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Replacing an HP/IP Rotor

Today’s power plant owners face many
challenges, including the aging and
degradation of equipment. Steam tur-
bines at times may be condemned due
to operating inefficiency or rising vi-
bration levels. In such cases the op-

1. Two become one. The two forgings
used for HP/IP rotor replacement were weld-
ed into a single rotor after rough machining
to avoiding ordeting a custom, long-lead-time
forging. Courtesy: Alstom Power

2. Less is more. Forgings for the IP
(shown here) and the HP sections were
rough-machined prior to final weld prepara-
tion. Courtesy: Alstom Power

3. Final touches. Final machining of the
complete rotor is in shown in progress. Cour
tesy: Alstom Power

tions may be few because the turbine
may require a full or partial rotor sec-
tion replacement. The good news is
that a rotor section replacement can
be performed in a relatively short time,
depending upon the original rotor con-
figuration. Here's one example.

During an outage in June 2008, a
U.S. utility found during an inspec-
tion that its 100-MW steam turbine was
in need of major repairs. A boresonic
inspection detected ultrasonic indica-
tions near the bore, and for that reason
the rotor could no longer operate at
rated power. The only other option was
a rotor replacement. In the meantime,
the original equipment manufacturer
proposed a temporary bottle bore repair
to give the rotor sufficient remaining
life to run while a new rotor could be
manufactured.

Alstom was contacted and was asked
for a proposal for a new high-pressure/
intermediate-pressure  (HP/IP) rotor,
manufactured by join welding and modi-
fying and welding multiple stock rotor
forgings (Figure 1). The replacement
rotor proved to be more cost-effective
as a permanent repair and faster than
replacement of the entire turbine mono-
block forging. Essentially, raw forgings
were welded together to form the skel-
eton of a replacement rotor, but in a
fraction of the time necessary for an
original forging to be procured.

Working with the Rotor
The rotor was next removed from the
plant’s turbine casing hefore being
transported to and received at Alstom’s
repair facilities in Richmond, Va. Visual
inspections were performed, complete
measurements were taken, sample buck-
ets were removed, and the rotor was
blasted to clean and expose steeples.
Initially, blade rows 10 to 17 were to
be refurbished, and new blades were to
be manufactured for rows 1 to 9. How-
ever, it became more cost-effective, due
to the condition of the components and
shop scheduling, to manufacture all new
rows of blades for rows 1 through 17.
The existing control shaft and over-
speed trip assembly were nondestruc-
tively evaluated, and recalibration was
performed on the overspeed trip assem-
bly. Finally, low-speed balance-of-shaft
components were completed.
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The Replacement Rotor

The rotor forging sections were brought
into the Richmond facility, set up and
machined in the mill, and then the lathe
was used to produce the join welding
surfaces. After heat treatment of the
welded rotor forging, the rotor's wheels,
dovetails, gland seals, and journals
were completely machined. The cou-
pling, halance weight holes, and steam
balance holes were machined as part of
the milling work (Figure 2).

The rotor dovetails were then shot-
peened. The newly manufactured blades
were installed, shrouds were manufac-
tured and installed, and shroud cov-
ers were machined. The rotor was first
balanced at operating speed and then
at 20% overspeed. The replacement ro-
tor was rebuilt from scratch in only six
months, and the unit was quickly re-
stored to service (Figure 3).

During a six-month period, two turbine
forgings were join-welded and modified
by weld build-up to the configuration of
the existing rotor. Not only was extensive
machining and weld build-up involved,
but instead of refurbishment, all 17 rows
of new blades (a total of 1,492 blades)
were also manufactured and installed to
replace the HP and IP straddle roots for
the turbine rotor.

Such a solution provides steam tur-
hine owners significant potential cost
savings when compared to normal deliv-
ery cycles for a new fully bladed turbine
rotor; it also avoids considerable pur-
chased power costs.

—Contributed by Mike Jirinee, proposal

manager, and James Heeter, business
development manager for Alstom Power.

Sealing Transformer Oil
and SF6 Leaks Quickly
and Effectively

Transformers, which are prone to leak-
ing, are an excellent example of where
using the right materials and tech-
nigues can quickly reduce cleanup costs
and potential environmental damage
from a fluid leak. Transformer leaks
are most commonly caused by degrad-
ing cork gaskets or holes in the radia-
tor fins or the steel tank. Often these
leaks are slow drips, but occasionally
a catastrophic leak will occur, spilling
hundreds of gallons of mineral oil into
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4. Transformers corrode and leak.
Over time, the fins on a transformer can cor
rode and leak oil into the environment. Cour
tesy: Belzona Polymerics Ltd.

5. Seal an active leak. A lsaking gas-
keted surface can also be repaired in place,
without drainjng the oil from the tank. Cour
tesy: Belzona Polymerics Ltd.

6. Prep and apply. After the surface was
prepped, a reinforcing sheet to add strength
was applied. Then a final coat was applied to
the gap to stop the leak. Courtesy: Belzona
Polymerics Ltd.

7. Stop gas leaks. The same sealant has
been successfully used to stop SF6 leaks in
switchgear. Courtesy: Belzona Polymerics Lid.
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the environment and causing the trans-
former to short-circuit, causing further
health and safety concerns. These dan-
gers, coupled with transformers” isolat-
ed locations, make inspection, repair,
and maintenance a major challenge.

