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Charging technology for E-Mobility
AC charging controllers

Control and monitor the charging 
process of electric vehicles

Sustainable E-Mobility requires safe and 
reliable charging infrastructure functions 
that can be intelligently integrated into 
energy systems if required. The controller 
and monitoring components from Phoenix 
Contact allow the setup of charging stations 
according to current standards and 
therefore ensure a high degree of safety and 
interoperability with electric vehicles.

Charging controllers for AC charging
Charge electric vehicles according to 

IEC 61851-1 using the Basic and Advanced 
AC charging controllers. The portfolio 
addresses the entire spectrum of charging 
stations, from simple autonomous charging 
points to networked stations – everything 
for charging mode 3:
– Charging case B: charging with 

Infrastructure Socket Outlet
– Charging case C: charging with attached 

charging cable
Comprehensive configuration options are 

provided in the devices for the specific 
requirements of our customers.

From the charging point to the 
networked charging infrastructure

Phoenix Contact charging controllers are 
operated both autonomously and in 
networks. Status data is acquired via the 
integrated communication interfaces and 
controlled intervention in the charging 
process is supported. Here we rely on 
standardized communication interfaces and 
protocols and therefore offer easy 
connection options to various automation 
systems.

Smart charging
Operating a charging infrastructure 

requires more than just the charging 
technology in the charging station. 
Intelligent charging infrastructures are 
integrated in management systems and 
communicate with billing and operator 
systems. Based on Phoenix Contact 
products, software function blocks for 
implementing charging and energy 
management, authorization routines and 
interfaces to back-end systems are available, 
for example, via the Open Charge Point 
Protocol (OCPP).

Residual current detection in the 
charging station

Residual currents that occur when 
charging electric vehicles are monitored 
using Phoenix Contact RCM (residual 
current monitoring) modules. Both AC and 
DC residual currents are detected. In 
combination with existing residual current 
protection devices, these modules increase 
the voltage protection level required 
according to DIN VDE 0100-722 when 
charging electric vehicles. As per IEC 62752, 
residual current protective devices (e.g., 
RCD type A) are protected against DC 
components and can continue to be 
operated.
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standards. At Phoenix Testlab, devices are 
also tested with regard to their electrical 
safety, mechanical influences, and their 
behavior in relation to environmental 
influences. Phoenix Testlab is also a notified 
body according to EMC Directive 
2014/30/EU, R&TTE Directive 1999/5/EC for 
radio equipment and telecommunications 
terminal equipment, and Radio Equipment 
Directive (RED) 2014/53/EU. As a 
certification body (TCB, FCB, and RCB), 
Phoenix Testlab is also able to approve these 
products for the markets in the USA, Canada, 
and Japan.

Standards and regulations
All relevant standards and regulations are 

used as the basis for the development and 
maintenance of our products. 

International standards are subject to 
continuous changes as a result of 
harmonization and new developments. In line 
with this process, the current version of all 
standards that are relevant to our products is 
documented in the product area on our 
website at phoenixcontact.net/products.

Online product information service on 
the world wide web

Phoenix Contact is continuously extending 
its product range.

Within the scope of our product 
monitoring obligation, all products are subject 
to an improvement process.

The Internet is an ideal platform to quickly 
communicate new product developments and 
improvements to the market.

You can quickly access the relevant Phoenix 
Contact website for your region via 
phoenixcontact.com. There you will always 
find an up-to-date overview of products, 
solutions, and services from Phoenix 
Contact. This includes technical documents 
such as data sheets and user manuals, current 
driver and demo software, and a direct link to 
the relevant contact person.

Where applicable, our products currently 
fall within the scope of the following 
directives: 
– 2014/35/EU 

Electrical equipment designed for use 
within certain voltage limits (Low Voltage 
Directive) 

– 2014/30/EU 
Electromagnetic compatibility 
(EMC Directive) 

– 2014/32/EU 
Measuring instruments 

– 2006/42/EC 
Safety of machinery 
(Machinery Directive) 

– 2014/34/EU 
Equipment and protective systems 
intended for use in potentially explosive 
atmospheres (ATEX Directive) 

– 1999/5/EC 
Radio Equipment and Telecommunications 
Terminal Equipment Directive (R&TTE)

– 2014/53/EU 
Radio equipment (RED) 

– 2011/65/EU 
RoHS Directive
The standards used as the basis for the 

aforementioned directives have been at the 
heart of our development standard for some 
time as a way of ensuring compliance with 
European directives. The numbers of the 
directives indicate their version at the time of 
publication. In the event of changes to 
directives and/or standards, our products will 
undergo conformity assessment again in good 
time and a new declaration of conformity will 
be issued promptly. The current declarations 
for each product can also be found in our 
download area.

Among the aforementioned European 
directives, the EMC Directive plays a 
particularly important role. It uses a legally 
binding 
directive as the basis for defining 
electromagnetic compatibility as a 
fundamental device property. European 
legislation therefore places great emphasis on 
the electromagnetic compatibility of devices 
and systems as a basic prerequisite for the 
error-free operation of machines and 
systems. As an international leader in the field 
of surge protection, Phoenix Contact has 
extensive expertise in EMC. This expertise 
and the experience gained over many years in 
the development and 
application of industrial interface and 
communication technology have resulted in 
an 
extremely high standard of quality for our 
products when it comes to electromagnetic 
compatibility. Our sister company, Phoenix 
Testlab, was founded in order to share this 
expertise with other companies. Phoenix 
Testlab GmbH is an independent, accredited 
service company, which carries out EMC 
testing in compliance with the European 

Integrated management system
The objective of the Phoenix Contact 

integrated management system is to integrate 
all requirements pertaining to products, 
processes, and the organization.

Statutory and regulatory requirements, as 
well as those of international standards and our 
customers, are met and, in some cases, even 
exceeded in all phases of the product lifecycle.

The Phoenix Contact management system is 
monitored by internationally recognized 
independent bodies each year to ensure that 
quality, environmental protection, energy 
efficiency, and occupational safety have been 
integrated in conformance with the relevant 
requirements. Certification in accordance with 
international standards ISO 9001, ISO 14001, 
ISO 50001, and BS OHSAS 18001 is the result 
of our corporate philosophy of meeting the 
needs of our customers, staff, and environment 
as best as possible. They serve as the basis for 
innovative products with the familiar high 
Phoenix quality standard, actively practiced 
environmental protection through efficient 
production and products that conserve 
resources, and responsibility in the field of 
occupational health and safety. It goes without 
saying that we integrate all further 
requirements of standards, international 
approvals or special customer requirements 
into our company processes. 

