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3M History of Cold Shrink

In 1968, 3M invented cold shrink with low voltage EPDM tubes.
Since the initial development, 3M has continued to evolve the
cold shrink technology, designing cable accessories such as
medium voltage terminations with built-in mastic for top sealing,
medium voltage terminations comprised mostly of cold shrink
material, 69/72.5 kV terminations, splices and integrated splices.

While competitors have since entered the cold shrink market,
3M'’s 50-plus years in cold shrink product development has
proved invaluable when designing new, in-demand products.
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Electrical Stress Control Discussion

3M uses high dielectric electric stress control (also called refractive stress control) in all 3M™ Cold Shrink
Terminations, and while geometric electric stress control is also very common because it is easier to manufacture,
there are some significant disadvantages to geometric stress control.

First, let’s look at what electrical stress is and why it needs to be controlled. Electrical stress is defined as potential
voltage difference across a distance and is typically reported in kV/mm (or v/mil). Larger voltage difference over a
distance means higher electrical stress. Let’s look at why we need stress control and how both types work.

The insulation shield on cable provides uniform electrical stress in the cable insulation. However, when the insulation
shield is removed from the cable, the electrical stress will concentrate at the end of the insulation shield as shown in

Figure 1. The equipotential lines are very close together at the end of the insulation shield, which means the electrical
stress is very high. If this electrical stress isn’t controlled by the cable accessory, the cable will fail.

The definition of a termination is to end, or terminate, the insulation shield. The electrical stress has to be controlled
where the insulation shield is ended and there are two methods of controlling that electrical stress. In fact, all
terminations must use one of these two methods.
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Figure 1: Cable with no electrical stress control



Geometric Stress Control

Geometric stress control uses extra insulation to overcome the high electrical stress. The insulation is gradually
increased in a ramp and the insulation shield is extended to the top of the ramp. As seen in Figure 2, the equipotential
lines at the end of the extended insulation shield are very close together, meaning the electrical stress on the surface
of the termination will still be high. This higher electrical stress means that terminations using this type of stress
control will have higher surface stress, which requires a longer termination to meet standards and can also cause
more tracking in highly contaminated areas. The longer termination length means that geometric terminations have

a long creepage distance, which may not translate to better performance, because of the high surface stress on
geometric terminations.
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Figure 2: Cable with geometric electrical stress control

High Dielectric Stress Control

The other way to control the electrical stress is by using high dielectric or refractive stress control. This method
uses a material that has a significantly higher dielectric constant— the electrical insulating ability of a material—
than cable insulation. Typically, a higher dielectric constant means the material is not as good of an electrical
insulator as materials with lower dielectric constants. Table 1 shows some typical dielectric constants of different
insulating materials.

As seen in the table, stress control materials need to have a significantly higher dielectric constant than the cable
insulation, because it causes the equipotential lines to bend or refract as shown in Figure 3.

Material Typical Dielectric Constant | lati
: nsulation
Air 1.0 : K
XLPE 25-30 : 2
EPR 3.0-35 Insulation : K >K
Silicone 3.5 K e 2> K,
1 ' X
Stress control tubes 14-25 : 1
Stress control mastic 25-30
Table 1: Typical dielectric constants of some materials Tan OX 2 ;

Tan OC1 = K,

Figure 3: Refraction of equipotential lines



By refracting the equipotential lines, high dielectric stress control spreads out the equipotential lines, so that there is
significantly less surface stress than on a geometric stress control termination. This is shown in Figure 4, which shows
how the high dielectric stress control spreads out the stress lines. Notice that the equipotential lines at the end of the
cable insulation shield are much farther apart than when using geometric stress control. This means that there is much less
electrical stress on the surface of the termination, because the voltage difference is spread over a much longer distance.
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Figure 4: High dielectric stress control termination

Additional Differences Between the Electrical

Stress Controls

Since using high dielectric stress control results in lower
surface stress on the termination, terminations can be shorter
and still test to a higher voltage level and perform better in the
field than a longer geometric stress control termination. The
high dielectric stress control terminations also perform better
in contaminated areas because of this lower surface stress,
which leads to less tracking. Both of these factors are very
important for a long-lasting, high-performing termination.

Another difference is that high dielectric stress control
terminations have more position tolerance than geometric
stress control terminations. High dielectric terminations
are designed with the high dielectric tube overlapping

the insulation shield by 12 mm to 25 mm, which is a
necessary component of its functionality and contributes
to its position tolerance.

