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THE EVALUATION OF POSSIBILITY OF NORMAL OPERATION OF CABLES BASED
ON TWISTED PAIRS WITH PVC JACKET UNDER THE CONDITIONS OF HIGH
HUMIDITY AND TEMPERATURE

Introduction. Development of cables for structured cabling systems based on twisted pairs for shipbuilding is carried out in two
main directions: increasing the fire safety of cables and increasing the long-term permissible operating temperature by using
new, more heat-resistant, electrical insulating materials. Purpose. Substantiation of the possibility of unshielded cables on the
basis of unshielded twisted pairs with thermoplastic polyethylene insulation in PVC protective jacket in conditions of high
humidity and high operating temperatures on the basis of the results of accelerated aging. Methodology. The cycle of aging under
conditions of increased humidity is performed for 336 hours. Then the sample was under natural drying conditions for 1440
hours. Thermal aging in a thermostat at 90 °C was carried out in two stages: first — for 206 hours, the second — for 260 hours. In
the initial state and after accelerated aging, measurements of the capacitance and tangent of the dielectric loss angle of all the
insulating gaps at frequencies of 100 Hz, 1 and 10 kHz were performed. Results. According to the results of accelerated aging
under conditions of high humidity and temperature, it is established that the design of an unshielded cable based on unshielded
twisted pairs with thermoplastic polyethylene insulation in a protective coating based on PVC-plastic is resistant to external
influencing factors. Practical value. The prolonged holding at temperature of 90 °C is equivalent to operation at temperature of
40 °C for 6.8 years. At higher operating temperatures, the lifetime of the cable is significantly reduced. References 5, tables 1,
figures 5.

Key words: cables based on twisted pairs for shipbuilding, accelerated aging, hygroscopic moistening, thermal aging, partial
capacitance, tangent of the dielectric loss angle, service life.

Ilpeocmaenensl pe3ynbmamosl YCKOPEHHO20 CHAPEHUA 6 YC/IOGUAX ROGLIUIEHHOU GANCHOCIMU U MeMnepamypsl 00pazua
HEIKPAHUPOBAHHO20 Kabensn Ha OCHOBE GUMBIX NAP C ROAUIMUICHOBOU MEPMONIACMUYHON U30NAWUEI 8 3auUMHOIll 0007104UKe
Ha OCHOGe NONUBUHUAXTIOPUOHO20 naacmukama. Ouenka ycmouuugeocmu Kabens K O0elcmeulo HEUIHUX 8030elCmeEyouux
daxkmopoe evinonnena no YACMUYHLIM EMKOCHIAM U MAHZEHCY YA OUITEKMPUULECKUX HOMEPL U30IAUUOHHBIX HPOMENCYMKOE
Mmeancdy scunamu. Koncmpykmuenas ocoéennocms xabensn npueooum K ZPYRRUPOSAHUIO YACHMUYHBIX €MKOCHEN 6 4embipe
Xxapakmepnovie oonacmu. Ycmanoenena OUHAMUKA USMEHEHUT OUIIeKMPULeCKUX RAPAMEmpos é npoyecce 2uzpoCKONU1ecKozo
YOIAdCHEHUS, eCHMEeCMEEHHON CYWKU U Mennioeozo cmapernus npu memnepamype 90 °C oopasya kabena. Onpedenenvl
KoIhpuyuenmor napnoii Koppenayuu mexcoy ourieKmpuiecKumMu napamempamu ¢ UCX0OHOM COCHIOAHUU U NOCTe GHEULHUX
6o030eticmeyroujux gaxkmopos. Ilokazano, umo KoHCMPyKyus Kadens ycmouuuea K OeiiCmeulo nOGLIUEHHOU 61ANCHOCHU U
memnepamypol. bubn. 5, tabn. 1, puc. 5.

Kniouesvie ciosa: kaGeln Ha 0CHOBe BHTBIX Nap ISl CYAOCTPOEHHsI, YCKOPEHHOe CTapeHue, THTPOCKONUYeCKoe YBIIa:KHEeHHe,
TENJIOBOE CTapeHNe, YAaCTHYHbIEe EMKOCTH, TAHT€HC YIJIa IHIeKTPHYECKHUX MOTePb, CPOK CIYKObI.

Introduction. The development of the shipbuilding
infrastructure includes the presence of modern branched
structured control systems with high-speed data
transmission.

Shipboard cables have higher requirements for
electrical, installation characteristics, resistance to
external factors (temperature, humidity, vibration, solar
radiation, etc.) than to cables for general industrial use.
Cables for the industrial interface must meet the safety
criteria and technical requirements, primarily fire and
explosion safety [1, 2].

