard in detall regarding étrikers

VDE 0870 Teil 4 Abs. 12 02/98

") o a 8 c
| RN
' — ) ™ .\
~ - -
{
039180
4
OA — Free travel - No energy output speclfied.
AB .- Further trave! during which energy must be delivered.
OB —~ Minimum aclual travel. '
OC - Maximum actual iravel.
CB - Maximum permitted return travel under withsiand foroe {when applicable).
Mechanical characterisfics
Values of Actual travel
Type Energy Fres Further travel during Minimum Maximum
frave] | which energy must be Min. Max. |withstand force| duration af
- felivered {ravel
(OA} _ (aB)* (oB)* (oc) (see note)
J mm mm mm mm N ms
Light 0,3 £ 0,25 2 8 10 30 Not applicable 100
Medium 1+0,5 4 16 20 40 - 20 . 100
Heavy 2x1 4 8 10 18 40 100

* Sae figure 12,

NOTE — Duratlon of travel Is defined for actual fuse-links as the ime from ceminencement of arcing lo the time
when trave! OB Is reached. For dummy fuses it Is the time from aPplicat]on of voltage untll travel OB Is reached.

-

g
>

Al

EFEN GmbH
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Exﬁ uEea !\! - Test of striker according to IEC 60282-1

81802.0100 striker, typ medium, 30mm :
Lab.-Nr, 03 088 _ - Seite 2von 4

5. Test-laboratory, period of time
EFEN laboratory Eltviile, 4.12.2003
6. Arrangement of the equipment

I. The tested fuse link Is fixed in a fuse-base. An NC (normally closed) switch will
be opened if the striker has travelled 30mm. Current, Voltage and the NG switch
are recorded by an digital oscilloscope. :

. & lll. The force-travel characteristics will be measured by an approved force
meter”. For this measurement the striker will be prepared with an scale indicator for
measuring the travelled way in mm.

*Zwick Z2.5 / TN1S Material testing device : (
7. Inspection and test sequence | _ (
| Intact striker circult is tested with current < 10A and voltage < 15V.
Il. Current, voltage and the NC switch are recorded.
IIl. Force of striker is measured at Positions: 0, 10, und 20mm.
The Position of the Striker is measured at the minimum withstand force of 20N.
8. Results

l. measurement of the duration of travel

duration of travet| Current | Voltage ’
Sample 1 5 ms + _99A | <18V
Sample 2 2ms 11,7 A <8V
Sample 3 4ms - 10A <18V _ (
Sample 4 Bms 9.9A <15V . . (
EFEN GmbH

Postfach 1254 - D-65332 Eliville - Tel, 00 49 {0) 6129 46-0 - Fax 46222 - e-Mail: efen@efen.com - Intermnet: www.efen.com




Exﬁ E ;;'\:'; . Test of siriker according to IEC 60282-1

81802.0100 striker, typ medium, 30mm
Lah.-Nr. 03 088 Seite 3 von 4

~1{I. measurement of the force-travel characteristics and calculation of the striker energy

Sample 1 Sample 2 Sample 3
Position | Length / mm { Measurem, 1 | Measurem, 2| Measurem, 1 | Measurem, 2 | Measurem. 1| Measurem. 2| Average:
0 0 77 78,8 85,5 81,7 78 78 79,5
A 4 €6,5 66,4 67,5 67,4 71,7 69,7 68,2
B 20 377 36,9 33,7 331 36,2 36,56 35,6
Energy /J: . 0,83 0,82 - 0,81 0,80 0,86 0,85 0,83
X ——
Energy = Iyt Xy)x A5 Energ|J]; FIN]; FRINT; ABlmm); : \
2000 -
a0 §
F f:
.| N} A §

BN NN
RN
ol AN
40E \

] \
30 +—

205 ‘ | N
: - N

10 4

[P VR N N TS S VR S NS TN S SN WU SN TN T TN ASVUU NN JUNY SN TS MU TS S SN N S S N )
—trp—t—r— T T T e T T e F

0 5 10 15 20 26 30 5

sﬁhrpn] 3

i, Verification of the withstand force of 20N at Position 220mm

Measurement Force /N Length / mm
Sample 1 1 20 274
Sample 1 ' 2 20 217
Sample 2 1 20 27,3
Sample 2 2 20 26,9
Sample 3 1 20 284
Sample 3 2 20 28,4
\
EFEN GmbH

