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Do You Take Your Insulation Cold or Hot?

By Bill Taylor


Cold shrink and heat shrink products are used in a variety of applications for splicing, terminating, and environmentally sealing electrical cables for both low voltage and medium voltage applications.  The following information should help you make the correct choice for your application.

The Secret to the Shrink


Cold shrink products are typically made from either ethylene propolyne diene monomer (EPDM) or silicone rubber, while many heat shrink products are made from ethylene vinyl acetate (EVA).  All three of these materials are cross linkable, which is what allows them to be stretched and then shrink onto the cable.  To better understand some of the differences between cold shrink and heat shrink, let’s look at a brief description of how the different materials and products work.


In both cold shrink and heat shrink products, cross linking forms bonds between the molecules of the material that act like springs when the material is stretched and that  try to return the material to its original shape.  Figure 1 shows the bonds that are formed during cross linking.  Figure 2 shows how these bonds are stretched when expanding from the original diameter ‘d’ to the expanded diameter ‘D’.  For these materials, the more they are cross linked, the stronger the desire to return to their original shape.  Figure 3 graphically shows how the bonds act as springs.  The distance that the material stays expanded beyond its original diameter is called permanent set.  Figure 4 shows that these products are sized taking into account that the materials will not recover to their original diameter.  The minimum cable size for cold shrink devices is larger than the original diameter of the tube to ensure positive inward pressure – a constant squeezing effect – which provides excellent electrical performance and a good environmental seal.


With cold shrink products, however, there is a trade off because high elongation is also required so that the material can be stretched without tearing.  Unfortunately, permanent set and elongation directly oppose each other, and both are affected oppositely by the amount of cross linking.  The higher the level of cross linking, the lower the elongation and permanent set, and likewise, the lower the level of cross linking, the higher the elongation and permanent set.  Because these two parameters oppose each other, a compromise is required.  The material must be balanced to obtain as low a permanent set as possible with as much elongation as possible.  


Cold shrink products that are stretched and then allowed to shrink on the cable always exert an inward pressure on the cable as they try to shrink back to their original diameter.  This inward pressure gives an excellent environmental seal and also improves electrical performance.  Cold shrink products are typically expanded between 30 percent and 150 percent when installed on a cable.  When they are loaded on a removable core, they are typically expanded between 200 percent and 300 percent.  Because of this living seal, cold shrink is an excellent choice where large load swings or large differences in temperature occur.  As the cable expands and contracts with these differences in temperature, the cold shrink product will expand and contract with the cable to maintain an excellent seal.


Heat shrink products are also cross linked, which allows them to be expanded and then shrink back to a smaller diameter.  The difference is in the material used for heat shrink products.  The material has crystalline regions in it that keep it expanded at normal temperatures without a mechanical core.  When the material is heated above the crystalline melt temperature, the crystalline regions melt and allow the material to be expanded.  While it is expanded, it is cooled below the crystalline melt temperature, which allows the crystalline regions to crystallize and become rigid again.  The product is shipped in this state.  Heating the product to a temperature above the crystalline melt temperature again melts these crystalline regions and allows the product to shrink.  However, when the source of heat is removed, after the product has shrunk onto the cable, the crystalline regions resolidify.  Under most operating conditions of the cable, these regions remain in crystalline form, and, therefore, exert no inward pressure on the cable.  That is why most heat shrink products use hot melt adhesives and mastics to environmentally seal the cable, because the heat shrink material doesn’t expand and contract with the cable.  

Installation Can Be Quick or Quicksand


Cold shrink products do not require special tools to install, while heat shrink products require a torch and more skill.  Cold shrink products install fairly consistently with respect to length and insulation thickness.  Heat shrink products will install with a fairly consistent length, but the insulation thickness depends on the skill of the installer.  If the heat is applied mainly on one side of the tube instead of evenly all around the tube, then the thickness of insulation may be half as thick on one side as the other for a low-voltage insulating tube, which could cause an electrical failure.


