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DISCLAIMERS

The findings in this report are not to be construed as an official Depart-
ment of the Army position unless so designated by other authorized
documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data is not to be regarded by impli-
cation or otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission, to manu-
facture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of the use of such commercial hardware or software.

DISPOSITION INSTRUC TIONS

Destroy this report when no longer needed. Do not return it to the
originator,
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This report was prepared by Dynamic Science (The AvSER Facility),
a Division of Marshall Industries, under the terms of Contract
DAAJ02-69-C-0030.

The purpose of this effort was to analyze and study existing air-
craft fuel systems and to develop design criteria to assist aircraft
designers in incorporating crashworthy features into fuel systems.

tight U. S. Army aircraft fuel systems were studied by the contractor,
and ‘he characteristics of these systems are summarized in tabular
forni, Checklists of design criteria are also provided for use in
determining the crashworthiness of new fuel system designs.

The program was conducted under the technicai management of
Mr. H. W. Holland, Safety and Survivability Division.
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ABSTRACT

Comprehensive design criteria for crashworthy aircraft fuel
systems were developed from the design philosophies of the

U. S. Army and several aircraft manufacturers, as well as from
Dynamic Science's extensive experience in the development and
testing of crashworthy fuel systems. Eight aircraft fuel sys-
tems currently in the U. S. Army inventory were analyzed, and
unsatisfactory areas in regard to crashworthiness were deter-
mined. Most of these areas were common to the majority of the
aircraft studied. Recommendations for improving the crash re-
sigstance of these hazardous areas were proposed.
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INTRODUCT ION

The high incidence of postcrash fires in U. S. Army aircraft

has resulted in a disproportionate loss of personnel and equip-

ment. As part of a continuing effort to reduce personnel and
equipment losses, the U. S. Army has sponsored a crash fire
research program at the AvSER Facility of Dynamic Science for
the past eight years. During this period, many concepts and
new methods of crash fire prevention have been conceived, fab-
ricated, and then tested extensively on a component, system,
and full-scale basis. One of the most significant test series
culminated in a successful full-scale crash test of a UH-1A
helicopter containing a modified crashworthy fuel system.

Many of these modifications are now incorporated in the crash-
worthy fuel systems being installed in production models of
the UH-1D/H helicopter.

Current recommendations in Chapter 8 (Postcrash Fire) of the
Crash Survival Design Guide* incorporate much of the improved
technology and criteria developed by Dynamic Science and other

equally concerned agencies. However, no formal design criteria

have been available to specifically assist the aircraft de-
signer in incorporating crashworthy features into aircraft
fuel systems. To fulfill this need, Dynamic Science, under
Contract DAAJ02-69-C-"030, has developed design criteria for
an optimum crashworthy fuel system based on analyses of exist-
ing systems and optimization of design philosophies.

This report presents the design criteria in design handbook

form and provides the designer with the necessary background
to design a crashworthy fuel system. Inasmuch as in-flight

and crash fire protection overlap, many in-flight fire pro-

tection design criteria have also been included.

The program background and source effort and the design cri-
teria are presented herein in the following sequence:

1. Approach to the Problem: A brief account of the
source data and the approach taken for development of
the design criteria.

2. Fuel System Design Criteria: These criteria are
practical and usable within state-of-the-art tech-
nology and incorporate performance, reliability,
safety, and maintainability considerations throughout.

*Crash Survival Design Guide, USAAVLABS Technical Report 70-22,
U. S. Army Aviation Materiel Laboratories, Fort Eustis,
Virginia, August 1969.
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3. Design Criteria Checklists: Individual checklists
are provided for the major design considerations:
e.g., materials; tank location, compartments, con-
struction, outlets, fittings, and mounting; fueling;
etc. These enable the designer to quickly evaluate
his design against the criteria to insure compliance
of the final design with crashworthy standards.

4. Analyses Of Aircraft Fuel Systems: Detailed analyses
of the fuel systems of eight existing U. S. Army air-
craft are presented. These are:

Rotary-Wing Fixed-Wing

Oi-58A ov-1

OH-6A

UH-1C/M

UH-1D/H

aa

AH-1G

CH-47C

CH-54

5. Summary And Conclusions: The characteristics of the
eight systems analyzed are summarized in tabular for-
mat. Commonalities and differences between systems/
aircraft are discussed, and the influence of these
distinctions on design are analyzed.

