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Expander Repair Minimizes Unexpected
Production Costs at Major Petroleum Refinery
Customer
Petroleum refinery, Illinois
Equipment
Hot gas expander
Challenge
Repair a non-Elliott hot
gas expander to return the
refinery’s fluid catalytic
cracking process to full
capacity.
Solution
Elliott simultaneously repaired
four major hot gas expander
components to meet an
aggressive outage schedule.

A hot gas expander blade failure disrupted operation of the fluid catalytic
cracker at an Illinois petroleum refinery in October 2014. The hot gas expander
recovers thermal energy from the FCC process to drive the main air blower
string comprising an axial compressor, steam turbine, and motor/generator.
With the expander out of service, the refinery was limited in production
capacity and was required to draw power from the electrical grid to operate
the equipment which unexpectedly increased production costs.
The blade failure caused extensive shrapnel damage to the inner exhaust
casing and diffuser, and destroyed the integral stator shroud. The blades
were also damaged beyond repair.
The original equipment manufacturer (OEM) had overhauled the hot gas
expander 16 months earlier. At that time, the refinery had asked the OEM
to repair and refurbish the major expander components removed from the
machine. Immediately after the blade failure, they learned that the OEM had
not repaired the parts removed 16 months before. The refinery concluded that
the OEM was not able to quickly restore the expander’s operation, so they
turned to Elliott for an effective, responsive solution.
The refinery shipped all hot gas expander components in November 2014
to Elliott’s Pittsburgh service center in Donora, PA. Elliott inspected and
evaluated the components and determined that the expander could be
repaired with a combination of repaired parts from the failed unit, parts
removed during the earlier overhaul, and spare parts that the customer had on
hand. Elliott returned the repaired and refurbished components to the refinery
in March 2015, meeting the refinery’s scheduled May startup.

Out-of-service rotor bearing and seal assembly prior to inspection or repairs.

The world turns to Elliott.

Rotor Bearing and Seal Assembly Repair
After performing visual inspections and nondestructive
tests, Elliott engineers concluded that the damage to
the inner exhaust casing, labyrinth seals, and wiper
plates was extensive, while the bearings and bearing
pedestal were in satisfactory condition and needed
only minor repairs.
Elliott refurbished the
spare rotor blades from the
expander overhaul 16 months
prior to replace the blades
destroyed by the expander
failure. The Elliott team
removed the erosion-resistant
coating from each blade,
blended existing erosion
marks, and shot peened the
blades to reduce the stress
concentration on the metal.
Elliott engineers also worked
with the customer to optimize
the blade coating to minimize
erosion of the airfoils in the
future.

Spare rotor blade prior to
refurbishing.

The blade failure had
caused “dents” or foreign
object damage to the inner
exhaust casing. Elliott
welded or blended the
affected areas, depending
on the depth and severity
of the damage. Some areas
were excavated, welded,
and ground smooth. Others
were locally blended and
feathered to remove any
raised metal and to ensure
a smooth flow path. Postrepair liquid penetrant
inspections verified that all
welds met Elliott’s process
requirements and that the
casing was ready to be
returned to service.

Foreign object damage on
inner exhaust casing.

Foreign object damage
revealed from liquid
penetrant inspection.

Refurbished spare rotor
blade.

High vibration during the blade failure caused the
disc end labyrinth seals, coupling end labyrinth seals,
and oil wiper plate to contact the rotor, creating
unacceptable clearances between the shaft and seals.
Elliott replaced all associated components using the
spare parts provided by the customer.

Repaired exhaust casing after liquid penetrant inspections.

Damaged disc end labyrinth seals after contacting the rotor shaft.

Inspection of the disc end journal bearing from the
failed unit revealed light scoring on the babbitt that
was the result of normal operation, not the blade
failure. The customer also reported issues with the
temperature sensors on this specific bearing during
operation. Elliott’s bearing experts in the Pittsburgh
service center rebabbitted and replaced the
instrumentation on the disc end journal bearing, and
performed nondestructive testing on all bearings.

The world turns to Elliott.

Final rotor bearing and seal assembly.
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Diffuser Repair

Integral Stator Shroud Repair

The exhaust diffuser had the most damage from the
blade failure. Visual inspection revealed heavy scale
buildup along with numerous areas of foreign object
damage on the inner cone of the diffuser. Extensive
cleaning removed the buildup and prepared the
diffuser for further inspection and testing.

Elliott refurbished the spare integral stator shroud
to replace the one that was destroyed by the blade
failure. The OEM had previously cleaned and
inspected the spare integral stator shroud, but Elliott
conducted its own inspections to validate the OEM’s
findings.

Elliott performed a liquid penetrant inspection that
revealed the severity of the foreign object damage and
used the same welding procedures as with the inner
exhaust casing to make the repairs.

Elliott discovered that all of the 50 inner ring welds
were cracked, two outer shroud ring welds had cracklike indications, and eight areas had incomplete welds.
Expert welders excavated and re-welded the damaged
areas to meet Elliott’s strict requirements. Post-repair
nondestructive testing verified that there were no
additional indications in the repaired areas.

Foreign object damage
penetrating the diffuser wall.

Weld repair to the foreign
object damage.

Elliott ground out and weld repaired the areas with
damage deeper than 1/4 inch and areas where
shrapnel had penetrated the diffuser wall to restore
the full thickness of the metal. Blending and feathering
techniques were used in other areas to ensure a
smooth flow path. Following the weld repairs, the
diffuser’s fit diameter and bolt face were skim cut to
restore concentricity and parallelism.

Cracks on inner shroud ring welds.

Weld repair on inner shroud ring.

Repaired diffuser.

The world turns to Elliott.

After the repair, Elliott re-machined the axial faces and
fit diameter to restore concentricity and parallelism,
ensuring proper alignment in the intake casing. Elliott
also performed a dimensional inspection to verify that
the stator assembly was machined back to its original
dimensions.
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The customer also instructed Elliott to add jacking
bolt holes on the stator assembly to simplify future
disassembly and to ensure commonality among the
refinery’s fleet of expanders.
Additional repairs included:
• Machining the bearing pedestal to provide
alignment flexibility for future installations
•

Replacing the torn inner exhaust casing
insulation

•

Repainting the pedestal and cover

•

Re-blading and rebalancing the rotor assembly
to meet American Petroleum Institute (API)
requirements

Elliott’s commitment to excellence and customer
satisfaction ensured the flawless repair of the four
major expander components and completion of the
work in advance of the customer’s targeted startup
date.
With more than 100 years of turbomachinery
experience, Elliott provides engineering expertise and
superior craftsmanship to deliver effective solutions for
each customer’s unique needs. Customers around the
world turn to Elliott for the design, manufacturing, and
service of their critical rotating equipment.

Top left: Final rotor bearing and seal assembly.
Center: Repaired components prepared for delivery to the petroleum refinery.
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