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CFM56-3 core upgrade

on schedule for certification matertal
finance
The U.S. Federal Aviation Administration is longer on-wing life versus the current information
expected to certify the new CFM56-3 core 2D aero configuration. CFM56-3 engines
upgrade on-schedule in the second quarter average about 10,000 hours after overhaul;
of this year, paving the way for initial delivery the core upgrade could improve the post-
to Southwest Airlines in July. U.S.-based overhaul time on wing by as much as 20%.

Southwest launched the program in 2001
with an agreement to purchase 300 kits. >

In January 2002, engines equipped with
an upgraded core completed a 50-hour
flight test program conducted in cooperation
with Boeing Airplane Services on a 737-400
aircraft leased from Alaska Airlines. Two
different engines—sequentially installed in
the No. 2 position—were used to evaluate
performance and operability characteristics
throughout the flight envelope.

Overall, this upgrade has completed more
than 400 hours of ground tests, including a
150-hour block test designed to substantiate
hardware durability. For each portion of the
test, the engine is run to redline levels for
extended periods. Upon completion, the
engine was disassembled for inspection as
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part of FAA certification requirements.
Despite the grueling nature of this test, the
hardware was in like-new condition.

The core upgrade features advanced
three-dimensional high pressure compressor

aerodynamics (3D aero) and new high The turbine upgrade includes new nozzle
pressure turbine hardware. It’s designed to and shroud materials, new blade coating,
give operators better fuel efficiency through and improved cooling. These changes

a 1% improvement in specific fuel consumption extend component life and lower scrap
and up to 15° additional exhaust gas temperature rates and repair costs. Engine operation
(EGT) margin. The additional EGT margin is seamless to airlines, with no change in

helps reduce maintenance cost through power management.
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CFM56-3 core upgrade, value
enhancement for existing fleets

The fair market value of a CFM56-3 engine is forecast to improve
significantly after incorporation of the -3 core upgrade Kkit.
Aviation industry appraiser AVITAS recently determined that
adding CFM’s upgrade improves the engine’s residual value

up to $1,246,000. Engine-specific valuations are based on a present

value analysis of cost savings over a 10-25-year period, considering the
thrust rating used and the aircraft’s remaining economic life. As an
aircraft ages, engines become a larger proportion of aircraft value.

Investing in an upgrade kit infuses current-generation CFM56 technology
into a -3 engine. Slated to be certified in April, the kit includes new
flowpath airfoil material in the high pressure turbine and advanced
3D airfoils in the high pressure compressor. Besides residual value,
operators benefit from a 30% reduction in engine operating costs
derived from 1% fuel burn improvement; 50% reduction in repair
of hot section components; double the mean time to scrap for HPT
nozzles, blades, and shrouds; 15°C average increase in EGT margin;
and 1400-2000 cycle increase in average time on wing.

AVITAS estimates that fewer than 100 of the over 1,900 737-300,/400,/500

aircraft in service will be removed from airline fleets due to the events of
September 11, 2001. So demand for the -3 and 737 combination will
continue to be strong.

Complete CF34 leasing

services initiated

CF34-3A1/-3B1/-8C1 turbofan engine customers can now access all the
full-service benefits of GE Engine Leasing (GEEL) that large commercial
engine customers already enjoy. Nearly 45 operators of CRJ®-100/-
200/-700 aircraft worldwide can tap into benefits that include QEC’d
lease engines—ready-to-install engines that can save them significant
time and money should they need to lease an engine.

The wide range of innovative, flexible financial and operational
services offered by GEEL, a joint services offering of GE Engine
Services and GE Capital Aviation Services, are all designed to help
customers achieve their business goals. Products range from opera-
tional leases that include short-term rentals, Guaranteed Spare
Engine Availability, and engine exchange through financial products
that offer financial flexibility for terms up to 20 years.

