
For the first time, this article will look at the
Thermodynamic considerations of control panel
design and suggest some solutions to the
problems that are experienced on a regular
basis.
Traditionally, the standard method of electrical
control panel construction, can lead to
increased internal temperatures and poor air
circulation.
A common starting point for control panel
planning is currently based around the
following;
• Assembly plan according to devices and

wiring paths
• Dimensions of the cabinet
• Physical features i.e. Displays (HMI’s), push

buttons, cable entry etc.
• Mechanical properties i.e. size and weight

of devices e.g. drives, transformers, filters
etc.

What is not normally considered are:
• Air flow within the cabinet
• Air cooling required and in particular, areas

of concentrated heat generation
• Energy costs for cooling
• Ambient temperature and positioning of the

control cabinet/s
• De-rating and inefficiency of components

due to possible higher internal cabinet
temperatures
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Thermodynamic
considerations
in relation to 

Electrical Control Panel

construction

Efficiency in Automation
Cable ControlConnectivity Cabinet

In modern control cabinets, components are tending to
become more compact. This however does not lead to a
reduction in heat dissipation. Also, the problem of so called
‘hot spots’ is getting more relevant. These are areas in which
‘heat generating components’ can create stresses on the
adjoining components. If you can’t separate these
components for design reasons and there’s a reduced 
airflow, then a local temperature of >45 ºC is possible. 
For components within the ‘hot spot’ or within close 
proximity, premature ageing can occur. 



Figure 1. Illustrates a typical control panel
construction, with back mounting plate,
DIN rail and plastic cable channel.
Components are then added and all cable
fed through the cable channel

Once assembled, thought then needs to be
given to any cooling that will be required for the
cabinet.
This generally comprises of:
1. No cooling and reliant on the external

ambient temperature to maintain
temperature stability

2. Forced air cooling, incorporating
fans/blowers and these are often mounted
either top, side or front of cabinet

3. Air conditioning units, again mounted in a
similar fashion

Whichever method is adopted, by the nature of
the control panel construction (as previously
mentioned), issues arise with effective air
circulation and consequent component cooling.
Manufacturers of active and passive automation
components (PLCs, power supplies, motor
drives, relays etc.) will always state a de-rating
factor in their technical data sheets and as
such, serious consideration needs to be given
to the effects of increased control panel
temperatures
An example might be a standard 5A (120 watt),
24V power supply. Beyond 50 ºC, the device
will de-rate at 4 watts/ºCelsius. Therefore at 
60 ºC, for example, the unit will only effectively
run at 3.3A (80 watts). 

Not only will long term exposure to higher
temperatures de-rate the component, but this
will also cause premature component failure.
The graph below indicates the typical life
expectancy of an Electrolytic capacitor 
(an integral part of all control equipment).
At 40 ºC, an Electrolytic capacitor can be
expected to last around 10 years, but with an
increased temperature to 60 ºC (not uncommon
within modern control cabinets), this is
dramatically reduced to only 2.5 years!

As the back plate is mounted directly to the rear
of the panel wall, this prevents air from
circulating around the panel and creates hot
spots and manifests itself in the form of the
above. 
With components becoming ever smaller, this
problem will increase as more control
components will be mounted and therefore
more cooling will be required!
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Figure 2. Demonstrates a classic example of high density control panel wiring as you can
observe, air flow and hence cooling will be practically non existent.

Analysis of the current control panel build methods exposed the following:
• 19% of equipment had air short circuits. Air short circuits are those areas where colder

circulated air and component heated air are cancelled out therefore preventing an effective air
circulation and consequent internal cabinet temperature reduction

• 93% of the layouts did not have a ‘targeted’ cold air supply installed
• In 64% of the layouts, the warm components were not in the air flow between the inlet and

outlet of the cooling
• 18% of the layouts had obstructions between the inlet and outlet of cooling
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Figure 3. Indicates a more preferable
scenario

Removal of all front mounted cable channel by
moving the cable to the rear of the panel will
enable a more efficient use of air flow and
hence reducing the internal temperature of the
cabinet. Also, as there is now free space at the
rear of the control panel, a chimney effect will
be created causing air to flow in a more natural
fashion and hence making better use of any air
cooling that is available
A supplemental advantage to this method is the
increase in component mounting surface area
of approximately 30%, enabling the
components to be spaced apart and further
improving the thermodynamic properties of the
cabinet

Classic arrangement with wiring ducts



Planning rules for effective control panel
cooling:

Next, we give some thought around what can
be done to improve internal control cabinet
temperature and air flow

1. Ambient Temperature

Without effective air flow or cooling the internal
temperature of the control panel will never fall
below that of the external ambient temperature
and therefore, thoughts should be given to how
we can minimise this.

