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This Master's thesis was commissioned by Ensto Finland Oy, a company that
designs and offers electrical solutions for electricity distribution. The aim of the
Master’s thesis was to determine the possibility of using the same liquid silicone
rubber material in the manufacturing of underground cold shrink terminations
and joints. The subject of this thesis became even more crucial due to recent
global events that have caused problems in the availability of raw materials.

The topic was approached using both basic research and experimental
research methods. With the quantitative research, deductive reasoning was
utilized to draw conclusion based on the results and findings. When considering
material substitution all various factors such as the technical performance, the
economic advantages and the environmental and legislative aspects were taken
into account.

The results indicated that it is possible to use the material in both cold shrink
joints and terminations. In order the maintain and control quality, the
documented framework - control plan, that outlines the steps and measures to
be implemented for the material substitution process should be developed.
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Keskijannitemaakaapelivarusteiden materiaalin
vaihto

- kylmakutistejatkojen materiaalinvaihto prosessi

Tama maisterin tutkielma tehtiin Ensto Finland Oy:lle, yritykselle joka
suunnittelee ja tarjoaa sahkdalan ratkaisuja sahkon jakeluun. Tutkielman
tavoitteena oli selvittdaa mahdollisuus kayttaa samaa nestemaista
silikonikumimateriaalia kylmakutistepaatteiden ja —jatkosten valmistuksessa.
Tutkielman aihe tuli entista tarkeammaksi viimeaikaisten maailmanlaajuisten
tapahtumien vuoksi, jotka ovat aiheuttaneet ongelmia raaka-aineiden
saatavuudessa.

Aiheeseen lahestyttiin seka perus- etta kokeellisen tutkimuksen menetelmin.
TyOssa kaytettiin deduktiivista paattelya ja stategiana oli kvantitatiivinen
tutkimus. Materiaalin vaihdossa otettiin huomioon eri tekijat, kuten tekninen
suorituskyky, taloudelliset edut seka ymparisto- ja lainsaadannolliset
nakokohdat. Tulokset osoittivat, ettd saman materiaalin kaytto jatkoissa ja
paatteissa on mahdollista. Laadun yllapitamiseksi ja valvomiseksi tulisi kehittaa
valvontasuunnitelma.

Asiasanat:

Kylmakutistepaate, kylmakutistejatko, nestemainen silikoni, materiaalin vaihto,
nesteruiskuvalu
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1 Introduction

The subject of this Master's thesis was to determine whether it is possible to
use the same liquid silicone rubber in both underground cold shrink cable
accessories like terminations and joints. The Master’s thesis was commissioned
by an international technology company and a family owned business that
designs and offers electrical solutions for electricity distribution. The thesis
examines the material substitution process and determines the requirements for

material in case of substitution.

1.1 Backround

The subject of this thesis became more crucial; since the recent global events
have shocked the world and caused problems in the availability of raw
materials. Availability issues started with the COVID-19 pandemic, but overall,
for example in silicone industry it is the sum of many factors such as supply
demand change, labor layoffs, energy costs, logistics and pricing. (Melito, 2021;
Testo, 2021.) Companies have worked hard to get raw materials for their needs
and, in the best case, alternative materials for the products have also been

determined.

At the center of Sitra’s megatrends 2023 is the ecological sustainability crisis
and the erosion of nature’s carrying capacity: the climate is heating up,
biodiversity is declining at an alarming rate, natural resources are being
overused and waste is increasing. Human activity places a burden on living and
non-living nature that exceeds its carrying capacity, thereby compromising the

very basis of our economy and well-being. (Wartiovaara, 2023.)

Businesses today are becoming more conscious of the importance of circular
economy principles and sustainable business models. In the manufacturing
industry, there is a growing focus on maximizing material productivity and
energy efficiency, while also striving to reduce or eliminate waste.

Manufacturers are recognizing that these practices are key to adopting
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sustainable business model archetypes, which prioritize waste reduction,
increased material productivity, and other environmentally responsible practices
(Bocken et al., 2014). To achieve these targets companies must find new ways

of doing things and optimize their processes.

The Thesis takes into account both the raw material shortage and the aspects

of the circular economy, and if the goal is achieved, they will both improve.

1.2 Aim and limitations of the thesis

The cold shrink accessories, like cold shrink termination and joints are used in
underground cables. The insulating silicone layer of cold shrink terminations is
composed of liquid silicone rubber, which is both insulating and has tracking
resistance. This material is called in this study as Material 2. The silicone
insulation of cold shrink underground cable joints is made of solely insulating
silicone rubber and in this study is called as Material 1. The objective of this
study is to investigate the feasibility of using insulating liquid silicone rubber with
tracking resistance, Material 2, in both cold-shrink terminations and joints. The
utilization of only insulating silicone rubber in both termination and joint, Material
1, was not considered in this study because the material utilized in the cold

shrink terminations must withstand tracking resistance.

Liquid silicone molding machines are used to mold silicone terminations and
joints. When switching from Material 2 to Material 1, the machine needs to be
thoroughly cleaned, which involves purging the old material out of the machine
with the new material. This purging process generates a significant amount of
waste material that cannot be reused or currently recycled. If the goal of using
only Material 2 in both terminations and joints is achieved, the process time
would be reduced and less waste material would be generated. This is because
the cleaning process performed when changing the material of the molding

machine could be skipped.
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1.3 Research method

The thesis is divided into two parts: theory and experiment. In the theory part,
the purpose and use of cold shrink terminations and joints are explored, as well
as the requirements and standards that define them. The manufacturing
process and molding techniques used are also discussed, along with material
requirements and testing methods for both mechanical and electrical properties.
Additionally, the theory part delves into the material substitution process and the

requirements involved in changing materials.

The experimental part focuses on studying the properties of materials through
laboratory experiments. The research begins with defining the material
properties such as tensile strength and elongation at break, tear strength,
volume resistivity, hardness and dielectric strength. Material properties are
verified by laboratory tests with test samples made from silicone sheet samples.
The investigation is continued with the products manufactured in production. In
the final stage of testing, genuine products are used, which are physically
installed on the cable. This crucial step ensures that the products work in the

intended system.

The conclusion brings together the entire thesis and takes a stand on the

material substitution process.
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2 Background theory

In this chapter, a brief historical overview of the underground cable network is
provided. Following that, a detailed explanation of underground cable
accessories, particularly cable joints and terminations is also provided. While
discussing the theory of these two accessories, primary focus will be on the

insulating silicone material that is used in cold shrink joints and terminations.

2.1 History of MV undeground cable network

Francis Ronalds carried out the first experiments that eventually led to the
development of an underground cable network system in 1819. The experiment
was the distribution of telegraphs through underground lines. After that, the
underground line tests increased, some were successful and some were not so
successful. The development of street lighting accelerated the development of
underground cables to distribute electricity to street lights instead of overhead

wires that were prohibited in some cities. (Thue, 2017.)

Medium voltage (MV) distribution networks are used to distribute electricity
between low and high voltage systems (Lakervi & Holmes, 2003). The first MV
underground cables were installed in 1890 that led to creation of MV distribution
network. The development of cross-linked polyethylene and its use as jacket
material in MV cables accelerated the construction of the underground cable
network. (Thue, 2017.) With urbanization, the underground cable network
continues to expand, but the expansion is also affected by the lifetime of the
underground cable network, which is longer compared to overhead lines that

are more sensitive in case of failure. (Lakervi & Holmes, 2003.)

2.2 MV cold shink underground cable accessories

To be able to join two underground cable ends together or to terminate the

underground cable, underground cable accessories are needed. Accessories

Turku University of Applied Sciences Master’s Thesis | Minna Baarman
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are combined to underground cables forming a combined system. For that
reason accessories need to withstand same electrical stress concentration as
the cable itself. (Thue, 2017.) The use of underground cable accessories sets
both electrical and mechanical requirements for the materials used in
underground cable accessories. Joints and terminations must not only provide
adequate insulation, but also provide stress control for screened cables,
mechanical protection, especially for joints, and environmental protection for
terminations. (Moore, 1997.) The silicone insulation of cold shrink accessories
needs to be electrically insulating with good dielectric strength. The insulation
layer not only mechanically protects the cable and connector but also prevents

water from entering inside the joint or termination. (Thue, 2017.)

Cold shrink accessories are developed to provide a pre-fabricated product to
eliminate as much handling as possible in the field, where the accessories are
used and installed. Less handling in the field reduces the number of installation
errors. Cold shrink joint is presented in Figure 1. The joint is expanded over the

support.

Figure 1. Cold shrink joint expanded over the support.

Cold shrink termination is presented in Figure 2. The termination is expanded

over the support.

Turku University of Applied Sciences Master’s Thesis | Minna Baarman
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Figure 2. Cold shrink termination expanded over the support.

Cold shrink joints and terminations are pre-stretched on a support that is
several times larger than the needed diameter. During installation, expanded
accessories are slid over the cable and after positioning, the support is removed
and the accessories will shrink close to their original size. No heat is needed
during installation. (Cheenne-Astorino & Chatterjee, 1996.) Cross-sectioned

cold shrink joint with geometrical stress control is presented in Figure 3.

Geometric stress control cone

Silicone insulation

Conductive electrode
Figure 3. Cross-sectioned cold shrink joint.
Cable accessories needs stress control to withstand both electrical stress, that
is developed when the cable geometry has changed, and to perform electrically.

There are many stress control techniques, but modern cold shrinks accessories

uses mainly geometrical stress control. Geometrical stress control, simple

Turku University of Applied Sciences Master’s Thesis | Minna Baarman
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stress relief, is already placed in pre-fabricated products. Geometrical stress
control is implemented with cone shape conductive stress control cone that is
placed at the edge of the cable insulation shield. With the help of stress control
cone, the electric field spreads more evenly, which eliminates the possibility of
partial discharges. (Thue, 2017.) Pre-fabricated geometrical stress control is
presented in Figure 3. Stress control cones can be found in both ends of the

cold shrink joint.