The result of this system is a building block 
for the success of the Phoenix Contact Group 
as well as its products and services.

CE marking
CE marking was introduced as an important 

instrument for the free movement of goods 
within the European single market. By applying 
the mark to a product, the manufacturer 
confirms its compliance with all EU directives 
applicable to this product. The EU directives 
describe the product characteristics with 
regard to device safety and the avoidance of 
risks. These are legally binding regulations of 
the European Union (EU), which means that 
the fulfillment of these requirements is a legal 
prerequisite for the marketing of these 
products within the EU. 

Quality in quantity

Technical information
Information
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The connection capacity for connectors 
and PCB terminal blocks is documented in 
the technical data. The connection capacity 
defines the conductor cross section which 
can be connected for conductors in solid 
(single- and multi-stranded) or stranded 
(fine-stranded) versions. Cross section 
ranges are also specified for the use of 
ferrules. In addition, ranges where two 
conductors in solid and stranded versions 
are to be simultaneously connected are also 
mentioned.

Phoenix Contact PCB terminal blocks 
and PCB connectors are designed to allow 
copper wires to be connected to them 
untreated. “Special treatment” or the use of 
ferrules is not required. “Special treatment” 

includes tin-plating the litz wires of a 
conductor, using cable lugs, bending the 
eyes, etc. However, it does not include 
straightening the conductor before 
inserting it into the terminal block or 
twisting a multi-stranded conductor in 
order to consolidate its ends.

If ferrules are nevertheless used as 
splicing protection for stranded conductors, 
the connection capacity of the stranded 
conductor is reduced by around one level. 
Conductors must not be soldered 
(“soldering all litz wires of a conductor 
together”).

It is always recommended that you use 
Phoenix Contact CRIMPFOX crimping 
tools to crimp ferrules.

IEC 60947-7-1/-2

Connection cross section

Structure and dimensions of connecting cables

Cross 

section

Single-stranded Multi-stranded Fine-stranded American Wire Gauge [AWG]

Diameter max. 

dimension

Number of 

wires

Diameter max. 

dimension

Number of 

wires 

(minimum 

number)

Diameter max. 

dimension

Number of 

wires 

(guide value)

Gauge 

No.

Solid 

wires* 

Stranded 

wires* 

[mm2] AWG ݖ] mm] [circ. mils] [mm2] ݖ] mm] [circ. mils] [mm2]

0.2 0.5 1 - - - - 24 0.51 404 0.21 - - -

0.5 0.9 1 1.1 7 1.1 16 20 0.81 1022 0.52 0.97 1111 0.56

0.75 1.0 1 1.2 7 1.3 24 18 1.02 1620 0.82 1.16 1600 0.82

1 1.2 1 1.4 7 1.5 32 (17) 1.15 2050 1.04 - - -

- - - - - - - 16 1.29 2580 1.31 1.50 2580 1.32

1.5 1.5 1 1.7 7 1.8 30 (15) 1.45 3260 1.65 - - -

- - - - - - - 14 1.63 4110 2.08 1.85 4100 2.09

2.5 1.9 1 2.2 7 2.3 50 (13) 1.83 5180 2.63 - - -

- - - - - - - 12 2.05 6530 3.31 2.41 6500 3.32

4 2.4 1 2.7 7 2.9 56 (11) 2.30 8230 4.17 - - -

- - - - - - - 10 2.59 10380 5.26 2.95 10530 5.37

6 2.9 1 3.3 7 3.9 84 (9) 2.91 13100 6.63 - - -

- - - - - - - 8 3.26 16510 8.37 3.73 16625 8.48

10 3.7 1 4.2 7 5.1 80 (7) 3.67 20800 10.56 4.15 20820 10.55

- - - - - - - 6 4.12 26240 13.30 4.67 26250 13.39

16 4.6 1 5.3 7 6.3 126 (5) 4.62 33100 16.77 5.24 33100 16.77

- - - - - - - 4 5.19 41740 21.15 5.90 41650 21.24

25 - - 6.6 7 7.8 196 3 5.83 52600 26.67 6.61 52630 26.67

35 - - 7.9 7 9.2 276 2 6.54 66360 33.62 7.42 66150 33.74

- - - - - - - 1 7.35 83690 42.41 8.33 83706 42.69

50 - - 9.1 19 11 396 1/0 8.25 105600 53.51 9.35 104640 53.36

70 - - 11 19 13.1 360 2/0 9.27 133100 67.44 10.52 132300 67.47

Technical information
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Standard IEC 60947-7-1/
EN 60947-7-1/DIN VDE 0611-1 specifies 
the test currents for the individual 
conductor cross sections listed in the 
adjacent table. The corresponding currents 
are listed with the connection data for the 
individual terminal blocks. The type tests of 
terminal blocks are based on this data.

Test currents according to IEC 60947-7-1/EN 60947-7-1, Table 5

Rated 

cross section
[mm2] 0.2 0.5 0.75 1.0 1.5 2.5 4 6 10 16

Test current [A] 4 6 9 13.5 17.5 24 32 41 57 76

Rated 

cross section
[mm2] 25 35 50 70 95 120 150 185 240 300

Test current [A] 101 125 150 192 232 269 309 353 415 520

Current carrying capacity

Extract from DIN EN 60947-1/

EN 60947-1, Table 4

The torque according to IEC/EN and the recommended tightening 

torque for Phoenix Contact terminal blocks are specified.

Head screw with slot

Thread Torque

[Nm]

M1.6 0.1*

M2.0 0.2*

M2.5 (M2.6) 0.4*

M3 0.5*

M4 1.2*

M4.5 1.8*

M5 2.0*

M6 2.5*

M8 3.5*

M10 4.0* / 10**

M12 14**

M14 19**

M16 25**

M20 36**

M24 50**

*  Valid for nuts and screws tightened with screwdrivers.

**Valid for nuts and screws that can be tightened with tools other 

than screwdrivers.

Table 4 of the standard specifies the 
tightening torque to demonstrate the 
mechanical strength of screw 
connections/screw terminal blocks.

These torques are sufficient for 
connecting conductors with Phoenix 
Contact terminal blocks. 

