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Small components. Big impact.

Cableado de instalaciones FV — Factores clave para conseguir una fiabilidad a largo plazo
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HISTORIA

Calidad desde 1892

1892
Founders of the company Schelling & Staubli
in Horgen / Zurich, Switzerland.

o

1969
Acquisition of the dobby factory

R

4] »

1997

Establishment of an assembly
plant in Hangzhou, China

TAUBLI

2018
Staubli acquires RS Roman
Seliger Armaturenfabrik GmbH,

Erich Trumpelt, founded in 1954 2007 _ ) based in Nord_erstedt, Germany,
in Bayreuth, Germany; name Elgctrgmc cqntrollers & drlve_s and exlpandsllts cqnnectors
change to Staubli & Trumpelt. StaL_lbll acquires stake in !tallan portfqhofor high-diameter

1989 engineering company Deimo S.p.a. couplings.
Collaboration with
Unimation Inc. / USA. 2004
Acquisition in 1989. SCARA 4-axis robots
1909 Production of PUMA Acquisition of

Founding of manufacturing plant articulated arm robots Bosch Rexroth's robot

in Faverges, France. in Telford / UK. interests.

\ \ \
| |

1900 ‘

2002 ‘
Development of dobbies 1996 Acquisition of Multi-Contact, manufacturer of electrical Today
for the weaving industry. 1083 connection systems founded in 1962 in Basel, Switzerland.
g Acquisition of Jacquard machine y 365 GW PV
production from Verdol SA in Lyon, @
France, founded 1883 connected.

More that 1,5 Bilions of
MC4 connectors

1956

Diversification into hydraulics
and pneumatics with the
production of quick couplings.

2017
125 years of Staubli

@
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ORGANIZACION SrausLr

3 actividades — 4 divisiones

& Robotics
At

(Multi-Contact

TAUBLI || G

Connectors Textile

Fluid Connectors
Electrical Connectors
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INTRODUCCION

Riesgos en las instalaciones fotovoltaicas

How to protect rooftop PV systems from
fire risk

TAUBLI

Dutch research institute TNO has released a series of guidelines to reduce fire hazards
in rooftop PV installations. The study follows a series of fire accidents that occurred
between 2018 and 2020 in the Netherlands, for which the main causes were identified.

MARCH 23, 2021 EMILIANO BELLINI

COMMERCIAL & INDUSTRIALPV. [l MARKETS [l MARKETS & POLICY [l RESIDENTIALPV [l NETHERLANDS

Connectors and junction boxes were pointed out as a frequent source of fire accidents.
Image: 12019, pixabay
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BANKABILITY: CONCEPTOS SrausLr

LCOE (Levelized Cost of Energy)

{@ Instalacion I

Componentes T 4

CAPEX OPEX
Optimizado Minimizado

Rendimiento Energético
Maximizado
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BANKABILITY: CONCEPTOS TAUBLI

Project Bankability
Welcome to the A
Solar Bankability website!

Solar Bankability is a project funded by the European Commission’s Horizon 2020
programme. It will run from March 2015 until February 2017 and its aim is to contribute
to the reduction of the risks associated with investments in sustainable energy projects.

SOLAR

*
BANKABILITY

PV Investment
Technical Risk Management

Best Practice Guidelines for Risk Identification,
Assessment and Mitigation

Deliverable D5.8
20/02/2017
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BANKABILITY: CONCEPTOS

FMEA (Failure Modes and Effects Analysis) por TUV Rheinland

RPN: Risk priority number

FMEA Rating of PV Module Failures

MODULE FRAME DAMAGED

SNAIL TRACKS

PLANT COMPONENTS NOT WORKING

DELAMINATION OF PV MODULE

UNPROTECTED CONNECTOR

HEAVY SOILING OF PV MODULE

MODULE UNPROTEGTED AGAINST REVERSE CURRENT
MODULE BACK SIDE DAMAGED

CONNECTOR NOT PROPERLY CONNECTED
BREAKAGE OF THE FRONT GLASS

DIFFRENT KINDS OF CONNECTORS

RPN

0 200 400 600 800

1000

1200

1400

1600

A\ x

Severity Occurrence

x G = RPN

Detection |

TAUBLI
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Severity Criteria Ranking
Mone Mo effect, Peformance loss < 0.5% 1
Low Performance loss < 1 % 2
Performance loss < 3 % a
Moderate Performance loss < 5 % 4
Performance loss < 10 % 5
High Performance loss < 25 % B
Performance loss > 25% 7
Safety risk without Safety risk without performance loss 8
performance loss
::fsety risk with performance Safety risk with performance loss 2]
Death, fire, lotal loss Safety hazard 10