2.3 Cold shrink terminations, insulation material

Underground cable terminations are discussed when cut end of the cable or
conductor needs to be terminated and connected to other component of the
network. The terminations are classified as either outdoor or indoor
terminations. (Cheenne-Astorino, & Chatterjee, 1996.) Outdoor terminations are
exposed to UV radiation and weathering, while indoor terminations are exposed
to humidity. Therefore, the termination needs to withstand tracking to prevent
surface discharges. (Vakevainen, 2015.) Cold shrink outdoor terminations with

mechanical lugs are presented in Figure 4.
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Figure 4. Cold shrink outdoor termination with mechanical lugs (Ensto,
COT1.2403L, 2023).

To be able to withstand weathering and ultraviolet (UV) radiation, tracking
resistance is needed (Cheenne-Astorino, & Chatterjee, 1996). Beside
termination main function, connecting the cable end to another connection
point, it needs to prevent water or moisture to entering inside the termination

and mechanically protect the cable end (Thue, 2017).

2.4 Cold shrink joints, silicone insulation

Underground cable joints are discussed when two underground cable ends are
joined together with a connection between (Thue, 2017). Cross-sectioned
medium voltage underground joint is presented in Figure 5. The two ends of the
cable are joined together using a mechanical connector, and a cold shrink joint

is installed on top.

a:-hr““'-u

o

Figure 5. Cross-sectioned cold shink joint for one core cable with mechanical

connector (Ensto, CJ11.2403C, 2023).

Insulation material for cold shrink joint must safely withstand intended electrical
stress, prevent water from entering the cable and the connector and protect the

cable mechanically (Thue, 2017).
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2.5 Product requirements

The insulation materials for cold shrink joints and terminations need to
withstand high electrical stress while preventing water from entering the cable
and providing mechanical protection to the cable. Terminations also need to
withstand weathering and UV radiation, which requires the material to have
tracking resistance. Joints can be viewed as terminations that are connected to
each other. (Thue, 2017.) Because of that it can be assumed that the insulating
material used in cold shrink terminations can also be used in cold shrink joints.
To approve the substitution of the material, both material tests and electrical
tests are required, but it is also necessary to investigate any differences
between the two materials when the joint is expanded on top of the support and

also when the support is removed.
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3 Silicone rubber

In this chapter, a brief overview of the history of silicone rubber is provided and
the chemical composition and various properties of polydimethylsiloxane
(PDMS) is discussed. Subsequently, focus is on the liquid silicone rubber
(LSR), which is widely used in liquid injection molding (LIM), and examine the

environmental impact of silicone rubber.

3.1 History of silicone rubber

The name silicone was established in 1901 by Kipping. The name silicone
described the new compound of generic formula R2SiO. Silicone is a polymer
that contains silicone, carbon, hydrogen and oxygen. Silicone is a rubber like
elastomer with excellent heat resistance, chemical stability and very good
weather and UV resistance. Silicone is also electrically insulating by nature and
has good abrasion resistance. (Shit & Shan, 2013.) Due to silicone excellent
electrical insulation behavior and weather resistance, silicone is widely used in

cold shrink cable accessories (Polmanteer, 1988).

First commercially available silicone rubbers were published in 1944. At the
time, those weak polymer gels were developed to be stronger polymer gels.
Over time, the development of silicone rubber grew strongly and there was a
huge commercial impact when the tensile strength of silicones increased due to
the use of vinyl groups. After the tensile strength was achieved, focus was to
improve also tear strength, toughness and flammability that came with the help
of RTV (room temperature vulcanization) hydroxylation chemistry. In 1966, Dow
Corning Corporation introduced a silicone with high tensile strength, high tear
and good resilience, which was created by mixing high and low vinyl-containing

polymer molecules and polymers. (Polmanteer, 1988.)

Turku University of Applied Sciences Master’s Thesis | Minna Baarman
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Polydimethylsiloxanes (PDMS) are and have been for decades the most

common silicone polymers in silicone elastomer technology. Figure 6. presents

an easily accomplished manufacturing process of polydimethylsiloxane, using

coke, quartz, chlorine and water. (Polmanteer, 1988.)

—
COKE 2C d | EHQH ‘_b(ﬂ
— Catalyst "
i 2H, — | CH;OH | = e
QUARTZ |= | sig
: ]
S| —— CHC
| N _ +
2CH,Cl
(CH),SiCl,
(CH;),SicCl,
RO
H20
Catalyst
[(CH;),Si0], Silicone rubber
Filler

Figure 6. Manufacturing of polydimethylsiloxane from coke, quartz, chlorine and
water (Adapted Polmanteer, 1988, 484).

The chemical formula of PDMS is presented in Figure 7. The amount of

siloxane repeating units, in chemical formula described with letter n, varies

depending of the silicone type (Polmanteer, 1988).
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CH; [ CH, CH;

CH;— Si — O 4= Si— O}—Si —CH,

CH, CH; CH;

Figure 7. Chemical formula of polydimethylsiloxane (Adapted Polmanteer,
1988, 472).

The amount of siloxane repeating units varies in high consistency silicone
rubbers between 3000 to 5000 and in LRS and RTV silicone rubber it varies
between 50 to 2000 units (Polmanteer, 1988).

3.3 Properties of silicone rubber

Silicone rubber has good mechanical, physical and electrical properties that can
be explained with the chemical structure of silicone rubber. Silicone rubber has
good heat resistance, which is the result of high binding energy of siloxane (Si-
O) bonding. Si-O bond has a binding energy of 106,0 kcal/mol that makes
silicone rubber chemically stable with the heat resistance and electric
conductivity better than in ordinary organic rubbers. Ordinary organic rubbers
are based on carbon-carbon bonds, C-C bonds, with binding energy of 84,9
kcal/mol which is much less than Si-O binding energy. (Shit & Shan, 2013.)

High elasticity, high compressibility and ability to resist cold temperatures is due
to low helical and intermolecular force of silicone. Good weather and water
resistance is due to methyl groups that are located outside the coil structure and
are able to rotate freely. (Shit & Shan, 2013.)
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3.4 Liquid silicone rubber

The first commercial LSRs (liquid silicone rubber) were introduced in 1976-77
thanks to a combination of technology, fabrication and new marketing
advantages (Polmanteer, 1988). Commercial LSR is based on PDMS structure,

siloxane backbone and methyl side group (Bont et al., 2021).

LSR is usually a two-part system, which one part contains Platinum (Pt)
catalyst. The curing occurs due to the combined effect of two components and
the heat. Low injection pressure and pressure forming systems are usually
used. (Shit & Shan, 2013.) Chemical structure of two component LSR using Pt
catalyst is presented in Figure 8. Component A contains the Pt catalyst and
component B contains the cross linker and an inhibitor. Both components

contain the polymer itself and fillers. (Bont et al.,2021.)

Component A R {
(0] Si—0O—4R
, R R
: Ry —#‘5‘10#
[

Pt + H-

7(7
Component B H 8 H [‘{
]‘q 1‘4 R*?I*O Si—0
(Crosslinker) R 7$i —0 <{5“17 O%Si R R R n
R R n R
(A)

/’/,/%HT\‘ZAB\?\/ / Chuin
N

<

—_— )
/ Crosslink

,-// =

—

— -

(B)

(A) presents the chemical crosslinking reaction of component A + B. (B) presents already cross
linked structure of LSR.

Figure 8. Crosslinking reaction of platinum cured LSR (Bont et al., 2021).
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LSR properties can be modified with the different variations of side groups and
side group concentrations, chain length distribution, silica filler content and with
different additives, but the structure, concentration and additive ratio is usually

only known to LSR manufacturers (Bont et al., 2021).

3.5 Environmental aspect of silicone rubber

It has been studied that waste PDMS is very easily absorbed to sludge and high
PDMS concentrations have been found in the sludge. Several studies have
shown that PDMS is inert to wastewater treatment and is poorly degradable.
This research is strongly supported by the chemical nature and high molecular
weight of PDMS. PDMS ends up in wastewater mainly in liquid form and thus it
is not considered such a big risk in solid bodies. On the other hand, studies
have also shown the potential degradation of PDMS in soil and sediments
under the right conditions, although a rather slow degradation. Levels of impact
on terrestrial, aquatic and benthic organisms have also been investigated, and

they did not indicate any potential environmental risks. (Fendinger et al., 1997.)

The first environmental concerns emerged from the use of silicone in wash-off
cosmetics, especially the use of octamethyltetracyclosiloxane (D4),
decamethylpentacyclosiloxane (D5) and dodecamethylhexacyclosiloxane (D6).
The use of D4 and D5 was finally restricted in wash-off cosmetics in 2015 and
resulted in D4, D5 and D6 being added to substances of very high concern
(SVHC) candidates list. (ECHA, 2018.) In wash off cosmetics, silicone
containing products were washed out and silicone, together with volatile organic
silicon compounds (VOSIC) D4, D5 and D6 were drained to waste water, from
where substances were easily absorbed to sludge from where it will be a risk to

the environment (Fendinger et al., 1997).

D4, D5 and D6 are cyclic volatile methyl substances that contain four, five or six
siloxane groups. Those three VOSIC, D4, D5 and D6 have been added to
Registration, Evaluation, Authorization and Restriction of Chemicals (REACH)
SVHC candidate list in June 2018. D4 meet the criteria of Persistent, Bio
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accumulative and Toxic (PBT) substances and D4, D5 and D6 meet the criteria
of very Persistent, very Bio accumulative (vPvB) substances. Also together with
D4 and when concentration exceeds the limit of 0,1%, D5 and D6 are classified
as PBT. This identification, the identification of an SVHC substance in the
SVHC candidate list, obliged manufacturers and importers to implement risk
management that minimizes the risks to people and the environment and

covers the entire life cycle of the object or product. (ECHA, 2018.)

