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Chinese Manufacturer Looks to Bright Future for
Composite Insulators

Imagine going
from production of
the very first
insulator to
becoming the
: i number one
: iy i manufacturer of
. - i " AN composite
e A transmission
Teng in_frfgfw..t::of.histogrém ofcoml.pah;;:s;.g.réjwing inSUIatorS in a” Of
output. A lot to smile about. China - and this in
less than 10 years! This implausible achievement has
apparently become reality for Teng Guoli, General Manager
of Zibo Taiguang ( TG Insulators ), an insulator factory

Reactor for polymerization of

located about 100 km east of the capital city of Shandong silicone fluid.
Province.

As might be expected given the short time frame between start-up and market leadership,
things moved quickly right from the very beginning. Using composite insulator
technology which had been developed by a group headed by Professor Liang Xidong of
Tsinghua University in Beijing (see article on page 30), production started at the newly-
established factory in June of 1991. A year later, the very first composite insulators
successfully passed type tests at the laboratories of the Electric Power Research Institute
in Beijing.

INMR® Pollution is a real
P.O. Box 95, Westmount (Montreéal), Québec, challenge for most Chinese
Canada, H3Z 2T1 utilities and composite
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In 1992' 300 of insulators are considered
these insulators g perform well under such

were installed difficult service conditions.
onall0kV

line in Shandong subject to high levels of
pollution. According to Teng, these insulators
have not required any maintenance since that
time and are still in service today, without any
problems.
Shuai with inclined plane apparatus for tracking and

erosion testing. Within a year, 220 kV insulators had also been
developed. Then, in December 1996 the State Power Company qualified and accepted the
company’s 500 kV insulator product line. Referring to these milestones, Teng remarks,
“work on the performance of these insulators led us to the development of three
mechanical load levels: 70 kN, 110 kN and 210 kN. We carried out all this work with
emphasis on the issue of quality so that our plant could also quickly become ISO-
certified.”

Today, Zibo Initially we bought
Taiguang (TG | finished HTV silicone
Insulators ) rubber compound from
p_roduces Chinese manufacturers.
virtually all the  "However, we soon realized
types of that there was too much
composite variation from one
insulators shipment to the next in the
required on parameters of the
overhead formulation.

Eiang Xidong of Tsinghu University examines shed transmission
materials for hydrophobicity recovery. . . .
lines in China.

Pollution is a real challenge for most Chinese utilities and many engineers in that country
apparently now feel that composite insulators perform well under such difficult service
conditions. “l am quite confident that the use of composite insulators will continue to
increase rapidly in China,” remarks Teng. “Take for example the dramatic situation
which occurred just recently in part of our country.”

TG Insulators
www.TGinsulators.com
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As Teng explains it, for
several months there had
been no rain at all and
relatively large amounts of

1 pollution had accumulated on
insulators. Then, in February,
dense fog rolled in and
~suddenly hundreds of

% flashovers affected lines in
most of the Eastern Provinces
around Shandong.

“While it is certainly possible
FRP rod samples undergo stress that the ng was not so severe

corrosion test. in Shandong,” observes Teng,
“I am convinced that it was the extensive presence of composite insulators which
explains why lines in this Province experienced only relatively few flashovers.”
According to Teng, in Shandong some two-thirds of the overhead network at 110 kV and
220 kV is already equipped with composite insulators. This proportion, he claims, rises to
about 80 per cent for 500 kV lines.

Preparation of FRP rod surface.

Shed compression machines in dust-
controlled main factory hall.

TG Insulators
www.TGinsulators.com
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Before taking INMR through the various Loading shed assembling machine.

buildings of the modern factory located just

outside the small town of Zibo, Shuai Shangben, 'ﬂr;

Chief Engineer, explains, “our factory decided .
.1 GUANG

to use two different techniques to apply the
weathersheds to the FRP core rod. With the
principal method, a sheath is extruded onto the
rod and, in a final operation, sheds made
separately by compression molding are bonded - A
to this sheath. The other method uses an S
injection molding machine to apply the P e
polymeric material directly to the rod.” “ ﬂ

Sheathed FRP rod pushed into the sheds.
“For the weathershed of all insulators we make,” adds Teng, “we use only HTV silicone
rubber. Initially we bought the finished compound from Chinese manufacturers. However,
we soon realized that there was too much variation from one shipment to the next in the
parameters which defined the formulation. Therefore, we decided to buy the basic
silicone fluid from a major overseas supplier and we are now manufacturing our own
silicone material.”

Apparently, Zibo Taiguang ( TG Insulators ) has already evaluated several silicone
formulations in co-operation with researchers at Tsinghua University. As a result
management now claim that they have full control over the parameters of the formulation
produced on-site.

The plant has two reactors used in silicone manufacturing - the first having an annual
capacity of 100 tons and a newer one with an annual capacity of some 300 tons. All of
last year’s total HTV silicone production of 400 tons was apparently used internally.
According to Teng and Shuai, quality control staff regularly check the characteristics of
the formulation and also compare its performance against the characteristics of weather
shed samples taken from the major international manufacturers of composite insulators.

TG Insulators
www.TGinsulators.com
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~ Zibo does not

* manufacture its
own FRP rods but
rather purchases
them from suppliers
in China. To be
qualified, these rods
must go through the
relevant IEC tests
such as, for
example, porosity
tests which are
repeated during the
manufacture of

One of several injection molding

machines at Zibo. insulators. In the

case of 500 kV insulators, each rod is cut to
length with a small extra section which will then
be used for this test. For rods of insulators with
voltage ratings lower than 500 kV, the porosity
test is performed only on samples from each
production lot.