Postfach 1254 - D-B5332 Eltville - Tel. 0048 (0) 6129 46-0 - Fax 46222 - e-Mall: efen@efen.com + Intemet: www.efen.com
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EFEN

WICKMANN BRUPPE

Lab.-Nr. 03 088

. Test of striker according to IEC 60282-1

81902.0100 striker, typ medium, 30mm

Seite 4 von 4
9.  FEvaluation
Energy : Further travel Actual travel Minimum travel force
Fres during which
travel energy must Specified
T¥Pe | pctual | Specified | —— | bedelivered | Actual value Actual | Specified
value value OA AB value !t_fi_nl Mﬁf‘.’ value value
. OB | OC
J mm mm ' mm: N
Medium 0,83 | 1205 4 18 30 | 20 [ 40 386 | <20
I Measured duration of travel < maximum duration of travel (100ms)
fl. striker energy is Medium 1J +-0,5 J ) :
Itl. Verification of the withstand force proofed that the striker has the necessary force. [
* The striker full fills all Requirements of striker Type medium according to '
IEC 60282-1 2002-01; VDE 0670 Teil 4 Abs. 12 02/98
370/65

2004-03-29
/, Jﬂ@,.,.o/éK A ﬂéﬁ& a

‘ 1
Test engineer

Head of Laboratory-

EFEN GmbH

Postfach 1264 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 46222 .-e-Mail: efen@efen.com - Internet: www.efen.com




EFEN Type Test Report

WICKMANN ORUPPE

Lab.-No. 01166 ' Sheet 1 of 2
1. Oblect
Current-limiting high-voltage fuse-links
Class: Back-up
Striker: “medium”
Type: HH-S1 10/24kV 40A / 50A [ 63A FC TB OLA 442/56
Ident-No.: 67240.0409 / 67240.0508 / 67240.0639
Rated voltage 10/24 kV
Rated current ' 40 A | 50A | 63 A
Rated maximum breaking current 63 kA
Rated frequency 50 Hz
Rated minimum breaking current i25A | 205A | 280A
( 2. Reason for test

Type test according to IEC 60282-1 (VDE 0670 Teil 4): 1998-02

3, Tests performed

o
LTS

3.1 Temperature-rise tests and power-dissipation measurement

Rated current 40 A ] 50 A I 63 A
Test laboratory EFEN Priiflabor Eltville
Test result: A9y, " 40K 55 K 81K
, at 50% |, 209 W 255 W - 287TW
Test result: Py 129009 I 114 W 14TW 70 W
EFEN Lab-No. “ 01150 01151 01152
Test passed Yes Yes Yes
| T permissible temperature rise: 65 K
( 3.2 Breaking Test: Test Duty 1
Rated current 40 A -+ 50 A | 63 A
Test Laboratory / Document No KEMA / 720-00 :
Test circult applied voltage: U 21 kV
. [Test circuit prospective current | 63 kA
TEFEN Lab-No. : ‘ 01072 :
Test passed Yes | Hom. | Yes.
‘{U
EFEN GmbH

- = == - —postfach 1264~ D-65332 Eliville ~Tel; 6049 (0} 5120-460- Fax 46222 -e-Mall-efon@efen:com - lntemet’-wwefen com- —- -}




EFEN ' Type Test Report

Lab.-No. 01166 ' Sheet 2 of 2

3.3 Breaking Test: Test Duty 2

Rated current 40 A ] 50 A | 63 A

Test Laboratory / Document No FGH /L 01005 1E

Test circuit applied voltage U - 21,14 kV 20,95 kV

Test circuit prospective current | 2,26 kKA 4,27 kA

EFEN Lah-No, : , 01070 :

Test passed Yes |  Hom. | Yes

3.4 Breaking Test: Test Duty 3 ’

Rated current 40 A | 50 A | 63 A

Test Laboratory / Document No. FGH/L 01005 1E

Test circuit applied voltage: U 249 kV 25,0 kv 25,0 kV

Test circulit prospective current | 122 A 202 A 278 A

EFEN Lab-No. 01070 (
Test passed Yes | Yes | Yes :

3.5 Tests for time-current characteristics
Test Laboratory: EFEN Pr{iflabor Eitville
EFEN Lab-No: 01169
Test passed

3.6 Cut-off characteristics
EFEN Labh-No: 01171.

3.7 Test of strikers
Test result: 0,83 J => Type medium
Test Laboratory: EFEN Priflabor Eitville -
EFEN Lab-No: 03088
Test passed

4, Test results

The products passed the type tests according to IEC 60 282-1 and VDE 0670 Tell 4
respectively at KEMA, FGH and EFEN test laboratories.