D4, D5 and D6 are present as impurities, residuals in LSR, with no intended
function, but are the key monomers that are used to produce silicone rubber.
With current technology, it is not possible to produce silicone rubber with zero
content of D4, D5 and D6, but with the right technique, it is possible to minimize
the content. (ECHA, 2018.) With proper post-curing of the molded silicone
product, uncross linked siloxane and VOSICs can be eliminated or significantly
reduced (Jehbco Silicone 2019).
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4 LRS injection molding

In this chapter, the focus will be on the material substitution process,
specifically in the context of cold shrink accessories for underground cables.
The technical performance will be examined of the two materials in question,
while also considering their compatibility with surrounding materials. Moreover,
the potential economic benefits and environmental implications of this

substitution process will explored.

4.1 Liquid silicone injection molding

Main structure of LRS injection molding is presented in Figure 9. Usually LSR is
provided as two component system, Part A (compound A) and Part B
(compound B) that were described in earlier chapters. Both parts A and B
contain specific chemistry. Compounded together with additional additives or
colors are pumped into the static mixer. Color range varies typically from 0,3%
to 6,0 % and additives range can be more than 5,0 %. (Bont et al., 2021.)

LSR Pump

Static Mixer

Additive / COlDI'/

Figure 9. Main structure of LSR injection molding process (Bont et al., 2021).

From the static mixer, already mixed LSR is fed into the barrel where the screw

keeps shearing the silicone. To avoid any premature vulcanization, the barrel is
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usually cooled under room temperature. Generally shear speed of the screw is
around 50 — 200 RPM. Screw pushes the silicone towards the injection unit,
where cold runner system is usually used to avoid premature curing in the gate
and runner. From the injection unit, the silicone is pushed trough a nozzle to the
hot mold. Injection pressure varies normally from 1 MPa to 80 MPa, but also
higher and lower pressures are used. Commonly used mold temperatures
varies between 120 °C to 160 °C. (Bont et al., 2021.)

LSRs experience a thermal expansion, LSR warms up in contact with hot mold
and with that, cavity pressure increases. Depressurizing occurs through flashing
and through backflow to the gate and through overflow area. To reduce
flashing, packing pressure should be minimized tough this will increase the
shrinkage of the product. To get the best solution for the product some
optimization needs to be done. Holding pressure is commonly used to prevent
backflow, but in cold runner systems, pneumatic valve gates are commonly

used to prevent backflow into the nozzle. (Bont et al., 2021.)

Curing time, also called vulcanization time, depends of the thickness, used
material and the mold temperature. For commercial LSR, curing time often
varies between 3 - 7 s per millimeter of wall thickness, when temperature is
higher than 140 °C. The lower the temperature the longer the curing time. (Bont
et al., 2021.)

4.2 Vulcanization

Vulcanization, also known as curing or crosslinking, takes place with the help of
a Pt catalyst. Pt catalyst breaks the double bond of the vinyl group and allows
the cross linker to form new bonds to create a network structure. Typical cross
linker in commercial grades of LSR is short chain polyorganosiloxane.
Vulcanization process is critical in LSR injection molding process, since it
improves material properties like tensile strength and heat resistance. The
presence of inhibitor is also part of the vulcanization process of LSR. Inhibitors

prevent premature vulcanization, in other words prevent chemical reaction
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between compound A and B by blocking the catalyst and slowing the reaction.
The inhibitor is usually placed in compound B. (Bont et al., 2021.)

The amount of Pt catalyst varies between different commercial grades of LSR
and is shown to be 10-15 parts per million. Used heat accelerate the reaction
and typically, used heat is between 140 °C to 200 °C. Vulcanization is finalized

when LSR becomes elastic to solid. (Bont et al., 2021.)

4.3 Post-curing

While some literature suggests that LSR does not require post-curing, it's
important to note that the necessity of post-curing is dependent on several
factors. These factors include the specific material used, the product that is
produced, and the intended use of the final product. Therefore, it's essential to

assess each individual case to determine whether or not post-curing is required.

Post-curing is done to complete the curing process, which in vulcanization state
falls a little short, approximately 75-90%. With post-curing, tensile strength,
elongation at break and tear strength usually improve, but experimental testing
is usually required to determine the minimum duration and temperature of the
post-curing. Typical post-curing conditions and the conditions that silicone

manufacturers recommend is 4 hours at 200 °C. (Bont et al., 2021.)

4 4 Silicone rubber in cold shrink cable accessories

Due to silicone rubber’s good mechanical, thermal and electrical properties, not
to mention excellent weather ability such as UV, ozone and rain resistance,
silicone rubber is widely used in cold shrink cable accessories. Cross-linking
creates complex network structures (Bont et al., 2021). Network structures
create memory for the silicone rubber. Thanks to the memory, the silicone
rubber used in cold shrink cable accessories can be expanded over the support

and after support removal it shrinks back close to its original shape.
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Silicone rubber withstands use from -70 °C to over 200 °C which is much more
than typical organic rubber can withstand (Shit & Shan, 2013). For example,
EPDM rubber that is also used in cold shrinks can withstand the temperature
range of -40 °C to 140 °C (Bont et al., 2021).

Typically silicone rubber, depending on the of silicone and additives in use, has
a tensile strength of 9 kN/m and a tear strength of 29 kKN/m — 49 kN/m (Lamier,
2019). The elongation at break of commercial LSR grades varies from less than
200% to more than 1200% and a majority of grades have 20-70 Shore A
hardness (Bont et al., 2021).

4.5 Technical performance of silicone rubber used in cold shrink accessories

The mechanical properties of LSR, along with its electrical properties, determine
LSR’s suitability for use in cold shrink joints and terminations. While there are
commercially available grades of LSR, it's important to assess their compatibility

with the process and product design through separate testing.

To ensure the suitability of LSR for use in cold shrink joints, specific
requirements have been established for the technical data of commercially

available LSR grades. These requirements are outlined in Table 1.

Table 1. Requirements for material properties for insulating silicone rubber used
in cold shrink joints.

Material properties Test standard: Min Max
Viscosity [Pas] DIN 53018 or similar 200 500
Elongation at break [%] ISO 37 or similar 500

Tensile strength [MPa] ISO 37 or similar 5,5

Hardness, shore A ISO 7619-1 or similar 28 36
Density [g/cm?] ISO 1183 or similar 1,08 1,14
Tear strength [KN/m] ASTM D 624-B 30

(Continues)
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Table 1. (Continues).

Material properties

Test standard:

Min

Max

Volume resistivity [Qcm]

I[EC 60093 or similar

1E+14

Dielectric strength [kV/mm]

IEC 60243-1 or similar | 20

Specific requirements have been established for the technical data of

commercially available LSR grades used in cold shrink terminations. These

requirements are presented in Table 2.

30

Table 2. Requirements for material properties for insulating silicone rubber with

tracking resistance used in cold shrink terminations.

Material properties Test standard: Min Max
Viscosity [Pas] DIN 53018 or similar 100 500
Elongation at break [%] ISO 37 or similar 450

Tensile strength [MPa] ISO 37 or similar 6,0

Hardness, shore A ISO 7619-1 or similar | 35 45
Density [g/cm?] ISO 1183 or similar 1,08 1,14
Tear strength [KN/m] ASTM D 624-B 20

Volume resistivity [Qcm] IEC 60093 or similar 1E+14
Dielectric strength [kV/mm] | IEC 60243-1 or similar | 20
Permittivity (50 Hz) IEC 60250 or similar 2,7 3,0
Dissipation factor (50 Hz) | IEC 60250 or similar 1x10°3
Tracking resistance, class | IEC 60587 1A 4,5

When comparing the material technical data requirements for each application,

the most significant differences are readily apparent. This is primarily because

cold shrink terminations require tracking resistance, which is not necessary for

cold shrink joints.
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Tracking resistance is achieved with different additives. The material supplier
usually does not supply the additive used or the additive concentration in the
silicone. In the past, achieving high tracking resistance often involved using
various alumina compounds. However, nowadays, new solutions have
emerged. One such solution is the use of functional silane, which contains
hindered amine and urethane groups. This particular silane, known as PPAS,
has been found to significantly improve tracking resistance. (Fink, 2019.)
However, achieving higher tracking resistance can have a negative impact on
the mechanical properties of the material. When considering material
substitution, this aspect must be taken into account. Specifically, the elongation
at break and tear strength have the most significant effect on the durability and

usability of the product.
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5 Material substitution

This chapter focuses on material substitution process and especially material
substitution process in cold shrink accessories for underground cables. The
technical performance of the two materials is studied but also the compatibility
of surrounding materials will be discussed. Finally, economic advantages and

environmental aspects are discussed.

5.1 Material substitution process

When considering material substitution, care must be taken to ensure that all
aspects have been taken into account. Substituting to a new material have
caused a large amount of failures that are related to the fact that the new
material was not well known and properly tested before substitution. Common
causes of the failure include long-term material properties that were not fully
known and material substitution without reviewing the design. Materials have to
be mechanically, physically and chemically compatible with surrounding

materials to avoid any failure related to compatibility. (Farag, 2008.)

In his article, Farag (Farag, 2008.) has divided the main parameters for

substitution process into four main groups:
a) Technical performance advance

b) Economic advantage, the total advance over the total

life cycle of the product

C) Aesthetic view, changing the character of the product
by incorporating the material that is aesthetically more

attractive

d) Environmental and legislative aspect, less damage to
the environment, better recyclability or reuse and

compliance to environmental regulations
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As the material under consideration for substitution is already utilized in cold
shrink termination, my study will primarily concentrate on evaluating its technical
performance. However, | will also briefly consider the potential economic
advantages, as well as the environmental and legislative implications

associated with the substitution process.

