IEC/IEEE 61886-1:2021-04(en)

& |EEE IEC/IEEE 61886-1

Edition 1.0 2021-04

INTERNATIONAL
STANDARD

N2
Q)"\Q/
B T
&
N
S

Subsea equipment —

Pait 1: Power connectors, penetrators andQ?per assemblies with rated vgltage

from 3 kV (Umax = 3,6 kV) to 30 kV (Umax = V)
3¢

4



https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

IEC

3, rue de Varembé
CH-1211 Geneva 20

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2021 IEC, Geneva, Switzerland
Copyright © 2021 IEEE

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing being
secured. Requests for permission to reproduce should be addressed to either IEC at the address below or IEC’s
member National Committee in the country of the requester or from IEEE.

Central Office Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue

New York, NY 10016-5997

Swifzertamd Onited—States o America

Telf +41 22 919 02 11 stds.ipr@ieee.org

info[@iec.ch www.ieee.org

wwy.iec.ch
About the IEC
The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
Interngtional Standards for all electrical, electronic and related technologies.
About the IEEE
IEEE |s the world’s largest professional association dedicated to advancing technological jnpoyation and excellence for the
benef]t of humanity. IEEE and its members inspire a global community through its highly/cited publications, confergnces,
technplogy standards, and professional and educational activities.
About IEC/IEEE publications
The tgchnical content of IEC/IEEE publications is kept under constant review by the IEC and IEEE. Please make sufe that
you have the latest edition, a corrigendum or an amendment might have been published.
IEC ppblications search - webstore.iec.ch/advsearchform IEC online collection - oc.iec.ch
The advanced search enables to find IEC publications by a Discover our powerful search engine and read freely Rll the
variety of criteria (reference number, text, technical publications previews. With a subscription you will alway$ have
committee, ...). It also gives information on projects, replaced  agcess to up to date content tailored to your needs.
and wjthdrawn publications.

. . . . Electropedia - www.electropedia.org
IEC Jyst Published -webstore.|ec.c_hqustpubl|shed ) The world's leading online dictionary on electrotechrjology,
Stay Uip to date on all new IEC publications. Just Published"  containing more than 22 000 terminological entries in Bnglish
detail§ all new publications released. Available online and'once  and French, with equivalent terms in 18 additional langjiages.
a morjth by email. Also known as the International Electrotechnical Vocgbulary
(IEV) online.

IEC Customer Service Centre - webstore.iec.ch/csc
If you Wish to give us your feedback on this publication or need
furthef assistance, please contact the Gustomer Service
Centr¢: sales@iec.ch.



mailto:stds.ipr@ieee.org
mailto:info@iec.ch
http://www.ieee.org/
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

118 & IEEE IEC/IEEE 61886-1

]
®

Edition 1.0 2021-04

INTERNATIONAL
STANDARD

“polour
inside

Subsea equipment —
Part 1: Power connectors, penetrators andjumper assemblies with rated
voltage from 3 kV (Umax = 3,6 kV) to 30 k\V\{Umax = 36 kV)

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 47.020.60 ISBN 978-2-8322-9623-3

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

-2 - |EC/IEEE 61886-1:2021 © IEC/IEEE 2021

CONTENTS

O ] T I PP 10
INTRODUGCTION ..ttt et e e e e et e e et et e et e et e et e et e e eanns 12
1 1o o 1= S P 13
2 NOrmMative referENCES ... e 13
3  Terms, definitions and abbreviated terms ... 14
3.1 Terms and definifioNS .. ..o 15
3.2 Abbreviated terms ..............eoieeieieieie e 19

4 |IDocumentation and mMarking ........ooooiiiii e DN ..20
411 Design documentation ..o R ..20
412 Type test documentation ... NG .20
413 Routine test documentation............ccocooiiiiiiiii@ ..20
414 As built documentation...... ... e D .21
415 Design analySiS. . coiiiii i e .21
416 Data sheet ... n Y .21
417 Equipment marking .......coooviiiii e A .22
4.7.1 Connectors and penetrators..........coooovviiieice S .22
4.7.2 Jumper assemblies ... ... N .22

5 L= T | o S Pt 22
51 General design requirements ...l .22
5]2 TemMpPerature ClasS ... e e .23
513 Electrical design requirements ... ... 80 .23
5.3.1 RaAtINGS oo e e .23
5.3.2 B At NiNg o T .24
5.3.3 DUmMmMYy CONNECIOrS ... il .24

54 Mechanical design reqUIFEMENTS . ... ... .25
5.4.1 PreSSUINE ClasS S S . it .25
5.4.2 Rapid gas deCOmPreSSiON .. ....uu i .25
5.4.3 EXternal fOrCES ... .25

5]5 Material regQUIFEMENTS .. . .25
5.5.1 Gengralmaterial requirements........ ..o .25
5.5.2 Material certification requirements ... ..26

5)6 Connector specific reqUIremMeENts ........ooviiiiiiii e ..26
5.6.1 General reqUIremMENtS ... ..o e ..26
5.6,2 Wet mateable CONNECIOrsS ... ..o ..26
5.673 Dry mateable connectors ............ooeeeneeeeneeneeneeneenenenin e .27

5.7 Penetrator specific reqUIremMeNntS ... ..o 27
5.7.1 Penetrators for pressure compensated equipment ...............ooeiiiiiiiiiiinineanns 27
5.7.2 Penetrators for pressure retaining equipment ... 27

5.8 ST | PP 28
5.8.1 General seal requiremMeNnts ... ..o 28
5.8.2 Water SIS ... 28
5.8.3 Additional requirements for pressure integrity seals...........c..cooiiiiiinn. 28

5.9 Electric field CoNtrol .. ... e 28
5.10  JUMPEI @SSeMDIIES .ouniniiie i 29
5.11  Storage and transportation...... ... 29


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

IEC/IEEE 61886-1:2021 © |IEC/IEEE 2021 -3 —

10
11

6.1 Structure Of tE€St ClaUSES ...uuiiii e 29
6.2 General test requIiremMeNnts. .. .o 29
6.3 Artificial sea Waler ..o 30
6.4 TSt MEAIA . e e 30
Routine tests — Connectors and penetrators ....... ..o 33
Routine tests — Dummy and test CONNECtOrs ... .. ..o 34
Routine tests — Jumper assemblies ......co.ooiiiiiii 34
SaAMPIE 1ESES — HOSES e 35
Hype-and-specialktests—GCennestorsandpenpetraterss————— .35
1.1 Order of tests and type test requirements ... )L .35
11.2 Type tests — Dummy and test connectors..........ccooveviiiiinininn O .38
11.3 Type tests — New interface cable ... S, ..38
11.4 Prototype manufacturing acceptance test..........ccoooiiiiiiiin Qe .39
11.4.1 ODbBJECHIVE et N ..39
11.4.2 ST 11 =Y o o = O U ..39
11.4.3 Acceptance criteria.......c.coooiiiiiiiiii s S ..39
11.5 Electrical and thermal tests ... AN ..40
11.5.1 ODbJECHIVE .. A T ..40
11.5.2 SEUENCE «.oeieiiiiee e ..40
11.5.3 Acceptance Criteria......cooooveiieiieiie e .41
11.6  Electrical short circuit test..... ..o b .42
11.6.1 L0 o) 1= 1 £ 1T .42
11.6.2 SEQUENCE - eiiiii e .42
11.6.3 ACCEPIANCE CrIterIa ..o N e e e .42
TI.7  Hyperbaric test oo e .42
11.7.1 ODBJECHIVE e e .42
11.7.2 ST LU =Y o Vo= e .42
11.7.3 AcCeptanCe CriteRia .. ...ou i .44
11.8 Pressure cycling test= Penetrators.........coooiiiiiiii .44
11.8.1 L0 o) [=T1 (1= PPN .44
11.8.2 ST LU =Y 8T P .44
11.8.3 ACCEPTANCE Criteria ..o ..45
11.9 Combined pressure and temperature cycling test — Penetrators......................... ..45
11.9.1 L0 o 1= 1 (1Y P ..45
11.9.2 ST o 11 =Y o Vo = ..45
11.9.3 ACCEPIANCE CrItEIIA ..o ..46
1120 _Rapid gas decompression test ..46
1 I O O © T o 1= (Y- P 46
I O =Y o 11 =Y o o= SR 46
11.10.3 AcCeptance Criteria .. ... e 47
11.11 Mechanical and environmental stress test...........oooiiiii 47
I I P © ] o =T (Y= PP 47
I I =Y o 11 =Y o o = SRS 47
11.11.3  AcCeptance Criteria ... ..o e 48
11.12 Endurance test — CONNECIOrS ... . i e 48
1 2 B © T o) 1= Yo (Y- 48
I 7 T < Yo 11 =Y o o= 48

11.12.3  ACCEPIaNCE Criteria .. ..o eas 49


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

-4 - |EC/IEEE 61886-1:2021 © IEC/IEEE 2021

11.13 Endurance test — Penetrators...... ..o 49
1 T T O © T o =Y o1 £ Y= P 49
T 7 T = Yo 11 =Y o o= 49
11.13.3  ACCEPIaNCE Criteria ....ce i e eas 50

11.14 Inner water seal hyperbaric test — Connectors ..........ccooiiiiiiiiii 51
1 I O © T o 1= Yo (Y- P 51
I 7 T = Yo 11 =Y o o= 51
11.14.3  ACCEPIaNCEe Criteria .. .c. i e eas 51

11.15 Inner water seal pressure cycling test — Penetrators ..o, 51
T1.A5.1  ODJECHIVE et e ..51
T1.15.2 SOQUENCE et (T e ..51
11.15.3  Acceptance Criteria.......oooi i .51

11.16 Outer water seal hyperbaric test — Connectors..........ccccoviiiiiiii i, ..51
T1.16.1  ObBJECHIVE et e e ..51
T1.16.2  SeQUENCE . eiiiiiii e (e P e e .51
11.16.3 Acceptance criteria.......ccoovviiiiiiiiiieeeee e S i .51

11.17 Outer water seal pressure cycling test — Penetrators..... x5, .52
I A R © 1 o) =Y Y= N PP ..52
11.17.2  SEQUENCE oo e .52
11.17.3  AcCeptance Criteria ... ..c.oiei e e .52

11.18 Secondary pressure integrity seal test — Pengétrators .............c.ooooiiiiiiiinnn. .52
11.18.1  ODbjJectiVe ..o Y ..52
I S T T =Y o 11 1Y o o R T .52
11.18.3  Acceptance Criteria.. ..o e .52

11.19 Primary pressure integrity seal test™— Penetrators...........cocoooiiiii .52
L T © ] o) 1= o £ Y= PP ..52
T1.19.2  SEQUENCE e A e .52
11.19.3 Acceptance Criteriaci . .o .52

11.20 Secondary pressure integrity seal combined pressure and temperature

cycling test — Penetralors. ... ..o ..53
L 74 R R © ] o) 1= £ Y= PP ..53
T1.20.2 S OQUERCE . .. ittt e ..53
11.20.3  ACCEPIANCE Criteria ... i .53

11.21 Primary,pressure integrity seal combined pressure and temperature cycling

Le St e P ENEtrators ..o ..53
11 20 OB ECHIVE ot ..53
L 7 T = Yo 11 1Y o o= .53
11.21.3 Acceptance Criteria.......oueeueeeiieiieiiieniieiiiee ittt iee i ..53

11.22 Extended hyperbaric wet mate test ... 53
L B © 1 o) 1= Yo (Y- P 53
IO T < Yo 11 =Y o o= 53
11.22.3  ACCEPIaNCE Criteria .. ..oe e 55

12 Type tests — Hose and hose terminations ..., 55

P22 B 1= 4 = - | PP 55

12.2  Absorption/compensation test ... 56
12.2.1 L0 o) 1= 1 41T PR 56
12.2.2 1Y =84 o o PP 56
12.2.3 ACCEPLANCE Criteria .. o 56

12.3  OZO0NE IESISTANCE . e 57


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

IEC/IEEE 61886-1:2021 © |IEC/IEEE 2021 -5 —

12.3.1 L0 o) 1= 1 £ 1Y PR 57
12.3.2 1Y TN 4 o Yo [ PP 57
12.3.3 AcCCEPtaNCE Criteria .. o i 57
12.4  Ultraviolet reSiStanCe ... ... 57
12.4.1 OB CHIVE e 57
12.4.2 1Y =Y 4 o o PP 57
12.4.3 ACCEPLaNCE Criteria . .o e 57
12.5  Thermal ShOCK teSt. ..o e 58
12.5.1 L0 o) 1= 1 41T PR 58
12.5.2 METNOA .o s ..58
12.5.3 AcCCEPIaNCE Criteria .. .cu i T A ..58
1R2.6  Destructive testing ... ..58
12.6.1 Tensile failure ... G e ..58
12.6.2 BUISt PreSSUIe ..ove e ek e ..59
12.6.3 Crush resistanCe. . ..o e e ..59
12.6.4 Outer sheath abrasion resistance ...........ccoccovviiiiice i, ..60
12.6.5 Hose Kink test.......ooi e e ..60
13 |Type tests — Jumper assemblies ... ..o T N e ..61
1.1 General .. N ..61
1.2  Electrical and thermal type test — Jumper assemblies ..........cccoviiiiiiiiiininnnnnn. ..61
13.2.1 ODBJECHIVE .t e ..61
13.2.2 SEQUENCE ..oviiiiiiiece e A ..61
13.2.3 P oTo7=T o) €= T g oT Y od 1 (= o - T ..62
1B.3  Oscillating Jumper test . ... G ..62
13.3.1 L0 o) 1= 1 £ 1T P ..62
13.3.2 ST 11 =Y o Vo = ..62
13.3.3 ACCEPIANCE Criteria ... e ..63
1B.4  Jumper pull test .o T e ..63
13.4.1 (0] o) 1= 1 11T ..63
13.4.2 Y=o LU =Y g ot T O P ..63
13.4.3 AcCCePtaNEe Criteria .. ..o ..64

L 2 T I T o o T = Y= S ..64
13.5.1 OBJECHIVE ...t ..64
13.5.2 Y=o LU =Y g ot PP ..64
13.5.3 ACCEPIANCE CrItEIIaA .ot e ..64
18.6 ~Jumper handling simulation test............o i ..64
1361 L0 o) 1= 1 £ 1T ..64
13.6.2 S L= VL= =2 64
13.6.3 ACCEPIANCE CrIteIIaA ..ouie i e 66
13.7 Jumper simulated deployment test ... ... 66
13.7.1 OB CHIVE et 66
13.7.2 ST 10 =Y g ot PP 66
13.7.3 ACCEPLANCE Criteria . oo 67
N = Y= A o] o o= Yo LU = 67
141 Helium leak teSt ..o e 67
14.1.1 L0 o) 1= 1 41T PR 67
14.1.2 1Y TN 4 o Yo [ PP 68
14.1.3 ACCEPIANCE CrIteIIaA ..ouie i e 68

14.2  Contact reSiStanCe tESt ... 68


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

—-6—- |IEC/IEEE 61886-1:2021 © IEC/IEEE 2021

14.2.1 L0 o) 1= 1 £ 1Y PR 68
14.2.2 1Y TN 4 o Yo [ PP 68
14.2.3 AcCCEPtaNCE Criteria .. o i 68
14.3  Shell continuity teSt.. oo e 69
14.3.1 OB CHIVE e 69
14.3.2 1Y =Y 4 o o PP 69
14.3.3 ACCEPLaNCE Criteria . .o e 69
14.4  Screen CONtiNUItY tEST ..o e 69
14.4 .1 L0 o) 1= 1 41T PR 69
14.4.2 METNOA .o s ..69
14.4.3 AcCCEPIaNCE Criteria .. .cu i T A ..69
14.5 Partial discharge test ... ..o e ..69
14.5.1 OBJECHIVE et e ..69
14.5.2 METNOd ..o R e ..69
14.5.3 Acceptance Criteria......oooiieiiii e e e .70
14.6 Highvoltage AC test ..ol .70
14.6.1 ODbJECHIVE ..niiiiic e ..70
14.6.2 METNOd ..o T N .70
14.6.3 Acceptance criteria......cooooeiiiiiiiiii S .70
14.7 Impulse withstand voltage test ... ..o .70
14.7.1 ODbBJECHIVE e S .70
14.7.2 Method ... Y .70
14.7.3 FaeToT=T o) £= ] g lot= T o] o | (=T o - T P .70
14.8 Insulation resistance test ... ... .71
14.8.1 (0] o) 1= 1 11T P .71
14.8.2 METNOA .o B .71
14.8.3 AccCeptanCe Criteria . ... e .71
14.9  Thermal shock test..... . .71
14.9.1 10 o] =11 11V e o S PPN .71
14.9.2 Mt Od . s .71
14.9.3 AcCeptanCe Criteria ... ..o .72
14.10 Thermal shOrbCircuit test ... o .72
L 3 0 © ] o) = Yo Y- PP .12
T4.10.2  VIBENOM ... e .72
14.10.3( YACCEPIANCE CrIteIIaA .. ouieiee e e .12
14.11 ~Dynamic short circuit test...... ..o .72
AT ODJECHIVE oo .72
ottt Method 72
14.11.3  AcCeptance Criteria .. ..o e 72
14.12 Temperature rise 1eSt. ..o e 73
TA.M2.0 OB ECHIVE ot 73
T4.12.2  MeETNOA .. e 73
14.12.3  ACCEPIaNCE Criteria ... e eas 73
14.13 Extended temperature rise test ... ... 74
1 0 T T R © T o 1= Yo (Y- P 74
T4.13.2  MEENOA oo 74
14.13.3  ACCEPIaNCE Criteria .. ..ou i e eas 75
T4.14  Thermal CYCIING ..ot 75

TA.14.1 OB ECHIVE o 75


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

IEC/IEEE 61886-1:2021 © |IEC/IEEE 2021 -7 —

T4.14.2  MEENOA ..o 75
14.14.3  AcCeptance Criteria .. ... 76
14.15 Bending moment and free fall tests ... ..o 76
L 0 I Tt B © o 1= o (Y- P 76
T4.15.2  MEENOG ..o 76
14.15.3 ACCEPIaNCe Criteria .. .o e 76
14.16 Static pressure test — Penetrators ... ... 77
1 0 T © o 1= Yo {1V P 77
T4.16.2  MeETNOM ..o e 77
14.16.3  AccCeptance Criteria........oouiiei e e .77
14.17 Extended static pressure test — Penetrators..........cccooiiiiiiiiiiiin e .78
14171 ODBJECHIVE ot .78
T4.17.2  MEthOd ..o e e .78
14.17.3  Acceptance Criteria.......cooiiiii i b e .78
14.18 Combined pressure and temperature cycling test — Pressure retaining
PENEIratorsS ... .78
14.18.1  ODbJECHIVE e e e .78
14.18.2  MethOd ..ovniiiii e N L .78
14.18.3 Acceptance criteria.......ccoveiiiiiiiiiiie e .78
14.19 Shock and vibration test.. ... e .78
14.19.1  ODBJECHIVE e e .78
14.19.2  MeEThOd ..o T N e .78
14.19.3  Acceptance Criteria ... ..o N e .79
14.20 Cleaning and spillage test ... .79
14.20.1  ODBJECHIVE coniiiii e N .79
14.20.2  MeEEhOM ..o ettt .79
14.20.3 Acceptance Criteria ... i e .79
14.21 Conductor pull test. ... e .79
14.21.1  ODBJECHIVE e .79
T14.21.2  Method ..o e ..80
14.21.3 AcCeptanCe Criteria .. ... e ..80
T4.22 Cable pUll 1eST . ..o ..80
L B © o 1= (o1 - PP ..80
14.22.2  MEIHOM .. oo ..80
14.22.3 A~ ACCEPIaNCe Criteria ... .ocuieie e ..80
14.23 _<CGable termination bending test..........ccoiiiiiiii ..80
L A B © o) 1= o £ Y- S ..80
14232  Method e 80
14.23.3  ACCEPIaNCE Criteria .. ..cu i 80
14.24 Mate/de-mate operation test .. ... 81
L 3t B © o) 1= Yo (Y- P 81
T4.24.2  MEENOM ..o 81
14.24.3  AcCeptance Criteria .. ..o 81
14.25 Dismantling and examination ..o 81
T4.25.1  ODJECHIVE ot e 81
14.25.2  MeETNOA ... 81
14.25.3  AcCeptance Criteria .. ..o 81
14.26 High voltage breakdown test .. ... 82

