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The pursuit of safety, performance, and cost
efficiency are major goals for the power, process
and manufacturing industries. To a large extent,
achieving these goals comes through effective
plantmaintenance. Maintenance managers know
thatrising operating and maintenance costs, regu-
lations, and competitive pressures require more
than vendor-based maintenance programs.
Avoiding forced outages and other operational
transients reduces costs and enhance plant safety.
Recently, the concept of Life Cycle Mainte-
nance, a refinement of Life Extension and Con-
dition Assessment, has been introduced to opti-
mized maintenance programs. The principles of
reliability-centered maintenance and predictive
maintenance, with the associated diagnostic and
monitoring technology are the building blocks
of Life Cycle Maintenance. Reinhart & Associ-
ates’ Life Cycle Maintenance Program repre-
sents a proven, cost effective blend of predic-
tive, preventive, and corrective maintenance
for important plant functions. One of the main
thrusts of the Life Cycle Maintenance Program
is to replace periodic maintenance with predic-
tive maintenance, an approach that can reduce
corrective actions, which by nature, are unplanned
and therefore less manageable. Preventive tasks
are directed as conditions indicate and are not
based on time. Reinhart & Associates’ capabili-
ties in specialized Nondestructive Evaluation
techniques for steam and gas turbines, have been
instrumental in providing a Life Cycle Mainte-
nance service support to the power, petrochemi-
cal, and associated industries. Speed, accuracy,

and reliability are fundamental to these services
which address formulation and management of
multi-disciplinary projects to solve critical plant
availability problems. These projects usually
require an integration of nondestructive evalua-
tion, stress analysis, material testing, and frac-
ture mechanics to solve problems in equipment
failure, to calculate the remaining service life of
critical operating components and to plan opti-
mized maintenance programs.

The steam turbine-generator and combustion
turbine are some of the most critical operating
components in a utility power plant or similar
facility. Condition assessment and maintenance
inspection often require the use of specialized
nondestructive inspection techniques to detect
and define the nature of delects in such critical
components as rotors, blades, diaphragms,
valves, and bolting. R&A offers a comprehen-
sive array of services and equipment to perform
reliability-centered assessment and predictive
assessment of steam and gas turbines.

INSPECTION

The Reinhart & Associates Bore Master System,
based on the successful B-SURE ® automated
scanner was developed to inspect the integrity of
rotors with various inner bore geometries. The
remotely operated adaptable module applies the
correct level of pressure to the ultrasonic trans-
ducer and bore surface Lo obtain consistent ultra-
sonic transmission for changing bore diameters
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The tolerable crack sized in Phase III can then be
used to set detectability levels for boresonic equip-
ment prior to performing an NDE inspection of the
subject rotor or compared to detected indications.

PHASE IV
Crack Growth Estimates
(Number of Cycles to Failure,
LP rotor example)

Crack growth of near-bore defects in LP rotors is
primarily due to fatigue because steady-state tem-
peratures are not high enough (i.e., above 900
deg.F) for creep crack growth.

Using the stress results of Phase II, fracture
mechanics based fatigue crack growth is simulated
for a typical start-up, using a Paris Law. Material
constants for the Paris Law is estimated from
literature data for 60's vintage rotor steels. For
conservatism, upper bound data is used to simulate
the highest crack growth rate.

In some cases, fracture mechanics data may be

required and derived from miniature or full sized
test specimens removed from the actual rotor.
Also, material samples are removed and analyzed
when creep is suspected.

Initial crack sizes assumed for these calculations is
based on the detectability threshold of the NDE
system being used. Crack growth is simulated
from this initial size to the tolerable (critical) size
determined in Phase II, for the same crack geom-
etry and location matrix as in Phase IIL

This estimate of the number of cycles to failure
will provide a technical basis for making recom-
mendations to the equipment owner regarding re-
inspection intervals and run/retire decisions.

COSTS

The cost for Phase I through IV is primarily a
function of the size of the rotor database i.e., number
of rotors for which geometry and stress data is
available. Cost estimates for a complete remaining
life analysis orinspection, analysis, or material tests
alone can be provided on short notice.

VENCEMOS GAS TURBINE FINITE ELEMENT MODEL
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Figure 1.
heat transfer and stress analysis.

Two dimensional (2-D) axisymmetric FE model of a gas turbine rotor, used to perform










