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Abstract

The medium voltage aerial bundled cable (MV ABC) system came into servicein TNB
Malaysia in the 1990's as a more economical alternative to medium voltage bare
overhead (MVBOH) line to distribute power to customers. The objective was to obtain
better reliability by avoiding outages given the high probability of lightning-related
failures in Malaysia and line faults due to vegetation and animals. Also, with no right-
of-way issues to be addressed, ABC lines were easier to construct.

The migration policy to MV ABC system came into force beginning 4th April 2002
where the use of MV ABC system was to be given priority over underground cable
system and bare overhead line system. In the earlier MV ABC systems certain
operational, climatic and environmental issues had not been properly addressed and
there were quite a number of failures. Design, quality, and technical specification issues
had to be re-evaluated to ensure that the new MV ABC system could be adaptable to
the current TNB Distribution Network characteristics so that failures in the MV ABC
system could be mitigated. Thus, this paper attempts to explore the challenges that had
to be faced in the TNB Distribution Network in implementing the MV ABC system and
the recent developments to improve their design and performance.

Introduction

With Malaysia having an isokeraunic level of 200 thunder days per year, the medium
voltage bare overhead (MVBOH) line system in TNB Distribution Network is faced
with reliability challenges. Furthermore, the MVBOH line system is also exposed to
other failure causes such as trees and animals as shown in Table 1 below:

Major Causes |2001/02 (2002/03 [2003/04 | 2004/05 | 2006/07
Transient 174 106 101 188 112
Lightning 114 96 98 151 79
Ageing 64 42 47 51 31
Trees 60 43 24 43 43
Animals 55 31 34 26 42
Poor Contact 28 22 16 40 21
Thunderstorm 18 13 6 14 14
Others 57 93 105 210 79

Table 1: MVOH Top Failure Causes

Ageing is another factor that contributed to the failure of the MVBOH line system in
TNB Distribution Network as most of the lines had been constructed and
commissioned from the 1940’ sto the 1970's.
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For example, the age profile for TNB 22kV Overhead Line System is as shown in
Figure 1 below:
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Figure 1: Age Profile of 22kV Overhead Lines

Asillustrated in Table 2 below, the bare conductor is the MVBOH line component with
the highest number of recorded failures:

Component | 01/02 | 02/03 | 03/04 | 04/05 | 06/07 | Total
Conductor 182 128 122 132 120 684
A/Recloser 57 43 48 196 114 458
Jumper 58 32 42 52 41 225
Cross arm 25 27 38 36 11 137
Glass Disc 18 31 22 23 16 110
Pin Ins. 19 21 19 25 14 98
S/Arrester 26 17 12 16 16 87
Isolator 6 7 6 23 30 72
Shieldwire 16 14 22 14 3 69
Sectionalizer 5 2 1 12 5 25

Table 2: MVOH Component Failure — Top 10

Introduction of Medium Voltage Aerial Bundled Cable (MVABC)
IN TNB

The MVABC system was first introduced in the 1990’ s as an economical aternative to
the MVBOH and as an attempt to address reliability issues faced by the MVBOH
system. The MVABC system overal cost is lesser, has better safety features, and is
more reliable when exposed to the environmental causes such as the weather, animals,
and vegetation if compared to the MVBOH system. Moreover, voltage regulation is
improved with MVABC if compared to the MVBOH, asthe reactanceisless[1].

Comparison with MV Bare Overhead Line System

The advantages with the new MVABC design as compared to the MVBOH are as
follows:

1. Overcoming right-of-way or rentice acquisition issues with the convenience of
having the MVABC system easily constructed by the roadside

2. Mitigating supply interruptions due to transient faults caused by vegetations,
animals or weather-related outages such as lightning and strong wind

3. Requiring shorter poles with the use of spun concrete poles

4. Providing cost-effective and faster construction and maintenance
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Comparison with MV Underground Cable System

In comparing with the MVUGC system, the MVABC system has the following
advantages:

1. Does not require local authority’s approval as MVABC construction does not
reguire excavation works

2. Demonstrates better reliability as MVABC is not exposed to failures due to
water ingress, excavation by third parties, and soil movement