6. Recommendations: Specific design action that must be
taken to make fuel systems crashworthy is recommended.




APPROACH TO THE PROBLEM

Army operations and maintenance requirements, aircraft company
design manuals and philosophies, and specific aircraft designs
were used as data for this project. The data were examined in
detail along two concurrent paths to determine (1) present de-
sign philosophies and (2) representative fuel systems now in
use.

Eight representative fuel systems now in use were separated
into specific subsystem categories. These subsystems were
analyzed and those that were satisfactory were so noted. Solu-
tions using the optimum design philosophy generated during this
project were proposed for those subsystems deemed unsatis-
factory.

The results of this study were used to formulate design cri-
teria for crashworthy aircraft fuel systems.
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FUEL SYSTEM DESIGN CRITERIA 3

INTRODUCTION

Prevention of in-flight fire has long been of concern to air-
craft designers and manufacturers. Criteria for the preven-
tion of in-flight fires are included in most aircraft system
design manuals. Although the need for postcrash fire safety
has also been recognized, few design criteria have been avail-
able which help prevent postcrash fires.

The following criteria emphasize the crashworthiness aspects
of fuel system design but also include many in-flight fire
safety design criteria. These criteria are presented to aid
the designer in designing fire safety features into the air-
craft during the initial design phase, thus preventing costly
and time-consuming production line changes and retrofit pro-
grams. The criteria are presented here in design handbook
form. This allows the reasons for the criteria to be ex-
plained and thus gives the designer the full background that
he needs to properly design a complete crashworthy fuel system.

Checklists of the design criteria are presented in a later
section. These checklists are furnished to enable the designer
to rapidly assess the criteria that must be considered in the
original design, as well as to provide a convenient form with
which to check the design against the criteria after the de-
sign is formalized.

GENERAL DESIGN FACTORS

The following discussion summarizes the general factors that
must be considered in fuel system design. These factors are
attainable only to the extent allowed by the detailed design
of the specific aircraft system involved. The applicable
specifications for the specific aircraft should be used as a
basis for determining the practical extent to which these
factors may be attained.

Performance

The primary factor to be considered in fuel system design is :
the performance required of the aircraft. The system must be .
designed to allow the aircraft to accomplish the mission for
which i1t is intended and to operate successfully during all re-
quired operational modes of the aircraft.

Not only must each component be designed to fulfill its pur-
pose in the operation of the aircraft, but the interactions of
components among themselves to form the system must also be
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carefully considered. Any interface of the fuel system with
other aircraft systems, such as the propulsion unit, must be
examined critically to insure successful accomplishment of the
aircraft's mission. Thus, complete performance parameters
must be delineated so that the system may be successfully de-
signed to function throughout the whole operational spectrum.

Reliability

The fuel system must be designed so that it will perform its
intended function under specified conditions without failure
for a specified period of time.

The fuel system as a whole, as well as all fuel system com-
ponents, must be designed to function under all environmental
and operational conditions which might be encountered during
the entire flight envelope of the aircraft. Factors which
must be considered are temperature extremes, vibration, shock,
acceleration, moisture, sand and dust, icing, pressure and
pressure extremes, and atmospheric electricity. Careful
choice of materials and care in the design can often enable
the fuel system to withstand the environment. If this is not
possible, then the environment must be controlled to within
tolerable limits. In addition, care must be taken to insure
that all materials used in the system are compatible with the
fuel being used in the aircraft.

Redundancy, in which a duplicate or alternate system or com-
ponent is provided to take over if the primary element fails,
may be used where increased reliability is necessary. This
concept is especially valuable in combat aircraft which are
exposed to ballistic environments. When it is not practical
to protect the fuel system components by armor, redundancy
provides a method of circumventing ballistic vulnerability
which could lead to the failure of a mission or the loss of an
aircraft.