* All requirements are fulfilled (see 3.). .

370165
2004-11-18

£
5/,- Test Engineer
‘ l EFEN GmbH ' :
" 7| TPostfach 1254 D-65332 Eltville—Tel-0049(0) 6129- 46-0- Fax46222 -e-Mall-efen@efen:com--Intemet:-www.aefen.com- - — -




EFEN

Temperature-rise tests and power-dissipation measuremesnt
e = e HH-SI 10/24kV 40A FC TB ULA 442/56
L.ab.-No. 01150 ‘ ’ Sheet 1 of 2
1. Type " HH-8I 10/24kV 40A FC TB ULA 442/56
Order-No.: 67240.0409
2. Reason for test
_ Temperature-rise tests and power-dissipation measurement
3. Tests performed / measurements Q
Measurement of temperatures, of voltage drop across fuse-link and power "
dissipation at different operating currents.
4, Applied standards \
IEC 60282-1 1998-01 VDE 0670 Teil 4 Abs. 12  02/98 ‘ \\
5. Test-laboratory, period of time \§‘
EFEN Priiflabor Eltville, 01/04/2001 — 01/10/2001 R
B. Arrangement of the equipment \
The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the fop. :
The size of bare copper conductors is 50 mm?.
Temperatures are measured at the fuse contacts (top and bottom), in the middle of
the fuse with thermocouples and are recorded.
The fest currents are recorded.
7. Inspection and fest sequence
The fuse-link was loaded with test currents | =20 Aand [ =40 A
Test current [ [A] | Comments
20 50% rated current
40 Rated current
Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples.
Calculation of power dissipation from recorded voltage drop and recorded test
current, ' .
Calculation of resistance depending onthe cu '
EFEN GmbH

Postfach 1254 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 46222 - e-Mail: efen@efen.com - Internet: www.efen.com

o ey



Temperature-rise tests and power-dissipation measurement
EFEN HH-St 10/24kV 40A FC TB ULA 442/56
Lab.-No, 01150 Sheet 2 of 2
8. Resulls
Type: HH-SI 10/24kV 40A FC TB ULA 442/56
Reon: 43,8 mQ
8.1  Temperature rise test
Temperature ' Temperatufe rise Informative
I 3 ambh. 8 {ep 8 8‘pem‘t. AS top A\S}hottom AS pem. 19‘center Soenter
[A] | [°C] | I°C] | bottom | [°C] | K] (K] Kl | [°C] [K]
20 | 20 31 27 | 105 11 7 85 49 29
40 20 60 44 | 105 40 24 65 133 113
8.2  Power dissipation and resistance of the test object at defined currents. (
N
} ) Pq Utuse-ink R | (
Al | W] M | ImQ]
20 | 20,9 1,04 52,3
40 114 2,85 . 71,3
9. Evaluation
The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0870 Teil 4 respectively.
372123
-07/06/2001
( )
0. AN Q.60
Test engineer Head of laboratory
“EFEN GmbH
ostfach 1264 - D-65332 Eltvills - Tel: 0049 (0) 6129 46-0 - Fax 46222 - e-Mail: efen@sfen.com - lnternet www.efen.com




WIOEHANN BRUPPE

- Temperature-rise tests and power-dissipation measurement
EFEN HH-S1 10/24kV 50A FC TB ULA 442/56

Lab.-No. 01151 ' _ Sheet 1 0f 2

1.

Type HH-SI 10/24kV 50A FC TB ULA 442/56
Order-No.: 67240.0509

Reason for test

Temperature-tise tests and power-dissipation measuremerit

Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-link and power
dissipation at different operating currents.

Applied standards

IEC 60282-1 19088-01 VDE 0670 Teil 4 Abs, 12 02/98

Test-laboratory, period of time

EFEN Priiflabor Eltville, 01/04/2001 — 01/10/2001

Afrangement of the equipment

The high-voltage fuse-link is mounﬁed vertically in a fuse-base, with the striker-pin

at the top.
The size of bare copper conductors is 50 mm?,
Temperatures are measured at the fuse contacts (top and bottom), in the middle of

the fuse with thermocouples and are recorded.
The test currents are recorded.

