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Normal landing of a Boeing 777

To expedite the processing of
airplane warranty claims from our
LARRY GEIST
airline customers, Boeing launched
DIRECTOR
WARRANTY AND SUPPLIER PRODUCT SUPPORT
an online warranty claim service on
BOEING COMMERCIAL AIRPLANES
the MyBoeingFleet.com web portal
in August of last year. This new service allows airline employees to enter pertinent
information directly into the warranty claim section of MyBoeingFleet by using
“point and click” options.

PERSPECTIVE

The online service eliminates the need for
Boeing to collect and distribute data, which
would be manually rekeyed into the Boeing
system. This minimizes the chance for error and
reduces the typical seven-day processing cycle
by as many as two days. Airlines who previously
relied on the telephone, faxes, the postal service,
and e-mail to transmit warranty claims now
can streamline or even eliminate their office
procedures supporting those methods.
In its first quarter of operation, the warranty
claims site received 11,000 hits. On average,
the time for processing these claims on line was
20 percent shorter than under the traditional
system. More than 50 airlines now are making
claims on line — a number that we expect to
increase to more than 100 by the end of 2002.
By that time, we estimate that we will be
processing more than 75 percent of claims on
line each month.
Advantages of the online service include
■

The ability to attach documents and photographs to claims.

■

The ability to enter claim information and
save the document in the system before
submitting it to Boeing.

■

Automated tracking of warranty information.

■

Immediate claim receipt acknowledgments.

■

Fewer delays in receiving claim remedies.

memo numbers, credit amounts, and credit
dates is available on line 24 hours a day.
Historical claim information also is available
and can be retrieved by claim number, submittal date, service bulletin, part number, or
airplane number. In addition, an easy-to-use
online look-up page provides warranty contact
information for our vendors and a direct link
to their web sites for ease in filing supplier
warranty claims.
Our new online warranty claim system is
designed to give our airline customers a more
efficient way to enter and track warranty
claims. The results are faster turnaround and
response times and fewer duplicate airline
submittal processes.
We are excited about our new e-business
developments and the opportunities they
present to enhance our airline customers’
business. We are committed to exploring and
implementing new and improved ways for our
customers to submit claims. If you do not
already have a MyBoeingFleet account, you
can obtain access to the online warranty claim
service by contacting MyBoeingFleet by e-mail
at DDCS@boeing.com.

Claim information such as claim status,
claim disposition, open and close dates, credit
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Preventing

HARD
Nosegear
Touchdowns

In recent years, there has been
an increase in the incidence
of significant structural damage
to commercial airplanes from
hard nosegear touchdowns. In
most cases, the main gear touchdowns were relatively normal.
The damage resulted from high
nose-down pitch rates generated
by full or nearly full forward
control column application before
nosegear touchdown. Flight crews
need to be aware of the potential
for significant structural damage
from hard nosegear contact and
know which actions to take to
prevent such incidents.

JEFF BLAND

DAVID CARBAUGH

MANAGER
DYNAMIC LOADS

CHIEF PILOT
FLIGHT OPERATIONS SAFETY
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H

ard nosegear landings
can produce heavy loads on
the nosegear and its support
structure. The resulting
high stresses in the forwardfuselage upper crown and
between the flight deck and
wing front spar can cause
the fuselage structure to
buckle. Appropriate actions
by the flight crew can help
prevent such incidents.
Understanding which actions
are appropriate requires a
discussion of the following:
1. Incidents of hard
nosegear landings.
2. Structural design
requirements.
3. Airplane control during
landing and derotation.

April 2002, No. 18
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DAMAGE TO FORWARD FUSELAGE

FIGURE

1

INCIDENTS OF HARD
NOSEGEAR LANDINGS

Recent incidents of hard nosegear touchdown share two characteristics. First, a
relatively normal main gear touchdown
is followed by full or nearly full forward
control column application, which results
in overderotation and hard nosegear
contact. Second, the resulting airplane
damage is significant and requires
lengthy and expensive repairs. (The
location and type of damage depend
on the particular model of airplane.)
Three representative incidents of
structural damage incurred from hard

AERO
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nosegear contact with the runway are
described below.
An airplane was on approach to a
relatively short runway in gusty conditions. The airplane experienced a
normal main gear touchdown, but the
full forward column movement applied
by the flight crew caused very hard
nosegear contact with the runway.
Resulting damage included displaced
nosegear, bent axles, and a buckled
and cracked fuselage structure (fig. 1).
In addition, the cockpit door, forward
lavatory doors, and forward passenger
doors were jammed closed.
An airplane returned to the departure airport following an in-flight
engine shutdown. The airplane landed
firmly on the main gear. Recordings

by the digital flight data recorder
ended abruptly because of damage from the nosegear contact;
however, the last data point
showed that considerable forward
control column movement had
been applied. The nosegear was
rotated aft and to the left of its
normal position, resulting in
damage to the lower fuselage and
nosegear wheel well area (fig. 2).
An airplane landing in strong
crosswinds and turbulent conditions touched down on the main
gear firmly, but not abnormally
for the conditions. The airplane
bounced, full forward column
movement was applied, and the
nosegear contacted the runway
very hard, causing the nosegear
to fail and rotate upward in the
aft direction. The nosegear wheel
assembly penetrated the electronics bay and caused considerable
damage (fig. 3).

3

2

DISTORTION AND AFT ROTATION OF NOSEGEAR

FIGURE

NOSEGEAR COLLAPSE ON LANDING

FIGURE
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2

models meet these requirements.
The most recent design enhancements involve the 767. The 767-300
nosegear metering pin has been further
optimized to absorb the energy produced
during overderotation events, thereby
lowering the load on the nosegear
(fig. 4). The metering pin device controls the flow of hydraulic fluid within
the nosegear oleo strut. The design
enhancement was incorporated into
production airplanes in August 1994
and is available for retrofit on
earlier 767-300s.

STRUCTURAL DESIGN
REQUIREMENTS

Boeing first recognized that heavy
loads on the nosegear could damage
the fuselage structure during the
727-200 flight-test program in the
1960s. Flight-test data from various
landings with high nose-down pitch
rates led Boeing to enhance design requirements. These new requirements
enabled the nosegear and fuselage
structure to withstand harder nosegear
contacts. All Boeing-designed airplane

4

In addition, the upper crown stringers
on the forward fuselage of the 767-300
have been strengthened in the area
where buckling often occurs following
overderotation. This design enhancement was incorporated into production
airplanes in January 1995. No retrofit is
available for this design enhancement.