14.26.1  ODbJECHIVE c.oeee e 82


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

- 8- IEC/IEEE 61886-1:2021 © IEC/IEEE 2021

14.26.2  MeETNOM ..o e 82
14.26.3  AcCeptanCe Criteria ... ...c.oieie e 82
14.27 Rapid gas decompression (RGD) test — General ........c..cooiiiiiiiiiiiii 82
L 3t B © 1 o) 1= Yo (Y- P 82
L . =Y 1 T Yo 82
14.27.3  ACCEPIaNCE Criteria .. ..o eas 82
T14.28 Material teSting ..o.ui i 83
T4.28.1 OB CHIVE et 83
14.28.2 General test reqUIremMENtS . .....oouiiiiiiiiii e 83
14.28.3 Polymeric materials test requirements ... ..83
14.28.4 AcceptancCe Criteria......ocoouiiiii e e ..84
Anngx A (informative) Connector assembly data sheet ...l ..85
AnnIx B (informative) Penetrator figures ........ccooviiiiiiiiiii Gl ..88
(2710 1] 0o = o 4 V25 PP S ..96
Figufe 1 — Jumper handling simulation test ... L G ..66
Figufe 2 — Typical extended temperature test results, method 1.\, .74
Figufe 3 — Typical extended temperature test results, method2.7 ...l .75
Figufe 4 — Bending moment teSt .. ... e .76
Figufe B.1 — Penetrator flange View ...t ..88
Figufe B.2 — Pressure retaining penetrator — Definitions .............coooiiiiiiiii i, ..89
Figufe B.3 — Test set-up, pressure retaining penetrator — Direction 1............ccooiiiiiiiinis ..90
Figufe B.4 — Test set-up, pressure retaining penetrator — Direction 2. .91
Figufe B.5 — Penetrator for pressure balanced conditions — Definitions........................ocoe.. .92
Figufe B.6 — Test set-up, penetrator forpressure balanced conditions — Test of
= Lo F-To | LU L= o] (=TT UL N ..93
Figufe B.7 — Test set-up, penetrdtor for pressure balanced conditions — Direction 1 .......... ..94
Figufe B.8 — Test set-up, penetrator for pressure balanced conditions — Direction 2 .......... ..95
Table 1 — Design docUMeENntation ... ..o e .20
Tablp 2 — Routine.test documentation ... ..20
Tablp 3 — As bUilt documentation ... ... .21
Table 4 — JemMPErature ClasSeS ..t e e e .23
Table & AV 0l age FatiNg S oo .23
Table6—Gurreptratings—-rmrmii i i rFmmrm mr m m—m—m—m—mm——m—m———m—m—m——m—m—m——m—mm——m————————————————— .. 24
Table 7 — PressUre ClasSes ..o e 25
Table 8 — Test MEAIa ... e 31
Table 9 — Electrical routing teStS .. ..o 33
Table 10 — Routine test sequence — Connectors and penetrators...........cc.ooooiiiiiiiiinnn. 33
Table 11 — Routine test sequence — Complete jumper assemblies ..., 34
Table 12 — Type teSt SEQUENCE .. ceii e e e 36
Table 13 — Intermediate electrical testS. ... ..o 37
Table 14 — Type test sequence — New interface cable............... 38
Table 15 — Prototype manufacturing acceptance test sequence ..., 39

Table 16 — Electrical and thermal test sequence — Connectors ...........cooveiiiiiiiiiiiiie e, 40


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

IEC/IEEE 61886-1:2021 © |IEC/IEEE 2021 -9 —

Table 17 — Electrical and thermal test sequence — Pressure retaining penetrators ................ 40
Table 18 — Electrical and thermal test sequence — Penetrators for pressure balanced

£ U T o 4= o 1 S 41
Table 19 — Electrical short circuit test seqUENCE ... 42
Table 20 — Hyperbaric test sequence — Wet mateable connectors............ccooeiiiiiiiiinnnanen. 43
Table 21 — Hyperbaric test sequence — Dry mateable connectors ..........cccooviiiiiiiiiiiininnnee. 43
Table 22 — Pressure cycling test — Penetrators for pressure compensated equipment........... 44
Table 23 — Pressure cycling test — Pressure retaining penetrators ..., 45
Tablgz4—=Combined pressure and temperature cycting test=fPenetrators ......................- ..46
Tablp 25 — RGD teSt SEQUENCE .....cviiiiii e ey e ..46
Table 26 — Mechanical and environmental stress test sequence .................o ot .47
Tablp 27 — Endurance test — Connectors .........ccooeiviiiviiiiiiiiiieieeieeeeeeeee e .48
Table 28 — Endurance test — Pressure retaining penetrators ...................... S0 . ..49
Table 29 — Endurance test — Penetrators for pressure compensated equipment................. ..50
Table 30 — Extended hyperbaric wet mate test sequence............... L& . .54
Table 31 — Hose type test sequencCe ..o A ..55
Table 32 — Jumper assembly type test sequence ... /A ..61
Table 33 — Electrical and thermal type test — Jumper assemblies................ccoiie. ..62
Table 34 — Oscillating jumper test ... ... ..62
Tablp 35 — Jumper pull test......oe e A ..63
TablE 36 — Drop teSt oo R et et ..64
Table 37 — Jumper handling simulation test. « . ... ..65
Table 38 — Jumper simulated deploymentiesting ..o ..67
Table 39 — Impulse withstand voltage test levels..........ooiiiiii e .70
Table 40 — Insulation resistance test)'— Voltage testlevels ..o .71
Table 41 — Static pressure testPenetrators ... .77
Tablp A.1 — Typical product\data sheet ... ..85



https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

1)

2)

3)

4)

5)

6)
7)

8)

9)

- 10 - IEC/IEEE 61886-1:2021 © IEC/IEEE 2021

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUBSEA EQUIPMENT -

Part 1: Power connectors, penetrators and jumper assemblies
with rated voltage from 3 kV (Uax = 3,6 kV) to 30 kV (Ujax = 36 kV)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,compfrising
al| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internaltional
cqg-operation on all questions concerning standardization in the electrical and electronic fields/ To this enfl and
injaddition to other activities, IEC publishes International Standards, Technical Specifications;yTechnical Reports,
Piiblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG “Publication(s)"). [Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
mpy participate in this preparatory work. International, governmental and non-governmental organizations ligising
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees pf the
IEEE Standards Association (IEEE-SA) Standards Board. |IEEE develops- its' standards through a consg¢nsus
ddvelopment process, approved by the American National Standards Institute, which brings together volunpteers
representing varied viewpoints and interests to achieve the final product, \/6lunteers are not necessarily mefbers
of|[IEEE and serve without compensation. While IEEE administers thé,process and establishes rules to pr¢mote
falrness in the consensus development process, IEEE does not‘independently evaluate, test, or verify the
adcuracy of any of the information contained in its standards:{Use of IEEE Standards documents is wholly
vdluntary. IEEE documents are made available for use subject,to important notices and legal disclaimerg (see
htfp://standards.ieee.org/IPR/disclaimers.html for more information).

IE|C collaborates closely with IEEE in accordance with,conditions determined by agreement between the two
orpanizations. This Dual Logo International Standard.was jointly developed by the IEC and IEEE under the ferms
of|that agreement.

The formal decisions of IEC on technical mattefs express, as nearly as possible, an international consengus of
ofinion on the relevant subjects since each>technical committee has representation from all intereste¢d IEC
National Committees. The formal decisions\6f IEEE on technical matters, once consensus within IEEE Sodieties
anld Standards Coordinating Committees has been reached, is determined by a balanced ballot of matérially
inferested parties who indicate interest\in‘reviewing the proposed standard. Final approval of the IEEE standards
dqcument is given by the IEEE Standards Association (IEEE-SA) Standards Board.

IHC/IEEE Publications have the~form of recommendations for international use and are accepted by IEC National
Cpmmittees/IEEE Societies in“that sense. While all reasonable efforts are made to ensure that the technical
cqntent of IEC/IEEE Publigations is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In| order to promote~international uniformity, IEC National Committees undertake to apply IEC Publicgtions
(ipcluding IEC/IEEE "Publications) transparently to the maximum extent possible in their national and regional
pyblications. Any~divergence between any IEC/IEEE Publication and the corresponding national or regional
pyblication shall*be clearly indicated in the latter.

IHC and IEEE do not provide any attestation of conformity. Independent certification bodies provide confgrmity
agsessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
fof any ‘services carried out by independent certification bodies.

Allusers-should ensure-that H’\ny have the latest edition-of-this puhlinafir\n_

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board, for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.
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International Standard IEC/IEEE 61886-1 has been prepared by IEC technical committee 18:
Electrical installations of ships and of mobile and fixed offshore units, in cooperation with the
Subsea Electrical Applications Working Group of the IEEE Petrochemical and Chemical
Industry Committee (PCIC), under the IEC/IEEE Dual Logo Agreement.

This publication is published as an IEC/IEEE dual logo standard.

The text of this standard is based on the following IEC documents:

Full
voting indicated in the above table.

FDIS Report on voting

To/Tr10/FDIS To/T/rTe/RVD

nformation on the voting for the approval of this document can be found in the repo

rt on

Interpational standards are drafted in accordance with the rules) given in| the
ISO/JEC Directives, Part 2.
A lidt of all parts in the IEC/IEEE 61886 series, published unde€r the general title Subsea
equipment, can be found on the IEC website.
The |[EC Technical Committee and IEEE Technical Committee have decided that the con{ents
of thiis document will remain unchanged until the stabjlity-date indicated on the IEC wepsite
undgr "http://webstore.iec.ch" in the data related to4he specific document. At this date| the
docyment will be
* reconfirmed,
* withdrawn,
* replaced by a revised edition, or
+ gmended.

IMRORTANT - The 'colour inside' logo on the cover page of this publication indicates

ing

thaﬁ it contains colours which are considered to be useful for the correct understand
of i

s contents. Users.should therefore print this document using a colour printer.
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INTRODUCTION

Within the oil and gas industry there is an increasing use of electrical power equipment on the
seabed. Subsea processing activities like compression and pumping require increasingly higher
amount of electrical power. Power generation, whether onshore or offshore, requires
development of equipment both for subsea transmission and distribution.

Current standards for topside equipment do not include requirements related to equipment
installed below the sea surface. Project and client specific specifications are used for both
design and testing. The fact that equipment is qualified on a project basis, rather than to
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e similar equipment is qualified to different type and routine test specifications;
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quipment has to be re-qualified for new projects that have slightly different reqdirem
br instance increased water depth;

roject specific ratings leading to higher number of equipment versions than st
bquired.

ese issues lead to increased costs and schedule (for type testing),"and also increased

Hardizing tests and implement continuous improvement on fewer products, this risk w
ced in the long term.

SEPS JIP (Subsea Electrical Power Standardization’Joint Industry Project) was establi
10 by seven oil and gas companies, with the aim to develop common operator stand
ubsea electrical power equipment and systems«and support further development of t
nternationally recognized standards. This decument is developed upon base materi
5. The aim for the SEPS JIP is to contribute to the development of IEC/IEEE dual
Hards; hence both IEC and relevant ANSIAIEEE standards are referenced where applic
vant equipment manufacturers have “contributed with review and comments to
ment.

lack of accessibility (for repair“or replacement) defines strict requirements to reliak
nd what is normally seen in‘topside applications.

ibsea equipment in many cases is interconnected to topside equipment, specification
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SUBSEA EQUIPMENT -

Part 1: Power connectors, penetrators and jumper assemblies
with rated voltage from 3 kV (Uax = 3,6 kV) to 30 kV (Uax = 36 kV)

1 Scope

This
conn

to 3Q kV (U

the '
and

2

The

document is applicable to single and three-phase wet-mateable and dry-mateable
ectors, penetrators and jumper assemblies with rated voltages from 3 kV (U545 3,4

max = 36 kV). This document relates to the requirements and tests for produo

as manufactured and supplied" condition. This document is not applicablee’requiren
ests for products that have been subsequently installed, deployed or refrieved.

Normative references

congtitutes requirements of this document. For dated referenges; only the edition cited apq

For
ame

IEC

IEC
Test

IEC
pow

IEC

IEC
grou

IEC

undated references, the latest edition of the referenced document (including
ndments) applies.

50060-1, High-voltage test techniques — Part 1~Géneral definitions and test requirem

50156, Insulating liquids — Determination-of the breakdown voltage at power frequer
method

5024 3-1:2013, Electric strength ofinAsulating materials — Test methods — Part 1: Te§
pr frequencies

50270, High-voltage test.techniques — Partial discharge measurements

50721-3-2:2018, Classification of environmental conditions — Part 3: Classificatig
s of environmentalkparameters and their severities — Transportation and handling

50885-3, Electrical test methods for electric cables — Part 3: Test methods for p

discharge measurements on lengths of extruded power cables

IEC

50986, Short-circuit temperature limits of electric cables with rated voltages from

(Unm

AC
kV)

ts in
ents

following documents are referred to in the text in such a wayrthat some or all of their content

lies.
any

ents

ts at

artial

=72 kV) up to 30 kV (U,, = 36 kV)

IEC 61238-1-3:2018, Compression and mechanical connectors for power cables — Part 1-3:
Test methods and requirements for compression and mechanical connectors for power cables
for rated voltages above 1 kV (U, = 1,2 kV) up to 30 kV (U,, = 36 kV) tested on non-insulated

conductors

IEC 61442, Test methods for accessories for power cables with rated voltages from
6 kV (U, =7,2kV) up to 30 kV (U, =36 kV)

IEC 62262, Degrees of protection provided by enclosures for electrical equipment against
external mechanical impacts (IK code)
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ISO 7326:2016, Rubber and plastics hoses — Assessment of ozone resistance under static
conditions

ISO 12103-1, Road vehicles — Test contaminants for filter evaluation — Part 1: Arizona test dust

ISO 23936-2:2011, Petroleum, petrochemical and natural gas industries — Non-metallic
materials in contact with media related to oil and gas production — Part 2: Elastomers

ISO 30013:2011, Rubber and plastics hoses — Methods of exposure to laboratory light sources
— Determination of changes in colour, appearance and other physical properties

ANSI/ICEA T-27-581/NEMA WC 53, Standard Test Methods for Extruded Dielectric\Pdwer,
Confrol, Instrumentation, and Portable Cables for Test

ANS|/API Spec 6A:2018, Specification for Wellhead and Christmas Tree Equjpment

ANSI/NEMA WC 74 ICEA S-93-639, 5-46 kV Shielded Power Cable for Use,in the Transmigsion
and Pistribution of Electric Energy

ANSI/NEMA WC 71 ICEA S-96-659, Standard for Non-shielded Cables Rated 2001-5000 Volts
for Use in the Distribution of Electric Energy

ASTM D877, Standard Test Method for Dielectric Breakdown Voltage of Insulating Liquids
Using Disk Electrodes

ASTM D1141-98, Standard Practice for the Preparation of Substitute Ocean Water

ASTM D1169, Standard test method for Specific Resistance (Resistivity) of Electrical Insulating
Liqulds

ASTM D1816, Standard Test Method“for Dielectric Breakdown Voltage of Insulating Liquids
using VDE Electrodes

EN 10204, Metallic products =+*Types of inspection documents

IEER Std 386, Separable Insulated Connector Systems for Power Distribution Systems Rated
2,5kV through 35kV

IEEB Std 4, Standard for High Voltage Testing Techniques

NORSOK M-710:2014, Qualification of Non-Metallic Sealing Materials and Manufacturers

3 Terms, definitions and abbreviated terms
For the purposes of this document, the following terms and definitions apply.

ISO, IEC and IEEE maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

o |EEE Standards Dictionary Online: available at http://dictionary.ieee.org
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3.1 Terms and definitions

3.11

cable termination

device fitted to the end of a cable to ensure electrical connection with other parts of the system
and to maintain the insulation up to the point of connection

3.1.2

connector assembly

assembly of wet and/or dry mate connectors, penetrators, cable terminations, cable pigtails or
jumper cables between subsea components — or any combination of these

3.1.3
connmector
fully linsulated termination permitting the connection and the disconnection of a cable to gther
equipment

3.1.4
de-mate
dis-donnection of separable connectors so that all electrical, mechapical and environmegntal
sealing functions are fully dis-engaged

3.1.5§
diffdrential pressure
diffefence between the two values of absolute pressureg that are acting on either side of a|wall
or partition

3.1.6
dry mateable connector
conrjector designed to be submerged inxsea water but connected/disconnected in al dry
(topgide/onshore) environment only — with*no voltage or current applied

3.1.7
dummy connector
devite allowing connection to.asconnector half for long term protection when submerged| and
unmated

Note [l to entry: Normally;~ng°cable is attached to the dummy connector; internal connection between phase$ may
howeyer be established tosallow continuity testing.

3.1.8
innefr water seatl
water seal clesest to the conductor

3.1.
jumper assembly
cable connection terminated at each end to either a connector or a penetrator

Note 1 to entry: The term includes the connector assembly at both ends, the cable, the protective fluid filled hose
and the hose terminations, as applicable.

Note 2 to entry: Other common designations are electrical flying lead and electrical jumper lead

3.1.10

mate

connection of separable connectors so that all electrical, mechanical and environmental sealing
functions are fully engaged
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3.1.11

misalignment
misalignment between two connector halves in a connector pair which is expressed by means
of the following definitions:

e axial misalignment;

e radial misalignment;

e angular misalignment;

e rotational misalignment

3.1.1
axia
amo
halv

Note

3.1.1

1.1
misalignment

ES

I to entry: The axial misalignment is normally expressed in millimetre.

1.2

radial misalignment

amo
perp

Note

3.1.1

int of offset between the two axes of two cylindrical connéctor halves in a dire
endicular to the axes

I to entry: The radial misalignment is normally expressed in millimetre.

1.3

angular misalignment

angl

Note

3.1.1
rota
amo

Note

3.1.1
max

p formed at the intersection of two axes of two.cylindrical connectors halves

| to entry: The angular misalignment is expressed’in degrees.

1.4
ional misalignment
int of circumferential offset about the axes of two connector halves

I to entry: The rotational mjsalignment is expressed in degrees.

1.5
mum misalignment capability

maximum degree of-misalignment that a connector can tolerate without malfunction, expre

by th

Note
maxin
to det

e maximum values of combined axial, radial, angular and rotational misalignment

I to entry: ) The values of axial, radial, angular and rotational misalignment when combined to pr
hum misalignment capability may be less than each misalignment taken singularly. It is therefore not suff
ermifne the maximum misalignment capability by measuring each singular component in turn.

2

int of offset from a nominal central datum in a direction parallel to the axes of twoleonnéctor

ction

5sed

duce
icient

3.1.

onshore protection cap
device connected to a connector half during handling, transportation and storage

Note 1 to entry:

damage.

3.1.13
outer water seal
water seal closest to the conductive media

3.1.14
penetrator
device that enables one or several conductors to pass through a partition such as a wall or a

tank

and insulates the conductors from it

The cap is to protect against ingress of particles and the sealing surfaces against mechanical
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Note 1 to entry: The means of attachment, flange or fixing device to the partition forms part of the penetrator.
Penetrators include bulkhead mounted connector assembly components.

Note 2 to entry: "Bushing" is an alternative commonly used term.

3.1.15

pressure integrity seal

sealing element of a penetrator assembly that prevents leakage between the two sides of the
wall/partition to which the penetrator is mounted

3.1.16
primary pressure integrity seal
prespure integrity seal closest to the side with the highest rated absolute pressure (RAR)

Note [l to entry: If only one value for RAP is specified (pressure balanced conditions), the primary pressure integrity
seal ip the seal closest to the side with the most aggressive/conductive medium.

Note P to entry: This definition applies to penetrators only.

3.1.17

rapig gas decompression
extrgme depressurisation event from high pressure (hundreds of bar) to low pressure (teps of
bars|down to atmospheric) in order of seconds

Note [l to entry: Rapid gas decompression can occur in a production\syStem when in presence of gas| The
phengmenon is also known as "explosive decompression".

3.1.18

rated absolute pressure
maximum absolute pressure that a connector assembly has been designed to operate at under
the gpecified conditions of use

Note [l to entry: For connector assemblies that are designed to operate under pressure balanced conditions| only
one vplue of rated absolute pressure shall be specified. For penetrators that are designed to operate with different
presspures on either side of a wall or partition, twe’values of rated absolute pressure shall be specified. RAP-1| shall
be uded to refer to the maximum rated absolute pressure on the external or outboard side of the partitiop and
RAP-P shall be used to refer to the maximum/rated absolute pressure on the internal or inboard side of the partition.