Inspection and test sequence

The fuse-link was loaded with test currents | = 26 A and 1 =50 A

Test current | [A] [ Comments
25 50% rated current
50 Rated current

Temperatures are measured at the fuse contacts and in the middle of the tube with

thermocouples. ,
Caleulation of power dissipation from recorded voltage drop and recorded test

current.
Caloulation of resistance depending on th

P =

2

o

"EFEN GmbH
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Temperature-rise tests and power-dissipation measurement

8.  Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0670 Teil 4 respectively.

372/23
07/08/2001 -

Test engineer Head of laboratory

\.':

EFEN HH-SI 10/24kV 50A FC TB ULA 442/56
Lab-No. 01151 Sheet 2 of 2
8. Results
Type: . HB- Sl 10/24kV 50A FC TB ULA 442/56
8.1 Temperature rise test |
Temperature _ Temperature rise Informative
I ) arab, S top 3 Sperm. A8 top A1glsntt0m A8 perm, S’wnter ‘g‘center
[A] | I°C] | I°C] | bowem | [°C1 | K] [K] K] [°C] [K]
25 | 21 35 28 | 105 14 7 65 54 34
50 | 21 76 46 | 105 55 25 65 154 133
8.2 Power dissipation and resistance of the test object at defined currents. F
| Pd Ufuse—llnk R
[A] | [W] [v] [me]
25 | 255 1,05 40,8
60 147 2,85 58,8

FEN GmbH
ostfach 1254 - D-65332 Eltville - Tel. 0042 (0) 6129 46-0 - Fax46222 + a-Mall: efen@efen.com - Internet: www.efen.com




Temperature-tise tests and power-dissipation measurement
Exﬁ E .!! HH-S) 10/24kV 63A FC TB ULA 442/56

Lab.-No. 01152 ' Sheet 1 of 2

1. Type HH-SI 10/24kV 63A FC TB ULA 442/56
: Order-No.: 67240.0633 '

2. Reason for test

Temperature-rise tests and power-dissipation measurement

3. Tests performed / measurements

Measurement of temperatures, of voltage drop across fuse-ink and power
dissipation at different operating currents.

]
%

4.  Applied standards ’ ‘ \
IEC 60282—1 19588-01 VDE 0670 Teil 4 Abs. 12 02/98

5.  ‘Testlaboratory, period of time

ey

EFEN Proflabor Eltville, 01/04/2001 — 01/10/2001 -

6. Arrangement of the equipment

The high-voltage fuse-link is mounted vertically in a fuse-base, with the striker-pin
at the fop. .

The size of bare copper conductors is 50 mm?,

Temperatures are measured at the fuse contacts (top and bottom), in the middie of
the fuse with thermocouples and are recorded. :
The test currents are recorded.

7. Inspection and test sequence

The fuse-link was loaded with test currents 1= 31,5 Aand | = 63 A

Test current 1 JA] Comments

315 50% rated current
63 - | Rated current
Temperatures are measured at the fuse contacts and in the middle of the tube with
thermocouples. '
Calculation of power dissipation from recorded voltage drop and recorded test
current, ] '
Calculation of resistance depending on th nts.
: i
EFEN GmbH

Postfach 1264 - D-85332 Eltvills - Te!. 0049 (0) 6129 46-0 » Fax 46222 - e-Mail: efen@efen.com - Internet: www.efen.com
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Temperature-rise tests and power-dissipation measurement

Ea EE .H @ HH-SI 10/24kV 63A FC TB ULA 442/56
Lab.-No. 01152 Sheet 2 of 2
8. Results
Typ-e: HH-S1 10/24kV 63A FC TB ULA 442/56 -
Reold: 23,7 mQ)
8.1 Temperature rise test
Temperature Temperature rise’ “Informative
1 S amb. S fop ) 9‘perm. A8 top A‘gbottom AS perm. Scenter Scenter
[Al | [°C] | I°C] {.botom | ['C] | K] [K] Kl | I°C] (K]
35| 20 34 29 | 105 14 9 65 56 36
83 | 22 83 59 | 106 61 37 65 163 141

! Pd Ufuse-link R
LA | W] v mQ]
31,6 287 0,91 28,9
63 170 2,69 42,8

8.2 Power dissipation and resistance of the test object at defined currents.

| 9. Evaluation

The product passed the temperature-rise test acc. to IEC 60 282-1 and
VDE 0870 Teil 4 respectively.