The table opposite lists recommended 
tightening torques which differ from those 
in this standard and will ensure gas-tight 
connections that remain stable in the long 
term.

Phoenix Contact torque screwdrivers can 
be set to the corresponding torques.

DIN EN 60947-1

Tightening torque of terminal block screws

In accordance with statutory regulations, 
our products are indicated with this 
footnote if they are intended for use in 
industrial environments. This means that 
the permitted limit values for residential 
applications may be exceeded in the event 
of conducted and emitted disturbance 
variables. In such cases, the operator may 
have to take additional safety measures in 
order to ensure electromagnetic 
compatibility in residential applications.

EMC: Class A product:

Color Code

White WH 

Red RD

Blue BU

Green GN

Yellow YE

Gray GY

Brown BN

Orange OG

Black BK

Turquoise TQ

Ivory IV

Beige BE

Olive OL

Color designations

Subject to changes that serve 
the purpose of technical progress.

Note:

Technical information
Information
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Touch-proof

Back of hand safety

Example: pressure actuation

Touch proofness

Finger safety Back of hand safety

handle the machine.
The most important thing is that an area 

formed by an even envelope curve 30 mm in 
radius must surround the live parts. This 
area must be touch-proof, i.e., the live 
parts of the electrical device must not be 
within reach of the VDE test finger 
according to IEC 60529/DIN VDE 0470-1 
(test finger).

Back of hand safety is specified for the 
“rest of the area” up to 100 mm around the 
operating element. Back of hand safety 
means that when a force of 50 N is applied 
to a ball with a diameter of 50 mm, this 
does not come into contact with the live 
parts of the equipment. No special 
measures for ensuring contact safety are 
stipulated outside this area.

Note: systems and equipment that are 
operated with SELV up to 25 V ~ or 60 V – 
are considered to be protected against 
“direct contact”.

According to § 5, Subsection 4 of the BGV 
A 2 regulations, there is no need to test the 
condition of the system prior to initial 
startup if the company has confirmation 
from the manufacturer or installer that the 
electrical systems and equipment conform 
to BGV A 2. The confirmation required 
relates to systems and equipment that have 
been installed and are ready for operation 
and can only be issued by the installer or 
installation company. The manufacturer of 
the electrical equipment can only issue a 
confirmation that products have been 
produced in accordance with the relevant 
electrotechnical DIN VDE regulations 
stipulated in BGV A 2. The installer must 
bear this in mind when selecting the 
equipment to be used.

In the field of connection technology, 
Phoenix Contact offers a wide range of 
products which are touch-proof or can be 
protected against contact by means of 

The accident prevention regulations BGV 
A 2 issued by the German employer's 
liability insurance association for precision 
mechanics and electrical engineering apply 
to the operators of electrical systems and 
are aimed at the prevention of electrical 
accidents by means of special safety 
requirements.

These regulations contain specifications 
regarding the safety distances for work, 
operation, and occasional handling in the 
proximity of “live parts” in low-voltage 
systems up to 1000 V ~ or 1500 V –.
– Work with live parts is only permitted 

once they have been de-energized. 
Operational activities are only permitted 
in the vicinity of live parts if these parts 
are de-energized or are protected against 
direct contact (§ 6). The following safety 
measures apply when working in the 
vicinity of live parts:

– Provision of the de-energized state for 
the duration of the work

– Ensure touch-proofness is in place in the 
form of covers or barriers during the 
work

– Assurance that proximity limits will not 
be violated (§ 7)
The term “occasional handling” has been 

introduced for the operation of elements 
such as pushbuttons, rocker arms or rotary 
buttons in the proximity of live parts.

According to VDE 0105-1, this is covered 
by “operation with partial protection 
against direct contact”.

Detailed specifications for “occasional 
handling” can be found in 
DIN VDE 0106-100. This specifies to what 
degree live parts in the proximity of 
operating elements are to be protected 
against contact. The basis for this is the 
definition of a “protection area for 
occasional handling”; this is the area into 
which the user must reach in order to 

covers. Depending on the conditions, all of 
this must be taken into account when 
selecting the individual types of terminal 
blocks and accessories.

Technical information
Information



12,5

50

774 PHOENIX CONTACT

Degrees of protection according to DIN EN 60529

Definition:
IP (Ingress Protection) protection 

according to DIN EN 60529 is defined by 
two digits (e.g., IP54), the meaning of which 
is explained in the following tables.

Degree of protection against access to dangerous parts 
and against solid foreign objects

First 

digit

Short description Example Definition

0 Not protected

1

Protected against solid foreign 

objects

Protected against touching dangerous parts with the back 

of the hand. Protection against ingress of solid foreign ob-

jects with Ø > 50 mm.

2

Protected against solid foreign 

objects with Ø 12.5 mm or more

Protected against touching dangerous parts with a finger. 

Protection against ingress of solid foreign objects with Ø > 

12.5 mm.

3

Protected against solid foreign 

objects with Ø 2.5 mm or more

Protected against touching dangerous parts with a tool. 

Protection against ingress of solid foreign objects with Ø > 

2.5 mm.

4

Protected against solid foreign 

objects with Ø 1 mm or more

Protected against touching dangerous parts with a wire. 

Protection against ingress of solid foreign objects with Ø > 

1 mm.

5

Protected against dust Protected against touching dangerous parts with a wire. 

The ingress of dust is not completely prevented, but dust 

may not enter in such an amount that the satisfactory oper-

ation of the device or its safety is impaired.

6

Dust-proof Protected against touching dangerous parts with a wire. No 

ingress of dust.

Degree of protection against water

Second 

digit

Short description Example Definition

0 Not protected

1

Protected against dripping water Vertically falling drops shall have no effect.

2

Protected against dripping water 

if the housing is inclined at an an-

gle of up to 15°

Vertically falling drops shall have no effect if the housing is in-

clined at an angle of up to 15° either side of the perpendicular.

3

Protected against spray water Water that is sprayed at an angle of up to 60° either side of the 

perpendicular 

shall have no harmful effect.

4

Protected against splash water Water that splashes against the housing from any direction shall 

have no harmful effect.

5

Protected against jet water Water that is directed as a jet against the housing from every di-

rection shall have no harmful effect.

6

Protected against powerful jet 

water

Water that is directed as a strong jet against the housing from ev-

ery direction shall have no harmful effect.