5.2 Technical performance

Technical data of Material 1 and Material 2 materials were compared as a pre-
study of the substitution process. Pre-study was done to understand whether it
is even technically feasible, when mechanical and electrical aspects are taken

into consideration, to substitute Material 1 with Material 2.

Technical data of Material 1 is presented in Table 3. Raw material supplier
informs mixing ratio of components A and B to be 1 : 1 and the mechanical
properties were measured on 2 mm thick test sheets with vulcanization of 10

minutes at 175°C in an oven and post-curing 4 hours at 200 °C.

Table 3. Technical data of Material 1.

Material properties Test standard: A-part | B-part
Viscosity [Pas] DIN 53018 or similar | 300 300
Elongation at break [%] | DIN 53 504 S2 700

Tensile strength [MPa] | DIN 53 504 S2 8

Density [g/cm?3] DIN 53 479 A 1,1

Tear strength [KN/m] ASTM D 624 die B 35

Compression set [%)] ISO 815 15

While the technical data for Material 1 does not include information on its
hardness, volume resistivity, and dielectric strength, these properties are crucial
for the application and have already been defined during the material approval

process. It's important to compare these properties with those of Material 2.
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Technical data of Material 2 is presented in Table 4. Raw material supplier
informs mixing ratio of components A and B to be 1 : 1 and the mechanical
properties were measured on 2 mm thick test sheets with vulcanization of 10

minutes at 175°C in an oven.

Table 4. Technical data of Material 2.

Material properties Test standard: A-part | B-part
Viscosity [Pas] DIN 53019-1 300 250
Elongation at break [%] DIN 53 504 S2 800

Tensile strength [MPa] DIN 53 504 S2 12

Hardness, shore A DIN 53 505 39

Density [g/cm?3] DIN 53479 A 1,11

Tear strength [KN/m] ASTM D 624 die B | 26

Volume resistivity [Qcm] DIN 53482 5E+15
Dielectric strength [kV/mm] | DIN 53481 25

Dielectric constant DIN 53483 (50 Hz) | 2,8

Tracking resistance, class IEC 60587 1A 4,5

Upon comparing the technical data of the two materials, it becomes evident that
Material 2 is a stiffer material with lower tear strength than Material 1. Although
the data for Material 1 does not present the values for hardness, volume
resistivity, and dielectric strength, these material properties were taken into
account when selecting the material for this specific application. Therefore, it is
crucial to compare these properties with those of Material 2 to obtain a
comprehensive understanding of the materials' suitability for the product. In
Table 5. both material data are compared to each other and also compared to

the Material 1 technical data requirements.
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Table 5. Technical data sheet comparison of material properties of Material 1
and Material 2 .

Material properties Test standard Min Max | Material | Material
1 2

Viscosity [Pas] DIN 53018 or 200 500 | 300 300/250
similar

Elongation at break [%] | ISO 37 or similar | 500 700 800

Tensile strength [MPa] ISO 37 or similar | 5,5 8 12

Hardness, shore A ISO 7619-1 or 28 36 39
similar

Density [g/cm?] ISO 1183 or 1,08 1,14 |11 1,1
similar

Tear strength [kN/m] ASTM D 624-B 30 35 26

Volume resistivity [Qcm] | IEC 60093 or 1E+14 5E+15
similar

Dielectric strength IEC 60243-1 or 20 25

[kKV/mm] similar

Upon comparing the properties to the requirements, it was observed that the
tear strength of Material 2 did not meet the demands. Despite this observation,
the investigation was carried out as other factors, such as economic
advantages and environmental considerations, also needed to be taken into

account.

5.3 Economic advantage

The primary focus of this chapter regarding the substitution process will be on
the economic advantages, which encompasses both the material cost as well
as the processing cost. The latter includes the entire manufacturing process of
cold shrink accessories, as well as the waste material that is generated when

the material is switched to the injection molding machine.

Taking into account the available information, it is evident that choosing Material

2 is currently the more cost-effective option if it is possible to achieve the
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desired electrical functionality with Material 2. Material 2 offers a favorable
balance between its electrical performance and cost considerations. This
assessment takes into account factors such as the cost of the material,
manufacturing processes, and any associated expenses. If the same material is
used in both cold shrink joints and terminations, there would be no need to
clean the injection-molding machine, which takes labor time. Moreover, the
waste generated from purging the injection-molding machine could be
eliminated when using the same material for both products. The cost and
savings calculations with direct and indirect savings are presented in Table 6.

Savings have been calculated based on a weekly material change interval.

Table 6. Cost and savings calculations with direct and indirect savings when
Material 1 is substituted with Material 2.

Material savings, Production saving, Material Total
generated waste /year worktime /year cost saving
5500 -8 300 € 1400 € 113 300 € 120 000- 123 000€

Based on the calculations, it can be concluded that the most significant effect is
the material price. Yearly saving due to material substitution would be over 120
000 €.

5.4 Environmental and legislative aspect

From an environmental and legislative perspective, the material substitution is
evaluated based on compliance with environmental regulations and the

environmental impact of the material.

The substance of concern in articles as such or in complex objects, products
(SCIP) notification must be done if the concentration of VOSIiCs, D4, D5, and

D6, exceeds 0.1% in the product. According to the material safety data for
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Material 1, D4 concentration is lower than 0.1%, but with Material 2, D4
concentration is lower than 0.25%, which exceeds the limit and necessitates the

SCIP naotification to ensure the safe use and end-of-life of the product.

After discussing with the raw material manufacturer of Material 2, it was
confirmed that D4 content is in injection molded product usually below 0.1%.
After post-curing, the content will decrease to 2% of its original content.
Therefore, even with as high as 0.25% content of D4 in the raw material, the

content will drop below 0.1% after molding and post-curing.

Based on secondary data provided by Ecoinvent 3.9.1 or Sphera GaBi data
representation for the period of 2020-2023 in the EU, it has been determined
that the global warming potential (GWP) for silicone raw material is relatively
high. GWP of liquid silicone rubber or silicone sealing compound or silicone
product can vary from 6,5-16 kg CO2 e/ kg material. These values have been
obtained from accredited datasets used in the Ensto's life cycle assessment
projects in collaboration with external consultancies. For comparison
polypropenes GWP is around 2 kg CO:2 e/ kg material, before use phase and
impact from end-of life treatment according to the same sources. Unfortunately,
primary data is not offered by manufacturer that holds more specific information
from the current state of the process of the platinum-cured silicones made in
Europe. Even though the GWP is relatively high, according to the raw material
manufacturer the choice of material does not affect the life cycle assessment
(LCA) since both raw materials are manufactured in Europe and are platinum-
cured silicones. In terms of environmental impact, Material 1 and Material 2 are

comparable.
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6 Research methods

This chapter provides a detailed explanation of the theoretical background of

the conducted research methods.

6.1 Mechanical properties

The mechanical properties of polymers can vary significantly depending on the
specific type of the polymer. E.g. the polymer type, molecular structure and
weight, used additives and color amount and type affect mechanical properties.
In addition to the material properties, the manufacturing process and the testing
procedure also play a large role in the mechanical properties. Almost all
polymeric applications require the part to withstand some degree of mechanical
loading, and therefore mechanical properties are considered the most important

properties of polymer design. (Campo, 2008.)

Cold shrink termination and joints aren’t exception in this regard. Cold shrink
products are expanded on to a support which means no tools are needed for
installation. During the installation phase, the support is removed and the cold

shrink shrinks to its pre-stressed size.

The most important mechanical properties of cold shrinks are tensile strength,
elongation at break, tear strength, hardness and tension set. Strong mechanical
properties are needed to prevent damage that can occur when the insulating
material in use is subjected to vibration shocks and mechanical stress (Campo,
2008).

6.1.1 Tensile strength and elongation at break
The tensile test is one of the most widely used testing method for measuring the

mechanical properties of a polymeric material. Standardized test determines the

stress-strain curve in tension. This is usually done by continuously measuring
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the force that develops as the test specimen is elongated at a constant rate of
extension. (Campo, 2008, 41-50.)

The test specimen is positioned vertically between the grips of the testing
machine and the grips are tightened evenly and firmly to prevent any slippage.
As the tensile test specimen elongates, the resistance of the specimen
increases and is detected by a load cell. The instrument of the testing machine
records this load value (force). Usually the elongation of the specimen is

continued until the specimen ruptures or breaks. (Campo, 2008, 56-57.)

6.1.2 Tear strength

Tear strength measures a material’s ability to resist failure by tearing. For
polymers such as silicone, this is determined by measuring the speed of growth
of existing cracks when the material is placed under tension. This is measured
in Newton's of tensile force per millimeter of product thickness. (Jehbco Silicone
2017.)

6.1.3 Hardness

Hardness test is the most relevant indentation test for rubber materials and it is
widely used to evaluate the material properties from elastomers (Zhao, 2015).
Hardness test, also called surface hardness, result describes the materials
ability to resist the indentation when the tool, intender, is pressed against the
material. Durometer Shore A and D are in use for polymeric materials. The main
difference between Shore A and D is the shape and size of the intender. Softer
polymeric materials, like silicones, the hardness tester Durometer Shore A is
used. Unlike metals, the hardness results obtained from polymer materials do

not tell about abrasion or wear resistance. (Campo, 2008.)

Displacement data is converted into hardness values with mathematical scale,
used range is 0 to 100 (Zhao, 2015).
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6.2 Material electrical properties

Polymer materials, such as plastics and over the last two decades, also
silicones, have increasingly replaced traditional materials like mineral oils and
ceramics in the energy distribution field. This is due to polymers ease of
fabrication, low cost, lightweight and outstanding insulation properties. The most
relevant electrical properties for insulating materials are dielectric strength,
surface and volume resistivity, dielectric constant i.e. permittivity, dissipation
factor, power factor and arc resistance. Those properties are needed to
withstand the electrical field between conductor and insulator, to prevent
damage if arcing occurs and to have high insulation resistance to prevent

leakage current. (Campo, 2008.)