372723
07/06/2001

LI.00 Q)
Test engineer Head of laboratory

P

EFEN GmbH

b Postfach 1254 - D-65332 Eltville - Tel. 0049 (0) 6129 46-0 - Fax 462 22 - e-Mall: efen@efen,com - Internet: www.efen.com




KEMAZ

HIGH-POWER LABORATORY ’ ——e
Utrechtseweg 310 — 6812 AR Arnhern — The Netherdands 720 00

REPORT OF PERFORMANCE

CLIENT EFEN Elektrotechnische Fabrlk GmbH,
) . Eltvills am Rheln, Garmany

MANUFACTURER EFEN Elektrotechnischa Fabrik GmbH,
Eliville am Rheln, Germany

APPARATUS Current limiing fuses
DESIGNATION HH~S1 10/24KV FG T8 442/66 1 — 2 ~ 4 = 8.3 = 10 = 16 ~ 20 ~ 25~ 31,5 — 40 - 50 ~ 63 A - 80 A
SERIAL No. §7240.0010, 67240,0020, 67240.0040, 67240.0060, 672400100, 67240.016, 67240.0200, 67240.0250, 67240.0320,

67240.0400, 67240.0500, 67240,0830 and 67240.0800.

RATINGS ASSIGNED BY THE #AANUFACTURER

Voltage 24 kv
Current ’ 1-—2-—4-6.3--10-16—20—-25—»31.5-—-40-—50-—-63-80 All)
Frequency 50 Hz
Breaking capacity at 24 kV ' 63 kA
Serles 1

Back-up

Class .

(1) The fuse—~links 20 —~ 25 — 3.5 Aand 40 50 — 63 A form a homgeneous series In accordance with Sub—clauss 13.3.1 of [EC 602821,

The lests hava been earrad out siolly In accordanca with 1EC 602821, Sub~—clause 13 (Test-duly 1).
The apperatus has complied with the relevant raquirements,

Date of tests 22nd Movember 2000 and 13t March 2001

The performance of the apparatus tested and the observations made during the tests have been recorded In the tables with test results
and the osclilograms

THIS REPORT CONSISTS OF:
Pages i5
Clrcuit didgrams 1

® Copyright: Publicalion or reproduction of the contents of this raport In any other fosm than
a complete copy fo the latter, Is not allowed without our written consent,

‘Maneager High—Powser Laboratory

Arnhem, 27th February 2001
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FGH

Engineering & Test GmbH

Mannheim-Rheinau,

Hallenweg 40

g
L

Test Report
No.

Duly signed copy
Reference: '

Apparatus:

Manufacturer:

Customer:

Accredited testing laboratory fo DIN EN 45001 for subject

X Duulsch;r
B W AkkredRisrungs

L 01005 g AR

1E
114-00/1074...1081, 1129,.,1154

Current-limiting fuse-link

Types: a) HH-SI 10/24kV  40A FC TB 442/56,
b) HH-5110/24kV  BOA FC TB 442/58,
c) HH-8110/24kv  63A FC TB 442/58,

Rated voltage: 24 kv

Rated current:  a)40 A, b) 50 A, ¢) 63 A
Class: Back-up

EFEN Elekfrotechnische Fabrik GmbH,
Postfach 12 54, D-65344 Eitville, Germany

EFEN Elekirotechnische Fabrik GmbH,

- Postfach 12 54, D-65344 Eltvills, Germany

Test Specification:

Tests performed:

Test Results:

Mannheim, January 16, 2001

Hch

|EC 60282-1 (1998-01), Ed.4.2

Breaking tests:
Test duty 2:

DAT-P-103/00.00

DAT-P.403/00-10

ldent-No
ldent-No
Ident-No

High-voltage apparatus
switchgear and controlgear

High-voltage cables
and accessories

.. 67240.0400
.+ 67240.0500
.~ 87240,0630

Verification of the operation with prospective current 12 at which current limiting
occurs when a high level of energy Is stored In the inductance of the circuit.

These fuse-links form a homogenous series, therefore only types a) and ¢) were

tested.
Test duty 3:

Verification of the operation at the rated minimum breaking current

During the breaking tests performed, the tested fuse-links fully complied with the
standard conditions of behaviour with respect to breaking capacity.