Upgrade boosts

CF6-80C2 TOW up to 25%

CF6-80C2 engine customers will realize up

to a 25% improvement in time on wing (TOW),
depending on an engine’s thrust rating,

by incorporating a new core upgrade.
Improvements will be achieved through
increased EGT margin and improved EGT
margin retention. Customers will also see a
significant improvement in high pressure
turbine (HPT) durability and component life.
This translates into reduced scrap rates and
improved reparability of HPT components,
driving maintenance costs lower.

The upgrade incorporates advanced tech-
nology and materials, primarily in the stage 1
and stage 2 HPT nozzles. Improvements are
also being offered in the high pressure
compressor (HPC), which incorporates 3D
aerodynamic designs, advanced technology to
improve performance, and advanced coatings.
The objective is to reduce HPC distress
and improve this module’s maintenance
costs. Upgrades will be closely integrated
with HPC reliability programs, so customers
have the option to incorporate them
during planned maintenance activity.

The CF6-80C2 engine powers 11 widebody
aircraft models with 18 unique thrust ratings.
Customized upgrade packages will be available
to optimize customer value based on specific
fleet needs. Final assurance testing is underway,
with entry into service planned for December.

In addition, GE’s engineering team is
evaluating new HPT rotor architecture and
flowpath components for further improve-
ments in TOW and maintenance costs. GE
Engine Services (GEES) will be working with
customers throughout the design process to
reduce the engine’s overall cost of ownership.
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Improved Airflow

Conventional

3D aero delivers
key advantages

The term “3D aero” has been bandied about
the industry a great deal in the past few years,
but what, exactly, does it mean?

Three-dimensional aerodynamic (3D aero)
design techniques—and their benefits—are
the direct result of advancements in computer
technology. These advancements enable design
engineers to accurately model an airfoil in
3D, rather than the traditional two-dimensional
views, to see what happens as air flows over
a blade.

What these models have shown is that the
shape of traditional blades creates “turbulence”
in the airflow. By subtly altering the blade’s
curvature, turbulence in the flowpath can be
dramatically reduced. Smoothing the airflow
significantly increases compressor efficiency,
meaning that the engine extracts more energy.
As a result, the engine burns less fuel and
maintains lower exhaust gas temperatures
(EGT). Lower EGT translates to longer time
on wing and lower maintenance costs.

One of the most recent applications of 3D
aero is the advanced new CFM56-5C/P engine
for the Airbus A340. The -5C/P incorporates
3D aero in both the high pressure compressor
and high pressure turbine to provide a 1%
improvement in specific fuel consumption and
a 13°C increase in EGT margin. Maintenance
costs are projected to be as much as 10%
lower than with current configurations.

The engine began ground testing in late
2001 and is on schedule for certification
later this year. Upgrade kits will be available
to current A340 operators by late 2003. The
extensive test program includes an endurance
test scheduled for late 2002 that will encompass
several thousand engine cycles, simulating
many years of severe field operation on an
accelerated basis.
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CFM56-5C4 EGTM
improvements increase TOW

Customers with CFM56-5C4 engines are bene-
fitting from increased time on wing (TOW),
as well as reduced operational disruptions
and overall cost of ownership, thanks to an

Wales CFM56-5C4

mem 10-Engine Rolling Average EGTM

innovative, enhanced engine performance 60
workscope package developed at GEES’

During 2001

Improvements Incorporated

Wales maintenance facility. We’ve also used
Six Sigma methodology to implement improve-
ments and controls to both assembly and test
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processes. These improvements, combined

Test Cell EGT Margin, °C

with the enhanced workscope package, are

Engines Shipped
2001 & 2002 YTD EGTM

driving industry-leading test cell exhaust gas
temperature margin (EGTM) levels following
performance restoration shop visits.

We developed the workscope solution from
a detailed teardown assessment of multiple
engines. Average test cell EGTM has steadily
improved, and we’re continuing workscope
development aimed at reducing engine
overhaul variation.

On-wing installation EGTM has also increased
consistently. Engines are retaining the higher
on-wing EGTM levels after 500 cycles, resulting
in improved TOW.

New release of Spectrasv
MRO software system announced

A new version of Spectra MRO software
features improvements and additions
in training, inventory management,
and fleet readiness. GE has adopted the
Spectra solution for its own worldwide
network of more than 45 maintenance
facilities, and has started implementations
in Component Repair, with Overhaul to
follow soon after.

