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HVDC Relays & contactors
conductor size & heat dissipation
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Principles of DC switching:

1. Make the contact gap as big as possible

2. Open the contacts as fast as possible

3. Stop the arc from forming

4. Reduce contact bounce time

5. Robust contacts and terminals to manage heat dissipation

To perform items 1 and 2, the easy way is to increase coil power. This creates enough pull in
force to close big contact gaps, and can also open and close the contacts faster.
But this means a bigger power dissipation, in other words, more HEAT.

The other big heat source in a relay or contactor, are the contacts. All current passing through
the contacts is concentrated on a small surface, creating hot points. In order to minimize this
heat generation we can increase contact dimensions and increase contact force to reduce
contact resistance. In addition, all current carrying paths must be kept as short as possible.

Heat, the big enemy
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Terminal temperature considerations:
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It is important to keep the contacts as cool as possible, both during the switching process and,
when the contacts are closed and conducting, to extend contact life and avoid damage or welding.

Even increasing contact dimensions and contact force, in most cases, is not enough to keep
contacts at temperatures inside limits established by IEC (EN) 60947.1.

Maximum terminal temperature rise is 70°K over ambient temperature. 
Built in terminals can be used to dissipate the heat into the surrounding cables and busbars.

Therefore it is important to keep the busbars (or cables) cross sectional area at least 
as large as the manufacturer’s recommendations and bigger if possible.

For example, Durakool DEVR60 is rated for 600A with 200mm2 busbars, 
but increase to 300mm2 and it can carry 1000A for 10 minutes and still 
remain well within acceptable terminal temperatures.
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Terminal temperature considerations:
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IEC (EN) 60947.1 (Table 2) defines the 
acceptable limits for the temperature rise, 
above ambient, for relay and contactor 
terminals.

Typically, contactor terminals will be silver 
plated, or nickel plated, copper or brass.

So, according to Table 2, the maximum 
permissible temperature rise is 70°K [above 
ambient].

At least one HVDC Contactor manufacturer 
quotes their data with a terminal 
temperature rise, above ambient, of 85°C.
i.e. 15°K above the limit specified in IEC (EN) 
60947.1

4/0  100mm2

2/0  60mm2

The operating temperature 
range for this contactor is -
55°C to +85°C which means 
the terminals could be at 
170°C when fully loaded!

Source: Gigavac data sheet
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Minimum and recommended cable size:
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For all our DEVR HVDC contactors range, we 
specify the minimum cable size and the 
recommended one.

All our continuous current charts specify the 
cable size used for testing.

At least two HVDC contactor manufacturers 
quote their data with “Extrapolated” 
information.

Ask our experts about your specific application.

©Willow Technologies Ltd 2022
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Typical application in an EV:
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Contactors are used to provide safety isolation of 
the battery.

They do not normally switch under load, but they 
do have to withstand high peak currents when the 
vehicle accelerates, for example.

Sequence of operation
1. Discharge contactor opens (often a NC type).
2. Pre-charge relay and 0V (-ve) main contactor close 

and filter capacitors start charging. Current is limited 
by the Pre-charge resistor.

3. Second (+ve) main contactor closes when capacitors 
are at about 80% charge.

4. Pre-charge relay opens until next cycle.
5. EV comes to a stop and switched off. First Main 

contactor opens and Discharge relay closes to drain 
excess voltage from capacitors  - safety – and then 
Second Main contactor opens to isolate battery.

© Willow Technologies Ltd. 2022
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Typical application in an EV:
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Contactors are used to provide safety isolation of the
battery.

They do not normally switch under load, but they do have
to withstand high peak currents when the vehicle
accelerates, for example.

In an emergency only – e.g. in a road traffic crash:

The main contactors MUST open on a possible short circuit
current which could be several 1000A’s. Only has to do it
once but they must open.

© Willow Technologies Ltd. 2019

Typical small car battery 
pack (Chevrolet Volt)

Pre-charge

Main Contactors
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Summary:
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Full current loads during long periods, can increase the terminal temperature over IEC (EN) 60947.1  
limits.

Terminals must also cope with short term peak currents for several minutes.

During this time, contactor terminals must always be kept inside temperature limits.

Cable size can be used as a very efficient heat dissipation system.

Always follow minimum cable size recommendations, or bigger if possible.

Always trust only real test data, avoid extrapolated data.

Get it wrong and the results can be dramatic!
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For further information

sales@durakool.com

www.durakool.com

mailto:sales@durakool.com
http://www.durakool.com/