3

AIRPLANE CONTROL DURING
LANDING AND DEROTATION

In the last several years, there has been
an increase in the incidence of airframe

NOSEGEAR LOAD VERSUS STROKE FOR PITCHOVER

FIGURE
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Nosegear strut load, lb (000s)
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80

60
Former metering pin

40

20

0

0

2

4

6

8

Nosegear strut stroke, in
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damage from hard nosegear contacts.
Examination of airplane flight recorder
data from these incidents revealed that,
in each case, full or nearly full forward
column movement was applied between
the time of main gear contact and
nosegear touchdown. Figure 5 shows
that enough nose-down elevator authority
exists to damage the airframe structure
if the airplane is rapidly derotated
following main gear touchdown. This
is possible because the maximum
nose-down elevator authority is designed
to control go-arounds, which require

5

considerably more longitudinal control
than the landing maneuver.
In response to recent incidents,
Boeing has produced a training video
to increase flight crew awareness of
the potential for both nosegear and
airframe damage as a consequence of
overderotation. Based on a successful
training effort in 1994 and 1995 that
significantly reduced hard nosegear
landings worldwide for several years,
the video serves as a refresher for flight
crews. The nine-minute video has been
sent to all Boeing airline customers.

(For information on how to obtain
additional copies, refer to the editor’s
note at the end of this article.)
Many factors influence a successful
landing and derotation. First, the
approach must be stabilized, as defined
by the Flight Safety Foundation (table 1).
If these criteria are not met at any
time before touchdown, the flight crew
should initiate a go-around.
On approach, the speed-brake
lever should be armed for landing and
the autobrakes should be set for the
runway surface conditions. The landing

ELEVATOR COLUMN POSITION VERSUS NOSEGEAR LOAD

Maximum nosegear load

FIGURE

Potential
airframe damage
Structural capability

Maximum
forward
pressure
Maximum
back
pressure

Typical for nosegear
touchdown

Neutral

Elevator column pressure
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derotation should be performed so that
the flight crew immediately starts flying
the nosewheels smoothly onto the run-

1

way when the main wheels touch down.
Flight crews can accomplish this by
controlling the airplane pitch rate while

ELEMENTS OF A STABILIZED APPROACH

TABLE

The Flight Safety Foundation suggests that operators consider adopting the
following definition of a stabilized approach: All flights shall be stabilized
by the 1,000-ft height above touchdown (HAT) in instrument meteorological
conditions and by the 500-ft HAT in visual meteorological conditions.
An approach is considered stabilized by the Flight Safety Foundation when
the following criteria have been met:
■

The airplane is on the correct flight path.

■

Only small changes in heading and pitch are required to maintain that path.

■

The airplane speed is not higher than Vref + 20 kt indicated airspeed and
not lower than Vref.

■

The airplane is in the proper landing configuration.

■

The sink rate is no more than 1,000 ft/min. If an approach requires a higher
sink rate, a special briefing should be performed.

■

The power setting is appropriate for the configuration and not below the
minimum power for approach as defined by the airplane operations manual.

■

All briefings and checklists have been performed.

■

Specific types of approaches are considered stabilized if they also fulfill
the following:
■

Instrument landing system — The airplane must be flown within one
dot of the glideslope or localizer.

■

Category I or I I — The airplane must be flown within the expanded
localizer band.

■

Visual — The wings must be level on final approach when the airplane
reaches the 500-ft HAT.

■

Circling — The wings must be level on final approach when the
airplane reaches the 300-ft HAT.

■

Unique — A special briefing is required.

Source: Flight Safety Foundation Approach and Landing Accident Reduction (ALAR) Task Force
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relaxing aft column pressure. When
heavy brake applications are needed,
with and without autobrakes, increased
aft column pressure may be required to
slow the derotation rate. Flight crews
should not hold the nose up in the
touchdown attitude or allow the nose
to rise because either could result in
a tail strike. Control column movement
forward of the neutral position should
not be needed. Figure 6 illustrates this
smooth relaxation of column force as
the nose is lowered. The figure compares the radio altitude, pitch angle, and
control column forces for both normal
landings and landings during which
airframe damage occurred.
With the nose down, spoilers up, and
thrust reversers deployed, the airplane
is in the correct stopping configuration.
This should be established as soon
as is practical during landing. Forward
column movement should not be
applied to lower the nose rapidly in an
effort to improve landing performance
or directional control. The rudder provides the required directional control
until the airplane is at a relatively low
speed, then rudder pedal nosewheel
steering is used to complete the landing
rollout. Large forward column displacement does not improve the effectiveness of nosewheel steering and may
reduce the effectiveness of main-wheel
braking because it reduces the amount
of weight on the main gear.
If the airplane bounces, the flight
crew should hold or reestablish a
normal landing attitude and add thrust
as necessary to control the rate of
descent. Thrust need not be added for
a shallow bounce or skip. When a high,
hard bounce occurs, the flight crew
should initiate a go-around.

6

RADIO ALTITUDE, PITCH ANGLE, AND CONTROL
COLUMN FORCES — NORMAL AND HARD LANDINGS

SUMMARY

FIGURE
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Landings are positioned so that all reach 0 ft radio altitude
at the same elapsed time (28.5 sec).
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Flight crews can reduce
the chances of airplane
damage from hard
nosegear contact by
avoiding high derotation
rates and excessive
forward column inputs.
In the event of a hard
landing, the flight crew
should report the event
to the engineering and
maintenance departments
so that the airplane can
be inspected for potential
structural damage.
Editor’s note: A Boeing training
video, “Airplane Derotation: A
Matter of Seconds,” covers the
material presented in this article.
Copies of the nine-minute video
have been sent to all commercial
airplane customers. Additional
copies are available from the director of Flight Technical Services,
Boeing Commercial Airplanes,
P.O. Box 3707, Mail Code 20-97,
Seattle, WA 98124-2207, USA;
telephone 206-662-7800.
Additional information on hard
nosegear contact is available
in Boeing Commercial Airplanes
Flight Operations Technical
Bulletins nos. 757-48 and 767-47,
Feb. 1, 1993.

myboeingfleet.com
For

MyBoeingFleet.com is a secure e-business site on the World
Wide Web that provides online maintenance, engineering, and
flight operations data and services to operators of Boeing
LOU DOMINGO
E-BUSINESS MANAGER
airplanes. The site helps Boeing customers increase the
COMMERCIAL AVIATION SERVICES
BOEING COMMERCIAL AIRPLANES
efficiency and productivity of their operations and makes
it easier for them to conduct business with Boeing.
TECHNOLOGY/PRODUCT DEVELOPMENT
April 2002, No. 18
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Increased Efficiency and Productivity
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M

yBoeingFleet.com is
a business-to-business web
site (fig. 1) offered to airplane
owners and operators as well
as maintenance, repair, and
overhaul centers. It provides
online access to a wide
range of Boeing products and

1

DIGITAL
DOCUMENTATION

MyBoeingFleet contains an electronic
library of technical documentation,
including engineering drawings and
maintenance manuals for Boeing commercial airplanes. This digital library
benefits operators in several ways.