Sealing Transformer Leaks

Radiator fins are a common area for oil
leaks. Fins are made from thin metal
to aid heat transfer. The downside of
that thinness is that internal corrosion
due to water ingress and separation or
external environmental corrosion can
quickly penetrate and spill the oil (Fig-
ure 4). Traditionally, the only solution
for repairing this in-situ without se-
verely compromising the fins’ ability to
transfer heat and cool the transformer
has been to weld the leak. This requires
the transformer to be taken offline and
drained before it can bhe welded, which
can potentially inconvenience custom-
ers and is costly.

Preventing leaks is as important as
sealing them, as the area most likely
to be damaged is situated at the bot-
tom of the transformer. Bonding thin
metal plates to the affected areas is a
highly effective method for repairing
and protecting such fins without hav-
ing a dramatic effect on their ability
to transfer heat. If the bonding agent
has good adhesion to the substrate, it
will prevent further corrosion of the fin
and seal any potential leaks. However,
because the fins are very close togeth-
er, it is almost impossible to get the
surface clean and sufficiently abraded;
most adhesives are unable to perform
in this situation.

In one case, Belzona 1831 (Super
UW-Metal) was used to bond preformed
plates as thin as 1 mm (0.04 inch)
to repair corroded fin areas. This is a
straightforward repair easily undertak-
en by anyone on site.

Other areas where leakage is common
include cork gaskets, such as those
found around insulators or between
flange faces, which over time will be-
come porous and slowly leak. This is
often a slow weeping rather than a
catastrophic failure; however, over
time, the weeping can cause a serious
amount of oil loss.

In another example, the gasket be-
tween the lid and body of the 11-kV
transformer had been leaking for some
time (Figure 5). For this application
the surface was prepared using an MBX
Bristleblaster to clean and profile the
surface. Belzona 1831 was applied
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to the prepared area (Figure 6) using
the Belzona 9341 reinforcing sheet to
add extra strength, as a gap was be-
ing bridged here. This repair was car-
ried out quickly and without any other
special equipment. In similar applica-
tions where leaking is more extreme,
the bolts have also been sealed.

Where holes are sizeable and the oil
is freely leaking, it is usually possible
and necessary to temporarily stem the
leak using a live leak-sealing product
such as Belzona 1291. Belzona 1291
is an emergency leak sealant designed
to make a quick, temporary repair by
providing a moldable bung that cures
quickly to beceme a rigid plug. Once the
bulk of the leak is temporarily sealed, a
permanent repair is made.

It’s All About Adhesion

ALl of these cases rely on the correct
adhesive selection. 0il is an excel-
lent release agent, preventing the vast
majority of glues on the market from
achieving effective long-term adhesion
to steel.

Improvements in oil- and moisture-
tolerant polymers changed our options.
Belzona 1831 is able to penetrate
through the oil and water and bond to
even a mechanically abraded substrate,
making repairs like these easy.

Surface preparation can be achieved
in a number of ways using hand tools
such as grinders. However, the best re-
sults have been found when using the
MBX Bristleblaster, which will quickly
and effectively clean the surface of
the metal and produce an excellent and
consistent profile for the product to
bond to.

AlL of the repairs discussed were ac-
complished without draining the oil
from the equipment hy using cold-cur-
ing, 100% solids products that require
no heat and do not shrink. Unlike weld-
ing, these products will not distort the
substrates and will bond to all of the
rigid materials found in this equipment.
When cured, the polymer becomes an
inert plastic, aiding disposal and recy-
cling of the unit at the end of its life.

Material Also Seals Gas Leaks

Sulfur hexafluoride (SF6) leakage is also
an environmental hazard and another
application where this kind of product
can provide an effective solution. SFé
is used as a gaseous dielectric medium

for high-voltage electric equipment.

such as circuit breakers and switchgear,
and it can be difficult to detect. Once
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detected, it is imperative that the leak
be sealed very quickly, on site, without
waiting for a specialist team. The same
technology used for sealing transformer
oil leaks can also be used to quickly
and effectively seal SF6 leaks, as it will
hond very well to steel and porcelain
insulators (Figure 7).

Repairs like these can be completed
in as little as one hour without special
tools or equipment, and the repair will
last for years in the most challenging of
environments.

Since this system was launched in
the UK, many electrical transfer equip-
ment operators have implemented its
use, and now ‘it is. being adopted by
national electricity distribution-compa-
nies in other European countries.

—~Contrjbuted by James Malcolm
(imalcolm@belzona.com), business devel-
opment engineer, Belzona Polymerics Ltd.

When to Use an Oil
Skimmer

il skimmers are very effective in remov-
ing oil from wastewater before discharge
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8. Skimming olil. Oil in plant sumps and other wastewater containment areas can be
economically removed using an oil skimmer. In this design, a polymer hose passes through the
sump to collect oil that is continuously skimmed from the surface of the hose and collected as

illustrated. Courtesy: Oil Skimmers Inc.
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It takd¥many pieces to completea project ...

Can your current contractor fulfill them all?
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