Human factors must also be taken into account in designing re-
liability into a system. Minimum demands should be made on
the skill and training necessary to operate, maintain, or re-
pair a system. Components should be designed so that they are
incapable of being reversed or otherwise wrongly installed in
the system, if such reversal or installation could lead to
failure of the system to perform its function.

Safety

Many hazardous areas in a system can be eliminated by applying
a system safety approach during the design phase. Although
reliability contributes to system safety by decreasing the

971




probability of component/system failure, safety analysis tech-
nigques can lead to reduced hazard levels once a failure occurs.

Hazard level reduction is especially important in respect to
fuel system design because of the catastrophic effects of in-
flight or postcrash fires. Fuel should be located as far as
possible from occupiable areas and ignition sources. The fuel
system should be designed to completely contain the fuel during
all survivable crashes regardless of aircraft orientation or
structural deformation.

Maintainability

The system and its components should be designed so that a
minimum amount of time, skill, and special tools are required
to maintain or repair these items. A simple design is pre-
ferable to a more complicated one, not only from a maintenance
standpoirt but also from a reliability standpoint. Components
should be easily accessible wherever possible consistent with
in-flight and postcrash fire safety. If possible, the compo-
nents should be arranged so that another component will not
have to be removed in order to get to the desired component
for maintenance and/or repair.

GENERAL FUEL SYSTEM DESIGN

Performance

The fuel system should be designed to function satisfactorily
under all possible operating conditions and attitudes of the
aircraft. Factors which must be considered are maximum alti-
tude capabilities, maximum operation range, maximum rates of
climb, relative location of tanks with respect to the power
plants, engine fuel flow consumption and pressure demands,
accessory fuel flow requirements such as cabin heaters or de-
icing devices, and special environmental requirements such as
repeated use under extreme hot or cold climatic conditions.

System Design

Keep the fuel system in the aircraft as simple as possible so
that a minimum amount of effort is required on the part of
operating and maintenance personnel. Keep the number of fuel
tanks to a minimum, although it is desirable to use one tank
for each engine in multi-engine aircraft. If a single fuel
tank is used on a multi-engine aircraft, independent tank out-
lets should be provided for each engine, and the system from
each tank outlet to any engine should be independent of the
system supplying fuel to any other engine.
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Design the fuel system for multi-engine aircraft so that it is
possible to fuel any engine from any tank, if necessary. The

system should also be designed so that it would be possible to

cut off fuel flow to any one engine or combination of engines
without affecting the fuel flow to the remaining engines.

Materials

Material selection for fuel system components should conform
to MIL-F-8615. It should be noted that this specification
prohibits the use of magnesium in fuel system components.

This specification also stresses that all materials that are
selected for use in the fuel system must be compatible with

the intended fuel and also compatible with each other. Dis-
similar metals in contact with each other should be avoided.

In addition, the materials should exhibit resistance to de-
teriorating influences such as shock, vibration, abrasion,
temperature changes, and oxidation. If the metals used in the
components are not inherently corrosion resistant, they should
be treated so as to make them resistant to corrosion. Insula-
tion used in compartments or areas containing fuel tanks or
lines should be of a nonabsorbent material so that fuel cannot
be retained in or under it.

Component Location

Avoid locating fuel system components and lines in compart-
ments or areas where a single malfunction such as leakage can
cause ignition. All compartments containing fuel system com-
ponents with potential leakage should be drained and venti-
lated.

Fuel system components and lines should be located below and

away from ignition sources. Fuel lines and electrical wiring
should be located so that no contact could be made between a

broken electrical wire and the fuel line.

Fuel system components should be located where direct impacts
with the earth are impossible in a crash environment. 1In
addition, the components should be located so that they are
protected as much as possible from ballistic hits.

DETAILED FUEL SYSTEM DESIGN

Fuel Tank Location

Fuel tank location should be carefully considered during the
initial design phase of the aircraft. Although the size and




configuration of the specific aircraft will influence the lo-
cation of the fuel tank, the designer should use whatever
latitude he has to locate the fuel tank in the safest possible
location.