In this case, too, cold shrink termination and joints are no exception. The most
important electrical properties and properties that are studied in this thesis are

dielectric strength and volume resistivity.

6.2.1 Dielectric strength

Dielectric strength, also called breakdown voltage, is the voltage that the
material can withstand when placed between two electrodes and the voltage is
applied to the material before dielectric breakdown or electrical discharge
through the material occurs. Dielectric strength test is used as an acceptance
and quality control test. (Campo, 2008.) When measuring dielectric strength it
needs to be taken into account that there are many factors that affect on
dielectric strength like thickness of the sample, shape of the electrode, rate of

voltage increase and surrounding medium (Berger, 2006).

6.2.2 Volume resistivity

Insulators, such as most polymeric materials like plastics, glass and silicones

without any special treatment or additives, have high resistivity (Ashby et al.,
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2007). Volume resistivity is one option to measure how strongly the material
resist electrical current. As the name suggests, volume resistivity takes into

account the volume of the test piece in question.

When conducting volume resistivity tests on high resistivity materials such as
silicones, it's essential to consider the leakage current to prevent obtaining false
results. The test method used for high resistivity materials differs from that used
for low resistivity materials. Figure 10. shows a three-terminal method, where
the guard electrode is in use to avoid leakage current measuring. (Blythe,
1984.)
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Figure 10. Three-terminal method for measuring volume resistivity from
materials with high resistivity (Blythe, 1984).

6.3 Electrical tests

While determining the properties of a material is a crucial step in evaluating
substitute or alternative options, the most important step is to ensure that the
chosen material performs well in the final product. To verify this, electrical tests

must be conducted on the end product.

CENELEC’s harmonization document HD629.1 defines the general test
requirements for the medium voltage accessories used on the extruded cables.

HD 629-1-S3 specifies the requirement to conduct tests in accordance with the

Turku University of Applied Sciences Master’s Thesis | Minna Baarman



42

EN 61442:2005 standard. In this standard, each test is individually described in
a dedicated clause.
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7 Laboratory tests

Detailed explanation of the laboratory procedures that were followed during the
study is provided in this chapter. All laboratory tests were conducted in
accordance with standardized methods and followed by laboratory internal
instructions. Furthermore, the laboratory complies with the SFS-EN ISO/IEC
17025:2017 standard, and HD629.1 is a FINAS-accredited laboratory test.

7.1 Sample preparations

The test sheet samples used for material testing were obtained from the raw
material supplier and post-cured in a 200 °C oven for 4 hours. Injection molded
cold shrink terminations, CTSBGEL16, were used as production samples for
material testing. Termination size 16 was selected for material testing due to
several reasons. Firstly, it is one of the most commonly produced sizes in
production, making it a suitable choice for testing. Additionally, the size is easy
to work with, as it allows for the easy cutting of samples needed for material

testing.

Terminations manufactured with Material 1 were post-cured in a 200 °C oven
for 5 hours, while terminations manufactured with Material 2 were post-cured in
a 190 °C oven for 3 hours. This difference in post-curing temperature and
duration was based on previous research conducted during the selection of
Material 2 for use in cold shrink terminations. An example of the termination

samples used in the material testing process is presented in Figure 11.
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Figure 11. CTSBGEL16 termination samples injection molded with Material 1.

Two different sizes of cold shrink joint samples were manufactured without a
conductive outer layer for visual inspection and shrinkage testing. Samples
were expanded on a larger support than normal so that the aging behavior
would appear more quickly. Cold shrink joint size 16, CSJM16, was chosen due
to its common use in production, while size 27, CSJH27, was chosen due to its
ability to create the highest pressure on the support.

The CSJM16 joint samples used for electrical testing included a conductive
outer layer and were manufactured using Material 2. To ensure optimal
performance, the joints were post-cured in a 190°C oven for three hours. The
joint samples for electrical testing were installed in accordance with the

manufacturer's installation instructions, which can be found in Appendix 1.

7.2 Tensile strength and elongation at break

Silicone rubber samples were measured with Zwick Roell tensile test machine

using Zwick longstroke extensometers. The test was done according to ISO 37
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and IEC 60684-121 to 124 which are standard methods for vulcanized and
thermoplastic rubbers. The standards defines the test sample, size and shape,
and the testing procedure. Tensile strength and elongation at break were
determined from dumbbell shaped sample, sample type 2, at the room
temperature. Five samples were measured at constant rate of extension,
crosshead separation speed that was determined in standard to be 500 mm/min

with rubber samples.

7.3 Tear strength

Tear strength was measured with the Zwick Roell tensile test machine
longstroke extensometers. The test was made according to standard ASTM
D624 that describes the procedure of measuring tear strength that is
conventional property of vulcanized rubber. Used sample type was type B that
defines the maximum force required to cause a nick or cut, in the test piece, to
grow by tearing the silicone rubber. Three to five samples were measured at
constant rate of extension, with crosshead separation speed that was

determined in standard to be 500 mm/min with rubber samples.

7.4 Hardness
In this study Shore A hardness method was used according to ASTM D2240.

Hardness was tested with Durometer Zwick Roell Shore A and it was used with

the testing stand, both are presented in Figure 12.
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Figure 12. Zwick Roell Shore A with testing stand.

The Shore A value was recorded after 15 s because of the settling delay. Five

samples were measured from which the average value was calculated.

7.5 Dielectric strength
The test was done according to IEC 60243-1 standard and laboratory

instructions. High voltage test device Schleich Portatest A2 is presented in

Figure 13.
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Figure 13. High voltage test device Schleich Portatest A2.

The high voltage testing device uses a test cell where the electrodes are

located. The test cell is presented in Figure 14.

REMEMBER GROUNDING |

Figure 14. Test cell of the High voltage test device Schleich Portatest A2.

The test were made in transformer oil with the sample thickness of 2 mm.
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7.6 Volume resistivity

The tests were done with 2 mm thick sheet sample according to ASTM D257
standard and laboratory instructions using guarded electrode. Measurement
device Keithley 6517 B Electrometer and Keithley resistivity test fixture 8009 are
presented in Figure 15.

Figure 15. Keithley 6517 B Electrometer and Keithley resistivity test fixture
8009.

7.7 Visual inspection

The visual inspection allows to identify any surface defects or other anomalies
that may impact product quality and performance. By examining real products,
CSJM16 and CSJH27, it can be ensured that the products meet the required

visual standards and specifications.

7.8 Shrinkage test after support removal

The measurement is important in quality control and inspection as it allows to
assess the shrinkage stability of the products over time. By measuring the
dimensions before and after support removal, any changes in the product's size

and shape caused by aging or other environmental factors can be evaluated.
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7.9 Electrical tests

Electrical tests were performed to already installed joint by the qualified
laboratory personnel according to HD 629-1-S3 table 12, test sequence B1 and

with the type of joint I.

Due to limitations such as time constraints and laboratory availability, a
comprehensive type test could not be conducted for this thesis as the type tests
are time-consuming and costly processes. However, in collaboration with the
electrical engineer, the most essential tests that ensure product functionality
were selected and performed. These tests were prioritized to meet the

objectives of the thesis within the given resources and constraints.

Test that were chosen and made according to EN 61442:2005:
1. AC voltage dry test according to test clause 4.
2. Partial discharge test at ambient temperature according to test clause 7.
3. Impulse voltage test at elevated temperature according to test clause 6.

By selecting these specific tests, the thesis aims to assess critical aspects of
the product's functionality, insulation properties, and performance under

different electrical stress scenarios.

AC voltage dry test involves subjecting the product to an alternating current
(AC) voltage under dry conditions. It helps evaluate the product's ability to
withstand electrical stress and ensure its functionality. Test set up is presented

in Figure 16.
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Figure 16. AC voltage dry test set up.

Partial discharge refers to localized electrical discharges within the insulation.
Conducting this test at ambient temperature allows for the assessment of the
product's insulation integrity and the detection of any potential partial discharge

phenomena. Test set up is presented in Figure 17.

Figure 17. Partial discharge test set up.
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Impulse voltage test at elevated temperature involves subjecting the product to
high-voltage impulses at elevated temperature. Test set up is presented in
Figure 18.

Figure 18. Impulse voltage test set up.

The test evaluate the product's performance under challenging conditions, such
as increased temperature, and assesses product’s ability to withstand transient

voltage events.
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8 Results

In this chapter, | will present the laboratory test results of the material properties
for both Material 1 and Material 2. Subsequently, | will provide a more detailed
analysis of the tensile strength, elongation at break, and hardness, measured
using the Shore A test. Finally, | will present the results of the electrical tests

that were conducted using the final product with Material 2, replacing Material 1.

To conduct material property tests, test sheets were obtained from the suppliers
of both raw materials. Material verification tests were also carried out on liquid
injection-molded (LIM) parts, and the cold shrink termination CTSBGEL16 with
the highest production volume was selected for the testing as the necessary
test parts could be cut from it. Liquid injection molded samples are called as
Material 1. LIM and Material 2. LIM. The average results of all relevant

laboratory tests are presented in Table 7.

Table 7. Average test results of Material 1 and Material 2.

Material property | Min. Max. | Material | Material Material 1. | Material 2.
1. test 2. test LIM LIM
sheet sheet

Viscosity [Pas] 200 500 | Not able | Not able Not able to | Not able to
to test to test test test

Elongation at 500 493 700 543 422

break [%]

Tensile strength 5,5 6,5 15,0 49 8,3

[MPa]

Hardness, shore A | 28 36 33 36 31 43

(Continues)
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Table 7. (Continues).