7

Protected against the effect of 

temporary submersion in water

Water may not penetrate in a harmful quantity when the housing 

is temporarily submerged in water under standard pressure and 

time conditions.

8

Protected against the effect of 

continuous submersion in water

Water may not penetrate in a harmful quantity when the housing 

is submerged in water continuously under conditions to be 

agreed between the manufacturer and user.

9K

Protected against water during 

high-pressure and jet-stream 

cleaning

Water that is directed against the housing under extremely high 

pressure from every direction shall have no harmful effect. 

(Example: IP69K according to DIN 40050 Part 9)

Technical information
Information
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For safety reasons, electrical equipment must be 
protected against external influences. This is the 
job of the housing, which protects electrical 
equipment against contact, ingress of solid objects, 
dust, and moisture.

The following table contains possible 
combinations of degrees of protection according 
to DIN EN 60529 which can be practically applied 
to housing.
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Touch proofness Foreign object protection IPx0 IPx1 IPx2 IPx3 IPx4 IPx5 IPx6 IPx7 IPx8 IPx9K

No touch-proofness No protection against solid 

foreign objects

IP0x IP00

Back of hand safety Protection against solid 

foreign objects > 50 mm Ø

IP1x IP10 IP11 IP12

Touch-proof Protection against solid 

foreign objects > 12.5 mm Ø

IP2x IP20 IP21 IP22 IP23

Protection against touching with tools, 

wires, etc. > 2.5 mm Ø

Protection against solid 

foreign objects > 2.5 mm Ø

IP3x IP30 IP31 IP32 IP33

Protection against touching with tools, 

wires, etc. > 1 mm Ø

Protection against solid 

foreign objects > 1.5 mm Ø

IP4x IP40 IP41 IP42 IP43 IP44

Protection against touching with tools, 

wires, etc. > 1 mm Ø

Protection against harmful 

dust accumulations 

inside the device

IP5x IP50 IP54 IP55

Protection against touching with tools, 

wires, etc. > 1 mm Ø

No ingress of dust IP6x IP60 IP65 IP66 IP67 IP68 IP69K

Example: DUPLICON power distribution with IP67 protection according to DIN EN 60529

Dust-proof
(IP6x)

Protected against temporary submersion 
(IPx7)

Photo shows DUPLICON test sample during the IP6x dust test

Technical information
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Our insulating housings are made from 
various thermoplastic materials. Depending 
on the application, the best-suited material 
is selected based on its electrical and 
mechanical properties.

All plastics used by Phoenix Contact are 
RoHS-compliant.

All plastics used at Phoenix Contact have 
been listed with UL (Underwriters 
Laboratories Inc.) in the USA.

Behavior of plastics under the 
influence of temperature (operating 
temperatures)

All plastics undergo thermal aging when 
they are subjected to heat over long 
periods. This process causes changes in the 
mechanical and electrical properties of the 
material. External influences, e.g., radiation, 
additional mechanical, chemical or electrical 
stresses, amplify this effect. All 
characteristics included in the table have 
been determined based on samples, which 
provides a good means of drawing 
comparisons between different materials. 
However, applying these characteristics to 
an evaluation of molded plastic parts is only 
possible to a limited extent, and can only 
give the designer a rough guide when it 
comes to selecting a plastic material. This 
catalog uses RTI Elec. according to UL 746B 
as an assessment criterion for temperature 
resistance.

Insulation materials

Polyamide: PA and PA-GF
Polyamide has excellent electrical, 

mechanical, and chemical properties even at 
high operating temperatures. Brief peak 
temperatures of up to approximately 200°C 
are permitted as a result of heat aging 
stabilization. The absorption of water 
makes the plastic flexible and resistant to 
breakage, even at low temperatures. 

Fiber-reinforced polyamides feature 
greater rigidity and hardness as well as 
operating temperatures higher than those 
of non-reinforced materials. 

Polyamide for high-temperature 
applications: PA HT and PA-GF HT

Special high-temperature-resistant types 
of polyamide are used in non-reinforced or 
fiberglass-reinforced versions for reflow 
applications. These high-temperature 
polyamides combine the excellent electrical 
properties of polyamide and 
therequirements of the reflow soldering 
process for temperature resistance.

Liquid crystal polymers: LCP GF
LCP combines high temperature stability 

with excellent dimensional stability and 
creepage resistance for products used in 
reflow processes. LCP has exceptional 
mechanical properties across a wide 
temperature range and a very low thermal 
expansion. 

Polyester: PBT and PBT-GF
We use thermoplastic polyester in non-

reinforced and fiberglass-reinforced 
versions for special applications which 
require increased dimensional and form 
stability. 

In addition to the high operating 
temperature, the material is characterized 
by excellent mechanical stability, hardness, 
and excellent notched impact strength. PBT 
does not absorb moisture from its 
surroundings. PBT is therefore particularly 
suitable for strips, for example, which are 
soldered onto PCBs.

Polycarbonate: PC
Polycarbonate combines many advantages 

such as rigidity, impact strength, 
transparency, dimensional stability, good 
insulation properties, and resistance to 
heat.

The amorphous material only absorbs 
moisture to a very limited degree, and is 
used for items such as large, rigid electronic 
component housing.

In its transparent form, polycarbonate is 
particularly suitable for use as a material for 
cover profiles or marking materials.

Acrylonitrile butadiene styrene: ABS
We use ABS for products which must 

have good impact and notched impact 
properties in addition to high mechanical 
stability and rigidity. The products are also 
characterized by their special surface quality 
and hardness.

ABS is suitable for coating metal surfaces, 
e.g., nickel.

Polyvinyl chloride: PVC
While most thermoplastic materials are 

processed with injection molding using 
ready-to-use molding and extrusion 
material, PVC is processed as a powder in 
the extruder. This is why it is used in our 
profile products. PVC is also self-
extinguishing without flame protection and 
has high mechanical strength but is notch-
sensitive.

Polyoxymethylene: POM
Polyoxymethylene is a technical material 

that combines high rigidity with mechanical 
stability, excellent elastic properties, high 
tenacity, dimensional accuracy, and 
exceptional sliding friction behavior. 

Polyethylene: PE
Polyethylene is characterized by excellent 

chemical resistance and electrical insulation 
properties. PE is thermoplastic and can 
therefore be processed using almost all 
procedures. Furthermore, PE has excellent 
tenacity even at low temperatures and a 
good elongation at break.