For in-flight as well as crash fire safety, avoid locating
fuel tanks in engine compartments, electrical compartments, or
any location where spilled or misted fuel could readily be in-
gested into the engine or ignited by the engine exhaust. Do
not locate fuel tanks over the engine compartment or over the
tailpipe or afterburner section.

The fuel tanks should be located as far as possible from the
engine, electrical, and passenger compartments. If the fuel
tank must be located near the firewall, there should be at
least 1/2 inch of ventilated and drained space between the
fuel tank and firewall.

Locate fuel tanks with the widest lateral clearance possible
from the plane of the propeller or the turbines to prevent
penetration of the fuel tank from failed propeller blades or
bucket fragments.

Some areas in the aircraft are more prone to lightning strikes
than other areas. Avoid these areas for fuel tank installa-
tion. Since areas of extremities are prone to lightning pene-
tration, fuel tanks should not be installed in these extremi-
ties; for example, the fuselage nose or the wing tip.

Crashworthy considerations dictate that the fuel tanks be lo-
cated so that maximum protection is provided in the event of
crash impact. For this reason, fuselage tanks should be lo-
cated as high as possible in the structure, away from the
bottom of the fuselage. Do not locate fuel tanks where a
collapsing landing gear may puncture them, Avoid locating
tanks under heavy masses such as transmissions and engines
which could be torn loose during a crash and crush the fuel
tanks.

Wing tanks should not be located in the wing leading edges or
in the wing root section as these areas are prone to severe
damage during crash impact. Wing tanks should be located be-
nind heavy spars to provide maximum protection.

Fuel Tank Compartments

Isolate fuel tanks in compartments with a liquid- and vapor-
tight seal to keep fuel and fuel vapor from electrical equip-
ment, engines, and occupants in case of leakage. These com-
partments should be drained and ventilated so that any leakage
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will exit through the drains rather than into other compart-
ments. The drains should be at least 1/2 inch in diameter and
located so the effluent cannot enter the exhaust wash or will
not be within 5 feet of an exhaust outlet.

The inside of the compartment should be as smooth as possible,
with stiffeners, hat sections, and stringers being kept to an
absolute minimum. Passage of a projectile thrcugh structural
members causes them to "flower" during a ballistic hit with
the attendant possibility of puncturing the fuel tank.

Fuel Tank Shape

! During a crash, the fuel tank must be allowed to displace with
: the aircraft structure rather than be snagged and torn by the
displacing structure. This ability depends greatly on the
shape of the tank, and smooth regular shapes are much pre-
ferred to irregular shapes. Avoid protuberances in the tank;
for instance, the sump area should be gradually contoured into
the tank bottom instead of projecting sharply below the tank.
Avoid tanks composed of several rigidly interconnected cells,
as these cells cannot displace relative to each other. Use a
‘minimum corner radius of 1 inch to preclude high stress loads
at the corners of the tanks during crash impact.

Fuel Tank Construction

Fabricate all fuel tanks from flexible crash-resistant material
conforming to the requirements of MIL-T-27422B.

Fuel Tank Mounting

A common method of fuel tank failure during crash impact is
the tearing out of fuel tank fittings which are rigidly bolted
to the aircraft structure. Frangible attachments or frangible
bolts must be used at all attachment points between the fuel
tanks and aircraft structure to prevent this type of failure.
Figure 1 shows some examples of various frangible attachments.

The load required to separate a frangible attachment from its
support structure shall be between 25 and 50 percent of the
load required to fail the weakest component in the attached
system. To prevent inadvertent separation during flight and
maintenance operations, the attachment separation load shall
be greater than all operational and service loads at the
frangible attachment location. Careful analysis must be con-
ducted on each aircraft fuel system to determine the probable
failure loads of the system so that frangible attachment
breakaway loads may be determined. A sample breakaway load {
calculation is given in Figure 2. In addition, the frangible
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AIRCRAFT
STRUCTURE