Place and date of fest:

LPF Mannheim-Rheinau, November 30, and December 12 and 13, 2000

Number of sheets; *

32

This roport may only be used complete and unabrldged. Photographs and drawings must hear the FGH-stamp.
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FGH Engineering & Test GmbH
No. L 01005 Sheet 14
| FUSE-LINKS - BREAKING TESTS
Tested fuse-link Ur kV] ir [A] Type
24 40 67240.0400
HH-SI 10/24kV 40A FC TB 442/56
Test-no. . 114-00/ 1078 1079 1080 1081
Specimen No, | Adjust- | 001688 { 001689 | 001690
ment test

Resistance mQ - 45,1 45.4 45.5
Test-duty {according to 1EC 282-1) 2 2 2 2 K/\
Power factor of the test circuit cos ¢ 0.08 0.09 0.08 0.09 :
Prospective breaking current (RMS) ' kKA | 226 2,26 2.26 2.26
Making angle after voltage zero el 9.4 9.0 8.0 8.0
Pre-arcing / Melting time tm ms 3.73 3.73 3.?\‘{
Melting current i | kA 237 | 237 | 238N
Pre-arcing Joule Integral kAZs 5,31 5:27 5.25 \
Cut-off/ Let through current ig KA 246 2.45 2.47 ]
Arcing fime: ttg | ms 6.61 6.56 8.67 \
Arcing Joule Integral ' kAZs 14.1 135 | 145
Arcing time until breaking by the circuit breaker ms - - "
Max. switching voltage Ug kv 52.7 53.9 52,3

. Power frequency recovery voltage Uy kv | 21.16 21.14 21,14 21,14
Maintalning voltage after breaking s G0 80 80
Test result;
Fuse operated correct yin yes };65 yes
Switching voltage ug < permissive value yih yes yes yes
Current limiting: (g < Let-through characteristic) yin yes yes yes
Regquirement for 12: i/l =0.85...1.06 imfl 1.05 1.05 1.04
Emission of flames or sand yin no no no
Damages {external) . y/n no no no
Operation of striker correct 'yln yes yes yes



FGH Engineering & Test GmbH

Sheet 15

No. L 01005

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] ir [A} - Type
24 40 67240.0400 :
HH-SI 10/24kV 40A FC TB 442/56

Test-no. A 114-00/ 1129 | 1130 | 1431
Specimen . No. | Adjust- | 001691 | 001692

: ment test
Resistance mQ. - 45,2 45.1
Test-duty (according to IEC 282-1) 3
Power factor of the test circuit COS ¢ 0.51
Prospective breaking current (RMS) A 122
Maintained current with oo 122 A miﬁ 412 417
low voltage source at A
Time of current-interruption while switching over ms 151 148
from low voltage to high voltage clrclit '
Pre-arcing / Melting time : “tm s 252 257
Pre-arcing Joule Integral kAZ%s - .
Arcing time ttg | ms 176 157
Arcing Joule Integral : kA%s| 1.80 1.67
Arcing fime until breaking by the circuit breaker ms - -
Max. switching voltage ug kV 36.1 59,1
Power frequency recovery voltage Uy | kV 25.0 24.9 24,9
Maintaining voltage after breaking o . s 60 60
Test result: . '
Fuse operated correct -1y yes yes
Switching voltage ug < perfnlssive value : - yin yes - yes
Emission of flames or sand : ylr{ no no
Damages (external) : ' yin ’ no no
Operation of striker correct ' - yin ' yes T yes




FGH Engineering & Test GmbH

No. L 01005 Sheet 16

FUSE-LINKS - BREAKING TESTS

Tested fuse-link Ur [kV] Ir [A] Type
24 50 67240.0500
HH-SI 10/24KkV 50A FC TB 442/56
Test-no. 144-00/ 1146 | 1147 | 1148
Specimen No. | Adjust- 001706 | 001707
ment test

Resistance me - 35.0 34.9
Test-duty {according o IEC 282-1) 3
Power factor of the test clrcuit cOS @ 0.50
Prospective breaking current (RMS) A 202
Maintatned current with at 201 A s _2'66 265 :
low voltage source at A ' A
Time of current-interruption while switching over ms 161 169 . \\
from low voltage to high voltage circuit : - .
Pre-arcing / Melting time tm s 2.66 2,65 N\
Pre-arcing Joule Integral kAZs 107 107 \
Arcing time | g | ms 952 | 66.8 N
Arcing Joule Integral kA’s 3.06 2.33 N\
Arcing time until breaking by the clrcuit breaker ms - -
Max. switching voltage Ug kV 38.0 359
Power frequency recovery voltage Uw | KV 24.8 25,0 25.0
Maintaining voltage after breaking .S 60 60
Test result;
Fuse operated correct y/n yes yes
Switching voltage ug < permissive value yin yes yes
Emission of flames or sand yin no no
Damages (external) “yin no no
Operation of striker correst yin yes yas