3. Provides cost-effective and faster construction and maintenance

4. Requires 30% less capital expenditure to construct and install

Design Criteria

The design of the MVABC used in TNB Distribution System needs to comply fully
with the requirements of the Electricity Supply Act 1990 that includes the followings :

1. Minimum clearance of 6.10 meter from ground level by the roadside at 75°C

2. Working tension with a safety factor of more than 2 at 21°C

3. Ability to withstand wind speed of 96.56 km per hour at right angle onto the
MVABC and all support structures

Initial Performance of MVABC in TNB Distribution Network

Unfortunately, the MVABC system that was introduced in the 1990's was a direct
emulation from other utilities. Thus, there were certain characteristics such as the
climate conditions and degree of exposure to ultraviolet rays that had caused the use of
MVABC system in TNB Distribution Network did not seem to produce the desired
results as suggested by Table 3 below:

Conductor Type Fault/100kM/Year
Bare 16.40
ABC (Old Design) 13.97
Table 3: Comparison Fault/100kM/Year

The older design MVABC had a single layer copper screen with HDPE as the outer
sheath. As shown by Table 4 below, a total of 610 MVABC cable failures had been
recorded between 2001 until 2005:

Financial | ABC ABC ABC Total
Year Cable | Joint | Termination
2001/2002| 101 32 10 143
2002/2003| 117 64 17 198
2003/2004| 156 74 21 251
2004/2005| 236 75 35 346

Table 4: MVABC Component Failure

Improvements in MVABC Design

The new MVABC designed between 2003 and 2004 underwent a number of changes to
achieve the following requirements:
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1. Improvements on the previously designed MVABC introduced in the 1990's to
address its weaknesses and defects

2. Introduction to new cable sizes to improve the MVABC current carrying
capacity

3. Enhancements on the pole design to optimise the installation of both low
voltage (LV) and medium voltage (MV) circuits on the same pole

The new MVABC system design involves the installation of both LV and MV circuits
on the same pole by having 2 MV circuits on the top portion of the pole and 2 LV
circuits 1 meter below the MV circuits. To achieve this, the new MVABC system
utilizes a 10-19-5kN spun concrete pole that is 10 meters in height and has a 5.0kN
load withstand capability.

The new MVABC system is designed to handle the following maximum capacity:

1. 43 MVA onthe 33kV system
2. 19 MVA onthe 11kV system

Common Failure Modes of the Previous MVABC
The most common failure modes of the previous MV ABC are as follows:

Stress crack on the outer sheath of the cable
Damaged copper screen

Burnt outer sheath

Damaged outer sheath due to animal bites
Dislodged straight through joint

agrwbdE

Stress Crack, Damaged Copper Screen & Burnt Outer Sheath

The stress crack found on the outer sheath of the MVABC cable asillustrated in Figure
2 was addresses by replacing the outer sheath material from HDPE to PVC Grade ST-2.

{0 M

Figure 2: Stress Crack on HDPE MVABC

As mentioned earlier, stress cracks could be found on the MVABC outer sheath made
of HDPE. Another important point that should be highlighted is that HDPE emits a
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fruity-like smell that can attract animals such as rodents or squirrel. It has been
assumed that because of this characteristic, rodents and squirrels would chew on the
outer sheath of the MVABC causing further exposure of the copper screen to the
environment.

Stress crack on the outer sheath of the MVABC could expose the copper screen to the
environment causing the copper screen to be oxidized as shown in Figure 3 below.

Figure 3: Exposed Copper Screen

With the copper screen damaged or cracked, the capability of the MVABC to carry
fault current would be compromised as damaged or cracked copper screen would create
a high resistance path. If a fault should occur on the MVABC feeder, the fault current
would flow to the source through the damaged or cracked copper screen. Thus, with the
copper screen becoming highly resistance, the fault current would overheat the XLPE
and outer sheath and subsequently would damage the MVABC asillustrated in Figure 4
below.

