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Accidents can  
be prevented  
by proper and 
consistent use 
of barriers.
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by William L. Rankin, Ph.D., Boeing Technical Fellow, 
Maintenance Human Factors, and 
William R. Carlyon, Program Management Specialist, 
Environment, Health and Safety

Open doors, access panels, and hatches on parked 
airplanes can be potential safety hazards for airline 
personnel unaware of the opening. Flight attendants 
and servicing staff have suffered injuries as a result 
of falls through these openings. Investigations of 
these accidents by Boeing indicate that they are 
preventable by proper and consistent use of barriers 
and following airline policies and procedures.

Prior to pushback, flight attendants and servicing 
staff have suffered injuries by falling through 
unprotected airplane doors on all models and 
through internal access panels on 747, 767, 777, 
DC/MD -10, and MD -11 airplanes. On the 747, 
767, and 777 models, this internal access panel is 
known as the electrical/electronics (E/E) bay main 
deck access panel. On the DC/MD -10 and MD -11 
models, this internal access panel, located about 
mid-cabin, is known as the lower galley floor hatch 
or the center accessory compartment access door. 
Injuries can also result from tripping on open floor 
panels, hatches, and doors. This article explains 
these situations, recommends ways to guard 
against these injuries, describes equipment that 
Boeing has made available to operators to address 
these issues, and discusses the role of airline 
policies and procedures in helping to prevent falls.

The dangers of open panels,  
doors, and hatches

Flight attendants and servicing personnel have 
been injured on airplanes prior to departure by 
falling through an open E/E bay main deck access 
panel opening on 747, 767, and 777 airplanes 
(there is no such access panel on the 737, the 
757, or on McDonnell Douglas products). The 
panel is removed from the passenger cabin floor 
and set aside while the opening is left unprotected 
by the mechanic. 

On DC/MD-10/MD-11 airplanes with a lower 
galley, the lower galley floor hatch, as well as the 
center accessory compartment panel, can pose a 
danger if left open and unguarded.

Open, unprotected passenger entry doors on all 
models present another hazard. Many times during 
servicing of airplanes between flights, passenger 
entry doors are left open to allow access by 
caterers and servicing personnel. The danger 

occurs when a catering vehicle or air stairs move 
away from the opening while the door is still open. 
Also, doors are left open in hot weather to cool the 
aircraft interior. In this situation, there is nothing  
to stop someone onboard the airplane from falling  
to the ground through the open door. 

Preventing falls associated with 
the E /E bay main deck access panel

Accidents involving the E/E bay main deck access 
panel can be prevented by following correct proce­
dures. According to the Boeing airplane maintenance 
manuals (AMM), the E/E bay main deck access 
panel is to be used for “access to the E/E bay 
while in flight.” This access is potentially needed  
for extreme emergencies, such as by the cabin crew 
to fight an E/E bay fire. During hangar maintenance, 
the internal access panel may be used by operators 
to accommodate extensive airplane maintenance 
or modification activity. However, the internal 

Protecting Airline
Personnel from Falls



aero quarterly    qtr_04 |  07
20

access panel was never intended for the purpose 
of line maintenance in which flight crew, cabin 
crew, catering personnel, and passengers might  
be endangered. The Boeing AMM maintenance 
procedure does not direct a mechanic into the  
E/E bay using the internal main deck access panel. 
When entry to the E/E bay is needed, the AMM 
maintenance procedure directs the mechanic to 
enter the E/E bay via the external access door. 

To help prevent accidents and injuries related 
to this panel, all 777s now being delivered have  
a hinged, self-closing access panel, and all 747s 
now being delivered have a safety net attached. 
For retrofitting purposes, all three airplane models 
have a hinged, self-closing access panel available, 
and the 747 and 767 models have a safety net 
available. Since 1982, Boeing has released a num­
ber of service bulletins related to methods available 
on the various models to block access to this panel. 
(Please refer to service bulletins Nos. 747-53-2434, 
767-53-0092, and 777-53-0021.)

If an operator elects not to install a self-closing 
access panel or safety net, Boeing recommends 
the installation of an E/E access opening safety 
guard around the exposed opening in the floor  
or the installation of a safety barrier in the cabin 
across the access door panel whenever the panel 
is removed. Examples of safety barriers are shown 
in figures 1 and 2.