FGH Engineering & Test GmbH

No. L 01005 . Sheet 17

FUSE-LINKS - BREAKING TESTS

Tasted fuse-link Ur [kV] ir Al Type
24 63 67240.0630
HH-SI 10/24kV 63A FC TB 442/56
Test-no. 144-00/ 1074 | 1075 | 1076 | 1077
Specimen . A ' No. | Adjust- | 001713 06171 4 | 001716
ment fest

Reslstance mQ - 244 24.2 24,1
Test-duty (according to IEC 282-1) - ’ 2 2 2 | T2
Power factor of the test circuit cos ¢ 0.09 0.09 0.00 0.09
Prdspective breaking current (RMS) . KA | 4.28 4.32 4,27 427 [
Making angle after voltage zero _ *el 9.4 8.3 9.0 9.0
Pre-arcing / Melling fime t, | ms 3.71 373 | am

Melting current ' . | kA 4.42 4.42 4.42
Pre-arcing Joule Integral kAZs 18.2 183 18.4
Cut-off / Let through current Id kA 4.49 4,47 4.48
Arcing time : ttg | ms 6.62 6.59 B.53
Arcing Joule Integral kAZs 42.4 413 41.9
Arcing time until breaking by the clrcuit breaker ms - - .
Max. switching voltage Ug kv 54.9 55.0 54,2
Power frequency recovery vdltage Uy [|-kV | 2090 2117 | 20.85 20.93
Maintaining voltage after hreaking [ ' 80 60 60
Test result: '
Fuse cperated corréct yin yes yes yes

| Switching voltage ug < permissive value yin yes yes yas
Current limiting: (ig < Let-through characteristic) y/n yes yes "yes
| Requirement for 12: iyl = 0.85...1.06 | i/l , 102 | 104 | 104

' Emission of flames or sand , y/n N ' no no no
Damages (external) ' : | yin . no no no
Operation of striker correct : yin yes yes yes




FGH Engineering & Test GmbH
No. L 01005 Sheet 18
FUSE-LINKS - BREAKING TESTS
Tested fuse-fink Ur [kV] Ir[A] Type
24 63 67240.0630
HH-5I1 10/24kV B3A FC TB 442/56
Testno, 114-00/ 152 | 1153 | 1154
Specimen No. | Adjust- | 001718 | 001719
ment test

Reslstance mQ - 241 24.1

Test-duty (according to IEC 282-1) 3

Power facor of the test circul £OS ¢ 0.50 (\
Prospective breaking current (RMS) A 278

Maintained current with at 279_ A s 1.9

low voltage source at 277 A 1.86

Time of current-interruption while switching over ms 150 161 -

from low voitage fo high voltage clrcuit

Pre-arcing / Me!ﬁng time tm ] 1.95 1,96 /
Pre-arcing Joule Integral kA%s 152 150 ' :
Arcing time g | ms 111 | 762 (\ \
Arcing Joule integral kAls 558 |. 4.83

Arcing time unti breaking by the circuit breaker | ms - - \
Max. switching voltage us | kv 51.2 36.2

Power frequency recovery voliage Uy kv 250 25.0 - 25.0

Maintaining Volta_ge after breaking s 60 60

Test result:

Fuse operated correct yin yes yes

Switching voltage ug < permissive value yin yes yes

Emission of flames or sand - yin no ‘no

Damages (external) yin no ‘no

Operation of striker correct yin yes T oyes

1\

------



Time-current characteristics of H.V. back-up fuse-links\
EFEN with ULA (controlled power dissipation)

"|l.ab.-No, 01169

10/24 kV 1 A - 100 A acc. to IEC 60282~1 / VDE 0670 Teil 4
' Order-No.: 87240.0019 - 67240.1009
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WICKEHAKYE BRUPFPE

EFEN ‘Cut-off characteristics of H.V. back-up fuse-links

t ab.-No. 01171

with ULA (controlled power dissipation)
10/24 KV 1 A - 100 A acc. to IEC 60282-1 / VDE 0670 Teil 4

Order-No.; 87240.0019 to 67240.1008
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Egﬁ E N . Test of striker according to IEC 60282-1
81902.0100 striker, typ medium, 30mm