Note P to entry: The rated absolute.pressure shall not be confused with the maximum test pressure to whigh the
assembly shall be subjected in orderto qualify it for service.

3.1.19

rated differential préssure
maximum differential) pressure that a connector assembly has been designed to operafe at
undgr the specified conditions of use

Note [ to entry:~For connectors and penetrators that are designed to operate under pressure balanced conditions,
only pne yalue of rated differential pressure shall be specified and shall be the same in both directiong. For
penefrators-that are designed to operate with different pressures on either side of a wall or partition, the two alues
RAP-[l ‘'and' RAP-2 shall be the rated differential pressure in each direction

Note 2 to entry: The rated differential pressure value shall be used to describe the differential pressure rating of
the connector assembly and it should not be confused with the maximum differential test pressure to which the
assembly shall be subjected in order to qualify it for service.

3.1.20

rated current

Ir

maximum RMS value of current which the connector assembly can carry continuously at rated
frequency and at maximum ambient temperature, as given by the temperature class

Note 1 to entry: For connector assemblies operating at other environmental conditions, the rated current and
corresponding operational ambient conditions shall be clearly specified in the data sheet. For penetrators and
bulkhead mounted connectors, rated current may be given by operational conditions in the tank/housing to which it
is mounted; these conditions shall be clearly specified in the data sheet.
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3.1.21
rated thermal short-time current

I

RMS value of a symmetrical current which the connector assembly withstands thermally for the
rated duration (z;,) immediately following continuous operation at rated current and frequency,
with maximum temperatures of ambient sea water/operational media, as given by the
temperature class

3.1.22
rated dynamic current

Iy

peal value of a current that the connector assembly withstands mechanically

3.1.23

rout

ne test

testd performed by the manufacturer on each connector assembly to verify that the speg

requ

Jrements are met

3.1.24

sam

ple test

testqd performed by the manufacturer on samples of connector assemblies or components t

from
prod

a connector assembly, at a specified sampling frequencyy so as to verify that the fini
uct meets the specified requirements

3.1.25
secqndary pressure integrity seal

pres

Note

sure integrity seal closest to the side with thelowest rated absolute pressure (RAP)

integility seal is the seal closest to the side with the\less aggressive/conductive medium.

Note P to entry: This definition applies to penétrators only.
3.1.26
shell continuity

elec

rical connection betweentwo metallic connector housings when connected together

3.1.27
spegial test

test

bther than a routine, sample or type test, agreed between manufacturer and purchasg

3.1.28
subsgea protection cap

devi

Note

e conhected to a connector half for protection when unmated subsea

ified

bken
shed

I to entry: If only one value for RAP is specified (pressure balanced conditions), the secondary prejssure

—

1 to entry: The subsea protection cap provides mechanical protection and prevents marine growth on
critical/sealing surfaces.

3.1.29

temperature rise
rence between the temperature of the part under consideration and a reference
temperature

diffe

[SOURCE: IEC 60050-151:2001, 151-16-26, modified — The note to entry has been deleted.]

3.1.30

test

connector

connector used during topside testing, in order to test equipment and systems — without using
the full delivery connector set
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3.1.31

type test

conformity test made on one or more items representative of the production, in order to
demonstrate satisfactory performance characteristics to meet the intended application

Note 1 to entry: Type tests are performed on connector assemblies representative of other connector assemblies,
to demonstrate that these connector assemblies comply with the specified requirements.

Note 2 to entry: A connector assembly is considered to be representative of others if it is built to the same drawings
using the same techniques in the same factory.

3.1.32

verification test

test ponducted during the type test sequence to verify that the product is performing Correctly

and Wwithin the product performance specification

3.1.33

water seal

sealing element of a connector assembly that prevents intrusion of conductive media int¢ the

connector assembly internal volume

3.1.34

wet mateable connector

connector designed to be submerged in sea water, which can<be connected/disconnected in a

submerged condition — with no voltage or current applied

3.2 | Abbreviated terms

CP cathodic protection

CR contact resistance

FAT| factory acceptance test

FEA| finite element analysis

IR insulation resistance

MBH minimum bend radius

PD partial discharge

PMI| positive material identification

PSL| product specification level

RAP| rated absalute pressure

RDP rated differential pressure

RGO rapid'gas decompression

ROT| rémotely operated tool

ROMV__remotely operated vehicle

Uy rated power frequency voltage between a conductor and earth or metallic screen for
which the connector assembly is designed

U rated power frequency voltage between conductors for which the connector assembly

is designed

Un maximum value of the "highest system voltage" for which the connector assembly may
be used

uv ultraviolet
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4 Documentation and marking

4.1

Design documentation

Design documentation shall be provided and shall at least contain information as shown in
Table 1. Some parts of the reports may contain confidential and proprietary information — such
information shall as a minimum be made available for review, if not provided as part of the final
documentation to the purchaser.

Table 1 — Design documentation

Preferred document Document content
Des|gn specification Including design specification data sheet, operations interface specification,
environmental, mechanical, electrical and thermal design specifications and
cathodic protection requirements. Intended installation and intervention
procedures.
Des|gn drawings Detailed, scaled mechanical drawings including weights, dimensjons, cross
sections and material/parts lists.
Matgrials specification Materials selection report including material list and préperties. Compatibility
details, test procedures and report.
Des|gn analysis report Report containing mechanical, electrical and materials calculations and theoretical
studies.
Assémbly procedures List of assembly procedures (including reyision) used during type testing.
Clegning and spillage Procedure with regards to cleaning apd spillage requirements.
reqyirements
Hanfling, transport and Document containing intended handling, transport and storage procedures. List|of
storfige all fluids used in the product, including safety data sheets.
4.2 | Type test documentation
A ddtailed test specification for each\type test sequence is required. This specification ghall
include procedures, instruments,(Cconnection diagrams and all relevant environmental,
mechanical and electrical paraméters used and shall form the basis of communicating
agregment between the client.and the manufacturer in instances where deviations to| this
procedure are permitted. In_addition, a type test report shall be provided demonstrating the
outcpme of each test within.each sequence.
4.3 | Routine test documentation

Routine test dogeumentation shall be supplied as listed in Table 2.

Table 2 — Routine test documentation

Document Document content

Routine test procedure A detailed test specification for each routine test, embracing complete test
procedures with all relevant environmental, mechanical and electrical parameters,

instruments and connection diagrams used.

Routine test report A test report shall be provided demonstrating the outcome of each test within th

test sequence. The test report shall be compiled in a format as recommended b
4.2.

e
y
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4.4 As built documentation

Further to successful type testing, each connector assembly shall be supplied with detailed as
built documentation. Documents as listed in Table 3 shall be supplied, as a minimum, and shall
contain information as shown in Table 3. Some parts of the reports may contain confidential
and proprietary information — such information shall as a minimum be made available for review,
if not provided as part of the final documentation to the purchaser.

Table 3 — As built documentation

Preferred document Document content

Des|gn report Including design data sheet, design specification, operations interface
specification, mechanical, electrical and thermal design analyses, routine fest
procedures, routine test results and cathodic protection influence report:

Des|gn drawings Detailed, scaled mechanical drawings including weights, dimensions} cross
sections and material and parts lists.

Mategrials specification Materials selection list and properties. Compatibility detail, tesf-procedures and
report.

Opefation and Installation, operation, intervention and maintenance information. Subsea water-jet

maiftenance manual and subsea citric acid and brush cleaning detailed procedures.

Tradeability report Individual component and materials traceability.

Hanfling and storage Handling, shipping, storage and preservation’ pequirements.

repgrt

4.5 | Design analysis

The |connector assemblies shall be subject to‘a.design analysis on the critical areas of the
design to verify that the design is capable af;withstanding the stresses to which it may be
subjected at all stages of its life. The desigh analysis shall as a minimum contain the following.

e The connector assembly design shall be subject to a design failure mode effect|and
griticality analysis (DFMECA) and“the results documented. The output from the analysis
hall be used to identify areas ‘of‘interest for further analysis, testing and quality contrqls. It
ay be necessary to augment the testing programme given in this document in ordger to
gvaluate features of the déesign that have been identified by the DFMECA.

Hlectrostatic, magnetic, thermal and mechanical finite element analysis, covering type fests
gnd intended operational conditions shall be undertaken to evaluate the performance of the
design where the performance cannot be inferred from other analysis. Consideration ghall
He given to worst-case design loads (e.g. test, storage, handling, installation/retrievall and
dperation) ncluding fault scenarios (e.g. broken seal, short circuit) such that the dgsign
pads do not exceed electrical, thermal or mechanical limitations for any material.| The
gnalysis-shall include the heat generated by the losses in the connector assembly itself] The
gnalysis should also include possible nonlinear material properties.

Galculations to ve suitab of the pressure compensating system shall be undertadken.
The analysis shall include test, storage, transportation, installation/retrieval and operational
conditions. Any hysteresis (lag) in the performance of the compensation system shall be
included.

e The material properties and limitations used in the analysis shall be identified and
documented based on qualified, recognised and repeatable fabrication processes. This is
also applicable for bonding between materials.

4.6 Data sheet

A data sheet shall be created for each connector assembly. As a minimum, characteristic data
for the connector assembly shall be documented in the format given in Annex A.
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Equipment marking

Connectors and penetrators

The connector and/or penetrators shall be legibly and durably marked in a visible place with

the f

e N

ollowing:

ame, logo or registered mark of the manufacturer or supplier;

e model/serial number;
e rated voltage, Uy/U (U,);

o r

o

L]
-

[ ]
el

If sp
man

4.7.2

The
with

o
N—"
=

>0
~
—. =

g) n

ated current, 1,

bmperature class;

hted frequency;

ated absolute pressure, RAP (RAP-1 and RAP-2 for penetrators);
bted differential pressure (penetrators only);

ater depth.

Hce constraints limit the information that can be included on.the’product, the name/lo
ifacturer and model/serial number shall as a minimum be’included.

Jumper assemblies

umper assemblies shall be legibly and durably-marked on the outer surface at each
the following information as a minimum:

ame, logo or registered mark of the manufacturer or supplier;

nodel/serial number;

bted voltage, Uy/U (Up,);

ated current /;

hted frequency
pe of cable insulation;
umber and size of.conductor;

h) gbsolute designpressure;

i) W
ot
If sp
man

ater depth;

bmperature, class;

hce caonstraints limit the information that can be included on the product, the name/lo
Lfactirer and model/serial number shall as a minimum be included.

jo of

end

jo of

5 Design

5.1

General design requirements

The following design requirements shall apply to all types of connector assemblies:

a) service life time of 30 years;

b) maintenance free throughout service life;

¢) minimum 50 surface recoveries;

d) minimum of two years storage onshore as part of the design service life.
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5.2

This document establishes four main temperature classes of connector assemblies, as shown
in Table 4. The temperature classes differentiate on the temperature in the media surrounding
the connector assembly, not taking into account the heat generated by the connector assembly

Temperature class

itself.

The specific values stated in Table 4 for each connector class shall be used in the type testing
process to qualify the connector assembly according to the special application requirements.

- 23—

For some of the test sequences, different steps are defined for the classes.

Table 4 — Temperature classes
Class | Class Il Class Il Class IV
Parameter
Minimum ambient temperature 2 -5°C -5°C -5°C -5°C
Maximum ambient temperature 2 20 °C 60 °C 121 °C >121°ChH
Hgndling and storage temperature -25°C to -25°Cto -25¥C to -25°Cto
60 °C 60 °C 60°C 60 °C
a8 | The specified ambient temperatures do not take into account the heat generated by the connector assembly
itself.
b | Maximum ambient temperature shall be specified in the data sheét.
5.3 | Electrical design requirements
5.3.1 Ratings
5.3.1.1 Voltage ratings
The jalues of rated voltage for connector assemblies shall be according to Table 5.
Table 5 — Voltage ratings
4,/Uu (U,) Rated voltage
kV
UylU 1,8/3 3,6/6 6/10 8,7/15 12/20 18/30
Upn 3,6 7,2 12 17,5 24 36
NOTE 1 Thelvalues in Table 5 are taken from IEC 60038:2009.
For systems—with—a—rated—"maximum ' —voltage—t—of 36K —the—standard—veltage—ratings

(i.e. Ugl/U (Uy,)) shown in Table 5 apply on systems with a nominal operating phase-to-phase
voltage of 33 kV as well as 30 kV. The same U, of 18 kV shall be selected as the basis for

establishing the test voltages referenced in the testing section (Clause 7 to Clause 14) for both
systems with a nominal operating phase-to-phase voltage of 33 kV as well as 30 kV. No special
labelling and/or marking is required to denote the higher phase-to-phase operating voltage of

33 kV.

NOTE Referto IEC 60183:2015.

5.3.1.2

The

Current ratings

rated current I, of connector assemblies shall be in accordance with Table 6.
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NOTE 1 The values of Table 6 are taken from IEC 60059.

Table 6 — Current ratings

Rated current
A
100 ‘ 200 ‘ 250 | 315 ‘ 400 ‘ 500 | 630 ‘ 800 | 1000 | 1250 ‘ 1600 | 2 000 | 2 500

Rated current shall normally be specified for rated frequency in sea water at 20 °C for class |
and jp-therelevant medium at the maximum-ambient temperature-as-specified-inTable4 for
clasies Il to IV. For connector assemblies operating in other conditions, the rated currenf and
corrgsponding operational ambient conditions shall be clearly specified in the data sheet.

If the extended temperature rise test is performed, the current carrying capacity-versus ambient
temperature characteristics shall be included in the datasheet.

For $ystems involving harmonic currents, the system designer should select a current rating
that [considers the additional heat generated by the harmonic cutrénts (both in the main
conductor and cable screens as applicable). If considered required, and agreed between
manpfacturer and purchaser, additional temperature rise tests can‘be performed.

5.3.1.3 Short circuit current rating

Unlesss otherwise specified, the standard value of the rated thermal short-time current (Z;;,) ghall
be 2p times the rated current (1), #,, being 1 s.

Unless otherwise specified, the standard value of the rated dynamic current, 7y, shall have
amplitude of the first peak equal to 2,5 times:/y,.

The [maximum permissible short circuit temperature of the conductors shall be calculated in
accdrdance with IEC 60986 and/or be verified by the FEA.

5.3.2 Earthing

5.3.2.1 Earthing of_cable screens

Connector assemblies’shall have means for the earthing of housings and cable screens.[ The
earthing connection shall be copper or a copper alloy, with a cross section area and cufrent
rating capacity_similar to that of the cable screen; however, the cross-section area shall pe a
minimum of 6 mm?2.

shall be designed to handle the induced voltage on the screen.

5.3.2.2 Shell continuity

Unless specified differently in the project requirements specification or data sheet, connectors
shall be designed to provide a shell continuity corresponding to 100 mV voltage drop or less at
room temperature (20 °C) with a current of 10 A DC.

5.3.3 Dummy connectors

Electrical voltage rating, including acceptable voltage test level, shall be clearly specified in the
data sheet, and marked on each item.
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5.4

5.4.1

Mechanical design requirements

Pressure classes

Pressure retaining components (penetrators, bushings, bulkhead mounted connectors, etc.)
shall be categorized and qualified to standardised rated absolute pressure classes (RAP,
RAP-1, RAP-2), in accordance with API Spec 6A as shown in Table 7.

Table 7 — Pressure classes

Pressure classes according to API Spec 6A

Preq

sure (bar) 138 207 345 690 1035 1380 1089

5.4.2

Connector assemblies or parts of connector assemblies that will be in contaet’'with produ
5 shall be tested for rapid gas decompression. Allowable operational.changes in presqures

fluid
and
Tole

5.4.3

Rapid gas decompression

tolerance to rapid gas decompression (RGD) shall be documented where applic
fance to RGD shall be stated in the data sheet.

External forces

ction

hble.

Rotdtional forces, vibrations, tensions, compressions shall-hot impair the function or quality of

the d

Are
conn

The

5.5
5.5.1

The

W _—+ 0O 0O

N

b)
f

onnector assembly, throughout design service life.

ector assembly design, in order to verify mechanical and electrical suitability.
connector assembly shall have an impagt protection rating, IK10, according to IEC 62

Material requirements
General material requirements
connector assemblies shall meet the following requirements.

he connector assembly shall comprise proven materials and components, which
ualified and suitable for relevant equipment, applications and environments, and
esign life. The'connector assembly shall be compatible throughout design service life
he relevantsinterfacing medium and materials as defined in the operational requirem
pecification:

eal materials shall be compatible with all applicable interfacing materials and media,
oné seal should fail.

c) A

aining mechanism for securing sheaths, screens and armour shall be incorporated in the

262.

are

the
with
ents

even

Il polymeric materials shall be compatible with the service environment

d) The connector assembly shall be designed to be cathodically protected or made of a sea
water resistant material. Due consideration shall be given to chosen materials and system
design; to ensure correct material protection in order to reduce the possibility of corrosion,

C

alcareous build-up and hydrogen embrittlement.

e) A materials selection report including type test reports shall be prepared and presented to
the purchaser, before construction of connector assemblies for type testing.

Consequence of potential migration or ingress of conductive media into the connector assembly
shall be considered during the design phase, also considering densities of internal fluid
compared with the external conductive media (and where conductive media may accumulate).
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5.5.2 Material certification requirements

All connector and penetrator assemblies shall have traceable manufacturing records to allow
identification and subsequent rectification of defects after delivery. Manufacturing records and
test results shall be traceable to each assembly by a unique identifier (e.g. product serial
number). Traceability of components from a common batch is permitted.

For well pressure retaining equipment, the traceability requirements for individual components
used in the assembly shall be according to the latest edition of APl Spec 6A for the required
PSL level of the component in question. Where the component PSL level requires traceability
to a specific heat treatment lot, a unique means of identification of the component to the heat
run ghall be provided.

The pomposition of all metallic components used for process (well) containment shall'be verified
by HMI according to the manufacturer’s procedure. The PMI shall be performéd-as late as
possible in the assembly process and the result documented.

Certfficates of conformity for metallic components shall be supplied with ¢he' product acconding
to Type 3.1 of EN 10204. Records shall be retained by the manufacturer for a minimum of
10 years.

5.6 | Connector specific requirements

5.6.1 General requirements

The following requirements shall apply to all types of €onnectors.
fforts shall be made to maximize the durationnwhich a connector half can remain unmfated

n the operational environment. Minimum preduct requirement is 28 days over the life{ime,
vith a minimum of 7 consecutive days.

a)

B
i
V
b) Hhysical contact between electrical contacts of opposing connector assembly halves diiring
grimary engagement of the connector assembly shall not be possible. This is to prgvent
damage due to exposure to primary alignment forces.
Connector assemblies shall be designed:

c) tp be capable of vertical\.tilted and horizontal operation inclusive of mating and de-mating,

r as specified in thendatasheet,

t
lo
d) with a robust locKing mechanism, to prevent accidental or vibration-induced de-matirng or
malfunction, and
t

e) tp have a housing and latch mechanism tolerant to silt and fine sand deposits.
5.6.2 Wet -mateable connectors

The following are additional requirements for wet mateable connectors.

a) Wet mateable connectors shall be designed for a minimum of 100 maintenance free
mate/de-mate cycles, after delivery.

b) Wet mateable connectors shall be designed to withstand calcium deposits, marine growth
and debris without jamming, and without interfering with mating, de-mating and operation.

c) Wet mateable connectors shall be designed for operation within the presence of sand and
silt, and tolerant to silt and fine sand deposits (e.g. mating areas, housing and locking
mechanism). The connector assembly design shall not be susceptible to damage by sand
particles during mating or de-mating.

d) The connector assembly shall be designed for water-jet cleaning of marine growth in the
mated condition, or with a dummy connector/protection cap installed. The potential risks of
performing this water jetting shall be clearly defined and documented in the operation and
maintenance manual.
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e)

5.6.3 Dry mateable connectors

The following are additional requirements for dry mateable connectors.

a)
b)

c)
5.7

5.7

.1 Penetrators for pressure compensated equipment

The connector assembly shall be designed for acid cleaning with citric acid and brushed
with a purpose made ROV brushing tool to remove calcium growth. All applicable limitations
shall be clearly defined and documented in the operation and maintenance manual, for
example maximum concentrations and durations when using citric acid.

The connector assembly shall be designed with clearly visible indications of correct
rotational and axial alignment prior to and during mating. The connector assembly shall also
have self-evident means to indicate that the connector assembly is fully mated, i.e. a positive
fully mated indication shall be part of the design. Visual indication shall be clearly visible
from a ROV camera. This requirement does not exclude the use of stab type connectors
mounted into a separate mating/locking mechanism.