During line maintenance on the 747, 767, and 
777 airplanes, Boeing recommends the use of the 
external access door at the bottom of the fuselage 
instead of the internal access door (i.e., E / E bay 
main deck access panel) in order to gain access  
to the electrical equipment bay.

blocking open cabin  
and cargo doors

Passenger and cargo doors should be closed when 
access to the airplane cabin or cargo compart­
ment is no longer needed. Many airlines state  
this explicitly in their policies and procedures.

On occasions when doors are left open 
deliberately, such as to air out an airplane during 
cleaning, steps should be taken to block the door. 
Some operators use a simple strap to provide a 
visual signal that a door is open. However, the 
strap is not designed to stop a fall. Boeing recom­
mends the use of a net any time a passenger or 
cargo door is left open and unprotected. This 
recommendation is also included in the 27th edition 
of the International Air Transport Association’s 
Airport Handling Manual, which became effective 
Jan. 1, 2007. Boeing ground-support-equipment 
safety nets are available for use in cases in which 
the passenger door must be open or whenever  
a passenger door is being replaced.

Floor hatches and panels on  
DC/MD-10, MD-11 airplanes

Operators have reported instances of flight 
attendants inadvertently stepping into an open  
and unguarded floor hatch. In response, warning 
placards have been installed adjacent to main 
deck floor access hatches. If a lower galley is 
installed, these placards are located near the  
lower galley escape hatch, as well as near the 
center accessory compartment access panel.

Boeing recommends that operators further 
protect the safety of their personnel by erecting a 
barricade, such as those shown in figures 1 and 2 
around any open floor access hatch or panel. 

The role of airline policies

If operators elect not to purchase and install the 
recommended hinged access panels or safety 
nets, or choose not to use the recommended 
safety barriers, they should use local procedures  
to provide for the safety of the flight attendants 
and servicing personnel. These procedures include 
specific policies dictating how open floor panels, 
hatches, and doors should be protected. For 
example, an employee can be assigned to guard 
the panel or door while it is open.

summary

Open doors, access panels, and hatches can pre­
sent safety hazards, but falls through them can be 
prevented by proper and consistent use of barriers 
and following airline policies and procedures.

For more information, please contact William L. 
Rankin at william.l.rankin@boeing.com or William 
R. Carlyon at william.r.carlyon@boeing.com. 

EXAMPLES OF 
safety barrierS
Figure 1

Folding manhole guard 
safeguards open manholes 
or areas up to 33 inches 
square. This 42-inch- 
high guard folds to  
33-by-4 inches for easy 
transport and compact 
storage. It has a strong, 
tubular steel frame with a 
yellow powder-coated finish. 

Figure 2 

Highly visible, this four-panel 
barrier alerts everyone in the 
area to the presence of a 
work zone. It features 
durable, lightweight orange 
polypropylene panels. Each 
barrier panel is 30 inches 
high by 34 ½ inches wide. 
Panels have quick-release 
snap hinges for easy setup. 
Two panels can be used 
together as an A-frame 
barricade or two or more 
barriers can be joined 
together to create a larger 
work zone. 
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Door safety nets such  
as these are used on the 
777 during production.

This hinged, self-closing 
E/E bay main deck access 
panel is used during 777 
production. Note that the 
panel is connected to a red 
light, which flashes any time 
the access panel is open.
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CRUISE FLIGHT  
IS THE PHASE 
OF FLIGHT 
BETWEEN CLIMB 
AND DESCENT.
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by William Roberson, Senior Safety Pilot, Flight Operations; 
Robert Root, Flight Operations Engineering; and 
Dell Adams, Flight Operations Engineer

This article is the second in a series exploring fuel conservation strategies.

Fuel Conservation 
Strategies: 
Cruise Flight

A good understanding of cruise flight can not only help crews 
operate efficiently and save their companies money, but can  
also help them deal with low fuel situations. As an additional 
benefit, the less fuel consumed, the more environmentally 
friendly the flight.

This article defines cruise flight, presents various 
cruise schemes, and outlines the effects of wind 
on cruise speed calculations. It also discusses the 
relationship between cruise flight and cost index 
(CI) which was discussed in the first article in this 
series, “Fuel Conservation Strategies: Cost Index 
Explained” in the second-quarter 2007 AERO.

Used appropriately, the CI feature of the flight 
management computer (FMC) can help airlines 
significantly reduce operating costs. However, 
many operators don’t take full advantage of this 
powerful tool. 

cruise flight defined

Cruise flight is the phase of flight that falls between 
climb and descent. The largest percentages of 
trip time and trip fuel are consumed typically in  
this phase of flight. As an aside, unanticipated low 
altitude maneuvering, which also impacts trip time 
and fuel significantly, can often be avoided through 
appropriate cruise planning.