Like many countries, China has already
experienced some brittle fracture failures of
composite insulators but the total number has so
far been comparatively small. Less than half a
dozen of these have now been documented over a population approaching a million such
insulators. Explains Teng, “in spite of this relatively small number, Chinese utilities still
request that domestic manufacturers use FRP rods made with E-CR glass fibers for
application at voltages of 110 kV and above. Therefore, a test to verify the resistance to
stress corrosion is performed on all the rod shipments we receive.”

35 kV insulator just out of the injection machine.

“In addition,” continues Teng, “utilities in Shandong request that this acid test be
performed as a sample test. Once the FRP rods have passed these tests, their surface is
abraded to ensure good adhesion of either the injected weathershed or, when utilizing the
second process, the extruded sheath.”

One of the two weathershed production technologies which Zibo Taiguang ( TG
Insulators ) utilizes for manufacturing their composite insulators requires molding each
shed separately - a process which is done by compression molding. In a separate
operation, the silicone sheath is extruded and subsequently vulcanized onto the FRP rod.

In total, eight compression machines are available to produce the sheds which are later
bonded to the extruded sheath. Just before final assembly, the surface of the bore of each

TG Insulators
www.TGinsulators.com
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shed is mechanically prepared to receive a silicone compound, which once polymerized,
will ensure a permanent bond between the shed and the sheath. Then, the sheds are
inserted into a machine, designed and manufactured in-house, in the exact position
required by the desired configuration of the finished insulator. In the final operation, the
machine simultaneously rotates the sheathed rod and pushes it through the pre-assembled
sheds.

Although this manufacturing process is quite
labor intensive, it offers the advantage of being
very flexible. “A change in the spacing between
sheds,” says Shuali, “in order to increase or
decrease leakage distance does not require a
new mold. We only need to modify the distance
between sheds on the assembly machine.”

To manufacture large numbers of a particular - g , Y
series of insulators, Zibo Taiguang ( TG Applying seali compound to end f:tlting-;s.
Insulators ) molds the weather shed directly

onto the FRP rod. Says Teng, “injecting the weather shed in one shot onto the rod is an
efficient technology but injection machines are quite expensive and each specific
insulator type requires a mold which also has a high cost. Therefore, we employ this
manufacturing technology mainly for production of large volumes of the same type of
insulator.”

“The majority of our Up until the end of 1999, all
insulators are now composite insulators
manufactured with produced at Zibo were made
endfittings crimped onto with metal end fittings

the rod.” fastened to the FRP rod by

way of a metallic wedge.
“This required exact and expensive machining of the inside of
the metal fitting,” explains Teng. “So, once again in co-
operation with Tsinghua University, a compression end fitting
was developed. Now, the majority of our insulators are
manufactured with end fittings crimped onto the rod.”

Although compressing end fittings onto the rod might appear
to be a simple process, according to Tsinghua’s Professor

High voltage laboratory conducts

Liang Xidong, optimum performance requires that the electrical testing of all insulators

manufactured.

crimping process is always well-controlled. “This,” he says,
“can only be done if the crimping machine is equipped with acoustic sensors which will
detect any damage to the rod caused by compression forces.” Zibo now uses two
crimping machines, both equipped with such acoustic emission detectors.

TG Insulators
www.TGinsulators.com
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.ﬂ Management at Zibo Taiguang ( TG Insulators )
state that they are well aware that many of the
brittle fractures occurring in service throughout
the world have been caused by ingress of water
which eventually came into contact with the
insulator’s core rod. In this regard, their
production process requires manual application
of a sealing agent at the junction of the sheath

' and the metal fittings - a step which they claim
A L el ensures complete sealing of the insulator.

customer.

Chinese utilities request that every composite insulator made in China be electrically
tested at the service voltage level before leaving the manufacturer’s plant. This is not a
trivial operation, especially for high voltage insulators and to accomplish this Zibo has
built its own high voltage laboratory at the end of the main assembly hall.

By most accounts, both manufacturers and utilities in China have learned from
experience that composite insulators can be damaged during shipment or in handling
prior to installation on the line. In order to protect its insulators, Zibo Taiguang ( TG
Insulators ) packs them in impregnated cardboard tubes which apparently are strong
enough that a person can stand on a tube without damaging it.

The next big challenge is Based on sales growth over the past several years,
tackling the international management have looked for additional opportunities by
market. offering various line extensions which utilize similar

materials and manufacturing technologies. For example,
aside from suspension insulators, the Zibo factory now also produces composite post
insulators, surge arresters with composite housings and booster or creepage extender
sheds.

TG Insulators
www.TGinsulators.com
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Given their experience over the past two years, both Teng

and Shuai look to the future with much confidence.

Apparently, this past March the State Power Company assessed 500 kV composite
insulators made by four different manufacturers and, according to Teng, Zibo Taiguang
( TG Insulators ) received their highest evaluation. In fact, he points out that a section of
one of the 500 kV DC lines from the Three Gorges Project will be equipped with
composite insulators and that the Zibo factory obtained close to 50 per cent of this order,
the rest being divided among the three other competing Chinese manufacturers.

“During the past 12 months,” adds Teng, “we submitted 11 bids for 500 kV insulators
and obtained all or part of almost all of these bids.” He attributes this success rate to the
fact that, by the end of last year, the Zibo plant had already produced more than 5000
composite insulators for 500 kV applications.

For Teng, the next big challenge will be tackling the international market.

Zibo Taiguang is doing business as TG Insulators
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