As the dielectric constant increases, typically the material also
becomes more lossy (it experiences more dielectric losses).
That just means there is slightly more microscopic amounts
of current flowing through the high dielectric material than
through the more insulating silicone rubber. This dielectric
heating shows up as a slightly higher temperature at the
semicon step of the cable, which is normal and typically

does not affect the termination performance. Depending on
the voltage of the system, this temperature increase can be
between 2 and 5 degrees Celsius.
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It is also important to note that it is more difficult to design
and manufacture a high dielectric stress control material and
termination than a geometric one, which is why most cold
shrink and push-on terminations use geometric stress control,
even though it is not the best stress control for medium
voltage terminations. 3M developed high dielectric stress
control material in the 1970s and has successfully and reliably
used this type of termination for more than 45 years.

A 3M white paper, ‘Geometric vs Capacitive Stress Control:
choosing cable termination accessories to help reduce
electrical stress™ shows test data comparing the two types
of terminations. At 15 kV, the geometric terminations passed
all of the short-term IEEE-48 test requirements. However, at
25 kV geometric terminations were tested and all five failed
before completing the sequence. On the other hand, four
high dielectric terminations were tested and all four passed
the test sequence. For all the test results, please consult the
referenced white paper.

Reference:

1) Geometric vs Capacitive Stress Control: choosing cable
termination accessories to help reduce electrical stress

by George Fofeldea, https:/multimedia.3m.com/mws/
media/16224970/geometric-vs-capacitive-stress-control-
whitepaper-english.PDF



Summary

For systems up through 69 kV, high dielectric stress control
terminations perform better than geometric stress control
terminations. They offer better results because they spread out
the equipotential lines, which creates a lower surface stress on
the termination. This lower surface stress reduces the chances

of tracking and allows a shorter termination to perform better
than a longer geometric stress control termination. Some of these
high dielectric terminations have been in service since their initial
release in 1977, proving they have a long, reliable history.



Technical Information: The technical information, guidance, and other statements contained in this document or otherwise provided by 3M are based
upon records, tests, or experience that 3M believes to be reliable, but the accuracy, completeness, and representative nature of such information

is not guaranteed. Such information is intended for people with knowledge and technical skills sufficient to assess and apply their own informed
judgment to the information. No license under any 3M or third party intellectual property rights is granted or implied with this information.

Product Selection and Use: Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use and performance
of a 3M product in a particular application. As a result, customer is solely responsible for evaluating the product and determining whether it is
appropriate and suitable for customer’s application, including conducting a workplace hazard assessment and reviewing all applicable regulations and
standards (e.g., OSHA, ANSI, etc.). Failure to properly evaluate, select, and use a 3M product in accordance with all applicable instructions and with
appropriate safety equipment, or to meet all applicable safety regulations, may result in injury, sickness, death, and/or harm to property.

Warranty, Limited Remedy, and Disclaimer: Unless a different warranty is specifically stated on the applicable 3M product packaging or product
literature (in which case such warranty governs), 3M warrants that each 3M product meets the applicable 3M product specification at the time 3M
ships the product. 3M MAKES NO OTHER WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY
IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR ARISING OUT OF A COURSE OF
DEALING, CUSTOM, OR USAGE OF TRADE. If a 3M product does not conform to this warranty, then the sole and exclusive remedy is, at 3M’s option,
replacement or repair of the 3M product or refund of the purchase price. Warranty claims must be made within one (1) year from the date of 3M’s
shipment.

Limitation of Liability: Except for the limited remedy stated above, and except to the extent prohibited by applicable law, 3M will not be liable for any
loss or damage arising from or related to the 3M product, whether direct, indirect, special, incidental, or consequential (including, but not limited to,
lost profits or business opportunity), regardless of the legal or equitable theory asserted, including, but not limited to, warranty, contract, negligence,
or strict liability.

Disclaimer: 3M industrial and occupational products are intended, labeled, and packaged for sale to trained industrial and occupational customers
for workplace use. Unless specifically stated otherwise on the applicable product packaging or literature, these products are not intended, labeled, or
packaged for sale to or use by consumers (e.g., for home, personal, primary or secondary school, recreational/sporting, or other uses not described

in the applicable product packaging or literature), and must be selected and used in compliance with applicable health and safety regulations and
standards (e.g., U.S. OSHA, ANSI), as well as all product literature, user instructions, warnings, and limitations, and the user must take any action
required under any recall, field action or other product use notice. Misuse of 3M industrial and occupational products may result in injury, sickness,
or death. For help with product selection and use, consult your on-site safety professional, industrial hygienist, or other subject matter expert. For
additional product information, visit www.3M.com.

Content Disclaimer: Bill Taylor, a former 3Mer and a member or officer of IEEE/PES/ICC, has participated and provided information in this white
paper. Bill has also received compensation from 3M in connection with his participation and the information that he has provided herein.
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