Polypropylene: PP
PP has higher rigidity, hardness, and 

stability and is more heat-resistant than PE. 
PP is not as tough at low temperatures, 
however.

Thermoplastic polyurethane: 
TPU and TPU-GF

TPU is characterized by excellent 
electrical properties, a good surface feel, a 
high degree of flexibility over a wide 
temperature range, and high resistance to 
wear. Thermoplastic polyurethanes are also 
elastic and low-temperature impact 
resistant.

In contrast to non-reinforced materials, 
fiberglass-reinforced TPU is characterized 
by high rigidity and hardness.

Cross-linked ethylene-propylene-
diene polymer/polypropylene: 
EPDM-PP

EPDM-PP is a polymer blend of PP and 
cross-linked EPDM. EPDM-PP is a rubber-
like material which can be processed using 
thermoplastic procedures. EPDM-PP 
combines high temperature resistance, a 
low compression set, and excellent 
resistance to abrasion and chemicals.

Acrylonitrile butadiene styrene 
rubber: NBR

NBR is a rubber with excellent resistance 
to aging. It also features excellent resistance 
to abrasion and low plastic flow. Its 
elasticity is lower than other rubbers.

Quality features of insulation material
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Resistance to chemicals

-  Not resistant

0  Moderately resistant

+ Good resistance

Plastics
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Chemicals
Acetaldehyde 0 0 0 - 0 - - 0 + + + 0 0 - 0

Acetone 20 + + - + + 0 0 0 - + - - 0

Acetate + + + 0 0 - + 0 0 + + - - - - -

Acetophenone + + + 0 0 - + 0 0 + + - - - - -

Aldehyde 0 0 0 - 0 - - 0 + + + 0 - 0 0

Formic acid - - 0 0 + - + + + 0 0 - + 0 0 +

Amines + + + - 0 - - 0 + + + + 0 - - -

Alcohols 0 0 0 0 + 0 + + + + + - + + 0 +

Ammonia 10 20 +    + 0 + + + + + 0 + 0 - +

Benzaldehyde 0 0 0 - 0 - - 0 + + + 0 0 - 0

Gasoline 20 + + + 0 + 0 0 - + + + - - - + -

Benzol 50 + + + + 0 - 0 - + 0 0 - 0 - 0 -

Benzophenone 20 + + + 0 0 - + 0 0 + + - - - + -

Boracic acid 100 20 0 0 + + + 0 0 0 + + + +

Brake fluid 100 + + - + + - - 0 + - - -

Butyric acid - - 0 0 + 0 + + + 0 0 + + - 0 0

Cyclohexanone + + + 0 0 - + 0 0 + + - - - - -

Diesel oil + + + + - + + + - + - + -

Diethylamine + + + - 0 - - 0 + + + + - - - -

Dimethylamine + + + - 0 - - 0 + + + + 0 - -

Glacial acetic acid 50 - - - - - 0 + - - - - + - - -

Acetic acid 20 - - 0 0 + - + + + 0 0 0 + - - 0

Esters + + + 0 - - - 0 + - + - - -

Ethanol 0 0 0 0 + 0 + + + + + - + + + +

Ether + + + - 0 - 0 0 + + + - 0 + - -

Greases + + + + + + 0 0 0 + - + 0

Formaldehyde 0 0 0 - 0 - - 0 + + + 0 0 + 0

Gear oil 100 + + + - + + + + + - + -

Halogens (fluorine, chlorine, bromine, iodine) - - - + - - - - - - - - - - + -

Hydraulic oil 20 + 0 + - + + + - + - + -

Potassium hydroxide solution + + + - + 0 + - + + + + 0 + -

Kerosene 20 + + + + + - 0 - + -

Ketones + + + 0 0 - + 0 0 + + - - - - -

Hydrocarbons, aliphatic + + + + + + 0 0 + + + - + + + -

Hydrocarbons, aromatic + + + - 0 - 0 0 0 + + - - - + -

Hydrocarbons, chlorinated 0 0 0 - + - - - 0 - - - - - + -

Hydrocarbons, unsaturated chlorinated 0 0 0 - + - - - 0 0 0 - - - + -

Fuels + + + 0 + 0 0 - + + + - - - + -

Alkalis, weak + + + - + 0 + + + + + + + 0 + 0

Alkalis, strong 0 - - - + - + + - - + 0 0 - -

Inorganic salt solutions + + + - + + + + + + + + + + +

Machine oil + + + + + 0 + - + -

Metal chloride + + + - + + + + + + + + + + + +

Metal sulfate + + + - + + + + + + + + + + + +

Metal nitrate + + + - + + + + + + + + + + + +

Methanol 0 0 0 0 + 0 + + + + + - + + - +

Methylamine + + + - 0 - - 0 + + + + + 0 0 -

Lactic acid 10 20 + + + + + + + + - + + + +

Mineral oil + + + + + + - + + + - + - + -

Motor oil 120 + + + 0 + + + - + + + - + - + -

Sodium hydroxide solution 50 50 0 0 + - + + + + - + + + + 0 0 0

Nitrobenzene 0 0 - 0 + - - - 0 + 0 -

Ozone 0 0 0 - 0 - + + + 0 0 + + 0 + -

Propyl alcohol 0 0 0 0 + 0 + + + + + - + + + +

Nitric acid 30 20 - 0 - 0 - - + 0 0 0 0 - + - + -

Hydrochloric acid 20 - - 0 + 0 0 - - - + 0 + 0

Sulfuric acid 50 50 - 0 - 0 - - + + - 0 0 + + 0 + -

Salt water 20 + + + + + + + + + + + + + + + +

Turpentine 0 0 0 + - + - - + 0 0 - - - + -

UV resistance + + + 0 0 - - + + + 0 0 + +

Detergent alkalis 2 100 0 + + + + + + - + + + 0

Water (dist.) 20 +

Water, cold + + + + + + + + + + + + + + + +

Water, hot - - - - + + + + - + + + + 0 + 0

Citric acid 10 + + + + + + + + + + +

* The irradiated PUR version is generally more resistant than the non-irradiated version. This cannot be quantified and must be checked in individual cases.

The information in the table has been gathered from the recommendations of our plastic suppliers. 

Since individual operating conditions can also affect the usability of each product, this information should be used as a guide only.