Material property | Min. Max. | Material | Material Material 1. | Material 2.
1. test 2. test LIM LIM
sheet sheet
Tear strength 30 30 33 31 30
[kN/m]
Volume resistivity 1E+14 5E+15 1E+15 Not tested Not tested
[Qcm]
Dielectric strength | 10 17 20 Not tested Not tested
[kV/mm]

Comparing average results is a good way to start comparing different materials,
but a complete knowledge of the material requires deeper research of the most
important mechanical properties. Deeper research is presented in specific

subchapter.

8.1 Mechanical test results

In this chapter, the key focus is in mechanical properties of the product.
Mechanical properties are tensile strength, elongation at break, and hardness.
These properties were analyzed in more detail and the results are presented in
the following subchapters using box and whisker charts. These charts provide a
clear summary of the measurement data and dispersion figures, showing the
upper and lower quartiles, the average, and any outliers. Additionally, the
matching scaling of the charts makes it easy to compare patterns across the

different materials.

8.1.1 Tensile strength and elongation at break

Tensile strength test results are presented in Figure 19.
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FMAX COMPARISON

O Material 1. Sheet [ Material 2. Sheet [ CTSBGEL16 Material 1. [J CTSBGEL16 Material 2.

18 MPa

16 MPa

14 MPa

12 MPa

10 MPa

8 MPa ©

6 MPa

4 MPa

2 MPa

0 MPa

Figure 19. Comparison of tensile strength test results.

Both Material 2 samples, Sheet sample and Material 2 molded CTSBGEL16
sample, have higher tensile strength than samples made of Material 1. The
minimum limit for the material is 5,5 MPa. Injection molding weakened the

tensile strength of Material 1 and the result is just below 5 MPa.

Elongation at break was analyzed by comparing the test results. Elongation at

break results are presented in Figure 20.
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ELONGATION AT BREAK COMPARISON

[0 Material 1. Sheet [0 Material 2. Sheet 0O CTSBGEL16 Material 1. [J CTSBGEL16 Material 2.

800 %

700 % )

600 %

500 %  — w—

400 %

300 %

200 %

100 %

0%

Figure 20. Comparison of elongation at break test results.
Although Material 2 Test sheet shows the highest elongation at break,

CTSBGEL16 Material 2 exhibits the lowest elongation at break when injection

molded.

8.1.2 Tear strength
To ensure mechanical protection of the cable and the connector, it is important

to have sufficient tear strength. The results of the tear strength tests are

displayed in Figure 21.
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TEAR STRENGHT COMPARISON

O Material 1. Sheet [ Material 2. Sheet [0 CTSBGEL16 Material 1. [J CTSBGEL16 Material 2.

45,0 N/mm

40,0 N/mm

35,0 N/mm

[~ ——

30,0 N/mm ———

25,0 N/mm

20,0 N/mm

15,0 N/mm

10,0 N/mm

5,0 N/mm

0,0 N/mm

Figure 21. Comparison of tear strength test results.

Average tear strength of injection molded CTSBGEL16 Material 2 is just 30, yet
some results are below 30. All other samples have tear strength above 30 that

is required in raw material technical data sheets requirements.

8.1.3 Hardness

Hardness test results were analyzed by comparing the test results. Hardness
test results are presented in Figure 22. A preliminary study of the technical data
sheets found that the hardness of material 2 results exceeded the maximum
requirement. Hardness test confirmed that also injection molded samples

exceeds the maximum limit.
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HARDNESS, SHORE A COMPARISON

O Material 1. Sheet [ Material 2. Sheet [J CTSBGEL16 Material 1. [J CTSBGEL16 Material 2.

50

a5

40 —1—

35

30

25

20

15

10

Figure 22. Comparison of hardness, Shore A test results.

Based on the test results, both the Material 2 test sheet results and the
CTSBGEL16 Material 2 results exceed the maximum limit of 36.

8.2 Volume resistivity and dielectric strength

In this thesis, volume resistivity and dielectric tests were conducted only on
samples made from the test sheet material. Previous experiments have
indicated that these properties do not significantly change when the material is
injection molded. Average results of volume resistivity and dielectric strength

are presented in Table 8.
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Table 8. Average results of volume resistivity and dielectric strength.

Material Min. Max. | Material 1. | Material 2. | Material 1. | Material 2.
property test sheet | test sheet | LIM LIM
Volume 1E+14 5E+15 1E+15 Not tested | Not tested
resistivity [Qcm]

Dielectric 10 17 20 Not tested | Not tested
strength

[kV/mm]

Both materials passed volume resistivity and dielectric strength test.

8.3 Visual inspection

Visual examination was conducted on real products without conductive outer

layer made from CSJM16 manufactured with Material 2, as well as CSJH27

manufactured with Material 2. Figure 23 shows the visual appearance of

CSJM16 after aging without a conductive layer.

Figure 23. CSJM16 sample for visual and shrinkage examination.

Both products passed the visual inspection with no tearing of the silicone nor

collapse of the support due to pressure caused by the silicone.
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8.4 Shrinkage test after support removal

For shrinkage test, the dimensions of the product were measured before the
product was expanded and after support removal, following a period of 1.5
years of aging in expanded conditions. The average results of joint inner
diameter was inspected with two different joint sizes. Size 16 joint, CSJM16 was
expanded over 3 times it’s inner diameter. Size 27 joint, CSIM27 was
expanded almost 3 times it’s inner diameter. The average percentage increase
after support removal is shown in the Table 9. for two different cold shrink joint

sizes.

Table 9. The average percentage increase after support removal of CSJM16
and CSJH27.

Cold shrink joint Inner diameter % Inner diameter % increase
increase with Material 1. with Material 2.
CSJM16 +32,6 % +19,4 %
CSJMm27 +10,7 % +10,4 %

Both cold shrink joints showed better shrinkage when manufactured with
Material 2, although the difference was less noticeable with larger size cold

shrink joints.

8.5 Test results of electric tests for the product

Last material acceptance test is electrical tests for the real product, CSJM16.

Test results are presented in Table 10.
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Table 10. Electrical test results.

Test of EN 61442 Clause | Requirement Result
AC voltage dry 4 5 min at 4,5 Uo, no Passed
breakdown nor
flashover
Partial discharge at ambient 7 Max. 10 pC at 2 Uo Passed
temperature
Impulse voltage at elevated 6 10 impulses at each Passed
temperature polarity, no breakdown

nor flashover

Based on the successful completion of all tests and the passing criteria, it can
be concluded that Material 2 is suitable for use in cold shrink joints from the

electrical standpoint.
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9 Conclusion

Cold shrink accessories for MV underground cables, such as cold shrink joints
and terminations, are used either to connect two cable ends together or to
connect the end of the cable to another component of the network. In order to
perform electrically, cold shrink accessories must be able to withstand the
electrical stress that is developed when the cable geometry changes. Cold
shrink joints and terminations are pre-fabricated products, meaning that all
necessary components are placed into the product during injection molding.
These pre-fabricated products are then expanded onto a support that ensures

easy installation and limits installation errors.

Master’s thesis topic was to study the possibility to use the same LSR in both
underground cold shrink cable terminations and joints. In other words, it was
investigated the possibility of using Material 2 instead of Material 1 to reduce
waste material, but also to improve productivity and economic benefit. The topic
was approached using both basic research and experimental research
methods. Aim of the basic research was to increase understanding and
knowledge of a subject. Experimental research, on the other hand, involved
conducting controlled experiments to observe and analyze cause-and-effect
relationships. Quantitative research was employed in the study to collect and
analyze of numeric data. Deductive reasoning was utilized in the thesis to draw

logical conclusions from general principles or theories.

LSR is widely employed in injection molding for the production of cold shrink
accessories, thanks to its remarkable material and processing properties. Both
cold shrink joint and cold shrink termination have own grade of material
specially tailored for its intended purpose. Considering that cold shrink joints are
typically buried underground, they do not necessitate the same level of tracking
resistance as cold shrink terminations. Achieving tracking resistance involves
incorporating different fillers and additives, which also impact other material
properties. As a result, the chemistry of LSR slightly varies between Material 1

and Material 2. When considering material substitution, it is important to

Turku University of Applied Sciences Master’s Thesis | Minna Baarman



62

evaluate various factors such as the technical performance of the materials, but

also the economic advantages and the environmental and legislative aspects.

After conducting the material pre-study, visual inspection and shrinkage test
after support removal, standardized mechanical and electrical tests were
performed according to laboratory's internal instructions. The visual inspection
confirmed that the support can withstand the pressure caused by stiffer silicone
since none of the supports were collapsed. Material 2 exhibited slightly better
shrinkage than Material 1. The insulating properties of both materials were quite

similar.

Since shrinkage of injection molded part is the sum of many factors, material,
molding pressure, vulcanization temperature and the mold itself (Bont et al.,
2021). It is important to note that the results obtained in this study are limited to
the specific conditions and parameters used in the experiments. Further studies
are needed to optimize the liquid injection molding parameters for Material 2

and to investigate its performance in shrinkage of molded part.

Electrical test for final product have confirmed that Material 2 meets the
required electrical performance standards and exhibits the necessary properties
for effective use in cold shrink joints. Therefore, it can be considered a reliable
and appropriate material choice for the intended application even though full

type test is needed after the molding process parameters are validated.

As a next step, it would be beneficial to develop a control plan, the documented
framework that outlines the steps and measures to be implemented for the
material substitution process. This is necessary in order to maintain and control

the quality of the process and the product.
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Appendix 1

CJH11.2403C Installation

Instruction

PEM-CJH11_2403C
2022-09-01

Revision E
[=]:5[=]
>

S

CJH11.2403C

IR pm -

12.7/22 (24) kV 70-240

6.35/11 (12) kV 95-240 ©@:18.4...36.0 mm
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PEM-CJH11_2403C

Revision E 2022-09-01

(CZE) PRAVNI UPOZORNENI

- MontaZ wyrobku smi provadét pouze k tomu zpﬁsuhlla 0s0ba s odpovid: J‘dm praskolenim,
praxi a s dostatednymi znalostmi bezpefmsll 3 pu&mpu Inslalaceve vztahu k elektrich
zaiizenim. Pokud prosgkaleni nebo
pozadovanym znalostem ohledné munlaze clekurickeho zarl?em musu wyie uvedena osoba tyto
poZadavky splfiovat.