Cost

(O—Traditional Systems
Spectra

Installation / Survival Time

The plan is to issue major releases once or twice a year to incorporate
changes in the worldwide MRO and fleet maintenance business. Because
of Spectra’s unique, modular structure, value added packages can be
introduced into the software for a specific customer at any time with
full integration into a future major release.

Additionally, specific combinations of modules can be easily tailored
for each customer’s operation. Using our extensive knowledge of the
worldwide aircraft fleet and MRO experience, as well as the proven
Six Sigma process, we design applications so they’ll provide maximum
benefits to customers. We employ an implementation methodology
called new product introduction to ensure that each project can stand
on its own through cost/benefit analysis. Customers select the modules
they require, the order of implementation, and other factors impacting
the highest return areas, while planning for a total system integration.




GE begins shipping advanced

digital x-ray systems

The first GE DXR-500 Digital X-ray
inspection system is now operational
at GE Engine Services’ ACSC repair
facility in Cincinnati. Using the same
high-resolution digital x-ray detectors
developed by GE Medical Systems,

combined with the industrial experi-

ence of GE Aircraft Engines, this

turnkey solution from GE Inspection

Technologies:

® Reduces total imaging time by
62%, eliminating labor-intensive

x-ray film inspection, and simplifies

inspection processes, integrating

them into manufacturing operations.

¢ Eliminates chemicals—including
heavy metals—used in film x-ray, as
well as associated disposal and
handling issues/ costs.

¢ Improves the archive and retrieval

process from start to finish, reducing
the risk of image transportation
errors and incomplete data
recording.
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“We’re very excited about this
new system,” said Bill Millhaem,
general manager of GEES” Accessories
and Component Repair Operation. “It
replaces a unit we installed just two
years ago and significantly improves
productivity via process digitization,
eliminates environmental health
and safety issues associated with
film, and improves our ability to
communicate with customers and
our engineers.”

Because of the combination of
fast imaging time and automation,
the DXR-500 offers a payback period
from 6-18 months (depending on
application, volume, and other factors).
Due to a flexible system design, it
can be tailored for a broad range
of inspections, including castings,
blades, and cases.

The DXR-500 system is just one
of a wide range of GE inspection
solutions that allow customers
to improve processes, increase
productivity, reduce costs, and
efficiently manage information.
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The purpose of Service Solutions is to enhance communications
with you, our customers. Please contact us if we at GE Engine
Services can be of further service to you.
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Best of the CWC

Each customer will have his or her own
favorite features of the CWC. However,
most agree the following are best bets for
improving productivity.

Spare parts order/inventory

management

This robust module offers many new features
that have been added in response to customer
requests:

¥ Simplified order placement and buy
functionality

¥ Improved order status with search
capability and useful data downloads
in Excel format

¥ Search on memos of shipment

¥ Links to detailed memos of shipment,
8130 info, and invoicing

¥ Warranty processing improvements

Technical publications

This is the most-used section of the CWC,
and for good reason. Engine shop manuals,
illustrated parts catalogs, service bulletins,
and more can be just a click away:

¥ Search and view functionality by engine
and/or type of publication

GE Engine Services
We bring good things to life.

GE Engine Services, Inc.
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¥ Archive information on service bulletins

¥ Fleet highlights offering monthly
updates of fleet statistics and opera-
tional metrics

¥ New downloadable method to update
technical CDs online

Coming Soon

Whether youOre interested in Overhaul,
Component Repair, On Wing Support or
Accessories, the one view across all services
and shops has it all:

¥ Single screen query allows you to
access all shops

¥ Create your own reports (customer
order, findings, quotes, shipping,
invoices, etc.)

¥ Customize and choose your data
fields, with over 65 to choose from

Also, in response to user demand, the CWC
will soon beadding a new database capability.
With this new function, customers will be able
to customize and combine databases to identify
reports of interest for each customer reference
material.

For more information, take the CWC online
tour at www.geae.com.
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