1.1 Setup location-a stand-alone cabinet will
always be preferable to a wall mounted
cabinet due to thermal conductivity. If wall
mounted, supporting walls should be as
cold as possible

1.2 Individual cabinets are preferable to
multiple connected cabinets. Here, heat can
dissipate into the surroundings via all free
surfaces through convection and radiation

2. Component compactness

2.1 Reduction in the component compactness
influences the formation of ‘hotspot’ areas
as this reduces the distances between heat
generating components. If components are
mounted very close together, then any air
flow will be restricted

3. Component placement

3.1 With free cooling, the heat dissipation
released within the control cabinet should
be from bottom to top and areas of high
density temperature generation avoided.
The common method of mounting power
supplies for example is at the top of the
cabinet. With free cooling, as the cool air
starts at the bottom of the cabinet, then the
more sensible place to mount these is here.

Figure 3.1 shows the important setup types for
control cabinets used in practice.
A Stand-alone unit (free-standing on all sides)
B Individual wall-mounted cabinet
C Middle cabinet in a stand-alone unit

combination
D Corner cabinet in a stand-alone unit

combination
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Figure 3.1

                   A                                           B                                              C                                                           D
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Figure 4. demonstrates the temperature effect of mounting these devices at the top of
the cabinet and the concentration of temperature within this area

Figure 5. Now demonstrates the effect of moving these components towards the bottom
of the control panel. Assuming adequate air flow, this now demonstrates an instant
advantage as the components run cooler and hence de-rating and component life are
improved



Forced air cooling

3.2 The use of an internal air blower mounted
to the top of the frame will now facilitate a
better airflow and this can be shown in
figure 6. In many cases, an air conditioning
unit is not required as a simple air blower
will suffice, assuming that the air space
around the frame is adequate and a
chimney effect can be created. 

Air conditioning units

3.3 There is a tendency to automatically install
an air conditioning unit as soon as the
cabinet becomes over populated, is liable to
be located within a high environmental
ambient temperature, is of a large design
and/or contains multiple cabinets. As
previously discussed, in many instances,
this method of cooling is not required and
indeed if this can be avoided, then the cost
of the unit and the continued running costs
will be reduced. 

Thermodynamic analysis of a control cabinet
exhibits a layering of temperatures and these
can vary dramatically, with particular areas of
temperature stress in areas of automation ‘hot
spots’

Lütze, the manufacturer of the LSC AirStream
wiring system, in conjunction with the ‘Green
Car body Alliance’ and  VW-Audi Group,
performed multiple tests using the LSC
AirStream system to determine the
thermodynamic advantageous of using such a
system

Five temperature measuring points were
installed and included: the lower, middle and
upper third of the cabinet, areas of ‘hotspots’,
directly below the cabinet roof and the ambient
temperature outside the cabinet.

Without any cooling, a temperature range of 
21ºC  to 29 ºC and an average temperature of
31 ºC were measured over a 2 week running
period, based on a ambient temperature of 
21 ºC.
Then, a simple 15 Watt, 24V air blower was
installed at the top of the frame and the same
test performed. This then gave an average
temperature of 25 ºC, with the same ambient

temperature. 

Therefore, by simply creating an effective air
flow, the average temperature was reduced by
24%. As discussed earlier, with component de-
rating a major factor, then at higher ambient
temperatures, this can lead to a major
extension of component life if temperatures of
>35 ºC are to be expected

There is of course times when air conditioning
units may well be required and further tests
using the same air blower in conjunction with a
standard A/C unit then created a 23% saving in
cooling costs
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Figure 6.



The above picture indicates the conventional method of back plate against the 
Lütze LSC System. 
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The new wiring system LSC AirSTREAM

LUK-ThermoPF-Rev1 7/15

LSC Aistream System A conventional panel assembly

Major advantages of this system are:

• More space-modular Aluminium frames
means you can mount all your control
components efficiently and integrate you’re
wiring easily. No cable trunking, planning
and drilling holes required. Reduce cabinet
volume through optimised use of space

• Reduced production time and hence costs-
no planning, drilling and tapping required. 
At least a 25% reduction in production time
and costs is to be expected

• Increased air circulation and reduction in
temperature ‘hot spots’ ensures
components last longer and do not de-rate
as quickly

• Reduction in running costs, due to cooling
required

• Compatible with all major cabinet OEMs 
• Accessories available to ensure easy

mounting of larger components, e.g. larger
drives

• Lütze Airblade for concentrated air flow
around higher temperature concentrations

• Quick and easy termination of cable shields
using the Lütze EMC rail 

NEED TO KNOW MORE?...
For a more in depth conversation and to discuss 

your individual requirements, please contact us today.

For a limted edition* copy of our 

‘Guide to Energy-efficient control cabinet air conditioning’, 
please email your contact details to: sales.gb@lutze.co.uk
*Limited copies are available to the first 25 requests.