- ENSTO nepfebira Zadnou odpovednost ve vztahu k narokim vyplyv.
nebo nespravié montaze, anebo nerespekiovani narodnich edpl
Jinych ndradnich pfedpisi.

-UPOZORNEN: Nedodrzend instrukee k manta# milze mit za nasled ek poskozeni vjrobku nebo i
waZne ¢ smrielné zraneni.

|(m1 2 nesprameho pouziti
bezpeénostl vyrabkl &

(LIT) TEISINIS PRANESIMAS

- Gamin] gali montuot tk apmokytas asmuo, turints vietos reikalavimus atitinkandia kvalifikacija.
el vietos Jstatymai relkalauja - asmuo wri bt baiges praktinius gaminio montavimo mokyrmig
kursus.

- Ensto neatsako Uz atsitiktine, netiesiogine ar pasekmiy 7ala, kuria padare Sio gaminio netinkamas
panaudojimas, neteisingas montavimas, saugos ar kity nacionaliniy reikalaimy nej Iymas.

- DEMESION Sios montavimo instrukedjos nurocymy nepaisymas gall sugadint garninra keld
rimta ar net mirting trauma.

(DAN) VIGTIG INFORMATION

- Dette pradukt ma kun installeres af personer med tilstr 2kkelig kundskab og uddannelse indenfar
hs(allatiunsarbejdesam sikkerheds- og arbejdsrutiner i forbindelse med elektrisk udstyr. Safremt
Iokal lovgivning omiatter bestemnmelser eller anbefalinger for uddannelse eller tilstr akkelig viden
vedrerende ins(alla(lon af elektrisk udstyr, skal sddanne bestemmelser opfildes af disse personer.

- Ensto acceplerer intel erstatningsansvar i forbindelse med forkert anvendelse, fejlagtig instal-
lation af produkter eller manglende overholdelse af nationale sikkerhedsforskrifter eller evrige
bestemmelser.

- ADVARSEL: Forsammelighed i at felge nstruktionen kanresultere i skade pa produktet eller i
vaerste fald alvorlig eller fatal personskade,

(NOR) JURIDISK INFORMASJON
- Praduktet ma bare installeres av en kompetent person med tilstrekkelig opplaering i praktisk
monkasje og med tilstrekkelig kunnskap om sikkerhet og |ns(dlasjcrvs|xakslslfumuld il elekirisk
utstyr. Hvis lokal lavgivining inneholder bestemimelser om slik opplaring, eller om & inneha
tilstrekkelig kunnskap | installagjon av elektrisk utstyr, skal slike bestemmelser oppfylies av ved-
kommende som utfarer montasjen.

- Enstotar ikke noe ansvar vedrarende krav som felge av Teil bruk, feil installasjon eller ignorerte
nasjonale sikkerhetsforskrifter eller andre nasjonale bestemmelser.
- Advarsel: Unnlatelse av 3 felge installasjonsinstruksjonene kan resultere i skade pa produktet og
fare il alvorlige eller dadelige personskader.

(ENG) LEGAL NOTICE

- The product must be installed only by a competent person with sufficient traini
practices and with suffident knowledge ofgood safet}* and Insta\lallm ?rac(ic nrespec( of
electrical If local Con inres) or sufficent
knltéwledge In respect orlnsta\lauon of electrical £quipment such provislons sharl be Ulfilled by the
<aid per’

- Ensta accepts no liability concerning claims resulting from misuse, incarrect installation or ignored
national safety regulations or ather national provisions.

- WARNING: Failure to follow the installation instructions may result in damage to the product and
serious or fatal injury.

in installation

(POL) POUCZENIE
- Produkt powinien zostac zair dajacy stosowne do-
smadczeme Iwiedze wzakres\e zasad bemle{zansrwa orazins(alac]\ sprze(u elelﬂryf:m 0. O lle
ejscawe przeplsy Zawler ostanowlenia dotyczace wymogu posiadania dodwiadczenla, bad?
ednejwle zyw zalcles e 5[alacj}urz adzene\ekuycznych postanawienia te powinny zostad

67 W asol

- Em(o me pomq zadre] odmwmdzualms{l za niewdagciwe korzystanie, nieprawidiows instalacje
lub naruszenie reguladi krajowych dotyczacych bezpieczenstwa, bad? innych krajowych przepisdiv

prawnych;
- OSTRZEZENIE : wykonanle instalacji w sposob niezgodny z instrukeja mo2e skutkowad uszkodze-
niem produktu | powaimymi lub émiertelnymi obrazeniami ciala.

(EST) JURNIDILINE MARKUS
- Seda toodet tohib paigaldada ainult padev, paigaldustbodes piisavat valjadpet omav isik, kellel
an piisavad teadrnised elektriseadmete wva-ja paigaldustavadest. Kui kohalik seadusandius
id eeskiri deid niisuguse valjappe voi elektriseadmete
p galdamlseks wate teadmiste kohta, peab paigaldaja neile noudmistele vastama,
- Ensw ei vastuta nduete eest, mis tulenevac varkasuiusest, ebadigest paigaldusest vai kehtivate
i muude reeglite eiramisest
- HU\ATUS palgaldusjuhiste jargimata jatmine vaib kaasa tuua toote kahjustumise ja tosise vii
surmava vigastuse.

(POR) AVISO LEGAL

- Este acessdrio 56 deverd ser Instalado por pessoal espedializado, com sufidente formagao neste
tipo de trabalho, familiarizado com equipamentos eléctricos e aplicacao das regras de seguranca.
Se a legislagao local & it Tormagao ol treino adidonal, & da responsabilidade do operadar
cumprir esses requi

- A Ensto e a RESUL ndo assumemfs onsabilidades relativas a reclamagges originadas por mau
uso, Instalagao incorrecta ou desconhedmento de regulamentos de seguranga ou outra legisla-

630,
- AVISO: A falha e seguir as instrugdes de montagem pode resultar em danos no acessério e
ferimentos graves ou Tatais.

(FIN) OIKEUDELLINEN ILMOITU.
~Tuotteen asennuksen saa suorittaavain ammattitaitainen henkild, jolla onriittvat tiedot
<Shkblaitteiden asentamisesta ja s3hkéturvallisuudesta. Asennus tilee suorlttaa voimassa clewa
8 i i tulee raytead ki Il

\arysv kset.

- Ensto el vastaa violsta, jotka alheutuvat tuotteen virheellisesta kdytista, vasrdstd asennustavasta
tai kansallisten turvallisuusmaardysten noudattamatta jatamisest,

- ¥ARCITUS Asennusohjeiden vastainen asennus vol johtaa twotteen vahingoittumiseen tai vaka-
vaan onhettomuuteen.

(RON) AVIZ JURIDIC
- Produsul trebuie instalat numai de catre o persoani competentd, cu pregatire suficienta in prac-
ficile de instalare gi cu cunagtinge suficiente de bune in practici de sigurantd si de instalare in cee:
ce privegte echipamentele electrice. In cazul In care legislatialocald contine dispozitii cu privire lao
astfel de Formare sau cunostinge suficiente in ceea ce priveste instalarea de echipamente elecerice,
aceste dispozith vor i Indeplinite de cdtre persoana respec(M

- Ensto nu igh asuma nicl o responsabilitate in ceea ce priveste reclamatiile rezultate din utilizarea
necore%punzé(oare instalar€a incorecta sau ignorarea reglementarilor nagionale de siguranta sau
a altor dispozitii nationale.

- AVERTIZARE: Nerespecrarea instructiunilor de instalare poate duce la deteriorarea produsului i
accidente grave sau mortale.

(FRA) MENTIONS LEGALES
-Seules des persannes formées et habilitées aux travaux sous Lenf.mn 8T peuvent mettre en
oeuvre ce matériel sur un réseau sous tension. Le port des EP| adaptes ef le respect des Candi-
dons d'Exécution du Travall sous tenslon BT est de \a responsabl\l[ de Fopérateur. Le non-respect
des instructions dinstallation peut provoquer unendommagement du produit et des blessures
graves, voire mortelles.

- Ensto vassume aucune responsabilité quant a des réclamations découlant d'une mauvaise

tion, d'une installation incorrecte ou dune méconnaissance des réglements nationaux de

(RUS) NPABOBOE YBEZLOMNEHWNE

- M3AEANE AOAKHO BLTh YETAHOBACHO TAABKG KOMMETEHTHE M HEAOBEKOM, MMEOLLMM COOTRET-
CTEYIOULIYIC NPOGECCVIOHANLHYIG NOAFGTOEKY M SHAOLLMM TEXHIKY BESONACHOCTH, ECAN MECTHOE
3AKOHOATENLCTE TPEBYET CJAU M COOTEETCTEYIGILMX HOPMATHEGE 1 NPOXUHAEHIA KyPCOB
MOAFOTOEKM AR JONYCKA K PABOTE, T0 3T YEAOBMS J0/BKHEI NOAAEKATE 0B3ATEAR HOMY NEPCo-
Hafb HOMY BEINOAHERVHG.

- ERSI0 He HECET OTBETCTBEHHACTL 33 NOCACACTENA NPI HENPABIALHOM VENOALIOBAHNN, YCTAHOB-
Ke WM MEHOPHPOBAHIY NPABA TEXHVIKY BEIONACHOITY MM APYTVAX MECTHEX NOADXEHIR,

- MPEAYTIPEX/|EHWE; HecoBaoeHie MHETPYKLIIR M0 YCTBHOEKE MOKET MPUBECTI K MOBPEX je-
HIVIO M3IEAVA 11 K CEPLE3HOR Vil AaXe GaTAAHOR TPaBMe.