For applications where no prior experience exists, we recommend that the user carries out preliminary tests.
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Dimensioning air clearances and creepage 
distances according to DIN EN 60664-1/
VDE 0110-1.

This part of the standard is based on 
IEC 60664. It contains specifications for 
insulation coordination for equipment 
within low-voltage systems. This part 
applies to equipment to be used up to 2000 
m above sea level. This safety standard is 
primarily aimed at technical committees. If 
there are no applicable product provisions 
for a piece of equipment you may apply the 
standard at your discretion. International 
and European product standards are cited in 
this catalog. These standards include the 
specifications on insulation coordination in 
accordance with 
DIN EN 60664 /VDE 0110-1.

Insulation coordination
Insulation coordination includes the 

selection of electrical insulation properties 
for equipment as regards intended 
applications and ambient conditions. 
Separate requirements must be applied for 
air clearances and creepage distances and 
for solid insulation. The surge voltages to be 
expected, characteristics of surge 
protective devices, and pollution at the 
intended site must be considered when 
dimensioning clearances. Clearances are 
then dimensioned according to the external 
or internal surge voltages to be expected. 
The different surge voltages directly 
determine the required clearance. They are 
grouped into categories with a numerical 
value which defines a rated impulse voltage. 
These overvoltage categories (I to IV) are 
used for equipment that is directly supplied 
by low-voltage networks. They are primarily 
based on statistical observations. You will 
find the definition of the individual 
categories in the extract from 
DIN EN 60664 /VDE 0110-1 below.

The clearances can be calculated 
according to Table 2 (minimum clearances) 
depending on the homogeneity level of the 
field between the electrodes (case A – non-
homogeneous field, case B – homogeneous 
field).

Clearances according to case A withstand 
the assigned impact voltages under all 
conditions. You can use equipment 
dimensioned according to case A without 
further testing. Clearance values according 
to case B are based on ideal conditions. 
Clearance values which fall between case A 
and case B must be proven by means of an 
impulse voltage test.

Prevailing voltages, the properties of 
insulation materials, the pollution to be 

expected, and safety measures against 
pollution are considered when 
dimensioning creepage distances.

When determining the air clearances and 
creepage distances, the effect of pollution is 
considered according to three intensity 
levels (pollution degree 1 to 3).

The creepage distance is based on the 
rated voltage that is derived from the 
working voltage or nominal mains voltage. 
The minimum creepage distances are 
assigned to the rated voltages according to 
the degree of pollution in Table 4.

If the respective product descriptions do 
not contain any additional specifications, 
the products presented in this catalog are 
rated for overvoltage category III and 
pollution degree 3 according to this 
regulation (DIN EN 60664-1/VDE 0110-1).

Overvoltage categories I to IV
– Equipment in overvoltage category IV 

can be used at the terminal point of the 
installation.
Note: Examples of such equipment 
include electricity meters and primary 
protective devices for overcurrent 
protection.

– Items in overvoltage category III can 
be used in fixed installations and are 
intended for such cases where there are 
special requirements for the reliability and 
availability of the items.
Note: Examples of such equipment 
include switches in fixed installations. In 
addition, equipment for industrial use 
with long-term connection to the fixed 
installation.

– Equipment in overvoltage category II 
includes power-consuming items that are 
fed from the fixed installation.
Note: Examples of such equipment 
include household appliances, portable 
tools, other domestic appliances, and 
similar devices.

– Equipment in overvoltage category I 
can be connected to circuits where 
measures have been taken to limit the 
surge voltages to a suitable lower value.

Pollution degrees 1 to 4
The following four pollution degrees have 

been defined for the micro-environment in 
order to determine air clearances and 
creepage distances:

– Pollution degree 1
No pollution or only dry, non-conductive 

pollution occurs. The pollution has no 
effect.

– Pollution degree 2
Only non-conductive pollution occurs. 

However, temporary conductivity due to 
condensation must occasionally be taken 
into consideration.
– Pollution degree 3

Conductive pollution occurs or dry, non-
conductive pollution which becomes 
conductive, since condensation is to be 
expected.
– Pollution degree 4

Permanent conductivity occurs, caused by 
conductive dust, rain or moisture.

Insulation material
DIN EN 60664/VDE 0110-1 classifies 

insulation materials into four groups 
depending on their CTI values that were 
obtained using solution A as per IEC 60112.
Insulation material group I: 600  CTI
Insulation material group II: 400  CTI  600
Insulation material group III a: 

175  CTI  400
Insulation material group III b: 

100  CTI  175.
The comparative tracking index of the 

creepage distance formation must have 
been determined based on suitable samples 
using test solution A as specified in 
DIN IEC 60112.

The proof tracking index of the creepage 
distance formation (PTI) is used as proof of 
the creepage current properties of 
insulation materials.

Insulation coordination for electrical equipment within 
low-voltage systems
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Rated surge voltages for equipment that is directly supplied by the 

low-voltage network (extract from Table 1)

Nominal voltage of the power supply system 1) 

(mains) as per IEC 60038 3)

Conductor-neutral conductor voltage 

derived from the total nominal AC 

voltage or nominal DC voltage

Rated surge voltage 2)

[V]

Three-phase Single-phase Overvoltage category 4)

[V] [V] [V]  I II III IV

120 to 240

50 330 500 800 1500

100 500 800 1500 2500

150 800 1500 2500 4000

230/400 277/480 300 1500 2500 4000 6000

 400/690 600 2500 4000 6000 8000

1000 1000 4000 6000 8000 12000

1) Refer to Appendix B for application in existing deviating low-voltage networks and their nominal voltages.

2) Equipment with this rated surge voltage may be used in systems according to IEC 60364-4-443.

3) The slash, i.e., /, indicates a three-phase four-wire system. The lower value is the conductor-to-neutral-conductor voltage, whereas the 

higher value is the conductor-to-conductor voltage. When only one value is specified, it refers to a three-phase three-conductor 

system, and indicates the conductor-to-conductor voltage.

4) Refer to 2.2.2.1.1 for an explanation of overvoltage categories.

