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Fig.1 — Section (a) and coupling (b) of PICRIB construction

Fig.2 — CRIB conductor sections:
a) L-shaped section with voltage up to 1 kV;
b) a straight section with a voltage of 10 kV

PICRIB consists of single-phase sections (straight or with turns), up to
10 m in length. Couplings are mounted between the conductors sec-
tions. Current conductors can have protective casing (mandatory for
outdoor installations) made of corrugated polyamide, stainless steel or
aluminum.

Current-carrying buses 1 of the current conductors (Figure 1 a, b)
are made of aluminum alloys or copper ring (tube) or round (bars)
cross-section. Contacts 5 are provided at the ends of each bus cur-
rent lead section. The insulation 3 of the current lead sections is made
of creped paper and epoxy compound. Semiconducting layers as well
as grounding layer 4 are provided for equalizing the potential inside the
insulation of sections. Sections of each current lead phase are con-
nected by the temperature deformations compensators 6 (Fig. 1b),
usually of the plate type. Depending on the voltage level, couplings can
be air-insulated without semiconducting layers (up to 12 kV) and with
semiconductive layers (up to 72.5 kV) or oil insulation with semicon-
ducting layers (above 72.5 kV). The equalizing plates of each section
and the couplings of the PICRIB are grounded.

PICRIBs are intended for transmission, and power distribution, in case
of using T-shaped couplings (and, accordingly, they operate as a con-
ductors, as well as, if necessary, as a switchgear busbar). PICRIB insu-
lation is designed for operating voltage and provides the necessary lev-
el of electrical safety during operation. Current conductors can be made
for cable routing of various configurations, compact in configuration
and useful for cabling in confined spaces. They are manufactured for
indoor and outdoor electrical installations, various climatic regions and
operating conditions [1], can be used in marine climate conditions, as
well as in areas with unfavorable atmospheric conditions (for example,
near metallurgical, petrochemical plants etc.). PICRIB installation does
not require welding. Conductors up to 72.5 kV are fire and explosion-
proof. In addition, PICRIBs have sufficiently high electrodynamic and
thermal withstandability, can be used in seismically active regions and
do not require additional cooling.

Current conductor cast resin-insulated bushing (CRIB) is formed from
sections of the current conductor of various geometric shapes (straight
or L-, T-Z-shaped section). The length of section, as a rule, does not
exceed 4 m. Depending on the rated voltage level, section of current
conductor may contain two (for DC) or three medium voltage busbars
and up to five current-carrying busbars for alternating current with volt-
age up to 1 kV (Figure 2). Each CRIB section presents an aluminum
(or copper) bus of the two corresponding geometric shapes bathed
in epoxy resin 1 (Figure 2).

The ends of the buses in sections are free and allow the connec-
tion between two different sections, wherein the junction of sections
is subsequently also filled with an epoxy compound. The construc-
tion of CRIB sections for medium voltage range provides for additional
cooling of the buses by means of through-holes 3 (Figure 2) between
the adjacent phases. Medium voltage bushing sections, filled by epoxy
resin, allow metal casing of a current conductor mounting. A metal cas-
ing with holes is provided for the internal installation of CRIB, and with
a solid surface — for outdoor installation.

The connection of CRIB to the electrical equipment is carried out by
means of special terminal elements, which are manufactured individu-
ally depending on the type of equipment and the method of connection.

It should be noted that PICRIBs have a relatively high cost com-
pared to CRIBs. In both types of current conductors, a large number .
of bolted connections of current-carrying elements are used:; the in-
sulation of current conductors does not allow significant mechanical
stress (shocks, impermissible loads, etc.). Disturbances during trans-
portation, rigging and mounting works, storage and operation condi-
tions can lead to (in some cases, already resulted in) faults in current
conductors. As a result of such violations, as well as (in rare cases)
violations in manufacturing technology (rejected equipment), defects
of contact connections, solid insulation, loss of contacts of equalizing
plates and grounding of current leads have occurred.

The required training of installers, increased supervision by the chief
engineers in the course of mounting works, strict adherence to instruc-
tions for transportation, storage and operation is one of the directions
for improving the reliability of current conductors.

It is also necessary to effectively monitor the technical condition
of conductors with cast insulation after installation and during opera-
tion. It should be noted that the requirements for diagnostic monitor-
ing of cast-iron conductors, as well as other new equipment, absent
in standard 34.45-51.300-97 [2]. Control tests of current conductors rec-
ommended by manufacturers are not always effective and sufficient for
trouble shooting (including putting current conductors into operation).

Operational tests (including post-mounting tests) recommended by
manufacturers and suppliers of current conductors include an over-
voltage test, DC resistance measurements and, in some cases, thermal
imaging control. It should be noted that the recommended methods
(except thermal imaging) require putting the current conductor out
of work. In addition, the supply of high test voltage is a destructive
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Fig.3 — Current conductors with cast insulation 6 kV:
a), b) — PICRIB type; c), d) — CRIB type

method of monitoring the technical condition. The effect of high voltage
test (especially with a long service period) can provoke the develop-
ment of the partial discharge (PD) in epoxy-paper insulation, which
could lead to the insulation breakdown in the remote future after the
tests. Moreover, operating experience shows insufficient effectiveness
of recommended methods for detecting electrical defects related to the
development of partial discharges of insulation, as well as electrical
sparks in various contact connections (including potential equalizing
plates and grounding system).