Figure 4: Burnt Outer Sheath

In the previous MVABC, the design was only with one layer of copper screen. If the
only layer of copper screen were to be damaged or cracked as shown in Figure 5, the
MVABC would be exposed to local overheating and further damage as mentioned
above whenever fault occurred.
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Figure 5: Damaged/Cracked Copper Screen

In order to improve the reliability of the MVABC copper screen, two layers of copper
screen with a 15% overlapping between the layers are used. Such design not only
ensures the robustness of the copper screen but also improves the sheath current
carrying capacity of the MVABC. Thus, enhancing the life cycle of the insulation of the
MVABC.

Damaged Outer Sheath due to Animal Bites

Animal encroachment to the MVBOH system is common as the conductor is naturally
exposed. But, for MVABC, as it is afully insulated conductor, failures due to animals
should not pose a serious threat.

Unfortunately, rodents or squirrels, to be exact, have contributed to a number of
MVABC failures by gnawing on the outer sheath and, in the process, exposing the
conductor screen of the MVABC asillustrated below in Figure 6:

Figure 6: Damaged Outer Sheath by Squirrel Bite

This phenomenon is particularly frequent to the previously designed MVABC with
HDPE outer sheath. An assumption had been made that HDPE emitted a fruity-like
smell that tend to attract the squirrels. For the new MVABC with PVC ST2 outer
sheath, there are also attacks by squirrels but usually before the MVABC is
commissioned.
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Dislodged Straight Through Joints

Another problem that comes with the implementation of MVABC is the failure of its
straight through joints and terminations. The common mode for this failure is that the
straight through joints or terminations would be dislodged due to the contraction of the
PE jacket. Figure 7 below illustrates an example of contraction of the PE jacket:

Figure 7: Contraction of MVABC Joint

The application of heat-shrink straight through joints and terminations is used for
MVABC. However, MVABC joints and terminations are exposed to the environment
especialy the ultraviolet ray. Having the PE jacket length extended from 100mm to
200mm to overlap the cable outer sheath mitigates the above failure.

Improvement in MVABC Installation

Another aspect of improvement that is important to ensure the reliability and extended
service life of the MVABC system is to improve on installation practices. Improper
installations of the MVABC can stress the MVABC cable, joints, and terminations. An
example of improper MVABC installation is as shown in Figure 8 below:

Looped
/ Joint

Figure 8: Improper Looping of MVABC Joint

Looping of the MVABC joint not only causes mechanical stress on the joint, but also
causes the spun concrete pole to experience mechanical overloading.
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Thus, in order to improve the installation of the MVABC, more accessories have been
introduced to ensure proper installation of the MVABC system so that the overall
system of MVABC isreliable, safe, and economical.

Earth Bonding Issues of the MVABC

The common practice for MVABC earth bonding is to have the galvanized steel
messenger wire bonded to the local earth at the first pole, last pole, and H-poles of a
feeder as shown in Figure 9 below:
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Figure 9: Common Bonding Practice for MVABC

Unfortunately with the above set-up, there have been cases where the joints were
overheated and were burnt. It has been suspected that the induced current may have
caused such failure. Table 5 below indicates the amount of calculated induced current
that can be present in the MVABC:

Voltage 11kV 33kV
Conductor Size
) 70 150 240 70 150
(mm°)
Effective Screen Area
6.0 6.0 6.0 6.0 6.0
(mm?)
Conductor Ampacity
216 343 470 224 353

()

Induced Voltage
(V/km)

12.968 | 19.694 26.111 12.378 19.018

Induced Current

(A/km)
Table 5: Calculated Induced Current in MVABC Cu Screen

3.890 5.907 7.832 3.713 5.705

In order to mitigate the above issue, MVABC earth bonding has been placed at every
straight through joint or at every 500 meters as shown in Figure 10 below:
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Figure 10: New Bonding Practice for MVABC

—

Limitation with MVABC Circuit Length

As MVABC is actually cable strung on poles, it still cannot replace MVBOH to
distribute power over long distances due to the effect of capacitance and voltage drop.
As MVABC isto be constructed especially for sub-urban and rural areas electrification,
long feeders are inevitable.

