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Insulation

Insulation is necessary to provide electrical isolation 
between the conductor/s and earth. The choice of insulation can 
also have a significant impact on the overall performance of the 
cable as  regardless of flame barriers or screens, a cable should 
always be rated to its lowest performing part.

Many materials can be used for insulation, some of which can 
also be used for sheathing. All have their own advantages and 
limitations. For more information see ‘Habia Cable’s overview of 
insulation materials’.

Not all insulations can be used with all sheaths, high sheath 
extrusion temperatures can damage low temperature insulations  
while irradiated sheaths are not suitable for all materials. For 
example: PTFE cores should not be used beneath a cross-linked 
sheath. Habia Cable takes these risks into account to avoid 
compromising the finished cable design. 

Abrasion   
Measures the rugged properties of a material. High abrasion 
resistance is ideal in dynamic cables where cores are required 
to move in relation to one other, or in relation to any shield as the 
cable is flexed.

Corrosivity   
Many materials such as FEP, although excellent in resisting fire, 
will release toxic and corrosive gases once they eventually ignite. 
These corrosive gases can damage sensitive equipment such as 
circuit boards and consideration to this should be given when 
installing cable in potentially sensitive areas.

Flammability   
The degree to which a cable will burn and/or spread a fire. Most 
materials used by Habia Cable will self-extinguish once the flame 
source has been removed. With many different fire standards in 
use, Habia Cable recommends IEC 60331 (fire resistance) and 
IEC 60332 (flame retardancy) as these apply to the completed 
cables and so are more truly representative tests. Also often 

requested is flammability to UL 94 which uses a small sample of 
the sheath rather than the overall cable.

Flexibility   
There are two key aspects to this. Flexibility is the degree to 
which a cable can bend, whilst flex-life is the frequency over 
which a cable can be flexed without breaking. Some materials 
may have poor flexibility, but are actually so strong that they offer 
a very good flex-life.

Fluid resistance   
Many fluids will actively break-down the chemical bonds of the 
insulation. This effect is often magnified when the fluids are at 
temperature (such as an engine-bay). Where the insulation is 
concerned, this is the degree to which the fluid (e.g. water) can 
permeate through it, creating an electrical path from conductor 
to earth (known as arc tracking).

Radiation   
As with fuels and oils, continued exposure to radiation will break 
down plastic. Many different measurement scales exist, however 
the most common are Rads and Grays. Habia Cable will quote 
the Total Integrated Dose (TID) in Grays (Gy) unless otherwise 
specified.

Smoke & Fume   
This refers to the level of smoke that is generated by a material 
under fire conditions. This is of key importance where visibility 
must not be impeded (for example: the route to an exit). As with 
flexibility and flex-life there is no link between smoke corrosivity 
and smoke generation, although FEP is one of the most corrosive 
materials, it is also one of the best examples of a low smoke-
generation insulation.

The other side of smoke corrosivity, halogen content refers to the 
toxic gases that can be emitted under fire conditions. Halogens 
can affect health and therefore halogen free cables should be 
installed in areas of high foot-traffic and/or enclosed spaces.

Electrical protection

Custom Design
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Temperature de-rating 

Ambient air temperature
Insulation temperature rating

80oC 100oC 125oC 135oC 150oC 180oC 200oC 260oC
0oC 1.52 1.37 1.28 1.24 1.21 1.18 1.15 1.10
10oC 1.40 1.28 1.21 1.19 1.16 1.14 1.11 1.08
20oC 1.28 1.19 1.15 1.13 1.10 1.08 1.07 1.05
30oC 1.14 1.09 1.07 1.06 1.05 1.04 1.03 1.02
40oC (nominal ambient air temperature) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
50oC 0.82 0.89 0.92 0.93 0.94 0.95 0.96 0.97
60oC 0.65 0.78 0.83 0.86 0.88 0.90 0.92 0.94
70oC 0.42 0.65 0.74 0.79 0.82 0.85 0.88 0.91
80oC - 0.50 0.65 0.71 0.76 0.81 0.84 0.88
90oC - 0.40 0.54 0.63 0.69 0.76 0.79 0.85
100oC - - 0.42 0.54 0.61 0.71 0.75 0.82
110oC - - 0.27 0.44 0.53 0.65 0.70 0.79
120oC - - 0.17 0.32 0.45 0.59 0.65 0.75
130oC - - - 0.16 0.35 0.53 0.60 0.72
140oC - - - - 0.23 0.46 0.54 0.69
150oC - - - - - 0.38 0.49 0.65
160oC - - - - - 0.30 0.42 0.61
170oC - - - - - 0.19 0.36 0.57
180oC - - - - - - 0.28 0.53
190oC - - - - - - 0.18 0.49
200oC - - - - - - - 0.45
210oC - - - - - - - 0.40
220oC - - - - - - - 0.35
230oC - - - - - - - 0.29
240oC - - - - - - - 0.23
250oC - - - - - - - -

Examples HFI 90 HFS 100 HFI 147 HFI 150 ETFE HFR 150 FEP PTFE

De-rating factors (1 of 2)
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Multi-core de-rating
Number of cores

2 3 4 6 8 10 12 16 20 24 28 36 40
Factor 1.00 0.88 0.80 0.69 0.62 0.59 0.55 0.51 0.48 0.43 0.41 0.38 0.36

 Multi-core installation de-rating
Clipped to a

vertical structure
Clipped to a 

horizontal structure
On solid metal trays On aerated metal trays

Number of cores 1 2 3 1 2 3 1 2 3 1 2 3
Without spacing 0.94 0.80 0.76 0.89 0.76 0.57 0.97 0.85 0.74 1.00 0.87 0.74
With spacing 0.94 0.90 0.87 0.89 0.81 0.77 0.97 0.96 0.93 1.00 1.00 1.00

De-rating factors (2 of 2)

De-rating factors are calculated based on the size of 
the conductor and the materials used within a cable. Calculations 
should be made on the lowest material (e.g. ETFE cores with an 
HFS 80 sheath should be calculated at 80oC for the sheath).

Please note that high conductor temperatures can cause 
damage to their surroundings and that temperature increases 
in a confined space more than is calculated and that high 
conductor temperatures also create a high voltage drop.

Safe handling temperatures
Another important consideration. Regardless of what temperature 
the insulation can take, it is equally important that it doesn’t injure 
or damage anyone or anything it comes into contact with. Habia 
Cable’s recommended safe handling temperatures (taken from 
MIL-STD-1472) are proposed as:

•   Momentary contact +85oC

•   Prolonged contact or handling: +69oC

De-rating factors assume the insulation to be operating at its 
maximum temperature (e.g. an 80oC rated material at 40oC 
ambient air temperature: the heat generated by the current 
passing through the conductor will increase the temperature by 
an additional 40oC to its maximum 80oC rating).