[Pry mateable connectors shall be designed for a minimum of 30 maintenance free mate¢/de-
rmate cycles, after delivery.

Ory mateable connectors shall be suitable for mating/de-mating in harsh'effshore condit|ons,
fpr example in a humid and salt atmosphere.

Neans for testing seals between the connector halves after mating/should be considergd.

Penetrator specific requirements

Pengtrators used as equipment penetrations for pressure compensated housings shall be
designed for normal loading conditions under tesfing, deployment and usage. If a system
requjres fault tolerance under abnormal loading conditions including fault scenarios
(e.g.internal fault or failure of the compensationsystem) or if the compensation system has a
nom|nal over-pressure of greater than 10 bar,(the system designer should specify the use|of a
pengtrator for pressure retaining equipment (5.7.2). Penetrators for pressure compensated
equipment shall be designed with a neminal rated differential pressure of 10 bar (in |both
diregtions) at the specified temperature‘range to allow for pressure differences that may dccur
betwleen the two compensated velumes due to compensator response lag, temperature

diffefences, etc.

NOTH The rated differential pressure of 10 bar is applicable to the penetrator as a component, and not necegsarily

to the tank/housing it is attached to.

5.7.

2 Penetrators(for pressure retaining equipment

The [following requirements are required for penetrators which are exposed to differdntial

prespure above‘what is normally seen for pressure compensated assemblies.

Presisure retaining penetrators shall be designed to operate at the rated absolute presgsure

applledcas differential pressure across the penetrator (RAP-1 and RAP-2).

Components intended for differential pressure service shall be designed and tested
mechanically (in addition to tests specified in this document) according to the design code
applicable for the equipment to which it is mounted. If not specified, APl Spec 6A should be
used as a reference, where PSL 3 and PR2 shall be the level of technical qualification and
documentation.

The applicable temperature range shall be clearly specified and related to the pressure rating
requirements.

For pressure integrity seals, see 5.8.3.


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

— 28 — IEC/IEEE 61886-1:2021 © IEC/IEEE 2021

Whilst this document deals with the requirements for the product only, it is important to
recognise that the failure of a penetrator in a pressure retaining application could result in
consequences for the system on which it is used. These consequences should be identified at
the system design stage so that mitigating actions can be taken.

5.8 Seals
5.8.1 General seal requirements

The use of test ports for testing of seals shall be minimized. Where test ports are introduced,
careful consideration shall be made in order not to introduce new potential leakage paths and
redupe the main seats integrity fevel., Where two seats are instaifed;, these shatt be instaiigd on
diffefent seal surfaces. Each seal shall be tested during type testing; at least one sealsshdll be
testdd during factory acceptance test.

Each) seal shall be designed and qualified for continuous exposure to the releyant media|(sea
watdlr, oil, water/glycol etc.) at the rated absolute pressure and temperature, Eailure of OIG of
the geals shall not jeopardise the function or integrity of the remaining. seal. The conngctor
assembly shall operate within its specified electrical requirements,with only one seal in
operption.

Manpfacturer shall identify all seals and classify whether they are water seals, pressure intggrity
seal$ or provide both functions (combined).

5.8.4 Water seals

In g¢neral, all connector assemblies shall incorpaorate a minimum of two water seals between
the gonductive media and the electrical conductors/live parts.

The pealing components of the connector as§embly shall not deform the cable insulation of the
outef semi-conductive layer in such a way.as to lower the electric or mechanical strength of the
cable.

The [principle with two water seals-is also applicable to dummy connectors (main connéctor
discpnnected).

5.8.3 Additional requirements for pressure integrity seals
5.8.3.1 Exposed to'production fluids

Sealp that are exposed or may be exposed to production fluids shall be qualified to PSL|3 or
PSL|3G and-RR2 as per API Spec 6A. The connector assembly shall have at least| two
independent'pressure integrity seals, unless an API 6A BX seal (or proven industry equivalent)
is utllized. Each of the seals shall be installed on different seal surfaces.

Subclause 5.8.3.T also applies 1o seals for penetrators Tor pressure compensated equipment.

5.8.3.2 Not exposed to production fluids

For connector assemblies for pressure compensated equipment that are not and may not be
exposed to production fluids, one or two pressure integrity seals may be used.

5.9 Electric field control

Electric field control shall be applied as part of the cable termination when the cable has an
outer semi-conductive insulation layer.
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5.10 Jumper assemblies

Jumper assemblies shall be flexible. Details on minimum bending radius and the force required
to achieve this shall be specified in the data sheet.

Cable jumpers or fluid-filed hose jumpers may be used. Where fluid-filled jumpers are
employed, these shall be pressure balanced and volume compensated for the specified
environmental conditions (Table 4).

For fluid-filled jumper assemblies, the required pre-charge pressure and volume shall be
determined by design calculation and limits for their values shall be set for use in assembly and
in sdbsequent verification testing for both routine and type testing. A positive overpressure ghall
be maintained in all deployed conditions.

Jumper assemblies shall have a tension strength element included to avoid tensional fdrces
(cauped by e.g. snagging and/or weight of connector assemblies) in the cables

Electrical cables shall be electrically routine tested in accordance ‘with ICEA S-934639,
ICEA S-96-659 and their referenced sections of ANSI/ICEA T-27-5815Cable category (100 %,
133 Po, 173 %) shall be stated in the data sheet.

NOTH The requirement to use cables tested to ICEA standards does not preclude the use of cables that havelbeen
manufactured to international standards other than ICEA. It merely requires that such cables are electrically rgutine
tested to the requirements of ICEA.

5.11| Storage and transportation

Stor@ige and transportation shall be considered during the design of the connector assembly.
Spegial consideration shall be given to shockZand vibration, pre-pressurised equipment,
mini¥wum bending radius of electrical jumpersiand protection of those parts easily suscegtible

to damage. Onshore protection caps shall*be provided. Handling, storage and transportation
requjrements shall be documented (Tablel1).

6 Tests

6.1 Structure of test clauses

The ftesting of connecteriassemblies and their component parts according to this documgnt is
divided in to type tests) routine tests, sample tests and special tests. Generally, Clause|7 to
Clause 13 specify. the'tests to be performed and in which sequence, while Clause 14 comptises
detalled test procedures for the specified tests (except for Clause 12 which comprises botH test
sequence and.procedures). The type test sequence in Clause 11 has been designed to capture
cumulative ‘ageing effects.

Anngx.B/includes some figures that have been included to support some of the penetratoy test
sequences. These figures are for information only and may deviate from actual penetirator
design and test set-up.

6.2 General test requirements

Detailed test procedures with unambiguous test setup sketches shall be developed based on
this document.

Each item undergoing a type or routine test shall be visually examined to ensure that no
evidence of damage exists prior to testing and to provide a visual indication of a sound working
assembly. Visual inspection shall be repeated after testing is completed. Both the pre and post
testing visual examinations shall be recorded within the test documentation.
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Each mate/de-mate and lock/unlock process shall be undertaken as described within the
relevant test procedure, and the details tabulated and logged.

The hyperbaric test set-up shall allow electrical testing at the specified test pressure.
Unless otherwise specified, the rate of pressure change shall be a minimum of 20 bar/min.

The results of the following tests shall be recorded and graphed each time they are undertaken
during the type testing sequences in order to highlight trends:

a ontact r ictanca tact:
o Cr eSOt ceteot

b) ipsulation resistance test;
c) partial discharge test (PD inception voltage as applicable).

Thege data shall then be used to identify and control variances in the performancejof the prdduct
and fo drive continuous improvement.

Whefe applicable, effects resulting from temperature differences during the course of tgking
thesg readings shall be accounted for.

Where applicable, it shall be possible to de-mate/mate, Joek/unlock wet-mate connéctor
assemblies while submerged and under pressure.

During the test programme, connector assemblies shallbe fitted with a sample of the cablg that
is infended to be used in service.

In thle case that RAP-2 = 1 atm, the tests specified with RAP-2 as the test pressure are not
applicable.

6.3 Artificial sea water

For tests performed in artificial sea(water, the following requirements shall be met.

a) Artificial sea water ferlomaterial testing shall be manufactured accordind to
STM D1141-98.
b) Hor type testing, water shall be used with a salinity of 35 000 ppm' + 5 % (produced ysing

ommon salt plus mains water) containing 1,5 % + 0,15 % by weight sand and silt.| The
article size distribution shall be according to ISO 12103-1, A.4 coarse test dust stan/dard
rade. The water shall be continuously agitated while performing the tests to ensure|that
olids remain-in suspension and are evenly distributed.

he composition and temperature of the sea water shall be established, recorded|and
erified prior to testing.

6.4 t |||cd;a
Whenever practically possible, the environmental fluid the connector assembly will be exposed
to during operations shall be used as test media. When unpractical, purchaser and
manufacturer shall agree on suitable test media. Table 8 indicates possible test media for type
and/or routine tests. The actual fluid used shall be documented in the test report.

1 ppm = part per million
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7 Routine tests — Connectors and penetrators

Routine tests for connectors and penetrators shall be performed in accordance with Table 10.
Electrical tests as specified in Table 9 shall be performed where "electrical tests" are specified
in the test sequence.

Table 9 — Electrical routine tests

Test Reference
contactresistance 472
Insulation resistance 14.8
Shell continuity test 2 14.3
Screen continuity test 14.4
a8 Applicable to connector assemblies that provide continuity between the bédies of
the mating connector halves.

The |acceptance criteria for each of the tests are defined in the teferences in Table 9| and
Tablg 10.

Table 10 — Routine test sequence — Connectors and penetrators

Step Test Test level Connectors Penetrators Reference
1 Helium leak test See test method X X 14.1
2 Electrical tests See test methods X X Table 9
3 PD test 1,73-U, (105pC) X X 14.5
4 Mate/de-mate 1 operatioh in air — no X N/A
Connectors only misalignment
5 Electrical tests See test methods X Table 9
6 Submerse in environmentak-{ Soak for 15 min X N/A
media
7 Electrical tests See test methods X Table 9
8 Pressurise To 1,1-RAP
Hold time 20 min
9 Electrical-tests See test methods X Table 9
10 De-mate/mate 1 operation at 1,1-RAP X
\Wet mate connectors only
11 Depressurise To atmospheric pressure X N/A
Hold time 15 min
12 De-mate/mate X
Connectors only
13 Electrical tests See test methods X Table 9
14 Static pressure test See test method — X 14.16
Penetrators only direction 1 and 2
15 Electrical tests See test method X X Table 9
16 PD test 1,73-U, (10 pC) X X 14.5
17 PD test 2,5-U, (200 pC) X X 14.5
18 High voltage AC test 2,5-U, (30 min) X X 14.6
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Step Test Test level Connectors Penetrators Reference
19 PD test 1,73-U, (10 pC) X X 14.5
20 PD test 2,5-U, (200 pC) X X 14.5

8 Routine tests — Dummy and test connectors

Dummy and test connectors shall be subject to the same routine tests as connectors and
penetrators that are referenced in Table 10 wherever practically possible and relevant to do so.

Whetge it is not practical to perform a test in the sequence due to the function of the dummy or
test fonnector, that particular test may be omitted.

EXAMPLE 1 Omitting pressure tests on a test connector intended only for topside use.

EXAMPLE 2 Omitting the insulation test between each contact and earth on a connector+fitted with low v¢ltage
resistprs to verify line continuity between phases.

If additional tests are required to evaluate a function of a test connector, that could nqt be
evalliated by the tests given in Table 10; these deviations shall be"explained and justified by
the manufacturer.

9 Routine tests — Jumper assemblies

The |test sequence specified in Clause 9 is applicable to complete connector assemblies,
including jumper assemblies. Individual component testing on each connector/penetrator shall
be cpmpleted in accordance with Clause 7 prior to this test sequence. For hoses and hose
termjnations, sample testing in accordancewith Clause 10 is also required.

Whete fluid-filled hose jumpers are used; the assembly shall be immersed in tap water and|leak
testgd with helium or nitrogen to the‘specified design pre-charge pressure for a minimum périod
of 2|h. There shall be no leaks.as ‘evidenced by pressure drop below the design limit anld by
gas e¢scaping from the assembly: The jumper pre-charge pressure shall be recorded befor¢ the
hypdgrbaric testing.

Elecfrical tests as specified in Table 9 shall be performed where "electrical tests" are spegified
in the test sequence.

The pcceptance-criteria for each of the tests are defined in the references in Table 11.

Table 11 — Routine test sequence — Complete jumper assemblies

Step Test Testlevel Reference
1 Electrical tests at atmospheric pressure, dry See test methods Table 9
2 PD test at atmospheric pressure, dry 1,73-U, (10 pC) 14.5
3 Submerge connector assembly and allow to soak for
15 min
4 Increase pressure from atmospheric to 0,3-RAP

Hold pressure for 10 min

5 Decrease pressure to atmospheric pressure

Wait 10 min before next pressure cycle

6 Increase pressure from atmospheric to 0,7-RAP

Hold pressure for 10 min
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Step Test Test level Reference
7 Decrease pressure to atmospheric pressure
Wait 10 min before next pressure cycle
8 Increase pressure from atmospheric to 1,1-RAP
Hold pressure for 15 min
9 Electrical tests at 1,1-RAP See test methods Table 9
10 Decrease pressure to atmospheric pressure
Wait 15 min
11 Etectricattestsat dlmospneric pressure oee lesl Metnoads IabDle I
12 PD test at atmospheric pressure 1,73- U, (10 pC) 14.5
13 PD test at atmospheric pressure 2,5- U, (200 pC) 14.5
14 High voltage AC test 2,5 U, (30 min) 14.6
15 PD test at atmospheric pressure 1,73-U, (10 pC) 14.5
16 PD test at atmospheric pressure 2,5- U, (200 pC) 14.5

10 Pample tests — Hoses

For @applications including jumpers with fluid-filled hos€s, sample tests shall be performed on
the Hoses. The tests that shall be performed are spegified in Table 31 (only two tests applidable
to sgmple testing). A minimum of one sample per _batch shall be tested.

11 Type and special tests — Connectors’and penetrators

1.1

Order of tests and type test requirements

The following requirements apply for'type tests.

a) Most of the specified type-tests are mandatory and shall be performed on the dame

b)

[ds)

— =

gonnector assembly without refurbishment. The sequence shall be performed as given in
Table 12 and this seguence takes precedence over the order in which the tests appepr in
the text of this doeument. The tests included in this sequence constitute the base sequence
gnd are labelled B-(base sequence) in Table 12.

ome of thesmandatory tests may be performed on separate connector assemblieg, as
individual-fests, and in an order as agreed between the manufacturer and purchaser. These
bsts arelnot considered critical for the cumulative stress effect achieved during the base
sequence in 11.1 a). These tests are labelled P (parallel testing) in Table 12.

c) 9Ypecial tests are subject to agreement between the purchaser and manufacturer and ghall

be specified in the test procedure. These tesis are Tabelled S (special) in Table T2. When
to perform these in the test sequence, and whether they shall be performed as part of the
base sequence or as a parallel test, is subject to agreement between purchaser and
manufacturer.

d) For penetrators, water seals and pressure integrity seals may be combined when the same
seal provides both functions. In such cases, two or more of the water seal and pressure
integrity seal tests (test no. 15 to 20 in Table 12) may be combined into one or more common
tests.

Test 18 and test 20 in Table 12 are not required if secondary pressure integrity seals are
removed during qualification of the penetrator per Table 12, step 7 and step 8 (as part of the
base sequence).
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Cable(s) shall be terminated to the connector assembly and compensating system installed (as
applicable) during the type test program.

Testing may compromise the integrity of the component or part being tested and may be
destructive. The assemblies tested shall not be used in operation.

The choice of test media shall be derived from Table 8. Manufacturers shall also verify that
manufacture and assembly of all parts can be repeated with sufficient quality.

Table 12 — Type test sequence

Application Tesit
sequenpce
reference

£ 58
Step Test g g 'g E E ‘g
S | s2 hegE
3T |
o o
0 Material testing P P P 14.28
1 Prototype manufacturing acceptance test B B 11.4
2 Mate/de-mate operation test B 14.24
3a Electrical and thermal test — Connectors B/P/S 11.5
3a-1 Temperature rise test P
3a-2 Extended temperature rise test — Connectors S
3a-3 Thermal cycles at atmospheric pressure="15 cycles B
3a-4 Thermal cycles at RAP, 30 cycles (class I, Il and III) / B
60 cycles (class 1V)
3b Electrical and thermal test — Penetrators B/P/S | B/P/IS |11.5
3b-1 Temperature rise test P P
3b-2 Extended temperature_rise test — Penetrators S S
3b-3 Thermal cycles.at\atmospheric pressure — 15 cycles B B
3b-4 Thermal cyeles/at RAP/RAP-1/RAP-2 B B
30 cycles\(class I, Il and IIl) / 60 cycles (class 1V)
4a Enduraneée-test — Connectors B 11.12
4b Endurarnce test — Penetrators B B 11.13
5 Electrical short circuit test P/S P/S P/S 11.6
5-1 Thermal short circuit test P P P
5-2 Dynamic short circuit test S S S
6 Hyperbaric test B 11.7
7 Pressure cycling test — Penetrators B B 11.8
8 Combined pressure and temperature cycling test — Penetrators 2 S/B 11.9
9 Extended static pressure test — Penetrators 2 S/B 14.17
10 Rapid gas decompression test 2 S/B S/B 11.10
11 Mechanical and environmental stress tests B/P/S | B/P/S | B/P/S |11.11
11-1 Thermal shock test B B B
11-2 Bending moment and free fall tests P P P
11-3 Shock and vibration test P P P
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Application Test
sequence
reference

o °
£l1s58
c b
Step Test g g '§ '; E <
B ¢ | eS8 E
e 59 | Se -g'
c €5 ® 3>
o o
o ag | 5809
© |ag
o o
11-4 Conductor pull test =] =] =]
11-5 Cable pull test P P P
11-6 Cable termination bending test S S S
11-7 Cleaning and spillage test P P P
12 Impulse withstand voltage test B B B 14.7
13 Inner water seal hyperbaric test — Connectors B 11.14
14 Outer water seal hyperbaric test — Connectors S 11.16
15 Inner water seal pressure cycling test — Penetrators B B 11.15
16 Outer water seal pressure cycling test — Penetrators S S 11.17
17 Secondary pressure integrity seal test — Penetrators B B 11.18
18 Primary pressure integrity seal test — Penetrators 2 P P 11.19
19 Secondary pressure integrity seal combined pressure and P 11.20
temperature cycling test — Penetrators 2@
20 Primary pressure integrity seal combined pressure and P 11.21
temperature cycling test — Penetrators @
21 Extended hyperbaric wet mate test S 11.22
22 HV breakdown test P P 14.26
23 Dismantling and examination B B B 14.25
B njandatory tests, performed in specified”sequence.
P mandatory tests; can be perforniedin parallel on separate test specimen.
S special test, shall be performed-if agreed between manufacturer and purchaser.
a8 These tests are mandatery'for penetrators exposed to or potentially exposed to production fluid/gas.
CR, IR and PD-tests at the start of a new test sequence are not necessary if already perfoymed
at the end ©f,\the previous sequence. If dismantling of a connector assembly has been
performeds-the tests of Table 13 shall be performed prior to starting the next test sequencg.
Table 13 — Intermediate electrical tests

Step Test Test level (acceptance) Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4 PD test 2,50-U, (200 pC) 14.5
5 High voltage AC test 2.5:U, (1 h) 14.6
6 PD test 1,73-U, (10 pC) 14.5
7 PD test 2,5-U, (200 pC) 14.5
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Type tests —- Dummy and test connectors

Dummy and test connectors that are to be used at operation voltage or higher, and/or be
submerged, shall be subject to type tests in accordance with Table 12, unless it can be
demonstrated that type tests already performed for the associated connector assembly also
cover the dummy/test connector design. Where it is not practical to perform a test in the
sequence due to the function of the dummy or test connector, that particular test may be
omitted.

EXAMPLE 1 Omitting pressure tests on a test connector intended only for topside use.