In addition, you must take care so the torch doesn’t damage the cable, other workers or anything else in the immediate area.  In a manhole, there is the possibility of combustible gases entering, which could cause a possible explosion.  The gases from the flame must also be exhausted out of the manhole and oxygen replenished for worker safety.  Obviously, cold shrink products are a safer option when working in manholes and other areas where gases may concentrate.  It will also normally take longer to install a heat shrink product than a comparable cold shrink product.  Typically, a hot work permit will be required when installing any heat shrink products, whereas only a work permit is required when installing cold shrink products.  Many times it is difficult to obtain a hot work permit while a facility is running, so this must be considered.


Cold shrink materials are more pliable than heat shrink materials, which allows them to move with the cable as it goes through load cycling expansions and contractions and to maintain a lifelong environmental seal and interface pressure on the cable.  The EPDM material is also physically very tough and able to withstand physical abuse and abrasion.  The EPDM and silicone materials also do not change physical properties until they are well over 200(C.  


Heat shrink material is typically very rigid, tough, and pretty hard at ambient temperatures.  This is excellent for mechanical protection at these temperatures, but because of this rigidity, the material doesn’t move with the cable and maintain an environmental seal without mastics and hot melt adhesives.  Also, the crystalline regions that provide this rigidity typically tend to melt between 90( and 110(C.  While these crystalline regions are melted, the material is much softer and not as abrasion resistant or able to provide as much physical protection.  Heat shrink material works well as a jacketing material where the temperatures are below 90(C and abrasion resistance and/or chemical resistance is required.

What’s Hot, What’s Not About Each


All three materials have advantages and disadvantages.  


Silicone, used in cold shrink products, is inherently UV resistant and will not be affected by the sun.  It also inherently repels water and has fairly good chemical resistance to most, but not all chemicals.  Silicone, however, is not very tough or abrasion resistant.  Silicone is recommended for outdoor environments because of its UV resistance and ability to repel water.  Silicone materials have excellent high- and low-temperature performance.  From a cold shrink installation standpoint, silicone materials shrink onto the cables the same at -30(C as they do at 60(C.  Once installed, the materials will perform in much colder and much hotter temperatures than the installation temperatures.  Because of these properties, for example, silicone is an excellent choice for medium-voltage terminations and outdoor applications.


EPDM rubber, on the other hand, is physically very tough and abrasion resistant and has fairly good chemical resistance to most, but not all chemicals.  It has been used in direct burial applications for more than 25 years.  It requires additives to the formulation to make it more UV resistant and more able to repel water for above ground applications, but works well underground, as it is more moisture impervious than silicone.  EPDM materials tend to swell and lose some of their physical properties when in direct contact with hydrocarbons and are not recommended for those applications.  For cold shrink applications, EPDM materials also shrink very slowly below 32(F.  To assist the EPDM to shrink at colder temperatures, it can be squeezed with your hands or warmed up to shrink faster.  It will still shrink to where it is supposed to shrink, it just takes longer in colder temperatures.  EPDM is a good choice for direct burial applications, especially for manhole installations.


EVA is physically very tough and abrasion resistant and has fairly good chemical resistance to most, but not all chemicals.  Heat shrink has been used in direct burial applications for more than 20 years.  It requires additives to the formulation to make it more UV resistant and more able to repel water for above ground applications, but works well underground.  EVA is a good choice for rejacketing in direct burial applications.  EVA and EPDM are very similar in their imperviousness to water.  While both work well, only metal is truly impervious to moisture.


There are several other issues to keep in mind when dealing with cable accessories.  When working in the winter in temperatures below freezing, it is recommended that all accessories be kept in the heated cab of a truck until the cable is prepared and you are ready to install the accessory.  This will facilitate the installation of all accessories, whether cold shrink, heat shrink, push-on types or electrical tape.


Knowing some advantages and disadvantages of materials and technologies, end users still must inform themselves and determine what is best for the specific application.  For specific chemical resistances and applicability for unusual environmental applications, check with the manufacturer.
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