Minimum clearances for overvoltages (extract from Table 2)

Required rated 

impulse voltage 1) 5)

Condition A

Non-homogeneous field (refer to 3.15)

Condition B

Homogeneous field (refer to 3.14)

Pollution degree 6) Pollution degree 6)

1 2 3 1 2 3

[kV]  [mm] [mm] [mm] [mm] [mm] [mm]

0.33 2) 0.01 0.2 3) 4) 0.8 4) 0.01 0.2 3) 4) 0.8 4)

0.40 0.02 0.02

0.5 2) 0.04 0.04

0.60 0.06 0.06

0.80 2) 0.10 0.10

1.0 0.15 0.15

1.2 0.25 0.25 0.2

1.5 2) 0.5 0.5 0.3 0.3

2.0 1.0 1.0 1.0 0.45 0.45

2.5 2) 1.5 1.5 1.5 0.6 0.6

3.0 2.0 2.0 2.0 0.8 0.8

4.0 2) 3 3 3 1.2 1.2 1.2

5.0 4 4 4 1.5 1.5 1.5

6.0 2) 5.5 5.5 5.5 2 2 2

8.0 2) 8 8 8 3 3 3

10 11 11 11 3.5 3.5 3.5

12 2) 14 14 14 4.5 4.5 4.5

15 18 18 18 5.5 5.5 5.5

20 25 25 25 8 8 8

25 33 33 33 10 10 10

30 40 40 40 12.5 12.5 12.5

40 60 60 60 17 17 17

50 75 75 75 22 22 22

60 90 90 90 27 27 27

80 130 130 130 35 35 35

100 170 170 170 45 45 45

1) This voltage is:

– For function insulation: the highest surge voltage expected for the clearance

– For basic insulation, if influenced directly or considerably by transient overvoltages from the low-voltage network: the rated surge voltage 

of the equipment

– For a different basic insulation: the highest surge voltage possible in the circuit.

2) Preferred values

3) For PCBs, the values of pollution degree 1 are applicable, except that no deviation below the value of 0.04 mm is permitted, as 

specified in Table 4.

4) Minimum clearances for pollution degrees 2 and 3 are based on the corresponding creepage distances. This resistance is reduced due 

to the effects of humidity.

5) Values can be interpolated for parts or circuits within equipment that are subjected to surge voltages.

6) The distances for pollution degree 4 are equal to those for pollution degree 3, except that the minimum clearance is 1.6 mm.

Schematic for determining clearances

Altitude correction factors

(extract from Table A.2)

Altitude [m] Normal air pressure 

[kPa]

Multiplication factor 

for distances

2000

3000

4000

80.0

70.0

62.0

1.00

1.14

1.29

5000

6000

7000

54.0

47.0

41.0

1.48

1.70

1.95

8000

9000

10000

35.5

30.5

26.5

2.25

2.62

3.02

15000

20000

12.0

5.5

6.67

14.50

Dimensioning of clearances

Nominal voltage of the 

power supply

Rated 

surge 

voltage

Rated surge voltage 

according to Table 1

Overvoltage 

category

Minimum clearance L 

according to Table 2

Pollution 

degree

Altitude 

> 2000 m 

above sea 

level

Multiply L with altitude 

correction factor 

according to Table A2 

Surge 

voltage test

No Rating acc. 

to case A

Yes

Clearance L
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Schematic for determining creepage 
distances

Single-phase three- or two-conductor AC or DC voltage

systems (extract from Table 3 a)

Nominal voltage 

of the power 

supply system 

(mains) *)

 Voltages for Table 4

For conductor-to-

conductor 

insulation 1)

For conductor-to-

ground 

insulation 1)

All systems

Three-conductor 

systems

center point grounded

[V] [V] [V]

12.5 12.5 –

24

25

25 –

30 32 –

42

48

50 **)

50 –

60 63 –

30 - 60 63 32

100 **) 100 –

110

120

125 –

150 **) 160 –

220 250 –

110 - 220

220 - 240

250 125

300 **) 320 –

220 - 440 500 250

600 **) 630 –

480 - 960 1000 500

1000 **) 1000 –

1) Conductor-to-ground insulation levels for non-grounded systems 

or those grounded through impedance correspond to conductor-

to-conductor insulation levels as the operating voltage of every 

conductor to ground can, in practice, reach the conductor-to-

conductor voltage. This is based on the fact that the actual voltage 

to ground is determined by the insulation resistance and 

capacitive reactance of each conductor to ground. Therefore, a 

low (but permissible) insulation resistance of a conductor can 

practically ground this and raise the two others to conductor-to-

conductor voltage to ground.

*) Refer to 2.2.1 for correlation with the rated voltage.

**) These values correspond to the values in Table 1.

Three-phase four- or three-conductor AC voltage systems 

(extract from Table 3 b)

Nominal 

voltage of 

the power 

supply 

system 

(mains) *)

 Voltages for Table 4

For 

conductor-

to-conductor 

insulation

All systems

Insulation for conductor to ground

Three-phase 

four-conductor 

systems with 

grounded 

neutral 

conductor 2)

Three-phase 

three-

conductor 

systems 

non-grounded 1

) or conductor 

grounded

[V] [V] [V] [V]

60 63 32 63

110/120/127 125 80 125

150 **) 160 – 160

208 200 125 200

220/230/240 250 160 250

300 **) 320 – 320

380/400/415 400 250 400

440 500 250 400

480/500 500 320 500

575 630 400 630

600 **) 630 – 630

660/690 630 400 630

720/830 800 500 800

960 1000 630 1000

1000 **) 1000 – 1000

1) Conductor-to-ground insulation levels for non-grounded systems 

or those grounded through impedance correspond to conductor-

to-conductor insulation levels as the operating voltage of every 

conductor to ground can, in practice, reach the conductor-to-

conductor voltage. This is based on the fact that the actual voltage 

to ground is determined by the insulation resistance and 

capacitive reactance of each conductor to ground. Therefore, a 

low (but permissible) insulation resistance of a conductor can 

practically ground this and raise the two others to conductor-to-

conductor voltage to ground.

2) For equipment designed for use in three-phase four-conductor 

and three-phase three-conductor systems, grounded as well as 

non-grounded, only the values for three-conductor systems may 

be used.

*) Refer to 2.2.1 for correlation with the rated voltage.