EXAMBLE- 2 ﬁmiHing the insulation test between each contact and earth on a connector fitted with low \1n|tage
resistprs to verify line continuity between phases.
It may also be necessary to perform additional tests to evaluate a function of a testyeonng¢ctor
that |is not evaluated by the tests given in Table 12. Whenever such deviationsrare requfired,
thesg deviations shall be explained and justified by the manufacturer.
11.3| Type tests — New interface cable
Whefe a design has been previously type tested to this document but thére has been a change
to the cable interface to suit a new type of cable, some of the typetests shall be repeated|The
testq listed in Table 14 shall as a minimum be repeated unless/reasonable justification fof not
doing so is provided by the connector manufacturer. The steps-given in Table 14 refer to those
that pre listed in Table 12 that shall be repeated. Only mandatory tests are listed; special {ests
may |also be performed, subject to agreement between manufacturer and purchaser.
Table 14 — Type test sequence'~ New interface cable
Stdp @ Test Test Comment
sequence
reference
0 Material testing 14.28 Required if new
materials are used
1 Prototype manufacturing acceptance test 11.4 It is not required to
repeat static pressurg
test — penetrators
4a-1 Temperature rise test'=/Connectors 11.5 This test may be
combined with step 3p-1
3a-3 Thermal cyCles at atmospheric pressure — 15 cycles
3a-4 Thermal\cycles at RAP, 30 cycles (class I, Il and IlI)
/ 60«cycles (class 1V)
3b-1 Temperature rise test — Penetrators 11.5 This test may be
combined with step 3a-1
3b-3 Thermal cycles at atmospheric pressure — 15 cycles
3b-4 Thermal cycles at RAP-1/RAP-2, 30 cycles (class |,
Il 'and Ill) / 60 cycles (class 1V)
5-1 Thermal short circuit test 11.6
6 Hyperbaric test 11.7, steps 7, This test may be
15to 19 combined with step 3b-4
11 Mechanical and environmental stress tests 11.11
11-1 Thermal shock test
11-2 Bending moment and free fall tests
11-3 Shock and vibration test
11-4 Conductor pull test
11-5 Cable pull test
11-6 Cleaning and spillage test Material test to be
considered



https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

IEC/IEEE 61886-1:2021 © IEC/IEEE 2021 -39 —

Step @ Test Test Comment
sequence
reference

13 Inner water seal hyperbaric test — Connectors 11.14 30 pressure cycles at

1,1-RAP (flooded
conditions). Mate/de-

mate operations are not

required.
15 Inner water seal pressure cycling test — Penetrators 11.15
22 HV breakdown test 14.26
23 Dismantling and examination 14.25
a  $tep refers to Table 12.
If there is a change in the cable manufacturer but the cable is manufactured to the game
spedification (dimensions, tolerances, materials, conductor cross seegtion, condulictor

construction, voltage and current ratings, etc.), then type tests to be repeated may be lin

to p
(Tab|

If the
the n

ototype manufacturing acceptance test (step 1 in Table 14) and ‘inner water seal
le 14, step 13, for connectors and Table 14, step 15, for penetratots).

manufacturer can document that the thermal performancecof\the connector assembly

hited
test

with

ew cable is equal to or better than with the original cable{ it’is not necessary to repeat the

thermal tests (steps 4 and 5 in Table 13). Such exception shall be agreed between purchaser
and manufacturer.
11.4| Prototype manufacturing acceptance test
11.4{1 Objective
This|test is to highlight any manufacturing defects within the connector assembly and to enlsure
a heplthy product at the start of the type:test process.
11.4{2 Sequence
The fest sequence shall be according to Table 15.
Table 15 4 \Prototype manufacturing acceptance test sequence

Step Test Test level Reference

1 Helium leaktest See test method 14.1

2 Stati¢ pressure test — Penetrators See test method — 14.16

direction 1 and 2

3 Electrical tests See test method Table 9

4 PD test 1,73-1 {10 pC) 14.5

5 PD test 2,50-U, (200 pC) 14.5

6 High voltage AC test 4-Uy (1 h) 14.6

7 PD test 1,73:U, (10 pC) 14.5

8 PD test 2,5-U, (200 pC) 14.5
11.4.3 Acceptance criteria
The acceptance criteria for each of the tests are defined in the references in Table 14.
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11.5 Electrical and thermal tests
11.5.1 Objective

This test is to ensure that the connector assembly can effectively deal with load changes, both
at and without hyperbaric pressure. Information about capability for operation in air shall also
be determined.

11.5.2 Sequence

The type test sequence for connectors shall be according to Table 16.

Test|sequences for penetrators shall be according to Table 17 and Table 18.

NOTH Since penetrators for pressure balanced equipment have the same RDP in both directions, the test seqlience

for these is simpler than that for pressure retaining penetrators.

Table 16 — Electrical and thermal test sequence — Connectors

Step Test Test level Referenge
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4a Temperature rise test See test.method 14.12
4b Extended temperature rise test 2 See tést/method 14.13
5 Thermal cycles 18 cycles at atmospheric pressure 14.14
6a Thermal cycles — Class I, Il and 111 ® 80 cycles at 1,1-RAP 14.14
6b Thermal cycles — Class IV P 60 cycles at 1,1-RAP 14.14
7 Contact resistance See test method 14.2
8 Insulation resistance °© See test method 14.8
9 PD test © 1,73-U, (10 pC) 14.5
10 High voltage AC test © 2,5-U, (1 h) 14.6
11 PD test © 1,73-U, (10 pC) 14.5

a8  $pecial test — May be performed if agreed between manufacturer and purchaser.

¢ R, PD and HV tests are not applicable when temperature sensors make this impossible.

For this test, if agreed between manufacturer and purchaser, the RAP can be reduced to maximum oper3
ressure of the 'connector when under electrical load rather than the shut-in pressure under no load conditi

ting
pns.

Step Test Test level Reference
1 Contact resistance See test method 14.2

2 Insulation resistance See test method 14.8

3 PD test 1,73-U, (10 pC) 14.5

4a Temperature rise test See test method 14.12

4b Extended temperature rise test 2 See test method 14.13

5 Thermal cycles 15 cycles at atmospheric pressure 14.14

6a Thermal cycles — Class I, Il and Il 30 cycles at 1,1-RAP-1 14.14

Pressure applied at outboard side
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Step Test Test level Reference

6b Thermal cycles — Class IV 60 cycles at 1,1-RAP-1 14.14
Pressure applied at outboard side

7 Insulation resistance See test method 14.8

8a Thermal cycles — Class I, Il and 111 P 30 cycles at 1,1-RAP-2 14.14
Pressure applied at inboard side

8b Thermal cycles — Class IV ° 60 cycles at 1,1-RAP-2 14.14
Pressure applied at inboard side

9 comntactTesistance oee lesl Mmetnod 4.2

10 Insulation resistance © See test method 14.8

11 PD test © 1,73-U, (10 pC) 145

12 High voltage AC test © 2,50-U, (1 h) 14.6

13 PD test © 1,73-U, (10 pC) 14.5

a8  $pecial test — May be performed if agreed between manufacturer and purchaser,

b For this test, if agreed between manufacturer and purchaser, the RAP-2 can bé,teduced to maximum operdting

ressure of the penetrator when under electrical load rather than the shut-in\pressure under no load conditipns.
¢ IR, PD and HV tests are not applicable when temperature sensors make this impossible.

Table 18 — Electrical and thermal‘test sequence —
Penetrators for pressure balanced equipment

Step Test Test level Referengce
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4a Temperature rise test See test method 14.12
4b Extended temperature rise test 2 See test method 14.13
5 Thermal cycles 15 cycles at atmospheric pressure 14.14
6a Thermal cycles — €lass I, Il and Il 30 cycles at 1,1-RAP 14.14
Pressured applied on both sides
6b Thermal eycles — Class IV 60 cycles at 1,1-RAP 14.14
Pressure applied on both sides
7 Contact resistance See test method 14.2
8 Insulation resistance ® See test method 14.8
9 PD test? T.73-U, (10 pC) 125
10 High voltage AC test ° 2,50-U, (1 h) 14.6
11 PD test P 1,73-U, (10 pC) 14.5

a8 Special test — May be performed if agreed between manufacturer and purchaser.

b

IR, PD and HYV tests are not applicable when temperature sensors make this impossible.

11.5.3 Acceptance criteria

The electrical performance of the connector assembly shall remain within the specified test and
design limits throughout the test sequence. The acceptance criteria for each of the tests are
defined in the subclauses that are referenced in Table 16, Table 17 and Table 18.
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Electrical short circuit test

11.6.1 Objective

This test sequence is to ensure that the connector assembly can withstand the maximum design
short circuit current without any degradation or damage.

11.6.2 Sequence

The sequence of the electrical short circuit type test shall be according to Table 19.

Table 19 — Electrical short circuit test sequence

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
PD test 1,73-U, (10 pC) 14,5
4 Thermal short circuit test See test method 14.10
5 Dynamic short circuit test 2 See test method 14.11
6 Contact resistance See test method 14.2
7 PD test 1,73-U, (10 pC) 14.5
8 High Voltage AC test 2,50-U, (1h) 14.6
9 PD test 1,73-Uy (40 pC) 14.5

bpecial test — May be performed if agreed between manufacturer and purchaser.

11.6
The

within specified test and design limits throughout the test sequence. The acceptance criteri

each

11.7
11.7

This
reco

11.7

3 Acceptance criteria

electrical performance and mechanical integrity of the connector assembly shall re

test are defined in the subc¢lauses referenced in Table 19.

Hyperbaric test
1 Objective

test sequence’is to ensure that the connector assembly can tolerate repetitive su
Very cycles“without degradation or damage.

2 (Sequence

The lsegue

main
a for

face

csaaquaence of tha hunarharic tvna tact chall ha ancnardina ta Tahla 20 for \wat mat
ReEe—o+— ey peroaHc—type—+eSt—5Sar—ae—a660raiRg—to0—apvr6—=o—1o— e+ Hatc

able

connectors and Table 21 for dry mateable connectors. If penetrators are included in the set-up
sequence in Table 20 or Table 21, the cycles performed can be counted towards the pressure

cycli

ng test that are required in 11.8.

The test media shall be derived from Table 8. The test media can be tap water if no wet-mate
connectors are tested as part of the test.
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Table 20 — Hyperbaric test sequence — Wet mateable connectors

— 43—

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4 Mate/de-mate/mate At atmospheric pressure, dry
conditions
5 Submerge in test media
6 Increase pressure, mated connectors
7 Pressure cycling, mated 15 cycles to 1,1-RAP
Hold time per cycle: 5 min
8 De-mate/mate 25 repetitions at 1,1-RAP
9 Reduce pressure to atmospheric, mated
10 De-mate/mate/de-mate At atmospheric pressure
11 Increase pressure, de-mated connectors
12 Pressure cycling, de-mated 15 cycles at 1,1-RAP N/A
Hold time per gyele: 5 min
13 Mate/de-mate 25 repetitions at 1,1-RAP
14 Reduce pressure to atmospheric, de-mated
15 Contact resistance See,test method 14.2
16 Insulation resistance See test method 14.8
17 PD test 1,73-U, (10 pC) 14.5
18 High voltage AC test 2,5:Uy (1 h) 14.6
19 PD test 1,73-U, (10 pC) 14.5
Table 21 — Hyperbaric test sequence — Dry mateable connectors
Step Test Test level Referenkce
1 Contact resistance See test method 14.2
2 Insulation resjstance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4 Mate/desmate/mate At atmospheric pressure, dry
conditions
5 Submerge in test media, increase pressure
6 Pressure cycling (mated) 15 cycles at 1,1-RAP N/A
Hold time per cycle: 5 min
7 De-mate/mate 10 repetitions at atmospheric
pressure, dry conditions
8 Pressure cycling (mated) 15 cycles to 1,1-RAP N/A
Hold time per cycle: 5 min
9 Contact resistance See test method 14.2
10 Insulation resistance See test method 14.8
11 PD test 1,73-U, (10 pC) 14.5
12 High voltage AC test 2,5:Uy (1 h) 14.6
13 PD test 1,73-U, (10 pC) 14.5
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11.7.3 Acceptance criteria

The electrical performance and mechanical integrity of the connector assembly shall remain
within the specified test and design limits throughout the test sequence. No leakage,
degradation or damage shall be observed. The acceptance criteria for each of the tests are
defined in the subclauses that are referenced in Table 20 and Table 21.

11.8 Pressure cycling test — Penetrators

11.8.1 Objective

ThIS tcat ;b tU dUIIIUIIthatC thdt thc }JUIICtIGtUI ;D uapab=c Uf hdlld“lly ley;llu MITOSUTT =ua S |n
the worst-case operational conditions.

11.8/2 Sequence

The test sequence specified in Table 22 shall be performed as described. The-penetrator ghall
be t¢sted using a test media selected from Table 8 and at a temperature-’derived from the
maximum in the penetrator’s environmental classification as given in Table 4. This test should
be conducted with the relevant cable and associated pressure compénsators installed.[ The
pengtrator shall be installed in a manner that is representative of service conditions.

Table 22 — Pressure cycling test — Penetrators for pressure' compensated equipment

Step Test Test\evel Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U,(10 pC) 14.5
4 Static pressure test 1,5-10 bar 14.16
Direction 1 and 2 Figure B.7/Figure B.8
5 Pressure cycling — Penetrators-for 50 cycles to 1,1-RAP at Figure B.6
pressure compensated equipment maximum temperature
Allow sufficient time for
pressure to stabilize
6 Pressure cycling < Penetrators for 50 cycles to 1,1-RAP at Figure B.6
pressure compehnsated equipment minimum temperature
Allow sufficient time for
pressure to stabilize
7 Staticpressure test 1,5-10 bar 14.16
Direction 1 and 2 Figure B.7/Figure B.8
8 Pressure cycling — Penetrators for 50 cycles to 1,1-10 bar at Figure B.7
pressure compensated equipment ambient temperature,
direction 1
Allow sufficient time for
pressure to stabilize
9 Pressure cycling — Penetrators for 50 cycles to 1,1-10 bar at Figure B.8
pressure compensated equipment ambient temperature,
direction 2
Allow sufficient time for
pressure to stabilize
10 Insulation resistance See test method 14.8
11 Contact resistance See test method 14.2
12 PD test 1,73-U, (10 pC) 14.5
13 High voltage AC test 2,50-U, (1 h) 14.6
14 PD test 1,73-U, (10 pC) 14.5

Steps 8 and 9 may be skipped if combined with steps 5 or 6 (i.e. differential pressure is applied while applying
absolute pressure).
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Table 23 — Pressure cycling test — Pressure retaining penetrators

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4 Static pressure test See test method — 14.16
Direction 1 and 2 ) )
Figure B.3/Figure B.4
5 Pressure cycling — pressure retaining | 50 cycles to 1,0-RAP-1 at Max T refers to the
penetrators max T — direction 1 maximum temperaturg on
. ) the outboard side-of‘the
Allow sufficient t_|r_ne for penetrator.
pressure to stabilize
Figure B.3
6 Pressure cycling — pressure retaining | 50 cycles to 1,0-RAP-1 at Min T refers to the
penetrators min T — direction 1 minimum temperature|on
. ) thewoutboard side of the
Allow sufficient t_|r_ne for penetrator
pressure to stabilize
Figure B.3
7 Pressure cycling — pressure retaining | 50 cycles to 1,0-RAP-2"at Max T refers to the
penetrators max T — direction 2 maximum temperaturg on
- . the inboard side of thd
Allow sufficient tllr.ne for penetrator
pressure to stabilize
Figure B.4
8 Pressure cycling — pressure retaining | 50 cycles\te 1,0-RAP-2 at Min T refers to the
penetrators at mig T direction 2 minimum temperature|on
. ) the inboard side of thg
Allow sufficient tllr.'ne for penetrator
pressure to stabilize
Figure B.4
9 Static pressure test See test method — 14.16
Direction 1 and 2
Figure B.3/Figure B.4
10 Insulation resistance See test method 14.8
11 Contact resistance See test method 14.2
12 PD test 1,73-U, (10 pC) 14.5
13 High Voltage AC test 2,5-U, (1 h) 14.6
14 PD test 1,73-U, (10 pC) 14.5
11.8|/3 Acceptance criteria
The |electrical performance and mechanical integrity of the connector assembly shall remain
withip the specified test and design limits throughout the test sequence. No leakage,
degradat|on or damage shall be observed. Ihe acceptance criteria Tor each of the tests are

defined in the subclauses that are referenced in Table 21 and Table 22.

11.9 Combined pressure and temperature cycling test — Penetrators
11.9.1 Objective

This test is to demonstrate that the penetrator is capable of handling varying pressure loads
during varying temperature conditions. This test is mandatory for penetrators exposed to
production gas/fluids in service.

11.9.2 Sequence

The test sequence shall be according to Table 24.


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

— 46 —

IEC/IEEE 61886-1:2021 © IEC/IEEE 2021

Table 24 — Combined pressure and temperature cycling test — Penetrators

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73:U, (10 pC) 14.5
4 Static pressure test See test method — 14.16
direction 1 and 2 ) )
Figure B.3/Figure B.4
5 Combined pressure and temperature For RAP-2 as a minimum 14.18
cyclin
yeling Execute also for RAP — 1 if | Figure B.4 (Figure B.3)
outboard side may be
exposed to production
fluids.
6 Static pressure test See test method — 14.16
direction 1 and 2 ) )
Figure)B.3 /Figure B.4
7 Insulation resistance See test method 14,8
8 Contact resistance See test method 14.2
9 PD test 1,73-U, (10 pC) 14.5
10 High voltage AC test 2,50-U, (1 h) 14.6
11 PD test 1,73-U, (10 pG) 14.5
11.9]13 Acceptance criteria
The |electrical performance and mechanical iategrity of the assembly shall remain within the
spedified test and design limits throughout the test sequence. The acceptance criteria for gach

of the tests are defined in the clauses thdt are referenced in Table 24.

111
1.1

This
rate.

D.1 Objective

D Rapid gas decompression. test

test is to verify that the connector assembly can withstand the specified decompregsion
This test sequenee.'applies to components designed for exposure to production fljids.

Detdiled test conditions shall be agreed between the manufacturer and purchaser. The paifts of

the d

11.1

The

0.2 Sequence

sequience for the rapid gas decompression test shall be according to Table 25.

onnector assembly that will be exposed to production fluids shall be included in the test.

Table 25 — RGD test sequence

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
PD test 1,73:U, 14.5
4 Rapid gas decompression test See test method 14.27
5 Static pressure test — penetrators See test method 14.16
6 Contact resistance See test method 14.2
7 Insulation resistance See test method 14.8
8 PD test 1,73-U, (10 pC) 14.5
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Step Test Test level Reference
9 High voltage AC test 2,50-U,(1 h) 14.6
10 PD test 1,73-U,(10 pC) 14.5

11.10.3 Acceptance criteria

The electrical performance and mechanical integrity of the assembly shall remain within the
specified test and design limits throughout the test sequence. No leakage, degradation or

dam

11.1
1.1

Mechanical and environmental stress test

.1 Objective

ge shall be observed. The acceptance criteria for each of the tests are defined in the
subgdlauses that are referenced in Table 25.

This|test sequence is to ensure that the connector assembly can withstand the mechanical and
envifonmental stresses and conditions it may experience during its design’lifetime.
11.111.2 Sequence
The |test sequence for the mechanical and environmental Stress test shall be accordirlg to
Table 26.
Table 26 — Mechanical and environméntal stress test sequence

Step Test Test level Reference

1 Contact resistance See test method 14.2

2 Insulation resistance See test method 14.8

3 PD test 1,73-U, (10 pC) 14.5

4 Thermal shock test (B) See test method 14.9

5 Contact resistance (B) See test method 14.2

6 PD test (B) 1,73-U, (10 pC) 14.5

7 Bending moment and\free fall tests (P) See test method 14.15

8 PD test 1,73-U, (10 pC) 14.5

9 Shock and vibration test (P) See test method 14.19

10 PD test 1,73-U, (10 pC) 14.5

11 Static pressure test (penetrators only) See test method. 14.16

Relevant direction(s)

12 Conductor pull test (P) See test method 14.21

13 PD test 1,73-U, (10 pC) 14.5

14 Contact resistance test See test method 14.2

15 Cable pull test (P) See test method 14.21

16 Contact resistance test See test method 14.2

17 PD test 1,73-U, (10 pC) 14.5

18 Cable termination bending test See test method 14.23

19 Contact resistance test See test method 14.2

20 PD test 1,73-U, (10 pC) 14.5

21 Cleaning and spillage test (P) See test method 14.20

22 Contact resistance See test method 14.2
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Step Test Test level Reference
23 Insulation resistance See test method 14.8
24 PD test 1,73-U, (10 pC) 14.5
25 High voltage AC test 2,5:U, (1 h) 14.6
26 PD test 1,73-U, (10 pC) 14.5

(B) mandatory tests, performed in specified sequence.

(P) mandatory tests; can be performed in parallel on separate test specimen.