1

services, from maintenance
documents and engineering
drawings to parts purchasing
and flight operations manuals
(fig. 2).
MyBoeingFleet helps customers
increase operational efficiency
and productivity by offering
■

Operators’ technical publication
departments can migrate from
paper-based documents to a digital
environment where they can simplify storage, maintenance, and
distribution processes.

■

Users can be sure that they are viewing the latest information because
information on MyBoeingFleet
always is up to date. For example,

MYBOEINGFLEET HOME PAGE

FIGURE
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1. Digital documentation.
2. Technology-aided collaboration.
3. Integrated information.
4. Self-service environment.
5. Enhanced customer processes.
6. Customized views.
7. Hosted customer content.
8. Robust infrastructure.
FLEET TEAM™ Digest provides
current status on more than 2,000
in-service issues, with approximately 20 new or revised documents
being published each workday.
■

Operators can use MyBoeingFleet
search mechanisms to quickly find
the documents they need and locate
resources of which they may not
have been aware.

2

MYBOEINGFLEET SITE MAP

FIGURE
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2

TECHNOLOGY-AIDED
COLLABORATION

With applications such as electronic
discussion groups, MyBoeingFleet
encourages collaboration in ways never
before possible. The FLEET TEAM™
Resolution Process bulletin board
allows airlines to post major issues and
comment on postings by other airlines
(fig. 3). This online forum serves as a
virtual meeting place where airlines and
Boeing can discuss service issues. (See
“FLEET TEAM ™ Initiative for Improved
Customer Service,” Aero no. 11,
July 2000.) For each airplane model,

3

a committee of representatives from
Boeing and the airlines reviews posted
comments and determines which items
require immediate resolution. Airlines
communicate solutions to Boeing that
are acceptable in terms of operator
cost and schedules.
Another electronic bulletin board
was launched late last year to address
emerging safety-related issues. Boeing
uses the FLEET TEAM™ Emerging
Issues bulletin board to quickly canvass
customers worldwide about potential
airworthiness concerns and then
provides the U.S. Federal Aviation
Administration with an action plan

and an industrywide recommendation
based on increased airline participation.
(Before this forum was established,
Boeing obtained feedback formally
from only a limited group of customers
in accordance with Air Transport
Association process 111.)
Another example of technology-aided
collaboration through MyBoeingFleet
involves the Longer Range 777 Working
Together team. Boeing and a number of
participating owners and operators have
a dedicated site, which can be accessed
through MyBoeingFleet, that helps the
global team track design changes and
store documents.

TECHNOLOGY-AIDED COLLABORATION — FLEET TEAM™ RESOLUTION PROCESS BULLETIN BOARD

FIGURE
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3

INTEGRATED INFORMATION

MyBoeingFleet integrates information
so that users can readily navigate from

4

one area of the site to another, thereby
saving time and helping to ensure that
transactions are accurate. For example,
if a user searches Boeing service bulletins and then wants parts purchasing

information, an automated linkage
helps the user identify relevant parts,
obtain part information (e.g., part
descriptions, inventory, and interchangeability), and order the parts (fig. 4).

INFORMATION INTEGRATION — SERVICE BULLETIN TO MAINTENANCE KIT TO BOEING PART PAGE

FIGURE
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The Data and Services Catalog
airplane technical documentation.
(fig. 5) is another self-service tool
Operators can view a list of the documents they receive, including the delivery available through MyBoeingFleet.
Customers can view, search, and order
format (e.g., paper, microfilm, digital,
MyBoeingFleet provides users with a
online), and determine quantities being available Boeing materials, services,
number of self-service tools that enable
and other items that apply to the
them to use the site to do business direct- sent to a particular shipping address.
operation, maintenance, and repair
Technical Media Tracking also allows
ly with Boeing. For instance, customers
operators to check and update shipping of Boeing airplanes. Boeing technical
can use the Repair and Exchange
media, flight operations materials,
Services product to find Boeing service information, track shipments, and
maintenance and repair documents, proupdate addresses on line. In addition, it
centers, where Boeing avionics and
allows them to list all online maintenance visioning software, service bulletins,
components can be sent for repair
and videotapes also are available for
(fig. 5). Users also can search the Repair and repair products that are available
over the Internet through MyBoeingFleet. online ordering or purchasing.
Capability database by entering the part
number or partial part number of the
component to be repaired. In addition,
users can inquire about parts not
SELF-SERVICE ENVIRONMENT
currently listed in the database and find
information on component exchange
FIGURE
programs, customized training, and
consulting services.
The Technical Media Tracking
application (fig. 5) allows operators to
view their distribution plan and revision schedules for Boeing commercial

4

SELF-SERVICE ENVIRONMENT

5

April 2002, No. 18

AERO

16

April 2002, No. 18

AERO

17

5

To ensure availability and security, Boeing
monitors infrastructure performance, conducts security audits, and applies proven
Access to content hosted on
technology and operational management
MyBoeingFleet is ensured through a
processes. Boeing also uses a network of
geographically dispersed computing in- service providers to extend monitoring
frastructure that provides multiple points capability, improve problem identification,
of entry to the Boeing knowledge base.
and expedite problem resolution.

ENHANCED CUSTOMER
PROCESSES

8

ROBUST INFRASTRUCTURE

Operators can use MyBoeingFleet to
streamline traditional processes, which
saves time and improves accuracy.
For instance, customers can use the
warranty claims application (fig. 6) to
submit online warranty claims for airplanes and purchased, Boeing-designed
spare parts. Online filing minimizes the
chances for error and can reduce
ENHANCED CUSTOMER PROCESSES — ONLINE WARRANTY CLAIMS
the typical seven-day processing
cycle by as many as two days.
FIGURE
Users also can generate reports,
track the status of claims, and identify
their warranty contact through an online
look-up function.

6

6

CUSTOMIZED VIEWS

The MyBoeingFleet home page can be
customized for individuals and groups
of users. For example, a user can request to be notified when specific service bulletins and updates are released.
MyBoeingFleet searches the site for
documents that meet these criteria and
lists them on the user’s MyBoeingFleet
home page under the heading “Notices”
(fig. 1 on p. 12).