It should be noted that about 60-70 % of the total
number of electrical cables on the ships are cables of
control, signaling and communication systems.
Development of cables for structured cabling systems
based on twisted pairs for shipbuilding is carried out in
two main directions: increasing the fire safety of cables
and increasing the long-term permissible operating
temperature by using new, more heat-resistant, electrical
insulating materials. It is shown in [3] that cables of
general industrial use on the basis of twisted pairs of
category Se can operate under conditions of increased
radiation situation.

The goal of the paper is substantiation of the
possibility of operation in conditions of high humidity
and high operating temperatures of unshielded cable
based on unshielded twisted pairs with thermoplastic
polyethylene insulation in a protective polyvinylchloride
(PVC) jacket according to the results of accelerated aging.

Characteristic areas of partial capacitances of
insulating gaps. The evaluation of the cable's resistance
to the action of external factors acting on partial
capacitances and the tangent of the dielectric loss angle of
the insulation gaps between the wires. Shrinkage of
insulation in the process of thermal aging or swelling
during prolonged hygroscopic moistening leads to a
change in the characteristics of the insulation gaps of the
cable.

For cables based on twisted pairs, a random
orientation of the pairs is characteristic. The twisting steps
of unshielded twisted pair (UTP) are different to provide
the required noise immunity: as a result, the distances
between the wires are averaged, which causes the number
of groups of partial capacitances to decrease. For
example, in a 4-pair UTP-based cable (Fig. 1, 2), the
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distance between wires 1 and 3 is on the average the same
as between wire 1 and any other — 4, 5, 6, 7 or 8. As a
result, all partial capacity between the 8-th wires (and
there are as many such capacitances as the sides of the

. n(n—1) 8(8-1) .
8-gon, i.e. N=T=T=28) are grouped in only
4 regions — Fig. 3.

The first area is the capacitance between the
contacting wires of the same pair (i-j — intervals: 1 — 2, 3
—4,5-6,7-8, Fig. 1); the second one is the capacitance
between the wires of the contacting pairs (i-k — intervals,
for example: 1 — 7,1 - 8,2 — 7,2 — 8, Fig. 1); the third
one is the capacitance between the wires of non-
contiguous pairs (i-/ — intervals: 1 —5,1-6,2-5,2 -6,
etc., Fig. 1). The fourth group can be measured according
to the «wire — versus all others» scheme (i-s — area of
insulation of the wires, for example, 1 — 2, 3,4,5,6,7, 8,

PP
6397

Fig. 1. Scheme of an unshielded twisted-pair cable (UTP):
4 twisted pairs, with different twisting steps (the case of the
same orientation of twisted pairs, possible on separate sections
of the cable)

The regulatory characteristics of the insulation gaps
are determined on the basis of the calculation of the
electrostatic field. Fig. 2 shows the lines of the electric
field with different schemes for feeding the potential to
the conductors: to the second wire of the first pair (Fig.
2,a); to the second wire of the first and eighth wire of the
fourth pair (Fig. 2,b); to the second wire of the first, the
eighth wire of the fourth and third wire of the second pair
(Fig. 2,¢); to the second wire of the first, the eighth wire
of the fourth, the third wire, the second and fifth wire of
the third pair (Fig. 2,d); to the second wire of the fourth
pair (Fig. 2,e), respectively. Based on the calculation of
the electrostatic field, the linear capacitances (C) and the
fraction of the stored energy (#) [4] of the potential wires
are determined with respect to the total energy stored in
the cable (Fig. 3): C = 53.0 pF / m; # = 0.506 — for one
internal (Fig. 2,a); C = 37.7 pF / m; n = 0.473 — for one
external (Fig. 2,e); C = 101.9 pF / m; = 0.524 — for two
internal (Fig. 2,b); C = 114.2 pF / m; n = 0.571 — for four
internal (Fig. 2,d); C = 6.214 pF / m; n = 0.0085 — for
eight wires together. The share of energy stored in the
solid insulation of the wires is about 50 %. Consequently,
the dielectric losses in the insulating gaps (such as «solid
phase-air») should also be about 50 % of the losses in the
solid dielectric itself.

Fig. 2. Pictures of electric field lines
in the cross-section of UTP-cable with different orientation of
pairs at different schemes of potential supply to the conductors
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Fig. 3. The distribution of the electric field strength when the
potential is to applied one (curve /) and four (curve 2) internal
wires of twisted pairs in the UTP-cable (the number of main
nodes is N = 2500, that is, the order of the system of linear
algebraic equations)
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Dynamics of changes in the parameters of
insulation gaps as a result of accelerated aging.
Experimental studies were performed on a UTP-cable of
category Se sample of length of 1.8 m. Their purpose is to
check the stability of the cable of the basic design with
thermoplastic solid polyethylene insulation in a protective
shell based on polyvinyl chloride plastic to the effect of high
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humidity and temperature. The cycle of aging under
conditions of increased 100 % humidity in a desiccator
(hygroscopic moistening of the sample-through unsealed
ends) was performed for 336 hours. Then the sample was
under natural drying conditions for 1440 hours. The thermal
aging in a thermostat at 90 °C was carried out in two stages:
the first — for 206 hours, the second — for 260 hours.