1.1
The

within the specified test and design limits throughout the test sequence./No leak
degrpdation or damage shall be observed. The acceptance criteria for each/of the tests
defirled in the subclauses that are referenced in Table 26.

11.1
1.1

This

temperature for a longer period.

1.1

The

betwleen manufacturer and purchaser, the test’shall be performed at the following conditig

L.3 Acceptance criteria

electrical performance and mechanical integrity of the connector assembly,shall re

P Endurance test — Connectors
P.1 Objective

test is to demonstrate robustness by applying voltage and current at maximum am

.2 Sequence

est sequence for the endurance test shall be\as given in Table 27. Unless otherwise ag

e maximum ambient temperature as defined in Table 4;

L]
-

o rpted absolute pressure;

L]
-

hted voltage;

e rpted current.

bpresentative test media as defined in Table 8;

Table 27 — Endurance test — Connectors

main
age,
are

bient

reed
ns:

Step Test Test level Reference|

1 Contact resistance See test method 14.2

2 Insutation resistance See test method 14.8

3 PD test 1,73-U, (10 pC) 14.5

4 De-mate/Mate

5 Endurance test, mated condition, 250 h Long term test at RAP (constant N/A
pressure)

6a De-mate/Mate — wet mateable connectors 50 repetitions (submerged, at

only RAP)

6b De-mate/Mate — dry mateable connectors only | 10 repetitions (dry, atmospheric
conditions)

7 Endurance test, mated condition, 250 h Long term test at RAP (constant N/A
pressure

8 Contact resistance See test method 14.2

9 Insulation resistance See test method 14.8

10 PD test 1,73-U, (10 pC) 14.5
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Step Test Test level Reference
11 High voltage AC test 2,50-U, (1 h) 14.6
12 PD test 1,73-U, (10 pC) 14.5

11.12.3 Acceptance criteria

The electrical performance and mechanical integrity of the connector assembly shall remain
within the specified test and design limits throughout the test sequence. No leakage,

degr

11.1B Endurance test — Penetrators

dation or damage shall be observed. The acceptance criteria for each of the tests are
defined in the subclauses that are referenced in Table 27.

11.1B.1 Objective

This|test is to demonstrate robustness by applying voltage, current and differential pressufe at
maximum ambient temperature for a longer period.

11.1B.2 Sequence

The fest sequence specified in Table 28 shall be performed with-differential pressure appligd in
directions (internal-ambient and ambient-internal), ini\total two test sequences. Unless
othefwise agreed between manufacturer and purchaser, ‘the test shall be performed at the
following conditions:

both

e maximum ambient temperature as defined in Table 4;

e representative test media as defined in Table 8;

o rhted absolute pressure;

°
-

hted voltage;

e rated current.

Table 28 — Endurance test — Pressure retaining penetrators

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4 Static.pressure test See test method — 14.16
direction 1 .
Figure B.3
5 Endurance test, 250 h Constant pressure, RAP-1 Maximum ambient
temperature refers to the
maximum temperature at
the outboard side of the
penetrator.
Figure B.3
This test may be combined
with endurance test for
connectors
6 Static pressure test See test method 14.16
Use 24 h hold time in step Figure B.3
7 of the test procedure,
direction 1
7 Contact resistance See test method 14.2
8 Insulation resistance See test method 14.8
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Step Test Test level Reference
9 PD test 1,73-U, (10 pC) 14.5
10 High voltage AC test 2,5:U, (1 h) 14.6
11 PD test 1,73-U, (10 pC) 14.5
12 Static pressure test S_ee te;st method, 14.16
direction 2 Figure B.4
13 Endurance test, 250 h Constant pressure, RAP-2 Maximum ambient

temperature refers to the
maximum temperature at
the inboard side of the
penetrator.

Figure B.4

14 Static pressure test See test method 14.16

Use 24 h hold time in step Figure,B4
7 of the test procedure,

direction 2
15 Contact resistance See test method 14.2
16 Insulation resistance See test method 14.8
17 PD test 1,73-U, (10 pC) 14.5
18 High voltage AC test 2,50-U, (1 h) 14.6
19 PD test 1,73-U, (105pC) 14.5

Table 29 — Endurance test — Penetrators.for pressure compensated equipment

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4 Static pressure test See test method — direction | 14.16
1and2 Figure B.7 and Figure B.8
5 Endurance test,/500 h Constant pressure, RAP Figure B.6
6 Static pressure_test See test method 14.16
Use 24 h hold time in step Figure B.7 and Figure B.8

7 of the test procedure

Direction 1 and 2

7 Contact resistance See test method 14.2
8 frsutatiomrTesistarce Seetestmethod %48
9 PD test 1,73-U, (10 pC) 14.5
10 High voltage AC test 2,50-U, (1 h) 14.6
11 PD test 1,73-U, (10 pC) 14.5

11.13.3 Acceptance criteria

The electrical performance and mechanical integrity of the connector assembly shall remain
within the specified test and design limits throughout the test sequence. No leakage,
degradation or damage shall be observed. The acceptance criteria for each of the tests are
defined in the references in Table 28 and Table 29.
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11.14 Inner water seal hyperbaric test — Connectors
11.14.1 Objective

This test is to ensure that the connector assembly can withstand operational conditions with the
outer water seal removed, without degradation or damage.

11.14.2 Sequence

Test sequence shall be according to 11.7.2. In some cases, it is not practical to remove the
seal(s) itself, but the sealing function shall be compromised such that the volume(s) affected
by the app“babic acai(a) ia(alc) bUIIIp:th:y fittedwiththe—conductive-testmediathathrastheen

sele¢ted from Table 8.

11.14.3 Acceptance criteria

The |electrical performance and mechanical integrity of the connector assembly shall remain
within the specified test and design limits throughout the test sequence. No lealage,
degrpdation or damage shall be observed. The acceptance criteria for'€ach of the testg are
defirled in the subclauses that are referenced in Table 20 and Table 24

11.1p Inner water seal pressure cycling test — Penetrators
11.15.1 Objective

This|test is to ensure that the connector assembly is able to withstand operational conditions
with [the outer water seal removed, without degradation/or damage.

11.1p.2 Sequence

Test|sequence shall be according to 11.8:2.In some cases, it is not practical to removeg the
seal(s) itself, but the sealing function shall be compromised such that the volume(s) affgcted
by the applicable seal(s) is(are) completely filled with the conductive test media.

11.1p5.3 Acceptance criteria

The |electrical performance(and mechanical integrity of the assembly shall remain within the
spedified test and design limits throughout the test sequence. No leakage, degradatign or
damfage shall be observed. The acceptance criteria for each of the tests are defined in the
clauses that are referenced in Table 22 and Table 23.

11.1p Outer water seal hyperbaric test — Connectors

11.1p.1 Objective

This|teést is to ensure that the connector assembly is able to withstand operational conditions

th 4 L H FS 1 ol H 4 Aot Al
WI Urc Immnrer wdalilcl oTdl TTTTnuveuU, wWitrruut UUHIGUGLIUII Ul UGIIIGHU.

11.16.2 Sequence

Test sequence shall be according to 11.7.2. In some cases, it is not practical to remove the
seal(s) itself, but the sealing function shall be compromised such that the volume(s) affected
by the applicable seal(s) is(are) completely filled with the test media present between outer and
inner seals.

11.16.3 Acceptance criteria

The electrical performance and mechanical integrity of the assembly shall remain within the
specified test and design limits throughout the test sequence. No leakage, degradation or
damage shall be observed. The acceptance criteria for each of the tests are defined in the
subclauses that are referenced in Table 20 and Table 21.
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11.17 Outer water seal pressure cycling test — Penetrators
11.17.1 Objective

This test is to ensure that the connector assembly is able to withstand operational conditions
with the inner water seal removed, without degradation or damage.

11.17.2 Sequence

Test sequence shall be according to 11.8.2. In some cases, it is not practical to remove the

seal(s) itself, but the sealing function shall be compromised such that the volume(s) affected
H o] e\ L AY latal £:11 <l H | N 4 4 P H 4 1o 4 4

byt C dppIivavlc DUGI\D} ID\GIU) bUIIIpIULUIy MU WILT UTT 1ol TTTUITa PTTOTITIL UTLWTTITT UULTI and

innef seals.

11.1F.3 Acceptance criteria

The |electrical performance and mechanical integrity of the assembly shall femain within the
spedified test and design limits throughout the test sequence. No leakage, degradatign or
dampge shall be observed. The acceptance criteria for each of the tests are defined in the
refefences in Table 22 and Table 23.

11.1B Secondary pressure integrity seal test — Penetrators
11.1B.1 Objective

This|test is to demonstrate that the penetrator is capable’of handling operational loads with the
primpry pressure integrity seal removed, without degfadation or damage.

11.1B.2 Sequence

Test|sequence shall be according to 11.8:2.In some cases, it is not practical to removeg the
seal(s) itself, but the sealing function shall be compromised such that the volume(s) affgcted
by the applicable seal(s) is(are) completely filled with the test media.

11.1B.3 Acceptance criteria

The |electrical performance(and mechanical integrity of the assembly shall remain within the
spedified test and design limits throughout the test sequence. No leakage, degradatign or
damage shall be observed. The acceptance criteria for each of the tests are defined in the
refefences in Table 22 and Table 23.

11.1P Primary-pressure integrity seal test — Penetrators

11.1p.1 Objective

This|testis to demonstrate that the penetrator is capable of handling operational loads with the

ol HP~ H Y ] ol H Y = | ot ol
SeC ||ua|y MICOOUTT IIILUHIILy STl TTITTUVTU, WILTTUuUlL UCHIGUGUUII Ul ualllayc.

11.19.2 Sequence

Test sequence shall be according to 11.8.2. In some cases, it is not practical to remove the
seal(s) itself, but the sealing function shall be compromised such that the volume(s) affected
by the applicable seal(s) is(are) completely filled with the test media.

11.19.3 Acceptance criteria

The electrical performance and mechanical integrity of the assembly shall remain within the
specified test and design limits throughout the test sequence. No leakage, degradation or
damage shall be observed. The acceptance criteria for each of the tests are defined in the
references in Table 22 and Table 23.
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11.20 Secondary pressure integrity seal combined pressure and temperature cycling
test — Penetrators

11.20.1 Objective

This test is to demonstrate that the penetrator is capable of handling varying pressure loads in
the worst-case operational conditions — with the primary pressure integrity seal removed. The
penetrators shall be installed at actual operational conditions (media and max./min.
temperature).

11.20.2 Sequence

Test|sequence shall be according to 11.9.2. In some cases, it is not practical to removg the
seal(s) itself, but the sealing function shall be compromised such that the volume(s)\affdcted
by the applicable seal(s) is(are) completely filled with the test media.

11.2p.3 Acceptance criteria

The |electrical performance and mechanical integrity of the assembly shall remain within the
spedified test and design limits throughout the test sequence. The acceptance criteria for gach
of the tests are defined in the references in Table 24.

11.21 Primary pressure integrity seal combined pressureand temperature cycling tgst -
Penetrators

11.2[1.1 Objective

This|test is to demonstrate that the penetrator is capable of handling varying pressure loag¢ls in
the worst-case operational conditions and with the'secondary pressure integrity seal remqgved.
The jpenetrator shall be installed in a mannerhat is representative of service conditions.| The
pengtrator shall be tested using a test media‘selected from Table 8 and at a temperature defived
from|the maximum in the penetrator’s environmental classification as given in Table 4.

11.21.2 Sequence

Test|sequence shall be according to 11.9.2. In some cases, it is not practical to removeg the
seal(s) itself, but the sealing function shall be compromised such that the volume(s) affdcted
by the applicable seal(s) is(are) completely filled with the test media.

11.2[1.3 Acceptance criteria

The |electrical performance and mechanical integrity of the assembly shall remain within the
spedified test-and design limits throughout the test sequence. The acceptance criteria for gach
of the tests are defined in the references in Table 23.

11.2R“Extended hyperbaric wet mate test

11.22.1 Objective

This test is to demonstrate the design margins of a wet mate connector system (robustness).
This is a special test applicable to wet mateable connectors.

11.22.2 Sequence

The sequence for the extended hyperbaric shall be according to Table 30.

The test media shall be derived from Table 8. The temperature shall be in the range 0 °C to
5°C.
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The connector shall be mounted in a special test rig for performing mating operations in a
manner that simulates normal mounting. Both a vertical mounting and a horizontal mounting
are considered base cases, but consideration shall be given with respect to the application for
connector and worst-case angles. Alternative angles or tilting of connector in test can be
relevant dependent on the actual application.

Unless otherwise agreed between manufacturer and purchaser, electrical tests as specified in
Table 9 shall be performed where "electrical tests" are specified in the test sequence.

During each de-mate operation, the connectors shall remain fully de-mated (as defined in the
definiti . . ) !

spedified in Table 30. The test sequence shall be terminated if any of the acceptance eri
of the electrical tests are not fulfilled.

Trend curves for all electrical test results shall be established.

Upoi completion of the test sequence, the connectors shall be examined externally for damage
and fefects.

Table 30 — Extended hyperbaric wet mate test‘sequence

Step Test Test level Reference
1 Mate Dry conditions
2 Electrical tests See test method Table 9
3 De-mate/mate Dty conditions
4 Electrical tests Table 9
5 De-mate/mate Submerged, atmospheric pressure
6 Electrical tests Table 9
7 De-mate Submerged, atmospheric pressure
8 Increase pressure, de-mated connectors To 0,5-RAP
9 Mate/de-mate/mate At 0,5-RAP
10 Electrical tests Table 4
11 De-mate At 0,5-RAP
12 Increase pressure,"de-mated connectors To 1,0-RAP
13 Mate/de-mate/mate At 1,0-RAP
14 Electrical tests
15 Hold(pressure for 60 min — then reduce to

atmespheric pressure — mated connectors
16 Repeat step 4 to step 15
17 Ftectricattests Atmospheric pressure Fattes
18 De-mate/mate Submerged, atmospheric pressure
19 Electrical tests Table 9
20 Increase pressure, mated connectors To 0,5-RAP
21 De-mate/mate At 0,5-RAP
22 Electrical tests Table 9
23 Increase pressure, mated connectors To 1,0-RAP
24 De-mate/mate At 1,0-RAP
25 Electrical tests Table 9
26 De-mate At 1,0-RAP
27 Hold pressure for 60 min — then reduce to

atmospheric pressure — de-mated connectors
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Step Test Test level Reference
28 Repeat step 17 to step 27
29 Mate At atmospheric pressure
30 Electrical tests At atmospheric pressure Table 9
31 De-mate/mate/de-mate At atmospheric pressure
32 Increase pressure, de-mated connectors To 1,0-RAP
33 40 x mate/de-mate, electrical tests after every At 1,0-RAP
5t cycle
34 Hold pressure for 60 min — then reduce to
atmospheric pressure — de-mated connectors
35 Mate At atmospheric pressure
36 Electrical tests At atmospheric pressure Table 9
37 Increase pressure, mated connectors To 1,0-RAP
38 40 x de-mate/mate, electrical tests after every At 1,0-RAP
51 cycle
39 Hold pressure for 60 min — then reduce to
atmospheric pressure —mated connectors
40 Electrical tests At atmospheric pressure Table 9

11.2R.3 Acceptance criteria

The |electrical performance and mechanical integrity of the*assembly shall remain withir

the

spedified test and design limits throughout the test seqénce. The acceptance criteria for gach
of the tests are defined in the references in Table 24;

12 Type tests — Hose and hose terminations

121

General

A hose and its associated terminations shall be type tested as stand-alone items independent
of thle connector and penetrator tést procedures. Unless otherwise specified, the cable i$ not
included in these tests. The type-test sequence for hoses and hose terminations is givegn in

Table 31.
Table 31 — Hose type test sequence
Summary of hose and hose termination type tests
Test type Type test Reference
Matégrial tests Material type tests 14.28
Absorption/compensation test 12.2
Envirchmental stress Ozone resistance 12.3
tests Ultraviolet resistance 12.4
Thermal shock 12.5
Tensile failure 2 12.6.1
Burst pressure @ 12.6.2
Destructive testing Crush resistance 12.6.3
Outer sheath abrasion 12.6.4
Hose kink testing 12.6.5

a8 This test shall also be performed as a sample test (refer to Clause 10).
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12.2 Absorption/compensation test
12.2.1 Objective

This test is to determine the compensation and ageing characteristics of a conduit hose filled
with insulating oil and immersed in sea water at rated absolute pressure. Ageing is accelerated
using high temperature. This test is also used to determine the amount of volume that the hose
can compensate.

12.2.2 Method

A h oC abbUlllb:y bullb;bt;lly Uf dt :r;aat d tVVU'IIIUtIU :Cllyth Uf hUbC, d PIToouUrtT tldllbdubc (fOI’
mon(toring hose internal pressure) and end caps shall be filled with the relevant compensation
fluid| and pressurised to the specified internal pressure. The dielectric strength_and” water
content of the compensation fluid shall be recorded prior to the test. The hose-termination
fittings shall be identical to the type used in production jumper assemblies. The.assembly ghall
be pJaced within a pressure vessel and pressurised according to the test pressure below| For
sea water applications, the test parameters shall be:

— essel fluid: artificial sea water as defined in 6.3;

— essel fluid temperature: 60 °C;

|
—

bst pressure: 1,1- RAP.

For gpplications in other fluids or at other temperatures, the*assembly shall be tested in the
relejant fluid according to Table 8 at the worst-case conditions defined by Table 4; in this dase,
the test parameters shall be agreed between the manufacturer and purchaser.

Moni|tor and record the following parameters daily.over a period of 14 days (336 h):

— vessel pressure;
— internal hose pressure;

— Vessel temperature.

A calculation shall be performed to'determine how much uncompensated volume per length the
hosg can compensate throughaut the pressure and temperature range.

Electronic data storage @r a chart recorder with a suitable number of channels is preferrgd to
recofd the values. The-recording shall be set up to detect any large deviation in the conditions
of the test and to detect any important intermittent deviation in the recorded redults.
Altennatively, manual instruments with recordings at the beginning and at the end of each
workling day are fequired. At the end of the test period, the hose shall be allowed to retufn to
amblent temperature, the vessel pressure shall be released, and the assembly removed [from
the test vessél. The hose shall be inspected for damage and defects.

The dielectric strength and water content of the compensation fluid shall be recorded after the
test and compared with the results obtained prior to the test, to evaluate if there has been a
significant degradation in the insulating properties of the fluid.

12.2.3 Acceptance criteria

a) The hose shall be free from damage or defects. All observations shall be documented within
the type test report.

b) The dielectric strength of the compensating fluid within the hose shall be measured by
means of breakdown voltage and volume resistivity. These figures shall not change more
than 5 % from original values to denote no water ingress.

c) No free water shall be observed.
d) A net positive pressure shall be maintained within the hose throughout the test duration.
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Ozone resistance

12.3.1 Objective

This

test is to verify the resistance of the hose to damage from ozone.

12.3.2 Method

The hose sheath resistance to ozone shall be tested and documented in accordance with
ISO 7326:2016. At least three test samples shall be tested in accordance with method 2 of

ISO

7326. The ozone concentration shall be 50 pphm £ 5 pphm2 at 40 £ 2 °C for 72 h.

The
serv

Exar

12.3

The

12.4
12.4

This

12.4

The
acco
testdq

The
antid
Spec

The
ISO

irrad
repr

Ultra

ce (induced at the MBR). A strain of 20 % may be used if the MBR is not specified.
nine the test pieces after 2 h, 4 h, 8 h, 24 h and 72 h.

3 Acceptance criteria

samples shall be free from any visual damage and cracks.

rdance with 1SO 30013:2011. At least ‘three test samples of type 2 1ISO 30013 sha
d.

strain in the sheath of the *test samples shall not be less than the maximum s
ified.

test shall be performed in accordance with Table 2, method A, cycle no.
30013:2011, i.e.\ultraviolet light source with a wavelength 300 nm to 400 nm a

ance level of 60 W/m2 + 2 W/m2. The number of cycles (dry and water spray)
sent a minimum of 1 000 h testing.

violetslight tests shall be performed on the following samples:

-t

nree’new unexposed test samples;

strain in the test samples shall not be less than the maximum hose strain anticipatld in

Ultraviolet resistance
1 Objective
test is to verify the resistance of the hose sheath{to*damage from ultraviolet light.
2 Method
resistance of the hose sheath to ultraviolet light shall be tested and documentdd in

|l be

ftrain

ipated in service (induced-at'the MBR). A strain of 20 % may be used if the MBR ig not

I of
t an
shall

— three test samples already exposed to ozone (refer to 12.3).