The variables that affect the total time and fuel 
burn are speed selection, altitude selection, and,  
to some degree, center of gravity (CG). This article 
focuses on speed selection.

A number of high-level objectives may influence 
speed selection. These objectives, which depend 
on the perspective of the pilot, dispatcher, perfor­
mance engineer, or operations planner, can be 
grouped into five categories: 

1.	M aximize the distance traveled for a given 
amount of fuel (i.e., maximum range).

2.	M inimize the fuel used for a given distance 
covered (i.e., minimum trip fuel).

3.	M inimize total trip time (i.e., minimum time).
4.	M inimize total operating cost for the trip  

(i.e., minimum cost, or economy [ECON] speed).
5.	M aintain the flight schedule.

The first two objectives are essentially the 
same because in both cases the airplane will  
be flown to achieve optimum fuel mileage.
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Considerations affecting  
cruise strategies

In addition to one of the overall strategic objectives 
listed above for cruise flight, pilots are often forced 
to deal with shorter term constraints that may 
require them to temporarily abandon their cruise 
strategy one or more times during a flight. These 
situations may include:

■	 Flying a fixed speed that is compatible with 
other traffic on a specified route segment.

■	 Flying a speed calculated to achieve a  
required time of arrival (i.e., RTA) at a fix.

■	 Flying a speed calculated to achieve  
minimum fuel flow while holding  
(i.e., maximum endurance).

■	 When directed to maintain a specific speed  
by air traffic control.

possible cruise schemes

There are two theoretical speed selections for  
the cruise phase of flight. The traditional speed is 
long-range cruise (LRC). LRC speed is interrelated 
with maximum-range cruise (MRC) speed, which is 

the speed that will provide the furthest distance 
traveled for a given amount of fuel burned and the 
minimum fuel burned for a given cruise distance. 

LRC has been historically defined as the speed 
above MRC that will result in a 1 percent decrease 
in fuel mileage in terms of nautical miles per 
kilogram or pound of fuel burned. The classic text, 
Aerodynamics for Naval Aviators, revised in 1965, 
states: “Most long-range cruise operation is 
conducted at the flight condition which provides 
99 percent of the absolute maximum specific 
range. The advantage is that 1 percent of range  
is traded for 3 to 5 percent higher cruise velocity. 
Since higher cruise speed has a great number of 
advantages, the small sacrifice of range is a fair 
bargain.” This concept is graphically illustrated  
in figure 1.

 Because fuel is not the only direct cost associ­
ated with a flight, a further refinement in the speed 
for most economical operation is ECON speed, 
based on the entered CI. This speed, which includes 
some tradeoffs between trip time and trip fuel, is 
based on an estimation of the time-related oper­
ating expenses that are specific to each airline’s 
operation. CI is defined as the ratio of time-
dependent costs to fuel costs.

CI=

Time cost ~ $/hr

Fuel cost ~ cents/lb

long-range cruise and cost index

The relationship between LRC speed and ECON 
speed is different for each Boeing airplane model. 
As stated, LRC is based on a 1 percent penalty on 
fuel mileage, while the ECON speed uses CI as an 
input that is based on a more detailed accounting 
of actual costs. However, it is possible to derive a 
CI for normal cruise conditions that approximates 

Pilots are often forced to deal with 
shorter-term restraints that may 
require them to temporarily abandon 
their cruise strategy one or more times 
during a flight.
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cruise mach number

MRC: Mach .826

1% Penalty
LRC: Mach .840

REPRESENTATIVE 
COMPARISON OF MRC  
AND LRC
Figure 1

Modern flight management 
systems automatically adjust 
LRC speed throughout cruise 
for weight change due to  
fuel burn, as well as changes 
in cruise altitude.
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LRC in terms of the cruise speed that results. 
Figure 2 shows the approximate relationship for 
Boeing commercial airplanes.

It is very important to note that the LRC speed 
is almost universally higher than the speed that 
will result from using the CI selected by most 
carriers. If faced with a low fuel situation at 
destination, many pilots will opt to fly LRC speed 
thinking that it will give them the most miles from 
their remaining fuel. As shown in figure 2, the  
best strategy to conserve fuel is to select a very 
low cost index, with zero providing the maximum 
range. Any pilot can easily demonstrate this during 
cruise flight by inputting different CIs into the  
FMC and comparing with LRC by observing the 
predicted fuel at destination.

effects of wind on cruise speed

In addition to more accurately optimizing costs, 
there is one other benefit of flying ECON instead  
of LRC with most Boeing airplanes. The LRC speed 
calculated by the FMC is typically not adjusted for 
winds at cruise altitude but the ECON speed is. As 
a result, LRC is ideal only for zero wind conditions, 
while the ECON speed is optimized for all cruise 
wind conditions.