FRANGIBLE BOLT

TANK WALL

‘METAL TANK FITTING

CRITICAL
FLANGE
AREA

AIRCRAFT
STRUCTURE

Frangible Bolt Concept

TO ENGINE @

. <«—BOOST
/-‘" PUMP
ATRCRAFT

STRUC- EEEE

X
FRANGIELE ";TO AIRCRAFT
HOOP

Frangible Hoop Concept

——AIRCRAFT STRUCTURE

FRANGIBLE
RING-TO-A/C +—TANK
STRUCTURE
BOLT bt—NUT RING
CAP RETENTION RING
FRANGIBLE RING
CAP an

FRANGIBLE
RING-TO~-FUEL
TANK BOLT

POINTS
TO AIRCRAFT
Frangible Ring Concept

Figure 1. Typical Frangible Attachments for Installing
Fuel Tank Components.
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TANK WALL

AIRCRAFT
STRUCTURE
METAL TANK FITTING

FRANGIBLE BOLT

| ———= CRITICAL
FLANGE
AREA
{—
l AIRCRAFT
STRUCTURE
i ITEM LOWEST FAILURE LOAD (LB)* FAILURE MODE
Aircraft
Structure 4000 Shear
Tank Fitting 3000 Pull oOout of Tank
Flange 5000 Shear
Frangible Bolt Not more than Break
3000 _ 1500 (Tension-Shear)
{ 2
Not less than
3000 _ 750
*Loads may or may not be representative; values are for explana-
tory purposes only.

Figure 2. Sample Frangible Attachment Separation
Load Calculation.
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attachments should separate whenever the required load is
applied in the modes most likely to occur during crash impact.
These loads, whether tension, shear, compression, or combina-
tions thereof, must be determined for each attachment by ana-
lyzing the surrounding aircraft structure and probable impact
forces and directions.

Fuel Tank Fittings

The number of fuel tank fittings should be kept to a minimum,
as each fitting is a potential leakage area. In addition, the
fittings are hard points in the fuel tank, preventing the fuel
tank from rearranging its shape in these areas during crash
impact.

Fuel tank fittings should be located as high as possible in
the fuel tank, preferably at the top since this is the most
protected area of the tank during crash impact. In addition,
fittings which are located above the fuel level of the tank
will not be subject to leakage. The incorporation of as many
fittings as possible, such as filler caps, vents, gage units,
outlets, etc., in one area is advantageous not only from a
crashworthy viewpoint but also from a servicing viewpoint.

To take advantage of the inherent strength of the crashworthy
fuel tank materials, the metal inserts in the tank wall should
have a pullout strength of not less than 80 percent of the
ultimate strength of the tank wall. MIL-T-27422B gives de-
tails of this requirement.

Fuel Tank Outlets

Self-sealing breakaway valves, which will separate and seal
each half during excessive crash loads, should be used at all
fuel-tank-to-fuel-line connections and at all tank-to-tank
interconnects. These valves should be recessed into the tank
so that the tank half does not protrude outside the tank wall
more than 1/2 inch after valve separation. In addition, the
shape of the tank half should be basically smooth to avoid
snagging on adjacent structure or cutting the tank wall.

The load required to separate the breakaway valve must be able
to meet all operational and service loads of the aircraft but
should be between 25 and 50 percent of the load required to
fail the weakest component in the attached system, Figure 3
illustrates a sample breakaway load calculation.

The valve should separate whenever the required load is applied

in the modes most likely to occur during crash impact. These
modes, whether tension, shear, compression, or combinations
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HOSE END
COUPLING

FLEX HOSE

AIRFRAME STRUCTURE

TANK

METAL TANK FITTING

BREAKAWAY VALVE

FRANGIBLE SECTION
1 ’_' o = |
ITEM LOWEST FAILURE LOAD (LB)* FAILURE MODE
Flex Hose 3000 Tension Breakage
Flex Hose 1500 Pull Out of End
Fitting
Tank Fitting 7500 Pull Out of Tank
Hose End Coupling 1650 Break (Bending)
Breakaway Valve 2500 Pull Out of Tank
Fitting
Breakaway Valve Not more than Break at Frangible
1500 _ Section
=== 750
Not less than
1500 _ 375

*Loads may or may not be representative; values are for explana-

tory purposes only.

Figure 3. Typical Method of Breakaway Load Calculation
for Fuel Tank to Line Breakaway Valve.
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thereof, must be determined for each aircraft by analyzing the
surrounding aircraft structure and probable impact forces and
directions.