12.4.3 Acceptance criteria

a) The samples shall be visibly inspected and be free from any damage and cracks. If cracking
is discovered, the sample will be deemed to have failed the test. The cracks shall be
photographed and recorded in the type test report.

b) Colour changes are permitted and shall be documented in the type test report.

2 pphm = parts per hundred million
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Thermal shock test

12.5.1 Objective

This

test is to verify that thermal shock has no detrimental effects on the hose assembly.

12.5.2 Method

12.5.2.1 General

A hose assembly consisting of at least a 2 m length of hose, a pressuAre transducer (for

mon
fluid
iden

minilmum bend radius and held in position using cable ties.

The

12.5
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The
of w
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The
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The

a+p g a a o V-8 ation
and pressurised to the specified internal pressure. The hose termination fittings shdll be
ical to the type used in production jumper assemblies. The hose shall then be coiled {o its

tests shall be performed at atmospheric pressure.

2.2 High temperature

hose assembly temperature shall be raised to 60 °C and maintained for a period of| 4 h.
hose assembly shall then be rapidly cooled by immersion in-a'water bath, the temperature
hich shall be between 0 °C and 5 °C.

above sequence shall be repeated two times. Allow the hose assembly to return to foom
erature.

assembly shall be inspected for physical damage and all observations recorded.

2.3 Low temperature

hose assembly temperature shall bg;lowered to -25 °C and maintained for a period of 4 h.
hose assembly shall then be rapidly heated by immersion in a water bath, the temperature
hich shall be between 0 °C and\.5 °C.

bbove sequence shall be repeated two times. Allow the hose assembly to return to ambient
temperature.

nssembly shall be.inspected for physical damage and all observations recorded.

3 Acceptance criteria

hose assembly will be considered acceptable if no physical damage is observed.

Any

changes to the internal pre-charge pressure identified during the test shall be recorded and

explained within the type test report.

12.6
12.6
12.6

This

Destructive testing

.1 Tensile failure

.1.1  Objective

test is to establish the failure load of the hose or associated hose fittings.
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12.6.1.2 Method

A hose assembly consisting of at least a two-metre length of hose, hose fittings and end caps
shall be filled with the relevant compensation fluid and pressurised to the specified internal
pressure. The hose termination fittings shall be identical to the type to be used in production
jumper assemblies.

The test shall be performed as a simple pull test with force applied at 0° to the termination. The
tensile load shall be increased in a gradual manner until failure of the hose or hose fittings
occur. At the point of failure, the following parameters shall be recorded:

- ose elongation,

— dpplied tensile load at point of failure.

Wheh performing this as a batch test, there shall be no requirement for oil filling of the hosge.

12.6|{1.3 Acceptance criteria

The |hose assembly shall be considered acceptable if the point of failure is greater than the
spedified minimum breaking strength (which shall be greater than 5000 N). Any observations
shall be documented in the type test report.

12.6|2 Burst pressure
12.6]2.1 Objective

This|test is to verify the pressure containment perforfpance of hose and associated hose fitt|ngs.

12.6{2.2 Method

A hose assembly consisting of at least a two-metre length of hose, hose fittings and end faps
shall be internally pressurised with tapawvater until failure of hose or hose fittings occurs.| The
prespure at which failure occurs shall.be recorded.

12.6]2.3 Acceptance criteria

The |hose assembly shall be-considered acceptable if the point of failure is greater than the
spedified burst pressure!

12.6{3 Crush resistance
12.6}3.1 Objective

This|test.is to establish any detrimental effects that may occur due to the hose being crushed
flat gnd te-ascertain if the hose is usable after such an incident.

12.6.3.2 Method

A sample of hose with a minimum length of 0,5 m shall be selected. The hose shall be empty
and open at both ends. Testing and measurements shall be undertaken at room temperature.
The outer hose diameter shall be recorded at a known point at the mid-section of the sample.
The mid-section shall then be compressed between two metal plates so that the point at which
the diameter was measured is perpendicular to the surface of the plates and crushed completely
flat. The metal plates used shall be square, have a minimum thickness of 5 mm, have edges
with an approximate radius of 1,5 mm and be sufficient to withstand the forces applied without
visible signs of deformation. The dimensions of the square plates shall be selected as described
below:

— initial hose diameter 50 mm or less: 80 mm x 80 mm;

— initial hose diameter 51 mm to 90 mm: 150 mm x 150 mm;
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— initial hose diameter 91 mm to 180 mm: 300 mm x 300 mm;
— greater than 180 mm: 4 mm x 4 mm where 4 = 1,6 times the initial diameter of the hose.

Compression may be achieved by using a vice or compression test machine to act on the plates
or by adding weights to one plate with the other on a flat surface, so as to collapse the hose
completely. The hose shall remain completely compressed for 24 h after which the force shall
be removed. The outer diameter of the hose at the original measuring point shall be re-
measured 4 h after removal of the force.

The following parameters shall be recorded:

— imitial outer diameter of the hose at the measuring point;

— duter diameter of hose at the same measuring point 4 h after removal of the forcé€.
12.6/3.3 Acceptance criteria

The [hose assembly shall be considered acceptable if no visible damage is apparent
(e.g.|cracking, splitting or delamination) and the hose returns to at leasi*50 % of the iitial
dianmeter within the 4-h measuring period. Any observations shall be inhcluded in the type| test
report.

12.6|4 Outer sheath abrasion resistance
12.6}]4.1 Objective

The faim of this test is to establish the abrasion resistance of the jumper assembly to ensure
that Jt is sufficiently durable for handling and installation.

12.6{4.2 Method

A minhimum 1 m length of hose or cable (if\it\is a cable jumper with no hose) shall be sele¢ted.
Whefe a hose is used, it shall be emptyand open at both ends. The sample shall be positipned
over|a turned steel tube with a diameter equal to the minimum bend radius of the hose or dable
and having a surface roughness Ra of at least 12,5 um (500 pin) so that the sample forms an
angle of approximately 90° across the tube. The sample shall be pulled back and forth,| and
simultaneously side to side for100 cycles across the mid-section along a 100 mm length|with
a force of approximately 250-N.

12.6]4.3 Acceptance criteria

The puter sheath shall not have been penetrated within the 100 mm abrasion area (armopr or
inner layer shall-not be visible).

12.6|5 (Hose kink test

12.615.4—Objective

This test is to establish the bend radius at which the fluid filled hose collapses and to ascertain
if the hose recovers after such an incident.

12.6.5.2 Method

A hose assembly consisting of at least a 2 m length of hose, hose fittings and end caps shall
be filled with the relevant compensation fluid and pressurised to the specified internal pressure.
The hose termination fittings shall be identical to the type to be used in production jumper
assemblies.

The hose shall then be positioned in a loop such that the bend radius can be adjusted. The loop
shall then be tightened to the point at which the hose collapses. The bend radius at which the
collapse occurs shall be recorded.
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12.6.5.3 Acceptance criteria

The hose assembly shall be considered acceptable if no visible damage is apparent and the
hose returns to its original form.

The radius at which the hose collapses shall be equal to or less than 6 times the hose outside
diameter. The radius at which the hose collapses shall also be less than the stated minimum
bend radius of the hose.

13 Type tests — Jumper assemblies

13.1] General

Thege tests are to verify that the completed jumper assembly comprising of connectors, Hose,
hosqg termination fittings and electrical cables perform as intended when integrated togethgr.

All jimper testing shall be performed with a jumper assembly terminated.at both ends|with
connectors and filled to the specified pre-charge pressure with the _specified compensation
med{um. In addition to this, two bulkhead connector assemblies shallvalso be required.| The
length of the jumper shall be sufficient to establish a figure eight at.the minimum bending raglius,
plus|2 m (1 m at each end to allow for termination).

For fype tests of jumpers significantly longer than the length defined within this document,
alterpative test methods may be more applicable or appropriate. In this case, the manufacfurer
and purchaser shall agree upon additional testing that may be required.

An ojverview of the test sequence is shown in Table 32.

Table 32 — Jumper assembly type test sequence

Jumper’assembly type testing

Test type Type test Clause
Mategrial test Material type-tests 14.28
Electficat and thermal type test — Jumpers 13.2
Qscillating jumper test 13.3
Jumper pull test 13.4
Jumper assembly tests
Drop test 13.5
Jumper handling simulation test 13.6
Simulated deployment test 13.7

13.2—Efectricaiand thermal type test=Jumper assembiies
13.2.1 Objective

This test is to ensure that the complete assembly can effectively deal with load changes, both
at and without hyperbaric pressure. Information about capability for operation in air will also be
determined. This test may be combined with thermal type tests for connectors and/or
penetrators (see 11.5).

13.2.2 Sequence

The test sequence for the electrical and thermal type test for jumper assemblies shall be
according to Table 33.
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Table 33 — Electrical and thermal type test — Jumper assemblies

Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 PD test 1,73-U, (10 pC) 14.5
4 Temperature rise test See test method 14.12
5 Thermal cycles 15 cycles at RAP 14.14
6a Thermal cycles — Class |, Il and Il 30 cycles at 1,1-RAP, 14.14
6b Thermal cycles — Class IV 60 cycles at 1,1-RAP 14.14
7 Contact resistance See test method 14.2
8 Insulation resistance See test method 14:8
9 PD test 1,73-U, (10 pC) 14.5
10 High voltage AC test 2,5:U, (1 h) 14.6
11 PD test 1,73-U, (10 pC) 14.5
13.2|3 Acceptance criteria
The | electrical performance of the assembly shall remain within specified design Ijmits
throyghout the test sequence. The acceptance criteria~for each of the tests are defined in the
subdlauses that are referenced in Table 33.
13.3| Oscillating jumper test
13.3|1 Objective
This|test is to verify that the completesjumper assembly is sufficiently durable to oscillations

that

13.3

The

may occur in service.

2 Sequence

Table 34 — Oscillating jumper test

test sequence for the oscillating jumper test shall be according to Table 34.

Step Test Test level Reference
1 Contaet resistance See test method 14.2

2 lnsulation resistance See test method 14.8

3 PD test 1.73-Uy (10 pC) 14.5

4 Oscillating jumper test See below

6 Contact resistance See test method 14.2

7 PD test 1,73-U, (10 pC) 14.5

8 High voltage AC test 2,50-U, (1 h) 14.6

9 PD test 1,73-U, (10 pC) 14.5
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The test shall utilise a bulkhead mounted connector mounted securely within a test tank
containing artificial sea water produced according to 6.3. One end of the jumper assembly shall
be mated with the bulkhead connector through which electrical tests can be performed. The
other end of the jumper shall be free to move. The jumper should be moved in a conical rotation,
which describes a solid angle of 30° at a distance conforming to the minimum design bending
radius in the data sheet. The rotation shall be achieved by supporting the jumper through a ring
mounted on a rotating mechanical arm. This mechanical arm shall rotate on its axle around the
bulkhead connector’s own axis.

The frequency should be approximately four rotations per minute lasting for 30 days, (equivalent
170 000 cycles). Insulation resistance and contact resistance should be monitored regularly.

13.3|3 Acceptance criteria

Thene shall be no damage to the jumper. The acceptance criteria for each of 'the testd are
defirled in the subclauses that are referenced in Table 34.

13.4] Jumper pull test
13.4{1 Objective

This|test is to ensure that the connector and associated jumperassembly are constructed|with
sufficient strain relief and mechanical strength to withstand thé/forces it might at worst-cage be
subjected to, such as a snagged jumper during assembly. The test shall verify the pull stregngth
to bg greater than the stated working maximum.

13.4{2 Sequence

The pequence for the jumper pull test shall be according to Table 35.

Table 35'— Jumper pull test

Step Test Test level Reference
1 Measure jumper length

2 Contact resistance See test method 14.2
3 Insulation resistance See test method 14.8
4 PD test 1,73-U, (10 pC) 14.5
5 Jumper pull tést See below

6 Contact résistance See test method 14.2
7 PD test 1,73-U, (10 pC) 14.5
8 High voltage AC test 2,50-U, (1 h) 14.6
9 PD test 1,73-U, (10 pC) 14.5
10 Measure jumper length

The test shall be performed as a simple pull test with a force applied sequentially in one axis at
a time in three perpendicular axes to the outlet of the hose. The mechanical mechanism that
restrains the hose and prevent exceeding the MBR shall be held rigid. The force applied shall
be in Newtons equal to 60 times the total cross-sectional area of (all) the cable(s) in the hose
(in mm2) up to a maximum of 5 kN. With the maximum force applied, the cable/hose total
elongation shall be recorded.
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13.4.3 Acceptance criteria

No damage to the jumper shall be observed. The jumper shall return to the original length (prior
to the pull test) after a sufficient relaxation period, typically 15 min.

The acceptance criteria for each of the tests are defined in the subclauses that are referenced
in Table 35.

13.5 Drop test
13.5.1 Objective

This|test is to verify that the jumper assembly is sufficiently rugged to withstand rough hangling
and the loads which may be generated during an accidental drop.

13.5|2 Sequence

The pequence for the drop test shall be according to Table 36.

Table 36 — Drop test

Step Test Test level Reference
1 Contact resistance See test method 14.2

2 Insulation resistance See test method 14.8

3 PD test 1,73-Us(10°pC) 14.5

4 Drop test See below

5 Contact resistance Seé test method 14.2

6 PD test 1,73-U, (10 pC) 14.5

7 High voltage AC test 2,50-U, (1 h) 14.6

8 PD test 1,73-U, (10 pC) 14.5

Each end of the jumper assembly (excluding the mass of the suspended cable or hose) ghall
be stibjected to a free fall.test in accordance with IEC 60721-3-2:2018, Table 5, class 2M5{ The
floor| shall be hard, typically as for a transport compartment. Protection caps shall be
assembled, as required.

13.5|3 Acceptance criteria

operption/It shall be possible to mate and de-mate both connectors with the test connector.
Damjage’to the protective cover, if used, is permissible. The acceptance criteria for each of the
tests are defined in the subclauses that are referenced in Table 36.

No Eamage shall be observed on either connector that would interfere with their ngrmal

13.6 Jumper handling simulation test
13.6.1 Objective
This test is to verify that the assembled connector and associated jumper assembly is

sufficiently designed to withstand normal handling loads during workshop handling and
installation.

13.6.2 Sequence

The sequence for the jumper handling simulation test shall be according to Table 37.
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Table 37 — Jumper handling simulation test

Step Test Test level Reference
1 Contact resistance See test method 14.2

2 Insulation resistance See test method 14.8

3 PD test 1,73-U, (10 pC) 14.5

4 Jumper handling test See below

5 Contact resistance See test method 14.2

6 PD test 1,73-U, (10 pC) 14.5

7 High voltage AC test 2,50-U, (1 h) 14.6

8 PD test 1,73-U, (10 pC) 14.5

If a hose jumper is being evaluated, it shall be pressurized with the normakéempensation
and

The |jumper assembly shall be coiled in a figure of eight pattern (3 turns) such that
recommended minimum coiling radius, recommended minimdm-distance between center
of tH

The jumper supplier shall recommend requirements and parameters for coiling jumper ir
figure eight pattern and specify:

The jumper shall,have sufficient length to complete 3 complete turns of the horizontal fi

Horizontal, vertical, both or any orieptation of the figure eight pattern;
jlmper minimum bend radius for_figure eight coil (R);

minimum distance between centerlines of the figure eight coils (D);

s -0

hen figure eight coiling“is complete;

maximum suspendédilength of the jumper in air.

fluid

H pressure gauge attached to allow monitoring of the pressure during(the test. The intg¢rnal
hosg pressure shall be monitored and recorded during the entire coiling,operation.

the
ines

e figure eight coils and uncoiled jumper length aretachieved. Rotation of the jumper
termjnation during coiling shall be prevented to allow development of the torsional loads.
jump

The

er should then be uncoiled and laid out straight~This procedure shall then be repeated.
Refdr to Figure 1.

the

ninimum length of the uncoiled jumper (L) which is remaining, not coiled length of the junper

qure

eight pattern plus® the minimum length of the uncoiled jumper (L). The jumper shall be

congdtrained to‘prevent torsional rotation at the first tangential point of the figure eight.
length of the'jumper measured from constraint point shall be selected to complete 3 turns
not tp exceed minimum uncoiled jumper length (L).

The jumper termination shall be positioned vertically during 3 turn coiling operations. Tors

The
and

onal

loads should be allowed to develop during coiling operation by preventing rotation of the jumper
termination around its axis and the orientation of the jumper termination during coiling shall not
change.

The jumper shall be coiled in the 3 turn figure eight pattern with recommended R and
D dimensions. After completion of the third turn, the jumper termination can be positioned in
the horizontal orientation for verification of the uncoiled length (L). Then the jumper shall be
uncoiled and laid out straight. The coiling and uncoiling operation shall be repeated.
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Jumper
Jumper constrain Jumper
termination, point termination,
horizontal vertical

o | Termination,
N < va N »> / orientation
4 4
\\ ‘/, \\\ L mark
First turn

Second turn

Third turn
O
Vertical or horizontal
I orientation for length L
« > verification

IEC
Figure 1 — Jumper handling simulation test

13.6|3 Acceptance(criteria

obsdgrved and<documented. Impact of the damage on the performance of the jumper shall be
evaltiated and)acceptance justified. If a fluid filled hose is being evaluated, the pressure in the
jumper hese'shall not exceed design pressure of the hose during entire test sequence.|The
acceptanee criteria for each of the tests are defined in the subclauses that are referench in
Tablg 87.

Any [damage to.the' jumper, hose terminations if used, cable and cable termination she%:l be

13.7 Jumper simulated deployment test
13.7.1 Objective

This test is to simulate deployment of the jumper assembly and verify that cable management
allows sufficient free movement of cables to accommodate changes due to expansion and
contraction of the jumper during pressure changes. The test requirements are given in
Table 38.

13.7.2 Sequence

Prior to performing the hyperbaric testing of the jumper, the assembly shall have completed all
production leak testing.
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With the test pressure vessel dry, two bulkhead connectors shall be mounted on the pressure

vessel flange and the jumper assembly mated.

During this test, the following parameters shall be recorded at each hold point within the

pressure cycling sequence;

a) contact resistance;

b) insulation resistance.

—67 -

Test media for step 5 to step 14 shall be according to Table 8.

Table 38 — Jumper simulated deployment testing

Step Test Test level Reference
1 Contact resistance, atmospheric pressure See test method 14.2
2 Insulation resistance, atmospheric pressure See test method 14.8
3 PD test, atmospheric pressure 1,73-U, (10 pC) 14.5
4 Measure hose pre-charge pressure if applicable
5 Submerse in environmental media, atmospheric Soak for one haur

pressure
6 Increase pressure from atmospheric pressure to

1,1-RAP
7 Allow to soak for 1 h at 1,1-RAP
8 Contact resistance Seé test method 14.2
9 Insulation resistance See test method 14.8
10 Decrease pressure from 1,1-RAP to atmosphetic

pressure
11 Allow to soak for 1 h at atmospheric pressure
12 Contact resistance See test method 14.2
13 Insulation resistance See test method 14.8
14 Repeat step 6 to step 13 a.funther 4 times
15 PD test 1,73-U, (10 pC) 14.5
16 High voltage AC test 2,50-U, (1 h) 14.6
17 PD test 1,73-U, (10 pC) 14.5
18 Measure<hQse pre-charge pressure if applicable

13.7|3/,'Acceptance criteria

For jumpers utilising fluid filled hoses, both the pre- and post-test pre-charge pressure
measurements shall be greater than ambient atmospheric pressure. The acceptance criteria for
each of the tests are defined in the subclauses that are referenced in Table 38. There shall be
no ingress of the test media in to the jumper.

14 Test procedures

14.1 Helium leak test
14.1.1 Objective

The helium leak test is to verify that all sealing barriers are correctly fitted and do not leak.
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14.1.2 Method

A detailed test procedure shall be provided, describing how each barrier shall be tested. The
procedure shall be supported with drawings defining each sealing barrier.

Helium shall be applied so that it fills one side of the sealing barrier/termination chamber to be
tested. Helium leakages shall be sensed on the other side of the sealing barrier/termination
chamber with a helium gas leak detector having an accuracy better than 10~° mbar I/s. The
room temperature and helium gas pressure shall be recorded continuously.