The MVABC feeders are sectionalised into 20-km long feeders for operational
purposes. At every 20km, a pole top circuit breaker (PTCB), which is actually an
automatic circuit recloser with the autoreclosing scheme defeated, is usually installed to
control the MVABC. By doing so, long MVABC spur feeders can be controlled
efficiently without the need to construct small substations.

System Average Interruption Duration Index or SAIDI for those MVABC spur feeders
have been improved with the above initiative. Table 6 illustrates the SAIDI
improvement with the use of PTCB to control the MVABC spur feeders:

No Pole Top SS SAIDI Before SAIDI After
) Location PTCB PTCB
1 | Kg Kurnia 0.21 0.12
2 | Harcroff 0.14 0.11
3 | Sam Koo 0.09 0.06

Table 6: SAIDI Improvement with PTCB

Figure 11 illustrates how a PTCB isinstalled in MVABC network:

Figure 11: Installation of PTCB in MVABC Network
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Is Surge Arrester Necessary in MVABC Network?

MVABC is designed with a copper screen that is kept at zero potential as it is bonded
to ground. Thus, voltage rise induced by lightning strike should be at a minimum.
However, when the MVABC is connected to the following installations, surge arresters
need to beinstalled:

a. Where air-break typeisolators or load break switches are installed;

b. Where uninsulated switches or controlgear, such as expulson drop-out fuse
assembly, areinstalled;

c. Where a connection to the bare overhead line system is necessary.

When MVABC and MV UG is connected, surge arrester installation is not needed as
both MVABC and MVUG has the same surge impedance values as shown in Table 7
below:

System Zo, Surge impedance
MV ABC 20-50 W

MVUG 20-50 W
MVBOH 300 - 400 W

Table 7: Surge Impedance Values for Various Systems

Perfor mance of MVABC with New Design
Major improvements of the new MVABC includes the followings:

1. Useof PVC Grade ST-2 as outer sheath
2. Useof 2 layers of coppers screen with 15% overlapping between the layers
3. Useof additional accessoriesto improve installation

With the use of new MVABC design, the performance of the MVABC system has
improved tremendously. For example, in Perak, the failure rate of the new MVABC
system as compared to the previously designed MVABC is as shown in Table 8 below:

Conductor Type Fault/100kM/Year
ABC (Old Design) 13.97

ABC (New Design)* 2.50
Table 8: Comparison Fault/100kM/Year

*Note : Performance in Perak

Why MVABC and Not a Covered Conductor?

Covered conductor (CC) system is a cheaper aternative that can replace bare conductor
system. The use of CC is mainly focused to reduce tree-trimming cycles in dense
vegetation locations. Moreover, with CC, safety clearance can be reduced and
construction of CC on the roadside can also be done as with MVABC. CC only has the
conductor covered with an insulating material, usualy XLPE or HDPE, but it is not
actually insulating the system.
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The main concern with TNB is lightning-related failures. With Malaysia located in the
high lightning activity zone, CC is not suitable, as it till needs to be protected from
lightning similar to the bare overhead line system.

Conclusion

From results shown in Table 6, the new MV ABC has shown tremendous result in terms
of performance as compared to the previous MVABC. Although the performance result
of the new MVABC comes from only one state i.e. Perak, the trend shows that the new
MVABC design has proven itsreliability, safety, and economics.

Although the use of PVC Grade ST-2 as the outer sheath has mitigated the stress crack
issues, care must be taken when pulling the MVABC cable onto the poles as PVC is
softer than HDPE and improper pulling and laying of the PV C during construction can
damage the outer sheath of the new MVABC.

With the meta priceison therise, the use of double-layered copper screen can increase
the price per unit of the new MVABC cable. However, with the improved reliability of
the new MVABC, the service life of the new MVABC cable is extended. Thus, the
overall cost of the new MVABC is still economical.

Moreover, with MVABC being able to be constructed swiftly and effectively at less the
cost of bare overhead line systems and less the hassle of underground cable system,
electrification initiatives can be expedited and expanded especidly in the rural areas.
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