**) These values correspond to the values in Table 1.

Creepage distances to prevent failures occurring due to creepage (extract from Table 4)

Voltage 1)

r.m.s. value

Minimum creepage distances 1) This voltage is:

a) For function insulation: the working 

voltage.

b) For basic and additional insulation 

of a circuit supplied directly by the 

low-voltage network: either the 

voltage selected from Table 3 a or 

3 b on the basis of the rated 

voltage of the equipment or the 

rated insulation voltage.

c) For basic and additional insulation 

of systems, equipment, and 

internal circuits which are not 

supplied directly from the mains: 

the highest r.m.s. value of the 

voltage that, within the bounds of 

the rated data, can occur in the 

system, the equipment or the 

internal circuit, when supplied with 

rated voltage and in the case of the 

most unfavorable combination of 

operating conditions.

2) With pollution degree 3, insulation 

material group III b is not 

recommended for use if voltages 

are greater than 630 V.

Printed circuits

Pollution degree Pollution degree

1 2 1 2 3

All insulation material 

groups

All insulation material 

groups except III b

All insulation material 

groups

Insulation material group Insulation material group

I II III I II III 2)

[V] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm]

10

12.5

16

0.025

0.025

0.025

0.04

0.04

0.04

0.08

0.09

0.10

0.4

0.42

0.45

0.4

0.42

0.45

0.4

0.42

0.45

1.00

1.05

1.10

1.00

1.05

1.10

1.00

1.05

1.10

20

25

32

0.025

0.025

0.025

0.04

0.04

0.04

0.110

0.125

0.140

0.48

0.5

0.53

0.48

0.5

0.53

0.48

0.5

0.53

1.20

1.25

1.30

1.20

1.25

1.30

1.20

1.25

1.30

40

50

63

0.025

0.025

0.040

0.04

0.04

0.63

0.16

0.18

0.20

0.56

0.6

0.63

0.8

0.85

0.9

1.1

1.2

1.25

1.4

1.5

1.6

1.6

1.7

1.8

1.8

1.9

2.0

80

100

125

0.063

0.10

0.16

0.10

0.16

0.25

0.22

0.25

0.28

0.67

0.71

0.75

0.95

1.0

1.05

1.3

1.4

1.5

1.7

1.8

1.9

1.9

2.0

2.1

2.1

2.2

2.4

160

200

250

0.25

0.40

0.56

0.4

0.63

1.0

0.32

0.42

0.56

0.8

1.0

1.25

1.1

1.4

1.8

1.6

2.0

2.5

2.0

2.5

3.2

2.2

2.8

3.6

2.5

3.2

4.0

320

400

500

0.75

1.0

1.3

1.6

2.0

2.5

0.75

1.00

1.30

1.6

2.0

2.5

2.2

2.8

3.6

3.2

4.0

5.0

4.0

5.0

6.3

4.5

5.6

7.1

5.0

6.3

8.0

630

800

1000

1.8

2.4

3.2

3.2

4.0

5.0

1.80

2.40

3.20

3.2

4.0

5.0

4.5

5.6

7.1

6.3

8.0

10

8.0

10.0

12.5

9

11

14

10.0

12.5

16.0

1250

1600

2000

4.20

5.60

7.50

6.3

8

10

9

11

14

12.5

16

20

16

20

25

18

22

28

20

25

32

2500

3200

4000

10

12.5

16

12.5

16

20

18

22

28

25

32

40

32

40

50

36

45

56

40

50

63

5000

6300

8000

20

25

32

25

32

40

36

45

56

50

63

80

63

80

100

71

90

110

80

100

125

10000 40 50 71 100 125 140 160

Dimensioning of creepage distances

Nominal mains 

voltage of the power 

supply

Rated AC/DC voltage

Pollution 

degree

Minimum creepage 

distance K acc. to 

Table 4

Insulation 

material

Clearance 

L
Pollution degree 1

Yes No

Increase K 

to L

Yes
K < L

K < L

acc. to case A

No No Yes

Creepage distance K

Increase K to 

L acc. to 

case A

Technical information
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Certification bodies and approvals
Country 

code
Explosion protection

Country 

code
Marine classification societies

Country 

code

IECEE CB Scheme

(in combination with certifying body)

Interna-

tional

International 

Electrotechnical Commission

Interna-

tional
DNV GL - MARITIME 

CENELEC Certification Agreement 

(CCA inspection report)

(in combination with certifying body)

EU ATEX Directive EU Bureau Veritas 

Canadian Standards Association (CSA) DEKRA Certification B.V. Germanischer Lloyd AG 

Canadian Standards Association (CSA)

- CSA approval for the USA - 
Physikalisch-Technische Bundesanstalt Lloyd's Register of Shipping

Canadian Standards Association

(CSA) Combined logo

- CSA approval for Canada and the USA -

KIWA Nederland B.V. Nippon Kaiji Kyokai 

Underwriters Laboratories Inc. (UL) VTT Expert Services Oy Det Norske Veritas 

Underwriters Laboratories Inc. (UL) 

- UL approval for Canada -

IBExU Institut für Sicherheitstechnik 

GmbH
Polski Rejestr Statków 

Underwriters Laboratories Inc. 

(UL) Combined logo 

- UL approval for the USA and Canada -

TÜV Rheinland do Brasil Russian Maritime Register of Shipping 

INSIEME PER LA QUALITA'E LA 

SICUREZZA
Technischer Überwachungsverein Nord Korean Register of Shipping

Eurasian Conformity DEKRA EXAM GmbH American Bureau of Shipping

DEKRA Certification B.V. Canadian Standards Association (CSA)

Österreichischer Verband für 

Elektrotechnik

Canadian Standards Association (CSA)

- CSA approval for the USA - 

electrosuisse SEV 

Verband für Elektro-, 

Energie- und Informationstechnik

Canadian Standards Association

(CSA) Combined logo

- CSA approval for Canada and the USA -

Verband Deutscher Elektrotechniker e.V. 

(VDE) 

– Approval of drawings 

– Reports with production monitoring

Underwriters Laboratories Inc. (UL) 

Berufsgenossenschaft (BG)

GS Tested safety

Underwriters Laboratories Inc. (UL) 

- UL approval for Canada -

Intertek ETL Listed

- Approval for the USA -

Underwriters Laboratories Inc. 

(UL) Combined logo 

- UL approval for the USA and Canada -

Intertek ETL Listed

- Approval for Canada -
FM Approvals

Intertek ETL Listed

- Approval for the USA and Canada -
Eurasian Conformity for Ex-products

TÜV Rheinland Industrie Service GmbH

China Compulsory Certification

Korea Communications Commission

Certification bodies and safety marks

Technical information
Information
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