An outline procedure shall be as follows

a) Connect the test equipment on one side of the sealing barrier/termination chamber to be
tested and let the test equipment run until the background helium level indication-is s{able
gnd low enough to allow reading in the acceptance criteria range.

b) Rurge with helium systematically at the other side of the sealing barrier/termination chamber
tp be tested, where it shall be assured that helium fully surrounds each, seal.

c) The helium leak rate before and after each purging shall be recorded:

NOTH Correct use of helium vacuum techniques will reveal a single seal leakagg’almost immediately, after a|short
period of helium purging (typically < 1 min). If helium is exposed for longer perieds (typically > 5 min), diffusion
through soft materials (seals, membranes, non-metallic parts) can take place ~ which would then complicafe the
interpretation of test results. A test procedure that caters for diffusion effectsrand includes test equipment with{short
supply/return lines contributes to a successful test performance. When testing across a double/multi seal barfier or
double/multi string welded seam, a leak indication will be delayed — apdhit could be very difficult to discriminjate a
leak ffom diffusion.

If the use of helium vacuum technique is not possible’dle to the design, alternative helium(leak
test [methods may be applied further to documented equivalence with relevant recogrised
interpational standards.

14.113 Acceptance criteria

The feading shall not increase with mére than 5-10~8 mbar I/s during purging with helium.

14.2| Contact resistance test
14.2|{1 Objective

This|test is to determine the resistance of the connector assembly.

14.212 Method

The [contact resistance shall be measured at each contact interface during the assembly.| The
resulting,total resistance (cable termination to cable termination) shall also be measured for all
connector’assemblies. The values measured during the prototype manufacturing acceptance
testd and the initial test after manufacturing shall be used as references for all subsequent
tests. The CR test shall be performed in accordance with IEC 61238-1-3. The current used in
the test shall be 10 % of the rated RMS current but shall not be lower than 10 A. Any subsequent
increase in contact resistance that is experienced during the type test programme shall be
explained.

The contact resistance shall be measured and documented at each contact interface together
with the total resistance of the connector assembly (cable termination to cable termination).

14.2.3 Acceptance criteria

a) Individual contact interface: The contact resistance at each contact interface should be such
that when passing a rated current (RMS AC) the voltage drop across the contact interface
shall not exceed 20 mV (extrapolation of the voltage drop measured during the test to the
rated current is acceptable).
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b) Resulting total resistance (cable termination to cable termination) in subsequent type
testing: maximum +£10 % change from the reading taken at the start of the sequence.

14.3 Shell continuity test
14.3.1 Objective

This test is to determine the resistance between connector assembly metallic housings,
intended to provide electrical continuity when mated.

14.3.2 Method

Test|ng shall be performed in accordance with IEC 61238-1-3.

14.3|3 Acceptance criteria

Maximum 100 mV voltage drop across each contacting interface with appliedcetirrent of 1Q A.

14.4| Screen continuity test
14.4{1 Objective

This| test is to determine the resistance between the ,power cable screen and| the
conrlector/penetrator assembly, intended to provide electriéal continuity (defined path for
charping/fault currents).

14.4|2 Method

Test|ng shall be conducted in accordance with [EC*61238-1-3.

Twoltypes of measurement shall be made;

a) dable screen to connector/penetratof;
b) gable screen to cable screen, either side of the mated connector.

14.4]{3 Acceptance criteria
Accgptance criteria for each of the two tests:

a) maximum 20 mV._voltage drop across each contacting interface with applied current of 20 A;

s for a), withvadded voltage drop for the additional contact interfaces/shell resistanges —

2
gs specified)by the manufacturer.

14.5| Partialdischarge test

14.5|15( Objective

This test is to determine that the PD level for the connector assembly is within the acceptance
criteria, and hence verify the insulation quality of the connector assembly.

14.5.2 Method

The test shall be performed on each circuit with the voltage applied between the cable conductor
(pin) and the earthed metallic screen and housing, with all other circuits earthed. This procedure
shall be repeated on each circuit. The partial discharge test shall be performed in accordance
with the procedures outlined in both IEC 60270 and IEC 60885-3, alternatively as outlined in
IEEE Std 386™.

— PD test at 1,73-U,: voltage shall be raised gradually to 2,00-U, and kept at this value for
10 s before the voltage is lowered to 1,73-U; and PD measurement is performed.
Measurement time shall be 1 min.
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— PD test at 2,50 Uj,: voltage shall be gradually raised to 2,75-U, and kept at this value for
10 s before the voltage is lowered to 2,50-U; and PD measurement is performed.
Measurement time shall be 1 min.

14.5.

3 Acceptance criteria

PD level < 10 pC (peak) at 1,73-U,.

PD level < 200 pC (peak) at 2,50-U,.

14.6
14.6
This

the ¢
elec

14.6

The
alter]

high voltage test shall be performed in accordance with both\[EC 60060-1 and IEC 61
hatively IEEE Std 4TM.

High voltage AC test
1 Objective

test is to verify the insulation level of the connector assembly. The test shall hence V
lectrical withstand level of the connector assembly and prove the ability)te’ withstang
rical stresses it is exposed to.

2 Method

erify
| the

442,

The jest shall be performed on each circuit with the voltage‘applied between the cable condlictor
(pin)[ and the earthed metallic screen and housing/~with all other circuits earthed. These
procedures shall be repeated on each test circuit.

Test|voltage and duration shall be as specified inthe various test sequences in this document.
14.6|/3 Acceptance criteria

No breakdown of insulation or flashover shall occur.

14.7| Impulse withstand voltage test

14.7{1 Objective

This| test is to demonstrate the robustness of the connector assembly to withstand rapid
trangient over-voltagesthat may occur during switching or fault conditions. The test is espegially
relejant for applications where lightning over-voltages may occur (e.g. strike on a suiface
platfbrm with shart submarine cable).

14.712 Method

A standard lightning-impulse (1 2/50) withstand voltage (Bll) test in accardance lwith

IEC 60060-1 or IEEE Std 386 requirements, shall be conducted on connector assemblies with
Un 27,2 kV. Unless otherwise agreed between the manufacturer and purchaser, impulse

voltage peak levels shall be according to Table 39.

14.7

Table 39 — Impulse withstand voltage test levels

U, (kV) 7,2 12 17,5 24 36

U (kV) 40 60 75 95 145

peak, impulse

.3 Acceptance criteria

No breakdown of insulation or flashover shall occur.
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14.8 Insulation resistance test
14.8.1 Objective

This test is to measure the insulation resistance of the connector assembly.

14.8.2 Method

The insulation resistance against earth shall be measured on each electrical contact
individually. All other electrical contacts and conductive parts shall be earthed. The insulation
resistance shall be recorded after 1 min and 10 min. Test voltages are specified in Table 40.

For ferminated connector assemblies, the insulation resistance shall be measured separately
on the cable and connector/penetrator before termination. The individually measured vdlues
shall be the reference for the acceptance criterion for the terminated connector.'assembly,
howgver not lower than 10 GQ.

The [test shall be performed at, or temperature corrected to, room temperature. Temperature
corrgction shall be performed in accordance with ANSI/ICEA T-27-581/NEMA WC 53.

Table 40 — Insulation resistance test — Voltage.test levels

Max system voltage U, Minimum’test voltage
U, <7200V 2500V DC
U,=z7200V 5000V DC

14.8/3 Acceptance criteria
a) IR > 100 GQ (stable reading) after 10.min for un-terminated connectors/ penetrators.

b) IR > 10 GQ (stable reading) after 10 min for terminated connectors/penetrators.
14.9] Thermal shock test
14.9|{1 Objective

This|test is to verify that\the connector assembly can withstand thermal shocks. These |may
result from deck storage; and insertion into sea water.

14.912 Method

The |connector assembly shall be tested in its unmated condition, at atmospheric pressure.
Three hightemperature tests and three low temperature tests shall be conducted.

Hightemperature: The temperature of each connector assembly shall be raised to b0 C and
maintained for a period of four hours. The connector assembly shall then be cooled rapidly by
immersion in water, which shall have a temperature between 0 °C and 5 °C. Water volume shall
be sufficient to ensure a rapid cooling. Allow the connector assembly to return to ambient room
temperature.

Low temperature: The temperature of each connector assembly shall be lowered to —25 °C and
maintained for a period of four hours. The connector assembly shall then be heated rapidly by
immersion in water, which shall have a temperature between 0 °C and 5 °C. Water volume shall
be sufficient to ensure rapid heating. The connector assembly shall be allowed to return to
ambient room temperature.


https://iecnorm.com/api/?name=766027909a92a21c2b18dc59f210e807

- 72— |EC/IEEE 61886-1:2021 © IEC/IEEE 2021

14.9.3 Acceptance criteria

The acceptance criteria for the subsequent verification tests specified in the applicable test
sequence shall be met.

14.10 Thermal short circuit test
14.10.1 Objective

This test is to ensure that the connector assembly can withstand the rated thermal short-time
current (I;,). There shall be no degradation of conductor contacts or insulation materials.

14.1D.2 Method

The fest method shall be as described in IEC 61442 for thermal short-circuit test. @ne end ghall
be cpnnected to the test generator and the other end to a short-circuiting bar,~The maximum
shor} circuit temperature for the materials shall be defined by the manufacturen.

The |connector assembly shall be subjected to two short circuits at the maximum permisgible
shorl-circuit temperature of the connector/penetrator and subsequént’connected cable.| The
temperature shall be recorded continuously during the test. Thé time taken to raisq the
temperature from the starting temperature to the maximum temperature shall be recorded| The
secand short circuit shall be applied when the assembly has,cooled to within 10 °C of the
starting temperature prior to the first test.

14.1p.3 Acceptance criteria

Any faccessible contacts and insulation shall be inspected for any damage, especially thermal
damage. An assessment shall be made during the final dismantling and examination. A
calclilation of the /2¢ rating in accordance with’IEC 61442 shall be made and recorded on the
data|sheet (Annex A).

14.11 Dynamic short circuit test
14.11.1 Objective

This|test is to ensure that the.connector assembly can withstand the rated dynamic short circuit
current 7y without degradation or damage due to mechanical forces.

The fest is a special-test and only relevant if the peak current is above 80 kA (single phasg) or
63 kA (three phase).

14.111.2 Method

ative
ly as

The [testset-up shall be representative for the installed system, in order to get represent
forc : = ; ' =
installed subsea, to be regarded as a valid test.

The test methods shall be as specified in IEC 61442. One end shall be connected to the test
generator and the other end to a short-circuiting bar. The waveform shall be recorded.

The connector assembly shall be subjected to two short circuits.

14.11.3 Acceptance criteria

Any accessible contacts and insulation shall be inspected for any damage, especially thermal
damage. An assessment shall be made during the final dismantling and examination.
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14.12 Temperature rise test

14.12.1 Objective

A temperature rise test at rated current and frequency shall be performed before thermal cycling
tests commence. The objective is to locate and determine the highest local temperatures within
the connector assembly and to determine the current to be used for the thermal cycle test. For
connector assemblies including some cable length, for example jumpers, any screen currents
at rated conditions shall be included in the temperature rise test.

14.12.2 Method

Temperature sensors shall be attached to various locations on the connector assemb
enaljle monitoring of temperatures. Temperature sensors shall as a minimum be _|ocate
follows:

gmbient temperature;
gqt the point where the highest local temperature is expected;

dt cable terminations;

Q

t the anticipated hottest spot on external surfaces of each acecessible material type;

ds close as possible to the contact surface between male and)female.

The rated current shall be applied and maintained until a stable temperature is achieved at
locafion being monitored. Thermal stability shall be deemed to have been achieved wher
congecutive measurements of temperature taken at each location, within a 2 h period, dd

diffe

1 h after thermal stability has been reached. The\test current shall then be increased so
the temperature at the hottest location is increased to a stable temperature 5 Kto 10 K a
steafly state temperature at rated current. Théltemperature rise test shall be performed

a)
b)

ih air at ambient temperature, and

in the relevant operational environment (refer to Table 8) at the maximum am
bmperature (refer to Table 4)..Fhe current determined from this test shall be used as |
for the thermal cycles test (see 14.14).

—

In applications with screened)cables, where the screens are earthed in both ends allowi
net dcreen current to flow, the screen current at rated conditions shall be applied to the s¢
during this test.

Elec

recofd temperature. Actual current values and voltage drop shall be recorded in parallel
eacH temperature measurement. All findings shall be recorded within the final type test re

14.1R.3/ Acceptance criteria

y to
d as

pach
two
not

r from each other by more than 2 K. The rated<current shall be maintained for a perigpd of

that
bove

bient
asis

g a

reen

ronic data storage or a chart recorder with a suitable number of channels shall be uséd to

with
bort.

The absolute temperatures measured for the different materials shall be below the relevant
material temperature limitations.

This test is primarily a characterization test. However, acceptance criteria for absolute
temperatures are necessary.
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14.13 Extended temperature rise test
14.13.1 Objective

This test is to characterise the connector assembly with respect to current loading capability at
various ambient temperature and frequency conditions. This may be necessary if there are to
be full equipment integration tests in a topside environment where the normal cooling effects of
sea water are not present. The test represents an extension of the temperature rise testin 14.12
and can be performed as part of this. The test is optional and shall only be performed if agreed
between the manufacturer and purchaser.

14.18-2 Method

The |extended temperature rise test shall be performed at conditions as agreed between the
manpfacturer and purchaser. Two possible methods for characterization are described below.

a) Method 1

Current carrying capability as a function of ambient temperature — given.connector assembly
operptes at maximum allowed operating temperature. Results/graphs to be established for
agregd frequencies. This is illustrated in Figure 2, where f; is the ratéd,frequency, f, is angther

freqyiency and I, is the rated current.
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Figure 2 — Typical extended temperature test results, method 1

b) Method 2 (more comprehensive)

This method evaluates the connector assembly operating temperature as a function of operating
current. Results and graphs shall be established for agreed ambient temperatures and
frequencies. This is illustrated in Figure 3, where T4, Ty, and T3 are three different ambient
temperatures, f; and f, are two different frequencies, and T,,,, is the maximum allowable
operating temperature in the connector.
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Figure 3 — Typical extended temperature test results, method 2

14.1B.3 Acceptance criteria

This|test is primarily a characterization test. The following acceptance criteria shall how
the absolute temperatures measured for the different materials shall be below

apply:
releyant material temperature’limitations.

ever
the

14.1E Thermal cycling

.1 Objective
test is<to_verify the ability of the connector assembly to handle load changes.

141
This

14.1|4.2 Method

The assembly shall be installed in conditions corresponding to the environmental fluid intended
during operation or test media given in Table 8 and the worst-case operational thermal

conditions according to Table 4.

The connector assembly shall be heated by passing the current (as determined by the
temperature rise test in operational conditions — see 14.12) through the conductor. A voltage of
2,5 U, shall be applied continuously during the test. When the conductor temperature has
reached a stable value — 5 K to 10 K above the temperature the connector assembly will have
when running at maximum rated operational current —, it shall be kept at this temperature for at
least 2 h. The connector assembly shall then be cooled down to within 10 K above ambient
temperature. The total duration of each thermal cycle shall be a minimum of 8 h. Reference can
be made to IEC 60502-4 and IEC 61442 (heating cycle curve).
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Level of screen current in the cable terminations shall be assessed and accounted for if
relevant.

Itis not required to provide high power to the test circuit during this test. Current may be injected
by means of low voltage, the current loop circuit can then be energized by a separate voltage
source (line to ground) to 2,5 U, (current loop shall hence be insulated for this voltage).

14.14.3 Acceptance criteria

The acceptance criteria for the subsequent verification tests specified in the applicable test

seq

14.15 Bending moment and free fall tests
14.15.1 Objective

This|impact shock test is to verify that the connector assembly can withstand an accid
mechanical load, without degradation or damage.

14.15.2 Method

b)

ence shallbe met

A force of at least 2 kN shall be applied to the connector assembly (penetrator or m
onnector pair), at the opposite end of the fixation point.{Fhe force shall be applied f
past one second before being removed. The test shall be‘performed in six directions g
hree mutually perpendicular axes, with a minimum, of_three applications of force in
irection. Refer to Figure 4.

q
I

t

q

A free fall test shall be performed in accorddance with IEC 60721-3-2:2018, Tabl
dlass 2M5. The floor shall be hard, typically as\for a transport compartment. For connec
the test shall be performed with unmated connector halves and any protective de
installed. The test shall be performed insthree mutually perpendicular axes.

Fixed point
(penetrator, dry'mate, wet mate) \
o
Termination | J QA z\
\ A >
W
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\+ZT y ) /\ /
2 I

Cable -Z Force application point
(end of termination)

ental

ated
or at
long
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e 5,
tors,
ices

y

©

IEC

For the +X and -Y direction, force shall be applied to the termination body. Force shall not be applied to the cable.
Cable anchoring is being tested via the cable pull test.

Figure 4 — Bending moment test

14.15.3 Acceptance criteria

The acceptance criteria for the subsequent verification tests specified in the applicable test
sequence shall be met.
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14.16 Static pressure test — Penetrators

14.16.1 Objective

The static pressure test is used as a pre- and post-test verification test, and as a separate
routine test.

14.16.2 Method

The test method for static pressure test for penetrators is given in Table 41.

Table 41 — Static pressure test — Penetrators
Step Test Test level Reference
1 Contact resistance See test method 14.2
2 Insulation resistance See test method 14.8
3 Submerge in test media per Soak for 1 h N/A
Table 8
4 Insulation resistance See test method 14.8
5 Pressurise From atmospheric pressure to RDP = 10 bar for penetratofs
1,5-RDP for pressure compensated
) . equipment, both directions
Hold time 3 min (Figure B.7/Figure B.8)
For pressure retaining
penetrators:
RDP = RAP-1 for direction
(Figure B.3) and
RDP = RAP-2 for direction 2
(Figure B.4)
6 Depressurise To atmiespheric pressure. N/A
7 Pressurise From atmospheric to 1,5-RDP RDP = 10 bar for penetratofs
) ) for pressure compensated
Hold time 15 min equipment, both directions
(Figure B.7/Figure B.8)
For pressure retaining
penetrators:
RDP = RAP-1 for direction
(Figure B.3) and
RDP = RAP-2 for direction 2
(Figure B.4)
8 Insulationtresistance See test method 14.8
Undertake test after 1 min
pressurised hold time
9 Depressurise To atmospheric pressure N/A
10 Insulation resistance See test methaod 14 8
Undertake test 1 min after
depressurising
Repeat test 1 h after
depressurising
11 Helium leak test See test method 14.1

14.16.3 Acceptance criteria

There shall be no evidence of leakage, and the test pressure shall remain stable throughout the
test. Any variations in test pressure resulting from secondary influences (for example
temperature) shall be explained and justified in the test report. The acceptance criteria for each
of the tests are defined in the references listed in Table 41.
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14.17 Extended static pressure test — Penetrators
14.17.1 Objective

This test is mandatory for penetrators exposed to production gas/fluids and demonstrates
additional robustness. For other penetrators, the test is classified as a special test and shall
only be performed if agreed between purchaser and manufacturer.

14.17.2 Method

The test procedure shall be as specified in 14.16, at the following pressure and temperature

combimations:

e 1,5-RAP - y at maximum ambient temperature;

e 2.5-RAP - y at room temperature,

whefe y may be 1 or 2 depending on the agreed requirement.

14.17.3 Acceptance criteria

There shall be no evidence of leakage, and the test pressure shall remain stable throughout the
test.| Any variations in test pressure resulting from secondary influences (for example
temperature) shall be explained and justified in the test report;

14.1B Combined pressure and temperature cycling test— Pressure retaining penetrators
14.1B.1 Objective

This|test is mandatory for penetrators exposéd’to production gas/fluids and demonstiates
additional robustness. For other penetrators,(the test is classified as a special test and ghall
only|be performed if agreed between purchaser and manufacturer. When to perform the tgst in
the test sequence is also subject to agreement between purchaser and manufacturer.

14.18.2 Method

The | test shall be performed, in accordance with ANSI/API Spec 6A:2018, F.1.11.3.
Temperatures to be used(shall be according to the extreme temperatures given byl the
temperature class (see Table 4).

Test|media shall be according to Table 8.

14.1B.3 Acceptance criteria

Accgptancecriteria as specified in ANSI/API Spec 6A shall be fulfilled. Furthermore, there ghall
be np gvidence of leakage and the test pressure shall remain stable throughout the test.[|Any
varigtion’s in test pressure resulting from secondary influences (for example temperature) shall
be explained and justified in the test report.

14.19 Shock and vibration test
14.19.1 Objective

This test is to verify that the connector assembly can withstand vibrations, without degradation
or damage.

14.19.2 Method

The tests shall be performed such that amplifications built-up over time are registered, where
gravity and mounting position shall also be catered for.
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