BANKABILITY: CONCEPTOS TAUBLI

Fallos y su impacto financiero

Top 20 technical failures
INV ERROR MESSAGE I€D.17
Proyecto Solar Bankability por el programa HORIZON POTENTIAL INDUGED DEGRADATION ] € 021
2020 de Ia C0m|S|On Europea CONN/DIST BOX MAIN SWITCH OPEN & DOES NOT RECLOSE AUTOMATICALLY I€0.22
Practica comun para la evaluacién de riesgos profesional y reducir " GLass BREAKAGE |[§ <0.27
asi los riesgos en inversions fotovoltaicas sTet TRACKER FAILURE |l <031
MoD BROKEN MODULE .€ 0.34
CPN (cost priority number) = coste basado en el failure mode and effects o WRONG/ABSENT caLes | <036
analysis (FMEA) MoD IMPROPER INSTALLATION | [l € 0.45
Informacion extraida de una base de datos de mas de 1 millén de " BURNT suPPLY cABLE OR socker [l < 0.0
reaclamaciones de fallos documentados (de manera empirica y PO BROKEN TRANSFORMER | il < 0.6
estadistica) INV INVERTER NOT OPERATING/FAILURE AFTER GRID FAULT |l € 0.67
. s o g Z 5 5 MoD SHADING €0.68
Riesgos/fallos técnicos y su impacto econdmico debido a la parada y/o u
pérdida de potencia y costs de reparacién/sustitucion o DamaceD casie [l <oee
- _ - _ - o CAB IMPROPER INSTALLATION | [JJjJi < 0.69
Indicaicon del impacto ecnomico de un de un riesgo técnico especifico
TX/MV/HV IMPROPER/INADEQUATE INSTALLATION -€ 0.71
MoD solLinG [ € 0.95
INV FAN FAILURE & OVERHEATING | [N < 1.17
Cable y conectores tienen el mayor impacto economico segun la W wronG iNsTaLLaTion [N < 155
relacion de pérdida en Euro/kWp/afio debido al fallo o8 BROKEN/BURNT connEcTors | [ < 2.7
CAB wronae/ABSENT cABLE connecTion [ < : <3
- € €1.0 €20 €30 €40 €50
€/kWp/year loss due to the failure

*www.solarbankability.org
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PROJECT BANKABILITY — EJMPLOS TAUBLI

Instalacidon — Ejemplos de errores comunes

Conectores expuestos ala Error en la eleccidn del No respetar los 20mm sin Conexion cruzada de
intemperie sin conectar o sin usar conector segun el diametro tension ala salida del prensa diferentes fabricantes de
tapones exterior del cable del conector conectores

under load

5
J
2
s}
o]
R
o
+
Q
==
o)
Q
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PROJECT BANKABILITY = EJMPLOS T;HUBLI

Instalacidon — Ejemplos de errores comunes

Conectores/cables colocados
directamente sobre el tejado o en
el suelo

Cable permanentemente Tension excesiva excesivay Error en la seleccion de tipo
expuesto al agua radio de curvatura agudo de conector
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CONECTORES

TAUBLI

Conector DC para FV: caracteristicas unicas

Durabilidad
- Larga vida util

Exposicion a ambientes severos
- Amplio rango de temperatura (-40°C...+85°C)
- UV, salinidad, concentracion de amoniaco

Estrés mecanico
- Vibraciones / Impactos
- Desgaste / Corrosion

Sin operacion y mantenimiento

- No se le presta atencion en operacion

- No se realizan inspecciones regulares en operacion
- Instalado en lugares inaccesibles

Altos requisitos de seguridad

- Peligro de descarga eléctrica

- Arcos eléctricos y riesgo de incendio
Disefio

- Minimas dimensiones posibles

- Montaje en campo
- Disenio eficiente

Alto rendimiento y fiabilidad
- Minima pérdida de energia a lo largo de su vida
atil

16 14/09/2021 Small Components. Big impact.

I l Original Staubli MC4 Connectors

o

Jdndustry Target
I/ ¥ Seguridad
i’ Confianza
2> Eficiencia




CONECTORES SrausLr

¢ Por qué los conectores tienen un impacto tan grande?

FEE ©EE

ENE EEE
EEE HEEN : :
IL EET EED ! Unaresistencia de
a1

contacto bajay
constante

NN | IO
Ki_;) !

A
B — L, Fiabilidad y eficiencia

|
ll' Contact resistance /
\@/ a largo plazo
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CONECTORES

Small components. Big impact.