(GER) RECHTLICHER HINWEIS

- Das Produkt darf nur von kampetenten und entsprechend geschulten Fachleuten installiert wer-
den, die (iber ausreichende Kenntnissz im Arbeitsschutz und in der Elekirainstallation verfligen.
Wenn das lokale Recht Bes(imunt%‘en hinsichtlich der Schulungen und Kenmnlsse bel Elektroins-
tallation enthalt, muss die entsprechende Person diese Besdmmungn
- Ensto Gibernimmi keine Haftung fir Anspriiche, die auf Fehlgebrauc Tehlerhate Montage ader
die Nichtbeachtung nationaler SI(hErNellswrichrlﬂen oder anderer nationaler Besfimmungen
zuriickzufthren sind.

- ACHTUNG: Die N\threinhdlung der Mamagemwe\sungen kann Produktschaden und schwere
oder sogar thdliche Verletzungen zur Folge haben,

(SLK) PRAVNA STRANKA MONTAZE

- MontaZ wrobku smie vykonavat Ienkomperenma 0zoba s adekvatmym tréningom, praxou as
dostatodnymi znalostami bezpednost prace vzhladom k prisludnému vybaveniu elekirického zaria-
denla a priestorom. Ak miestna legislativa obsahuje narladenie takych trénlnﬁov alebo podadaviek
na doslamdnévedomos[i 5 ohladom na Intalacle tykajud sa elektrického zarladenia, tak tieto
opatrenia budii wkonavané u tejto o

- ENSTO neakceptuje ziadnu zmvwednosr tykajucej sa narokov vyplyvajudch z nespravneho
pouzitia, nespravniej montaZe alebo ignorovania narodnych bezpecnostych pravidiel alebo inych
narodnych nariadeni.

-UPOZORNENE NedodrZanie pas(upu maontaineha navodu mbZe mat za nasledok poskodenia
wyrobku alebo | vaine zranenia.

(HUN) ] OGI NYILATKOZAT

- Ezt a termiket csak olyan szakember szerelhetl, aki részi vett a megfels\:i elrnsletl, akorlat] és
biztonssgtechnikal okiatison, haldzatépits szerldi tanfolyaman. Amennyiben Eﬁyszaha
megkdvetelnek tovabbi képzettséget vagy szakmal tudast, Ugy a szerelést uégzme a fentieken
wilmenden ezeknek is meg kell rele\me
- Az Ensto nem vallal an I, helytelen vagy nem
szakszeri szereléshdl, az esetleges nemrpu uztmsagl eldirasok figyelmen kivill hagyasabdl eredé
karokert és kvetkezményekért.

- FIGYELEM: aszerelési utasitasok megsériése a termeék sérilléséher vezethed, illetve sityos vagy
végzetes sériilést okozhat!

{SLV) PRAVNO OBVESTILO
- Proizvad lahko veradi le strokowno usposobljena in pooblaééena oseba z zadostnim znanjem v
procesih vgradlzige’ vars(vu pri delu in montad elektricne opreme, Ce lokalna zakonod aja veebuje
olod| usposabljanjem in zadostnim manjem vgracnje elektritne opreme
mnra]n bm te nnlnche |zpnlnjene < strani omenjene osebe.
- Podjel]e Ensto ne prevzema nobenih adgovornosti v zvez zzahtevkl o posledica napaéne
uporabe, nepravilne vgradnje ali zanemarjanja nacionalnih varnosmih predpisow in drugih doloch,
- OPUZDR\ LO: Neupoétevanje navodil za namestitev lahko povarod pagkmbe izdelka in posledifno
nevarnost resnih telesnih ali smrmih pogkodb.

(ITA) NOTE LEGALI

- ll pradotto deve essere installato esclusivamente da persana competente con suffidente forma-
zione nelle pratiche di installazione e con sufficiente conoscenza delle norme di sicurezza e delle
procedure di installazione per le apparecchiature elettriche. Qualora la leglslazione locale preveda
dlsposiziond relativamente a tale formazione o sufficiente conoscenza per quanto riguarda la
installazione di apparecchiature elettriche, tali disposizioni dovranno essere adempiute da detta
persona.

- Ensta non accetta nessuna responsabilita riguardo eventuali danni derivanti da usa improprio,
installazione non corretta o che non rispetti le norme di sicurezza o altre disposizioni nazionali.

- ATTENZIONE: La non osservanza dellef(ruzloni per Finstallazione pud causare danni al prodotto
e lesiond gravi o fatall,

(SPA) AVISOS LEGALES

- El producta debe ser instalado sélo par una persona competente con capacitadon suficiente en
practicas de instalaciony con conacimiento suficiente de las normativas de seguridad adecuadas
conrespecto al eguipamiento eléctrico. Sila legislacion local contlene disposiclones con respecto
a dicha capacitaddn o conocimiento suficlente con respecto ala Instalacidn del equipo eléctrico
dicha persona deberd cumplir con tales disposicones.

- Ensto no acepla ninguna responsabilidad con respeato a los redamos que resultan del uso inde-
bido, instalacion incorrecta o regulaciones de seguridad nacional ignoradas u otras disposiciones

nacionales.
- ADVERTENCIA: No seguir las instrucclones de instalacidn podria resultar en un daito al producto y
lesion grave o fatal.

(LAT) ATRUNA

- Produktu drikst uzstadic tikai attiecigi kvalificéta persona, kura ir pietiekami labi apmiacita veikt
Eadu uzstadiZanu un kura ir pietiekami zinoda par drodibas tehnikas noteikumiem un uzstadi-
2anas karlibu darba ar elekiroiericdm. Ja nadonilie normativie akti paredz prasibas val ipatus
rotelkumus attieciba uz Sadu apmacibu val nepiedefamajam zindsanam darba ar elekiroiericem,
tad minétajai personai &is prasibas un noteikumi ir jaievéro.

- Ensto neuznemas nekadu atbildibu par prasijumiem, kas c&lugies no izas lietod,

(SWE) VIKTIG INFORMATION
- Denna produkt far endast installeras av person med erforderlig kunskap och uthildning avseende
Installationsarbete och sdkerhets- och installationsfragor betraffande elektrisk utrustning, Om
dllﬂr‘ghg!agsmm\ng eller gillande [Breskrifter innehaller bestdmmelser eller rekommendationer
etraffande sadan kunskT ach uthildning eller behdrighetskrav med avseende pa installation
av elektrisk utrustning skall vad som harvid fBreskrivs tilldmpas med avseende pa den som utfar
wen, Vid tveksamhet om vad som géller kontrollera med fackkunskap.

, nepa-
reizas uzstadizanas, nacionalo drodibas notelkumu vai citu notelkumu neleveroganas.
- UZMANI BU: UzstadiZanas instrukclju nelevErotana var radit kaitgjumu produktam val radit sma-
gusval navéjoius Tevalnojumus.

- Encto friskriver sig fran allt ansvar betradffande krav i anledning av felaktig anvandning eller felak-
tlﬁ installation av produkten eller underlatenhet atelaktta lokala sdkerhetsfreskrifter eller andra
tillampliga bestammelser eller rekommendationer.

- VARNING: underlitenhet att flja instruktionerna avseende installation kan resultera i skada pa
produkten ach dven allvarlig skada pa person eller dadsfall

ENSTO FINLAND OY  ENSIO MIETTISEN KATU 2, P.O.BOX 77

06101 PORVOQ, FINLAND

WWW.ENSTC.COM

TEL.+3582047621  EMAIL ENSTO@ENSTC.COM
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Appendix 2

Table 1. Requirements for material properties for insulating silicone rubber

used in cold shrink joints.

Material properties Test standard: Min Max
Viscosity [Pas] DIN 53018 or similar 200 500
Elongation at break [%] ISO 37 or similar 500

Tensile strength [MPa] ISO 37 or similar 5,5

Hardness, shore A ISO 7619-1 or similar 28 36
Density [g/cm?] ISO 1183 or similar 1,08 1,14
Tear strength [KN/m] ASTM D 624-B 30

Volume resistivity [Qcm] IEC 60093 or similar 1E+14
Dielectric strength [kV/mm] IEC 60243-1 or similar | 20

Turku University of Applied Sciences Master’s Thesis | Minna Baarman



Appendix 3

Table 7. Average test results of Material 1 and Material 2.

Material property | Min. Max. | Material | Material Material 1. | Material 2.
1. test 2. test LIM LIM
sheet sheet

Viscosity [Pas] 200 500 | Not able | Not able Not able to | Not able to
to test to test test test

Elongation at 500 493 700 543 422

break [%]

Tensile strength 55 6,5 15,0 4,9 8,3

[MPa]

Hardness, shore A | 28 36 33 36 31 43

Tear strength 30 30 33 31 30

[KN/m]

Volume resistivity 1E+14 5E+15 1E+15 Not tested Not tested

[Qcm]

Dielectric strength | 10 17 20 Not tested Not tested

[kV/mm]
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Appendix 4

Table 8. Average results of volume resistivity and dielectric strength.

Material Min. Max. | Material 1. | Material 2. | Material 1. | Material 2.
property test sheet | test sheet | LIM LIM
Volume 1E+14 5E+15 1E+15 Not tested Not tested
resistivity

[Qcm]

Dielectric 10 17 20 Not tested Not tested
strength

[kV/mm]
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Appendix 5

Table 10. Electrical test results.

Test of EN 61442 Clause | Requirement Result

AC voltage dry 4 5 min at 4,5 Uo, no Passed
breakdown nor flashover

Partial discharge at ambient 7 Max. 10 pC at 2 Uo Passed

temperature

Impulse voltage at elevated 6 10 impulses at each polarity, | Passed

temperature

no breakdown nor flashover
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