7

HOSTED CUSTOMER CONTENT

Customers can house their customized
manuals, revisions, and documents alongside Boeing data on MyBoeingFleet.
They then can deliver that information
electronically to select individuals or
groups at their company through the
MyBoeingFleet infrastructure.
MyBoeingFleet features — such as
searching, document management, customizable views, usage metrics, e-mail
notification, and 24-hour support —
also apply to hosted customer content.
Boeing also can help operators convert paper documents and other legacy
data into industry-standard digital
document formats, which then can be
hosted on MyBoeingFleet.

April 2002, No. 18
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SUMMARY
MyBoeingFleet is a secure business-to-business site on the World
Wide Web that provides customers with a single point of entry to
Boeing information and services. It offers continuous access to an
ever-increasing number of engineering drawings, flight operations
materials, maintenance documents, and other types of information
essential to the ownership, operation, and maintenance of Boeing
airplanes. With up-to-date, secure information, MyBoeingFleet helps
operators increase their efficiency and productivity and makes it
easier for them to do business with Boeing. Key features and benefits include an electronic library of technical documentation, online
forums that promote technical collaboration among customers and
Boeing, integrated information for easy site navigation, self-service
tools, streamlined processes (e.g., online filing of warranty claims),
customized views, and hosted customer content.

Editor’s note: To gain access to MyBoeingFleet.com, contact Boeing Digital Data Customer Support by e-mail at DDCS@boeing.com or call 206-544-9990.

April 2002, No. 18

AERO

19

Maintenance of

PNEUMATIC
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747 and 767

BLEED

SYSTEMS
The pneumatic bleed system on 747 and

767 airplanes has been one of the most frequent

contributors to airplane dispatch delays. In response,
improvements have been made to the design and
overhaul of system components, and pneumatic
system health checks have been developed
to allow operators to identify failing
components before they cause
schedule interruptions.

M A I N T E N A N C E
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A

ccording to Boeing data collected
from operators, pneumatics (as defined
by Air Transport Association [ATA]
Chapter 36) is the third most frequent
cause of schedule interruptions for the
747-400 and the fourth most frequent
cause for the 767 and the 747 Classic
(i.e., 747-100/-200/-300). During 2000
and 2001, the pneumatic bleed system
accounted for nearly 7 percent of
all schedule interruptions for 747-400
and 767 airplanes.
Some operators experience much
greater reliability, with schedule interruptions attributed to ATA Chapter 36
as low as one-tenth of the fleet average.
Other operators experience much poorer
reliability, with schedule interruptions
as much as 3.9 times greater than the
fleet average. Although the reasons for
this wide range of reliability are not
easily determined, maintenance practices
by operators can be key to improving
reliability — particularly those that check
the health of the pneumatic system and
allow for replacement of failed components at a scheduled maintenance check
rather than at an airport gate.
This article discusses three factors
that improve the reliability of pneumatic
bleed systems on 767 and 747 airplanes with General Electric (GE) or
Pratt & Whitney (PW) engines.

DESIGN
IMPROVEMENTS

1

High-pressure
shutoff valve and
pressure-regulating
valve position switch.
Some operators
experience erroneous
indications that the highpressure shutoff valve
(HPSOV) has not closed
when commanded. These
erroneous flight deck and
air supply control test
unit or built-in test equipment (BITE) module
indications result from
a shift in the actuation
point of the HPSOV/
pressure-regulating valve
(PRV) position switch.
Debris and plunger wear,
which are caused by the
angle at which the actuating lever presses against
the plunger bore, increase
the friction between the
inner plunger and the
switch housing. This friction causes the switch
to travel too far (i.e., overtravel) before actuation.
Bleed component
supplier Hamilton
Sundstrand (Windsor
Locks, Connecticut)
has improved the
wear characteristics
and reduced the vibration effects of the
HPSOV and PRV position switches by incorporating new material,
coating, and design
1. Design improvements.
for the plunger and
2. Maintenance improvements.
new coating for the
plunger bore (fig. 1).
3. Pneumatic system health checks.
Units returned to
Hamilton Sundstrand for
overhaul since April 15, 2001, have
received the redesigned switches. On
March 1, 2001, Hamilton Sundstrand
issued service information release
(SIR) 747BAS141A/767BAS032A
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and incorporated information about the
new switches into all its HPSOV-PRV
component maintenance manuals. Boeing
released service letter 747-SL-36-094
on July 12, 2001, announcing the availability of the redesigned switches.
All 767 and 747-400 airplanes
with GE or PW engines delivered since
July 2001 have the new switches.

HPSOV-PRV actuator spring.
Hamilton Sundstrand also has improved
the HPSOV-PRV actuator spring. The
service life of HPSOV-PRV actuator
springs varies from 3,000 to 21,000 hr.
Spring failures are more prevalent
on GE CF6-80C2 engines. The typical
failure mode on these engines is spring
breakage at the center resulting from
high-cycle fatigue.
Hamilton Sundstrand has designed
a two-piece spring with guide configuration to address this problem
(fig. 2). The new spring requires minor
machining in the actuator housing.
A 0.025-in by 0.7-in machined cut
is made on the inside diameter of
the housing in the threaded area. The
reworked housing can be used with
either the single-spring configuration
or the new two-piece spring with guide
configuration. The new spring will be
available from Hamilton Sundstrand
in fourth-quarter 2002.

2

MAINTENANCE IMPROVEMENTS

Component overhaul.
Overhauling pneumatic system components when they are removed for repair —
as opposed to only repairing the failed
subcomponents — can increase component reliability. Data indicate that
this practice keeps mean time between
unscheduled removals (MTBUR) near
that of the first-time removal MTBUR.
Many operators experience reduced
time between component removals
each time a repaired-only component is
reinstalled on an airplane. However, if
the failed component is overhauled as
recommended by Hamilton Sundstrand,
the time to removal is expected to be
at or near that of the first-time removal.
Hamilton Sundstrand provides details

1

regulating and shutoff valves (PRSOV)
in its 767 fleet. Until then, PRSOVs
had been the operator’s primary cause
of dispatch delays and flight cancellations. After hard-timing the PRSOVs,
in-service data indicated that the operator experienced essentially zero schedule interruptions from the PRSOVs
(i.e., 0.0018 interruptions per 100
departures). It should be noted that
the hard-timing of components might
be inefficient if the hours or cycles are
not tracked, if components are removed
too early, or if removed components
are not overhauled properly.
Operators must decide individually
whether or not hard-timing of pneumatic
components is economically justified
with respect to the potential improvement in the schedule interruption rate.
A more economically favorable alternative to hard-timing components is the
use of a pneumatic system health check.