In the initial state and after accelerated aging,
measurements of the capacitance and tangent of the
dielectric loss angle of all the insulating gaps at
frequencies of 100 Hz, 1 and 10 kHz were performed.

Fig. 4,a shows the parameters of the insulation gaps
of a UTP-cable of category 5e sample in the initial state.
For the «wire-wire of the same pair» intervals, the lowest
levels of tgo are observed, with tgo falling with increasing
frequency.

186 .%
1 UTP cat 5e =1.8m
10 i
°, .
/= ..\ i-k
{ \ i-s
)8
o
’ o A
s |
i-j o ol
ol
1 e J
10 1
]
10' o
C, pF
a
186 %
=
1 ‘l UTP cat 5e =1,8 m
10 iy
w
[
ﬁ' , o
ik ] |
L. 1-4 o\
10 i i’ & -
- . .
.
)
%) Y
. )
10 ]
]

10 10 C, pF
b
g5 %

, “ : UTP cat 5e 1=1,8 m

10 e
b i

ko B i

e K ) N

1-s
P i ==
J

Fig. 4. Dynamics of changes in partial capacitances and tangent
of the dielectric loss angle in the process of accelerated aging
under conditions of high humidity and temperature

External influence — hygroscopic moistening — leads
to a strong change in the parameters of only some regions

— Fig. 4,b (the experimental points lie outside the selected
regions). This is a consequence of the appearance of
moisture in the capillaries formed by contacting insulated
cores [5]. Fig. 5,b shows the parameters of the insulating
gaps in the initial state and after a two-week exposure
(336 hours) in the desiccator. The capacitances of the
gaps have increased little, but tgd has grown significantly
more, and to a greater extent for wires distant from each
other (the region of small partial capacitances, the left part
of Fig. 4,b). After extraction from the desiccator and
natural drying for two months (1440 hours), a decrease in
tgd is observed due to the removal of moisture from the
surface of the isolated wires and a decrease in partial
capacities due to swelling of the insulation (diffusion of
moisture into the thickness of the insulation).

As a result of thermal aging at temperature of 90 °C,
the decrease in tgd continues due to the removal of
moisture from the insulation layer and the growth of
partial capacities due to shrinkage of insulation. Drying
the cable at a temperature of 90 °C for 260 hours resulted
in an almost complete restoration of the -electrical
characteristics of all its insulating gaps (see Fig. 4,c). In
this case, the PVC jacket slightly changed in color, lost its
shine, but retained its elasticity.

There is a positive correlation, both for partial
capacitance and for the tangent of the dielectric loss angle
(Table 1).

Table 1

Coefficients of mutual pair correlation between the capacitance
in the initial state and the capacity after accelerated aging (rc),
between the tangent of the dielectric loss angle in the initial state
and after accelerated aging (rg;)

Conditions of accelerated aging
336 hours 1440 hours  |206 hours of |456 hours of
. 2 |under At normal heat aging at |heat aging at
i g conditions |conditions temperature |temperature
f§’ £ Jof 100 % 90 °C 90°C
E; § T humidity
e & c
0.9998 | 09998 | 09999 | 0.9998
0.1 V105
09001 | 08176 | 0.8578 | 0.7876
r'c
| 1.0000 | 09999 | 0.9999 | 0.9999
Tig5
09810 | 09909 | 09876 | 0.9622
I'c
10 1.0000 [ 1.0000 | 09999 | 0.9999
}’t&(;
09111 | 09966 | 09942 | 09904

The values of the selective linear paired coefficient
of K. Pierson correlation r are large for partial
capacitances and, in practice, vary only slightly at
different frequencies (see Table 1). For the tangent of the
dielectric loss angle, the more pronounced frequency
dependence rys is characteristic: the pair correlation
coefficient has large values at the frequency 1 kHz and 10
kHz, which is associated with both the polarization
processes and the electrical conductivity in the insulation.
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As an adequate lifetime of the cable sample, the
estimated service life, obtained on the basis of parameters
of the accelerated aging regime, adequate to the aging of
the cables under operating conditions (Fig. 5) is taken.
The normal operation time of the cable is 1.14 years and
6.8 years at an operating temperature of 60 °C and 40 °C,
respectively.
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Fig. 5. To assess the life of the cable under normal operating
conditions

Conclusions. The results of accelerated aging of
unshielded cable based on unshielded twisted pairs with
thermoplastic polyethylene insulation in a protective
jacket based on PVC-plastic material in conditions of high
humidity and temperature show that the design is resistant
to external influencing factors. The prolonged holding at
90 °C is equivalent to operation at temperature of 40 °C
for 6.8 years. At higher operating temperatures, the
lifetime of the cable is significantly reduced.
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