For example, in the presence of a strong 
tailwind, the ECON speed will be reduced in  
order to maximize the advantage gained from  
the tailwind during the cruise. Conversely, the 
ECON speed will be increased when flying into  
a headwind in cruise to minimize the penalty 
associated with the headwind (see example  
in fig. 3). 

the relationship between 
operating costs and cost index

If fuel prices increase relative to other costs, a 
corresponding reduction in CI will maintain the 
most economical operation of the airplane. If, 
however, an airline experiences rising hourly costs, 
an increase in CI will retain the most economical 
operation. In either case, the changing CI will 
result in changes to the cruise speed calculated  
by the FMC. Even calculating a cost index based 
on approximate time costs and flying ECON speed 
can yield significant cost benefits to the airline.

To be used most effectively, CI should be based 
on a comprehensive evaluation of an operator’s 
specific operating costs. For this reason, flight 
crews typically receive a recommended CI value 
from their flight operations department, and it is 
generally not advisable to deviate from this value 
unless specific short-term constraints demand it.

summary

In order for flight crews to achieve optimum cruise 
operation, it is necessary to first understand the 
flight’s strategic objectives, and then to select the 
cruise speed that best meets these objectives. It is 
equally important to recognize that real-world situ­
ations may result in the need for deviations from 
the overriding strategy. Appropriate use varies with 
each airline, and sometimes even for each flight. 

Boeing Flight Operations Engineering assists 
airlines’ flight operations departments in computing 
an accurate CI that will enable them to minimize 
costs on their routes. For more information, please 
contact FlightOps.Engineering@boeing.com. 
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ECON Cruise Mach

COST INDEX 100 KT TAILWIND ZERO WIND 100 KT HEADWIND

0 0.773* 0.773 0.785

80 0.787 0.796 0.803

Max** 0.811 0.811 0.811

RELATIONSHIP OF  
COST INDEX TO  
LRC FOR BOEING 
AIRPLANES 
Figure 2

The LRC-equivalent cost index 
varies for different airplane 
models and engines.

*FMC will not slow down below still air CI=0 ECON speed. 

**At maximum CI, FMC will fly at envelope limit in all wind conditions.

ECON SPEED IS 
OPTIMIZED FOR 
CRUISE WIND 
CONDITIONS
Figure 3

Entered Cost Index (CI)

Airplane Model MRC Typical airline 
CI values

Approximate LRC 
equivalent

717 0 40 to 60 70

737-3/4/500 0 5 to 25 25

737-6/7/800 0 10 to 30 35

757 0 15 to 50 85

767 0 15 to 55 70

777 0 90 to 150 180

MD-11 0 80 to 120 200

747-400 0 25 to 80 230

Higher cruise  
mach number

Better fuel 
mileage
(nautical miles per 
kilogram)

MRC
Typical airline
CI values

LRC



In memoriam: 
Al Lloyd

A man who loved airplanes and firmly believed that 
going the extra mile for a customer was just the 
way we do business at Boeing, Alwyn “Al” Lloyd 
passed away Tuesday, May 29, 2007.

Al was a top-notch engineer with an 
encyclopedic knowledge of Boeing products, a 
combination that proved invaluable when he was 
editor of the Boeing Airliner (predecessor of AERO) 
and more recently as a senior service engineer for 
Boeing Commercial Aviation Services and a 
member of the Boeing Corporate History Council. 

Al’s motto of “we do the difficult immediately 
but the impossible may take a bit longer” endeared 
him to the airline customers that he supported and 
helped to keep those customers loyal to Boeing. 

Outside of his work at Boeing, Al was a highly 
respected aviation historian and very successful 
author to a worldwide audience of aviation profes­
sionals, enthusiasts, historians, and modelers. 

Al served in the U.S. Air Force and was a 
former president of the Air Force Association.  
He wrote many books and articles on Air Force 
history including a comprehensive history of  
the Strategic Air Command, A Cold War Legacy, 
which is considered to be the best history of that 
famous organization. 

Al’s enthusiasm for aviation and dedication to 
Boeing and its customers will be greatly missed. 

— �Michael Lombardi, Boeing Corporate Historian
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