REDESIGNED HPSOV-PRV POSITION SWITCH

FIGURE

3

on this overhaul philosophy in its
SIR 747BAS:139C/767BAS:030C.
For example, Hamilton Sundstrand
recommends overhaul of the HPSOV
if it has 8,000 or more hours of service
and is removed for repair. If an
HPSOV is removed because of a position switch failure at 8,300 hr, the
operator should completely overhaul
the valve rather than only replace the
failed switch. If the switch is the only
subcomponent replaced or repaired,
the HPSOV will likely fail again in
a relatively short time after being
returned to service because of other
subcomponent failures.
One operator who applied this
overhaul philosophy to two of its most
problematic components saw reliability
improve by as much as 250 percent.
As a result, the operator implemented
this practice for all of its pneumatic
components.
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PNEUMATIC SYSTEM HEALTH
CHECKS

Boeing pneumatic system health check.
Boeing developed a pneumatic system
health check (PSHC) for GE CF6-80C2
and PW4000 engines on 767 and
747-400 airplanes with the assistance
of United Airlines, other operators,
Service bulletins and hard-timing.
Hamilton Sundstrand, and an ATA
Boeing and Hamilton Sundstrand also recChapter 36 task team. The PSHC
ommend that operators incorporate ATA
improves system reliability by identifyChapter 36 service bulletins into their
ing the components that have failed
fleets to improve component reliability.
or are about to fail before they cause
Incorporating ATA Chapter 36 service
dispatch delays. (Boeing is developbulletins from Boeing and component
ing a PSHC for 747-400 airplanes
suppliers provides for incremental imwith Rolls-Royce engines, older 767
provements to the pneumatic bleed system
airplanes with GE or PW engines,
and its individual components. Boeing
and 747 Classic airplanes.)
reliability data show that operators who
The Boeing PSHC addresses the
incorporate ATA Chapter 36 service bulfollowing
components:
letins have significantly better dispatch
■ Airplane bleed system wiring.
reliability than the fleet average (fig. 3).
Operators also may want to consider
■ Sense lines.
removing pneumatic components at
■ Position and pressure switches.
defined hours of service (i.e., hardtiming). Some operators have indicated ■
Opening and closing pressures
that incorporating the hard-timing of
of the HPSOV and the highpneumatic components into their
pressure controller (HPC).
maintenance programs increased sched■ The PRV and the PRV controller
ule reliability. One operator removed
(PRVC).
and overhauled all high-time pressure-
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2

TWO-PIECE SPRING WITH GUIDE CONFIGURATION

FIGURE

Actuator housing
(minor rework required)

New spring (two places)
Existing
actuator cap

Existing
actuator piston

Spring guide added—limits
radial play and provides axial damping

3
FIGURE

ATA Chapter 36 Dispatch Reliability
0.16
0.14
Delays per 100 departures

■

The PRSOV.

■

The fan-air-modulating valve
(FAMV).

INCORPORATION OF SERVICE BULLETINS

0.12
0.10
0.08

One operator who
incorporated all ATA
Chapter 36 service
bulletins had a dispatch
delay rate 2.4 times
lower than the 747-400
fleet average.

0.06
0.04
0.02
0.00
Operator
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The PSHC allows the pneumatic system to be tested on wing. Pneumatic
system pressurization is not required,
but airplane electrical power is needed.
The PSHC uses a test box that
includes plumbing, valves, pressure
gauges, hoses, and various fittings to
connect to bleed system components
on the engines and struts (fig. 4).
The built-in monitoring systems on the
airplane (e.g., the BITE modules on
the 767 and the central maintenance
computing system on the 747-400)
are used during the PSHC to check
discrete system inputs.
Several operators have started routinely using the Boeing PSHC during
scheduled maintenance checks. One
operator removed six components from
eight engines as a result of performing
the PSHC; all later were validated in

the component shop as failed.
Similarly, another operator reported
that eight engines were checked using
the PSHC, and nine components had
indications of failure. The components
were removed, and all later were validated in the component shop as failed.
These results are consistent with
Boeing experience during validation
testing of the PSHC procedure for
747-400 and 767 airplanes during
1999 and 2000.
In addition, since the introduction
of the PSHC, operators have reported
a significant decrease in the number of
pilot reports related to ATA Chapter 36
and improved knowledge of the pneumatic system and component health on
the part of engineers and maintenance
crews. Operators also have used the
PSHC to examine pneumatic components during troubleshooting to isolate
failures to individual components.
Boeing videos on the 747-400 and
767 PSHC are available to operators
from their Boeing Field Service representatives. Also, a computer-based
training CD on pneumatic system
component familiarization and the
PSHC is available from Hamilton
Sundstrand. (Contact Hamilton

4

Sundstrand, Attn: Value-Added
Services Training Coordinator, One
Hamilton Road, Mail Stop 1-3-BC34,
Windsor Locks, Connecticut 060961010; fax: 860-654-6906.)

the following subsystems. This example
is for the 767.

PRSOV.
■

Opening, closing, and regulated
pressures.

United Airlines PSHCs.
■ Resistance and pressures of BITE
United Airlines (Chicago, Illinois)
switches.
has developed PSHCs for its fleet of
■ Resistance of position switches.
Boeing airplanes, and the checks have
been part of its maintenance programs
■ Resistance of off and on solenoids.
for three years. Although United
Airlines maintenance manual procedures HPSOV-HPC.
for PSHCs differ for each airplane
■ Opening and closing pressures of
model, the test box and adapters are
the HPSOV.
shared across all models in the United
■ Resistance and pressures of HPC
Airlines fleet.
BITE switches.
All of the United Airlines PSHC
tests can be performed on-wing. The
■ Resistance of HPSOV position switches.
737, 757, and 767 checks do not require
■ Resistance of HPC close and
airplane power, but a separate 28-V
automatic solenoids.
direct current power source is needed to
energize the controllers. United Airlines
PRV-PRVC.
established test limits for each component
■ Opening and closing pressures of
using its component shop manuals and
the PRV.
the vendors’ component maintenance
manuals. These limits were validated in
■ Regulated pressures of the PRVC.
the United Airlines component shop and
■ Resistance of PRV position switches.
on several Boeing airplanes.
A United Airlines PSHC accom■ Resistance of PRVC close and
plishes the following tests for each of
automatic solenoids.
FAMV.

PSHC TEST BOX

■

Opening, closing, and regulated pressures.

