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“Bolts Stress — Hanging by a Thread”

t is your first week on the job in a plant that is

old, but new to you. You find out that once
again the plant is faced with another failure of an
integrally geared compressor. To make matters
worse, it has failed five times in the last two years!
So you found out in the morning maintenance
meeting, when the Plant Manager's fist hit the table.
This last failure occurred within just a few weeks of
the previous failure. Now the Plant Manager has
had enough and profits of the plant are suffering.
One of the main
functions of your new job
is to perform a failure
analysis of the latest
failure and to assist with
getting the compressor
train operating reliably.

The failure has always occurred in a tie bolt that
fastens the open face impeller to the shaft. This
failure consisted of the third stage impeller
separating from the shaft while running full speed
during normal steady state conditions. The steady
state failure is new for you, because you have been
told by the operators that the other failures have
occurred during a startup up or shutdown.

To start the project, you read all the previous work
on the other five failures. You also see where the
compressor manufacturer has been called in on
every failure. Every failure has been attributed to
corrosion fatigue. The words “corrosion fatigue”
catches your eye and you recall that in your 20
years of experience with rotating equipment OEM'’s
(original  equipment manufacturer) have most
always attributed failures to corrosion fatigue, slugs,
or surge. You rarely, if ever found an admission of
a design error as a probable cause from an OEM.
But what really caught your interest on this project,
was that the corrosion seemed to always occur on
the same impeller bolt. So you ask yourself, how
corrosion could occur in just a few weeks. Realizing
that there must be something else going on, you
have a contractor perform a root cause analysis of
the failure. The findings are quite interesting. The
contractor concluded that the cause of the failure

was due to an inadequate design of the stage
impeller bolt and fastener system. Finite Element
Analysis indicates high stress in the failed area. This
provides no allowance for any normal dynamic
stress that impeller components would experience.
During the investigation a few other items came to
the table. Contributing factors were excitation of the
impeller from a process instability while running
coincidently with blade pass frequency.  Also,
maintenance procedures for bolt-up regarding
mount and dismount cycle life of the tie bolt were an
issue.

In most cases, the problem was easily fixed with a
change of material for the tie bolt, illumination of the
process instability, and scalloping the impeller to
change the natural frequency.  The problem was
addressed from all fronts to insure that the unit
would not fail again.

It just happens that on initial tightening most of the
load of the tie bolt is carried with only the first few
threads of the tie bolt. If tightening continues such
that the first 3 threads yield, the next 3 threads start
to pick up more load. If the bolt is over-torqued, it is
possible to compromise the bolt preload if a
significant number of threads have yielded. With a
loss of preload the full dynamic load is transferred to
the tie bolt and a fatigue failure of the tie bolt could
occur.

One way to approach open face impeller issues to
avoid failures is consider the following.

1. Perform a CFD (computational fluid dynamics)
analysis of the gas path to insure a sound
aerodynamic design. Consider any secondary
wake interaction or acoustic effects.

2. Perform a detailed structural dynamics analysis
of the impeller and tie bolt assembly. FEA
(Finite Element Analysis) is a good tool to
evaluate the design.

3. Look at natural frequency interferences with
the Campbell and nodal diameter mode shape
interference diagrams.

4. If necessary create a Goodman Diagram for
any anticipated dynamic loads.

5. After the impellers are built, perform “ring

Cliff’s Notes:

W ith KnightHawk your design is not hanging by a thread. It has sound engineering for all aspects
of the design. KnightHawk is your one stop shop in rotating equipment. It is not uncommon for
KnightHawk to be working on several major compressor wrecks from all parts of the world. Because we
have personnel that have worked as owner/operators, OEM, academia, and maintenance | believe we
are one of the best teams around. In addition to all the analytical horsepower with FEA and CFD, we
have remarkable reverse engineering capability with reverse engineering. Call us with you needs. We

are available 24/7.

The holidays are over with and we are starting the New Year will a great economic crisis that is affecting
KnightHawk was blessed with a great 2008
ward to the challenges of 2009. May God bless you this year.

the entire globe.

And don't forget your “honey” this Valentine's Day!

and we look for-
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checks” to evaluate the natural frequencies.
The dynamic stresses can be checked with
strain gauges mounted on the impeller. Mode
shapes can also be determined and evaluated.

6. Compare the measured frequencies to the FEA

results for the impeller.

7. When the impellers are installed, the impellers

can be instrumented to look at vibration during
the first runs.

Not all of these steps are required but the return on
investment is quite high for most large machines. All

work should be under
direction  of
Rotating Equipment Engineer
competent to do this work.
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KnightHawk Project Update

Mechanical equipment design — Off Shore
Valve Failure — Offshore

Vessel Nozzle FFS — Power

Structural Dynamics — Petrochemical

Ring Header Failure Analysis & Redesign -
Petrochemical

Gasifier Process Analysis — Petrochemical
Reactor Fit for Service — Petrochemical
Furnace Failures — Petrochemical

Waste Heat Boiler Failure — Petrochemical

Casting Failure High Temp Application —
Petrochemical

Compressor Reverse Engineering & Analy-
sis — Offshore

Rotordynamics Analysis — Offshore

Surge Drum Vibration Analysis — Petro-
chemical

Clinker Grinder Design Assessment — Pet-
rochemical

Ignition System Redesign — Petrochemical
Compress wreck — Offshore

Syngas Heat Exchanger Design Assess-
ment — Petrochemical

Specialized Pump Skid Design — Offshore

Pump Impeller Reverse Engineering —
Manufacturing

Fire Tube Boiler FFS — FFS -1/ API 579

Titanium Tower FFS — 1 / APl 579 Analysis
— Petrochemical

Pump Impeller Metallurgical Failure Analy-
sis — Manufacturing

Flange Leak Analysis — Off Shore

Fitness for Service Waste Heat Boiler —
Petrochemical

Thermosyphon Analysis - Petrochemical

Pump Metallurgical Assessment —
shore - Africa

Waste Heat Boiler Audit — Petrochemical —
Middle East

Refinery Settling Vessel - Petrochemical
Vessel Fluid Dynamics — Petrochemical
Gasifier Failure Analysis — Petrochemical
CFD of Exchanger - Petrochemical

Integrally Geared Compressor Redesign —
Petrochemical
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