Total
initial
cost

.
e "-‘1 DJ'I{U E-?:Lllirlg e
r

0,003% | comeciors Q
& o001
\J

Potential
Savings

Construction

Conception

TAUBLI

l Original Staubli MC4 Connector

I Low quality connectors

® @00 06

lost kWh lost kWh service hours restruction
contact resistance downtime spare parts costs  costs due fire

legal costs

Operation
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LAB TESTS TAUBLI

Resistencia de contacto

Mediciones durante pruebas TCT/DHT @ Test de laboratorio tras 5 afios desde |la puesta en servicio:
|\ MC4 original + otro fabricante

20

18

16

Low quality connector

14
—_ 12
=
2 10
| =
1]
_‘% 8
T Resistencia de aislamiento Resistencia de contacto

4 Original MC4 connector R >400 MQ R Q 530 ”Q

0 MC4: Original x Original @ 1.660,00 MQ) MC4: Original x Original @ 532 uQ ‘

Temperature cycles 400 cycles Damp heat 1000 h
(EM50521) (ENS0521)
Conexion cruzada @ 0,06 MQ ‘ Conexién cruzada @ 6.841 pQ ‘

W
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LAB TESTS TAUBLI

Conexion cruzada de diferentes fabricantes de coenctores

Riesgos técnicos am
= Causados por: Diferente tecnologia, dimensiones, material, proceso de produccion, etc. S

B P G o B b o
.

Riesgos legales

= NO certificacion: IEC 62852 (EN50521) and UL 6703 product norm resp. UL 1703 module norm
= NO compatibilidad: IEC 62548 installation norm, Statement TUV Rheinland

= ¢Responsabilidad? - NO hay garantia
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LAB TESTS TAUBLI

Montaje: Crimpado

Mediciones en pruebas TCT ¢, Como realizar un montaje correcto?

550 Srausis

= 1RB (UOhm)
500

1RS (uOhm) (ill. 10) (ill. 10
Kontrollieren Sis die Masse L gemass ~ Check dimsnsions L in accordancs.

450 lilustration 10 und Tabelle 3. with illustration 10 and table 3.

mmmm 2RB (UOhm) o P

tung: ttention:

400 Schnaiden Sie beim Abisolieran Do not cut individual strands

— mmm 2RS (LOhM) keine Einzeldrahie abl when stripping the cable.

G Tab. 3
= " * Hinweis: * Note:

— 350 s 3RB (UOhm) TraTpe Sremloin L 1 pic Beae der 1 For ai on the operation
@ K PVK_T4/2,51 6-7.5mm PV-AZM... sowie das Auswechssin of stripping pliers PV-AZM... and
7] PV T4/61 6_7.6 mm von Messersétzen entnehmen Sie bit- changing blade sets, see operating

& te der Bedienungsanleitung MA267 instruction MAZ67 at
£ 300 3RS (UOhm) PV-K_T4/101 6-7,5mm auf www.staubli com/electrical www.staubli com/electrical

E PV-K_T4/8Il 85— 10 mm

.{'_" 250 mm 1RB {lJOl'Im} Crimpen Crimping
7]

[i}] (ill. 11) (ill. 11)
- | Offnen Sie den Klsmmbiigel (K) und Open the clamp (K) and hold. Place
[ 200 mim 4RS (UOhm) halten Sie ihn fest. Legen Sie den Kon-  the contact in the appropriate cross-
takt in den passenden Querschnitts-  saction rangs
(=8 bereich. Drehen Sie die Crimplaschen  Turn the crimp baskst upwards.
£ 5RB (pOhm) nach oben. Lassen Sie den Klemmbi-  Release the clamp (K). The contact is
= 150 gel () los. Dar Kontakt ist fixiert. fixed
=
(&) b 5RS (uOhm)
100
mmmm 6RB (UOhm)
50
-~ - BRS (uOhm)
.
mmmm Norm
(il 12) (ill. 12)
0 riicken Sie die Zangs lsicht zusam-  Press the pliers gently togsther until
- = - = - = - = - - L - L = men, bis die Crimplaschen sicher tha crimp baskst is properly located
- - - — - - — — - - — 4 : h :
NT RSN NTERBT TR EREIREBEIIIS R innerhalb der Crimp-Matritze lisgen. within the crimping die as shown
21 14/09/2021 Small Components. Big impact.