■

Resistance of position switches.

FIGURE

The United Airlines 767 fleet has
experienced a 26 percent reduction
in schedule interruptions attributed to
ATA Chapter 36 since PSHCs began
in December 1998. Of the components
that failed the 767 PSHC from January
to September 2001, 90 percent were
validated by component shop findings
as having been removed for the
appropriate reasons.

Incorporation of PSHCs into an
airline’s maintenance program.
Operators interested in developing
and incorporating PSHCs into their
maintenance programs should consider
the following steps, which outline the
process used by both Boeing and
United Airlines to develop PSHCs.
April 2002, No. 18
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■

Manufacture or purchase PSHC
test boxes and adapters. The Boeing
test box and adapters are designed for
use on both the 747 and 767. United
Airlines test boxes and adapters also
are interchangeable among all airplane models in its fleet. Drawings
for building the Boeing test box
(Boeing part no. G36035-1/-2) are
available to operators on line through
MyBoeingFleet.com in the engineering drawing database (engineering drawing number 0G36035).
Operators may fabricate their own
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with Hamilton Sundstrand test limits,
were used to validate the AMM
procedures. The Boeing PSHC procedure
for both the 767 and 747-400 is contained
in AMM 36-00-21 for airplanes with
GE engines and in AMM 36-00-22
for airplanes with PW engines.

test equipment from the drawings
or procure the test equipment from
a supplier. Boeing service letters
747-SL-36-093A and 767-SL-36047A list Boeing-licensed suppliers
of ground-support equipment.
■

Create and validate a PSHC maintenance manual procedure. When
possible, Boeing aircraft maintenance
manual (AMM) procedures are
standardized across airplane models.
Several components were tested
on wing and in the component shop.
The results of these tests, along
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■

Create training programs to properly
accomplish the PSHC. United Airlines
conducted maintenance training classes
at maintenance bases and key line
maintenance stations. The classes included hands-on training using United Airlines
test equipment and AMM procedures.

SUMMARY
The pneumatic bleed system is one of the
most frequent contributors to schedule interruptions for the 747 and 767 fleets. To
address this problem,
■

Hamilton Sundstrand has redesigned the
HPSOV position switches and actuator
spring.

■

Hamilton Sundstrand has developed component overhaul recommendations to
increase system reliability. Operators who
follow these recommendations can expect
to see subsequent MTBURs approach those
of first-time removals.

■

Boeing encourages operators to incorporate
Boeing and vendor service bulletins to
improve ATA Chapter 36 reliability.

■

Operators should investigate the economic
justification for hard-timing pneumatic
components to potentially improve schedule
reliability. Hard-timing of pneumatic components is a decision of the operator based
on its operating environment.

■

Boeing and United Airlines have developed
PSHCs to find failed or failing components
at scheduled maintenance checks rather
than at dispatch. Operators using PSHCs
have reported significant reductions in
schedule interruptions, fewer pilot reports,
and increased awareness of the health of
their fleets’ pneumatic systems. The component shops of various operators have validated that removed components identified
by the PSHCs as failed had indeed failed.

Photo courtesy of FlightSafetyBoeing Training International

■

■

Record findings for each pneumatic
component tested. United Airlines and
other operators enter the results from
health checks into databases and use
that information to predict failures of
pneumatic components and to develop
and validate minimum build standards
for component overhaul shops.
Determine the interval in which
a PSHC maintenance program should
be accomplished. United Airlines initially checked each pneumatic component
during every extensive maintenance
check (i.e., 1C). Findings indicated that
the check interval for one component
could be expanded to every other check
(i.e., 2C). Such changes may occur
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with other components as minimum
build standards at component shops
are developed and implemented.
Operators should evaluate maintenance manual test limits after build
standards have been incorporated.
■

Stock spare components. When first
introducing the PSHC, operators should
plan for initially higher-than-normal
levels of component removal because
failed or failing components will be
identified that were previously undiagnosed. For this reason, operators may
choose to notify Hamilton Sundstrand
of when they plan to implement PSHCs
to ensure that an adequate supply of
spare parts will be available.
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AERO
READER SURVEY RESULTS
In the fourth-quarter 2001 issue of
Aero, we published a survey asking
readers to evaluate the magazine
and make comments and suggestions for its improvement. Although
we received fewer responses than we
did for the last reader survey, conducted in 1998, the results follow
the baseline trends established by
our 1998 survey.
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OVERALL FEEDBACK

On a scale of 1 to 5, with 5 being
the highest score, Aero averaged an
overall score of 4. The highest scores
were seen in the areas of article content,
readability, layout, and usefulness. The
lowest scores were received in the areas
of magazine distribution and the Boeing
contact information listed at the back
of the magazine.
Figure 1 (p. 30) shows the average
scores for the 13 questions posed in the
survey. Two scores are presented for each
question. The first score is the average
rating given by our airline customers,
who are the magazine’s primary audience. The second score is the average
rating given by all Aero readers, which
in addition to airlines, include suppliers,
government agencies, airports, aviation
industry members, engineering colleges,
and international media.
One question scored significantly
higher than in the 1998 survey, with
the average score increasing from
approximately 2.5 to 3.6: “Most people
in my work area read Aero on a regular
or frequent basis.”
No question saw a significant drop
in ratings when compared with the
1998 survey.

READER COMMENTS

‘

Many respondents provided specific
comments on what they like about Aero,
what they don’t like, and how the magazine could be improved. Representative
comments are listed below:

’

... very useful
■

■

Excellent publication.

■

On the PDF [portable document
format] version of the articles,
I would prefer one page of the
article on the magazine to correspond to one page on PDF, rather
than two. Makes printing easier.

RESPONDENT
PROFILES
The majority of respondents identified their organization as an airline,
with most working in flight operations
and maintenance. The next largest
group of respondents was aviation
educators. Other respondents worked
for suppliers, repair stations, government agencies, and consultants.

ARTICLE SUBJECTS
Respondents said they are most
likely to read articles on maintenance, flight operations, new
technology, engineering, and systems. They also expressed interest
in articles on Boeing products
and services.

Generally, very informative.
Pleased that most info is factual
rather than a “we can do no wrong”
approach. Strongly suggest
an e-mail reminder service for
new editions.

■

I like to read this magazine and
improve my knowledge about technical conditions on Boeing airplanes.

■

Greater publication frequency,
availability of archived issues in
PDF format.

■

Really it is a very good magazine.

■

It is very useful. Thanks.

■

An index of all the articles for
the Douglas Service/Airliner/Aero
magazines. Source for reprints of
the articles/magazines.