Lab-Nr. 03088 Seite 1 von 4

N5

1. Type HH — fuse link with striker 81902.0100(3) (duration 30mm)
2. Reason for test

Test of Strikers
3. Tests performed / measurements

-

I. measurement of the duration of trave| ,
Il. measurement of the force-travel characteristics and calculation of the striker
~ energy actuated by the spring
HI. Verification of the withstand force according to applied standard (4)

4, Applied standards - (
IEC 60282-1 2002-01 VVDE 0670 Teil 4 Abs. 12  02/98

4.1  standard in detail regarding strikers

T MJ

G,
W o

o

OA — Free travel — No energy oittput speclfied,
AB - Further travel during which energy must be delivered. ’ : (
0B —~ Minimum actual travel. '
OC - Maximum actual travei,

CB — Maxlmum permitted return travel under withstand force (when applicable).

Mechanlcal characterlstics
Valuas of Actual trave|
Type | Energy | Free | Further travel during Minimum Maximum
' trave| |which energy must be Min. Max. |withstand force| duration of
. dellvered . . travel
(OAy* _ (AB)* (oB) (ocy (see note)
4 mm mm mm mm N ms
Light 03025 2 8 i0 * 30 Not applicable 100
Medium 1205 4 16 20 40 - 20 100
Heavy 241 4- 6 10 18 40 100
* See figure 12, ‘ .
NOTE - Duratlori of travel Is deflned for actual fuse-links as the time from commencement of arclng to the time
when travel OB s reached. For dumimy fuses It Is the time from application of veltage unilf travel OB Is reached.
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EFEN

WICKMANN QRUPPE . Test of striker according to |IEC 60282-1
81802.0100 striker, typ medium, 30mm :
L.ab.-Nr. 03 088 Seite 2 von 4

5. Test-laboratory, period of time
EFEN laboratory Eltville, 4.12.2003
6. Arrangement of the equipment

I. The tested fuse link is fixed in a fuse-base. An NC (normally closed) switch will
be opened if the striker has travelled 30mm. Current, Voitage and the NC switch
are recorded by an digital oscilloscope.

[l. & lII. The force-travel characteristics will be measured by an approved force ;
meter*. For this measurement the striker will be prepared with an scale indicator for ’\
measuring the travelled way in mm.

*Zwick Z2.5 / TN1S Material testing device
7. Inspection and test sequence
I. Intact striker circult is tested with current < 10A and voltage < 15V.
Il. Current, voltage and the NC switch are recorded.
JIi. Force of striker is measured at Positions: 0, 10, und 20mm.
The Position of the Stiiker is measured af the minimum withstand force of 20N.

8. Results

e %)7///—1

. measurement of the duration of travel

duratlon of travet| Current | Voltage ’
Sample 1 5 ms 1 98A | < 15V
Sample 2 2ms 1M1,7A <15V
Sample 3 4 ms : 10 A <15V
Sample 4 6ms _ 8.9A - <5V
LY
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EFEN

WICEMANN BRUFPE

Lab.-Nr, 03 088

: Test of striker according to IEC 60282-1

81802.0100 striker, typ medium, 30mm

Seite 3von 4

- 1. measurement of the force-travel characteristics and calculation of the striker energy

le3

Sample 1 Sample 2 Sam
Posifion [ Length / mm | Measurem. 1| Measurem. 2 | Measurem, 1 [ Measurem, 2 | Measurem, 1 Megsu;em.z Average: -
(8] 0 77 76,8 86,5 81,7 78 78 79,5
A 4 66,5 66,4 67,5 67,4 71,7 69,7 68,2
B 20 37,7 36,1 - 33,7 331 36,2 36,5 35,6
Energy / J: 0,83 9,82 0,81 0,80 0,86 0,85 0,83
 (F,+F)xAB S
Energy = 2000 EnergylJ]; FIN; F,[N]; AB[mm]; N
FQO
|t
80
70 1 \\
60 ] \\
a0 : A%
40 ] \
J \ -
30 ] \\
21 \\
10 ]
0 1 f et g
0 5 10 15 20 25 30 —» 35
s [mm]

I1I. Verification of the withstand force of 20N at Position 220mm

- Measurement force/N Length/ mm
Sample 1 1 20 C 274
Sample 1 2 20 . 27,7
Sample 2 1 20 27,3
Sample 2 2 20 28,8
Sample 3 1 20 284
Sample 3 2 20 284
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