LAB TESTS

Resistencia de contacto del MC4

Test Setup Test Result

TAUBLI

Contact resistance / cycle
400.0
E L Ll
S 300.0 |
2
k=
£ 200.0
5]
DGR e 100.0
== o0 2 .
— = @
—_— ; = 0.0 T T T T
0] 2000 4000 6000 8000 10000
Number of cycles
Temperature Crimp resistance / cycle
om _ 60
100°C = |
E 50 —
e J _
© 40 A
8
30°C o3 E 39
5]
» o
Time g 20
Current 4 @
& 10
o} ‘ : : : : : ‘ ‘ ‘
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Number of cycles
Time i A i
10.000 ciclos que representan 20 aiflos aproximadamente
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LAB TESTS SrausLr

Technologia Staubli: MULTILAM

MC4 (MULTILAM Technology)

Producto competencia (no MUTLILAM)

Scale

Twin = 25°C
T =45°C Measurements acc. to IEC60512-5-1
23 14/09/2021 Small Components. Big impact. Max



COMPATIBILIDAD

MC4 original

11 ”

- PI'I “tils E”
- PI'I “Eiquilal':”

= “MC4” es una marca registrada y
Unicamente hace referencia al conector

11 ”

original de Staubli

International Trademark
WIPO | MADRID

962958- MC4

Full details | Summary By Office  Documents = Real-time Status
Current Status

180

812

842

740

540

Expected expiration date of the registration/renewal
02052028

Date of the registration

02.05.2008

Language of the application

French

Name and address of the holder of the registration
Staubii Electrical Connectors AG

Stockbrunnenrain §

CH-4123 Allschwill (CH)

Contracting State or Contracting Organization in the territory of which the holder has a real and effective industrial or commercial establishment
CH

Legal nature of the holder (legal entity) and State, and, where applicable, territory within that State where the legal entity is organized
Société anonyme (SA), Suisse

Name and address of the representative
Isler & Pedrazzini AG

Postfach 1772

CH-8027 Zrich (CH)

Mark

mc4

= Familia del conector MC4/MC4 EVO2 original

24
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COMPATIBILIDAD

TAUBLI

Conectores para Fotovoltaica — Normativa de referencia

Normativa internacional: IEC 62548 — PV Arrays

9.3.9 Plugs, sockets and connectors

Plugs and socket connectors mated together in a
PV system shall be of the same type from the
same manufacturer. l.e. a plug from one
manufacturer and a socket from another
manufacturer or vice versa shall not be used to
make a connection.

UL Standard 6703 — PV Connectors

Conditions of acceptance

“...have been investigated as acceptable for
assembly in the field by qualified electricians with
factory provided tooling.

“These devices have only been assessed for UL

Recognition with specific types of mated connectors

within their product family.

They have not been assessed to operate with any
other similar devices from any other manufacturer.”

25 14/09/2021 Small Components. Big impact.

Normativas especificas

= Australia, Francia, Brasil y Turquia

/ Literature Review

By
jon
The Australian pV Associat
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COMPATIBILIDAD TAUBLI

MC4. ; Como comprobar si es el autentico?

Existen varias maneras de identificar si un conector es un MC4 original o no: visual, mecanica, eléctrica, quimicamente, etc

Nota sobre las imagenes

26

Las caracterisiticas propuestas a continuacion pueden ser evaluadas en un test no destructivo:

1.

a bk~ w0 N

Impresion

R a

Hg ot disconnect I

Simbolo de polaridad

' We=lnder load

Color de la junta: negra

g
Y B8 hot disconnect
1 W=linder load

Disefio marcas MC y UL

Sistema de cierre

Original MC4

Original MC4

Imagenes con recuadro en verde son conectores MC4 de Staubli

Imagenes con recuadro en rojo son ejemplos de copias Y falsificaciones de otros fabricantes. Estos productos no son compatibles con el MC4 original

14/09/2021 Small Components. Big impact.



CONCLUSION TAUBLI

Resumiendo...

¢, Como minimizar los riesgos en una instalacion fotovoltaica?

27
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MA231 (de_en) MA231 (de_en)

Montageanleitung Assembly instructions
PV-Kupplungsstecker PV-KST4/ _-UR mca PV male cabls coupler PV-KST4/.-UR Mca
PV-Kupplungsbuchse PV-KBT4/__-UR PV female cable coupler PV-KBT4/._-UR

Elegir el material especifico y adecuado

Inhalt Content

24 Safety i
iohes Werkzaug 5 Tools required
dar Leitung

Realizar la instalacion segun las indicaciones del fabricante

No dejar conectores sin acoplar en la intemperie: utilizar
tapones o realizar las conexiones

Realizar conexiones con conectores del mismo fabricante

Utilizar las herramientas especificas de cada fabricante
Seguir los manuales de montaje

No seguir “tutoriales” no oficiales

VIDEO TUTORIAL CONECTORES MC4

14/09/2021 Small Components. Big impact.
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iMuchas gracias por vuestra atencion!

www.staubli.com