IMPROVING AERO
In response to reader feedback, we have
done or will do the following:
■

Publish an index of Aero articles on
the Aero web site (www.boeing.com/
aeromagazine).

■

Provide indices of Airliner and
Douglas Service magazines (the predecessors of Aero) by e-mail request
(aeromagazine@boeing.com).

■

Reformat the PDF files available on
the Aero web site so that magazine
pages can be printed individually
rather than as two-page spreads
(i.e., two facing pages).

■

Provide guidelines for reprinting Aero
articles on the Aero web site. (These
guidelines already are available on the
inside front cover of the print version.)

We are looking into the feasibility
of notifying readers of the Aero web version by e-mail when a new issue is published. In the interim, readers may want to
set up their own electronic reminders for
Jan. 1, April 1, July 1, and Oct. 1. (Aero
publishes the first day of each quarter.)
We don’t have any plans today to
increase the frequency of Aero. However,
this suggestion may be reconsidered at
some future date.
The Aero editorial board and technical
review committee will review the survey
results and your comments to make
sure we publish articles in the categories
you requested and, when possible, the
specific topics you want us to discuss.
We thank everyone who took the time
to participate in the survey.
— Jill Langer, Editor-in-Chief
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1

AERO READERSHIP SURVEY RESULTS — FOURTH-QUARTER 2001

FIGURE

Aero Reade

AVERAGE SCORE
Agree
strongly

5

Agree

4

4.29

4.22

4.18

4.26

4.25
3.92

4.04

4.06

3.92

4.03
3.60

Neutral

3.76

3
Disagree

2
Disagree
strongly

1
QUESTIONS
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1
Aero provides me
with practical,
useful information
that helps me do
my job better.

2
The articles are
well written and
strike a good
balance between
technical detail
and ease of
reading.

3
The length
and depth of
the articles are
appropriate.
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4
The articles
represent a
good mixture of
maintenance,
engineering,
flight, safety,
and general
industry issues.

5
The articles
are timely.

6
Aero contains the
appropriate mix
of articles specific
to Boeing- and
Douglas-designed
airplanes.

rship Survey
AIRLINES (primary audience) TOTAL READERSHIP

4.58
4.22

4.35

4.45
4.10

4.05

3.96
3.73

3.76

3.78

3.62

3.57
3.36

2.65

7
The photographs,
illustrations,
and technical
drawings help me
better understand
the information
presented in the
articles.
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8
The charts,
technical drawings,
and illustrations
are presented
in a way that is
easy for me to
comprehend.

9
The layout of the
magazine and
the individual
articles is effective
in helping me find
the information
I need.

10
The listing in
the back of the
magazine provides the kind
of information
I need to contact
my Boeing
Field Service
representative.
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11
The listing in
the back of the
magazine provides the kind of
information I need
to contact Boeing
Spares, Boeing
Airplane Services,
the Rapid Response
Center for Boeingdesigned airplanes,
and the Technical
Support Desk for
Douglas-designed
airplanes.

12
Most people in my
work area read
Aero on a regular
or frequent basis.

13
The distribution
system in my
organization allows
people who would
benefit most from
reading Aero to
receive a copy on
a regular basis.

Boeing Commercial Airplanes

FIELD SERVICE REPRESENTATIVES
LOCATION

REPRESENTATIVE

TELEPHONE

Region 1
Eastern
United States/
Latin and South
America

Director
Atlanta (CQT)
Atlanta (DAL)
Bogota
Buenos Aires (ARG)
Charlotte
Mexico City (AMX)
Mexico City (CMA)
Miami
New York
Orlando
Panama City
Pittsburgh
Port of Spain
Rio de Janeiro
Santiago
Sao Paulo

D. Wall
W. Ellis
F. Piasecki
M. Dickinson
M. Snover
R. Toews
M. Vanover
H. Levanen
R. Larson
M. Murbach
D. Pemble
S. Frimer
R. Lehnherr
L. Richardson
J. Bartashy
R. Farnsworth
J. Bradley

305-864-8330
404-530-8674
404-714-3129
57-1-413-8218/8128
54-11-4778-3250
704-359-2049
525-133-5288/5289
525-762-0167
786-265-8288
718-995-9707
407-251-5906
507-238-4296 x4366
412-472-7277/7279
868-669-0491
55-21-393-8343
56-2-601-0171
55-11-532-4852/4028

Region 2
Western
United States/
Canada

Director
Calgary
Honolulu (ALO)
Honolulu (HWI)
Indianapolis (AAT)
Indianapolis (UAL)
Las Vegas
Long Beach
Minneapolis
Montreal
Oakland
Phoenix
San Francisco
Santa Barbara (BBJ)
Seattle/Tacoma
Vancouver

G. Norden
J. Fitzhum
A. McEntire
R. Owens
T. Bryan
R. Webb
S. Gorski
D. Miles
C. Barrea
T. Morris
K. Standerfer
S. Stillwell
J. Russell
S. Lenicka
D. Inderbitzen
D. Bays

415-864-7970
403-221-4858
808-836-7472
808-838-0132
317-282-5700
317-757-2299
702-944-2908
562-528-7248
612-726-2691
514-422-6100/6839/6840
510-562-8407
480-693-7074/7075/7179
650-877-0181
805-886-9833
206-431-3763/3764/7273
604-270-5351/276-3739

Director
Chicago (AAL)
Columbus (BBJ)
Dallas (AAL)
Dallas (DAL)
Dallas (Love Field)
Fort Worth
Houston
Houston (Hobby)
Kansas City
Louisville
Memphis
Milwaukee
Orlando (BBJ)
Tulsa
Wilmington

D. Krug
L. Kuhn
D. Kopf
C. Fox
D. Root
R. Peterson
C. Paramore
C. Anderson
D. Hendrickson
J. Connell
A. Andrus
D. Schremp
T. Plant
F. Gardiner
J. Roscoe
G. Johnson

817-358-0081
773-686-7433
614-239-2461
972-425-6206
972-615-4539
214-792-5862/5887/5911
817-224-0560/0561/0564
713-324-3611
713-324-4192
816-891-4441
502-359-7671
901-224-5087
TBD
206-660-8726
918-292-2404/2707
937-382-5591 x2736

If your Boeing Field Service
representative cannot be reached,
support is available at the
following numbers 24 hours a day:

Rapid Response Center
Boeing-designed airplanes:
Phone 206-544-7555
Fax
206-544-9084
Technical Support Desk
Douglas-designed airplanes:
Phone 562-497-5801
Fax
206-544-0641
Spares orders/quotes:
206-662-7141 (Information)
206-662-7200 (Spares AOG)
562-593-4226 (Douglas AOG)
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Region 3
Central
United States