Examination and measurement of the electrical discharges in current
conductors with a voltage up to 6 kV (Figure 3) on the substation under
operation were carried out to determine whether the diagnostic moni-
toring and check of various methods and instrumentation systems are
really effective to finding defects in current-carrying conductors with
cast insulation under operating conditions.

It should be noted that periodic crackling, peculiar for electric dis-
charge, was noted on a coupling of the current conductor, prior to the
carried out survey of PICRIB current conductor (Figure 3a, b), which in
the dark room gave a light reflection. High voltage tests did not clearly
diagnose the location of a defect. The expected defective coupling
phase B was dismounted and replaced for a new by specialists of the
current conductor manufacturer. Later on at disassembling of this dis-
mounted coupling at the factory, no defects were found. Other types
of works in the area of dismounted coupling have not been documented.
(However, transfer of the ground conductor from one end of coupling
of the adjacent phase to the other end of coupling cannot be excluded).
A few days after repair, the discharge phenomena were again registered
by the operating personnel. Repeated high voltage tests of all phases
of the current conductor did not lead to breakdown. No-load operation
of the current conductor was continued.

The investigation was carried out in the no load mode of the current
conductor. The following works were performed to find defects:

= measurement of partial discharges and other electrical discharges
using high-frequency transformers (tongs sensors) mounted on
the grounding wires of the equalizing plates (screens) of the sec-
tions and couplings of the current conductor;
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Fig.4 — Waveform of the spark discharge pulse with a scan of 1 ps/div.,
registered by sensors — high-frequency transformers with a ferromagnetic
core, placed on a grounding wire of phase A screen conductor
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Fig.5 — Pulse waveforms (a) and spectrum of acoustic signal (b), recorded
by contactless method (microphone) at the moment of sparking in a cou-
pling of PICRIB conductive phase "A"

« |ocation of the partial discharge by the acoustic method;

- |ocation of the partial discharge in the insulation of current leads
by electromagnetic (noncontact) method along the length of the
current conductor using a high-frequency scanner and various
types of antennas (induction sensors).

Examination revealed two types of useful signals, caused by two differ-
ent defects. So flashing was recorded in one of the couplings of phase
"A". The discharges were fixed by all measuring methods (Figures 4, 5
and 6a, b) and appeared periodically with an interval of 1-5 min. and
more. Defective phase was identified by the signal level.

Detected flaw was visually observed from the phases "B" and "C" side in
the upper part of the coupling in the connection zone of the aluminum
flange to the coupling body. According to the obtained results analy-
sis (which was confirmed by subsequent disassembly and inspection
of the coupling), spark discharges are caused by the loss of contact
between the aluminum flange and the equalizing potential plate.

In addition, stable (regular) discharge processes (partial discharges),
which maximum intensity is shifted with respect to spark discharges
in phase A by 120 (60) electric degrees approximately were recorded
by means of electromagnetic location (Figure 6b, ¢) and by electric
method (Figure 7). It is instrumentally detected that the level of dis-
charges in the area of the current carrying conductor with the defective
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Fig.6 — Amplitude-phase distribution of pulses recorded by a high-frequen-
cy scanner at the moment of arcing in screens (a, b) and in the absence of
sparking (c). Curve of industrial voltage frequency is obtained from 0.4 kV
network and is not referred to phase under investigation

coupling decreases in one direction of current conductor and increases
in the other direction closer to the adjacent cable room 6 kV No. 4.
The signal is fixed and in some other rooms of the 6 kV switchgear.
The source of partial discharge is unambiguously not established, since
there was no organizational possibility to make measurements on all
parts of the current conductor. The source can be located in the insula-
tion of current conductor, in outgoing cable lines or couplings (includ-
ing the transformer). According to the measurement results with a high
degree of probability, partial discharge is located in the "C" phase.
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Fig.7 — Waveforms of partial discharge pulses registered by means of sen-
sors (high-frequency transformers), at the moment of absence of arcing:

a) — on the sweep of 2.5 ms/div. (1 peried of network frequency),

b) — on the sweep 10 ps/div.

To investigate the location of a partial discharge in the insulation
of CRIB current conductors with a total length ~ 1.5 km using the
electromagnetic non-contact or acoustic method, a high-frequency
scanner (Fig. 3c, d) was used.

Since the customer is particularly concerned about the state of the cou-
plings, which were filled in inclement weather (with all the protection
methods according to the instructions), these areas were examined
most carefully, including, with a climb to the current conductor and,
in some cases, disassembly of the protective screens. Nevertheless,
there was no discharge phenomena found in the insulation of conduc-
tors. Exploitation of these conductors over the next few years con-
firmed the correctness of findings of diagnostic survey.

SUMMARY AND CONCLUSIONS

The following is required to ensure operational reliability and safety

at servicing conductors with cast insulation:

1. tomeasure the partial discharge during post-installation and peri-
odic operational diagnostic control;

2. to include the specified requirement in the instruction manual
of current conductors, and also to the new edition of the standard
regulating the scope and norms of electrical equipment tests.
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