Region 4
Northern
Europe/
Tel Aviv

Region 5
Central and
Southern
Europe

Region 6
Middle East/
Africa/Asia

2 4 - H O U R

A I R L I N E

S U P P O R T

LOCATION

REPRESENTATIVE

TELEPHONE

Director
Copenhagen
Dublin
East Midlands
Gatwick
Helsinki
London
Luton (BRI)
Luton (MON)
Manchester
Oslo
Stansted
Stavanger
Stockholm
Tel Aviv

E. Berthiaume
A. Novasio
C. Lohse
D. Rockcastle
T. Alusi
D. Laws
A. Hagen
B. Dubowsky
S. Oakes
J. Raispis
A. Holin
D. Johnson
E. Fales
G. Ostlund
J. Sveinsson

44-20-8235-5600
45-3-232-4373
353-1-886-3086/3087
44-1-332-852-412
44-1293-510-465
358-9-818-6450
44-20-8562-3151
44-1582-428-077
44-1582-525-869
44-1-612-326-693
47-6481-6598/6613
44-1279-825638
47-51-659-345
46-8-797-4911
972-3-9711147

Director
Algiers
Amsterdam (KLM)
Amsterdam (TAV)
Athens
Brussels
Casablanca
Luxembourg
Madrid
Palma (de Mallorca)
Paris (CDG)
Paris (ORY)
Rome
Tunis
Zurich

G. Gebara
TBD
G. Van de Ven
H. Schuettke
B. Oani
I. Gilliam
M. Casebeer
J. Erickson
H. Morris
C. Greene
M. Hamilton
M. Awada
J. Hill
D. Marble
K. Goellner

216-1-788-472
213-21-509-378
31-20-649-8100
31-20-648-4639
30-1-353-6317
32-2-7234822
212-2-53-94-97
352-4211-3399
34-91-329-1755
34-971-789-782
33-1-4862-7573/4192
33-1-4686-1047
39-06-6501-0135
216-1-781-996
41-1-812-6816/7414

Director
Abu Dhabi
Addis Ababa
Ashgabat
Cairo
Dammam
Dubai
Istanbul
Jeddah (SRF)
Jeddah (SVA)
Johannesburg
Kuwait
Mumbai
Muscat
Nairobi
Riyadh (BBJ)
Tashkent

C. Armstrong
J. Sheikh
J. Wallace
J. McBroom
M. McPherson
R. Cole
G. Youngblood
B. Nelson
L. Giordano
A. Noon
A. Ornik
R. Webb
R. Piotrowski
A. Ostadazim
R. Aman
J. Richards
K. Rastegar

971-4-299-5412
971-2-5057485/7486
251-1-610-566
993-12-510-589
20-2-418-3680
966-3-877-4652
971-4-208-5656
90-212-573-8709/663-1203
966-2-684-1184
966-2-685-5011/5013
27-11-390-1130/1131
965-434-5555 x2512
91-22-615-7179/7777 x3289
968-519467
254-2-820-707
966-1-461-0607
998-71-1206572
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LOCATION

REPRESENTATIVE

TELEPHONE

Region 7
Southeast
Asia

Director
Bangkok
Jakarta
Kuala Lumpur
Manila
Singapore
Taipei (CHI)
Taipei (EVA)

R. Nova
D. Chau
R. Tessin
M. Standbridge
D. Lucas
T. Thompson
M. Heit
D. Bizar

65-732-9435/9436/9437
66-2-531-2274
62-21-550-1614/1020
60-3-746-2569
63-2-857-3273
65-541-6075
886-3-383-3023
886-3-393-1040

Region 8
Asia/
Australia/
New Zealand

Director
Auckland
Brisbane
Hanoi
Melbourne (QAN)
Narita
Okinawa
Pusan
Seoul (AAR)
Seoul (KAL)
Sydney (IMU)
Sydney (QAN)
Tokyo (ANA)
Tokyo (JAL)
Tokyo (JAS)

T. Premselaar
R. Lowry
D. Bankson
D. Beberfall
E. Root
H. Connolly
E. Sadvar
K. Cummings
J. DeHaven
G. Small
R. Schwabrow
W. Mahan
T. Gaffney
L. Denman
R. Saga

81-3-3747-0073/0078
64-9-256-3981
61-7-3295-3139
84-4-934-2342
61-3-9280-7296/7297
81-476-33-0606
81-988-57-9216
82-51-325-4144
82-2-665-4095
82-2-663-6540
61-2-9317-5076 x419
61-2-9691-7418
81-3-5756-5077/5078
81-3-3747-0085/3977
81-3-5756-8737

Region 9
China

Director
Beijing
Chengdu
Guangzhou
Haikou
Hong Kong
Jinan
Kunming
Shanghai (CEA)
Shanghai (SHA)
Shenyang
Shenzhen
Tianjin
Urumqi
Wuhan
Xiamen

T. Lane
R. Shafii
G. King
S. Sherman
R. Wiggenhorn
R. Brown
S. Pearson
T. Bray
M. Perrett
D. Babcock
L. Poston
S. Cole
P. Lavoie
D. Cannon
M. Nolan
Y. Liu

86-10-6539-2299 x1038
86-10-6456-1567
86-28-570-4278
86-20-8659-7994
86-898-575-6734
852-2-747-8945/8946
86-531-899-4643
86-871-717-5270
86-21-6268-6268 x35156
86-21-6268-6804
86-24-8939-2736
86-755-777-7602
86-22-2490-2606
86-991-380-1222
86-27-8562-6077
86-592-573-9225

Region 10
Eastern
Europe/
Russia

Director
Berlin (BER)
Berlin (GER)
Budapest
Frankfurt (CDF)
Frankfurt (DLH)
Hamburg
Hanover
Kiev
Moscow (ARO)
Moscow (TRX)
Prague
Vienna
Warsaw

T. Waibel
F. Wiest
R. Lopes
R. Horton
J. Harle
L. Rahimane
P. Creighton
R. Anderson
R. South
V. Solomonov
E. Vlassov
D. Keller
R. Adams
F. Niewiadomski

49-89-236-8060
49-30-4101-3868
49-30-4101-3895
36-1-296-6828
49-69-69581-280
49-69-696-89407
49-40-5070-3040/3630
49-511-972-7387
380-44-296-7231
7-095-961-3819
7-095-937-3540
42-02-2056-2648
43-1-7000-75010
48-3912-1370