All breakaway valves should incorporate positive provisions
for ascertaining that the valve halves are locked together
during normal installation, service, and maintenance inspec-
tions.

Electrical Equipment in Fuel Tank Compartments

The number of electrical components and amount of wiring in the
fuel tank or the fuel tank compartment should be kept to an
absolute minimum.

All electrical equipment and all metal lines within the tank
connected to electrical equipment, regardless of size, should
be grounded. All electric wires and equipment in fuel tanks
should be designed with the highest degree of protection
against sparking, arcing, or overheating under normal operating
conditions and during maintenance.

All electrical wiring going through the fuel tank compartments
should be shrouded to prevent arcing and also to help protect
the wires against cutting during crash impact. Wiring in the
fuel tank area should not be near the bottom of the fuselace
where it would be subject to crash damage.

Route the wires above the tank if possible. 1In addition, the
wires should be 20 to 30 percent longer than necessary to
accommmodate structural displacement due to crash impact. This
extra length may be in the form of loops or bends in the wires.

Fueling ’
]

Design fuel inlets and tanks to prevent or minimize sloshing,
thus precluding the buildup of static electricity. A ground-
ing point for connection of a grounding wire from the refuel-
ing vehicle should be provided on the aircraft. Filler open-
ings should be located so that fuel vapors cannot be directly
ingested into the engine intake during "hot" refueling opera-
tions.

Fuel Line Construction

All fuel lines should consist of cut-resistant flexible hose
since rigid aluminum tubing is easily crushed or broken during
crash impact. This includes fuel lines to the pressure trans-
mitters, as failure of these lines can cause large quantities
of flammable fluids to leak into the nacelle or power plant
compartment.

14
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All fuel system hose assemblies should meet or exceed the re-
quirements of MIL-H-58089. 1In addition; the hose assemblies
must meet or exceed the cut resistance, tensile strength, and
hose fitting pullout strength of those assemblies already qual-
ified to MIL-H-58089. Cut hoses and clamps are unacceptable
for use in the fuel system.

Hoses carrying fuel in or close to potential fire zones, such
as engine compartments, must be capable of withstanding a
temperature of 2000°F for 5 minutes without leakage. Fittings
must also have an equal resistance to fire.

The above requirements for flexible hose and fire resistance
also apply to vent and drain lines unless a failure of such
lines and fittings will not contribute to the fire hazard.

Fuel Line Fittings

Design fuel system lines with as few fittings as possible.
Wherever possible, an uncut hose should be run through a bulk-
head opening rather than being attached to the bulkhead with
rigid fittings. The line may be stabilized at the bulkhead by
means of a frangible panel or structure as discussed next
under Fuel Line Support. However, self-sealing breakaway
valves must be used whenever a line goes through a firewall so
that a liquid-tight seal will be maintained at all times.

All fittings must be designed to assure 100-percent reliability
of the structural integrity of the joint. The joint must be
leakproof throughout the environmental range of its application
and must be designed so that critical torque techniques are not
reguired for proper installation.

Insure that hoses do not pull out of their end fittings nor the
end fittings break at less than the loads specified in Table I.
This will probably require the use of steel fittings for hose
end fittings of 3/8-inch I.D. or less.

Self-sealing breakaway valves should be used at all points in
the fuel lines where aircraft structural deformation could lead
to line failure. These breakaway valves must be able to meet
all operational and service loads of the aircraft, but they
should separate at a load between 25 and 50 percent of the load
required to fail the weakest component in the system. Figure

4 illustrates a separation load calculation for an in-line
breakaway valve. Table I provides the necessary data for
calculating these loads.
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TABLE I. REQUIRED MINIMUM AVERAGE AND INDIVIDUAL LOADS
FOR HOSE AND HOSE-END FITTING COMBINATIONS :
Tension Load (1lb) Bending Load (1b) :
Hose End Fitting | Minimum Minimum Minimum Minimum
Fitting Type| Size Average | Individual | Average | Individual
Load* Load Load* Load ?
STRAIGHT -4 600 475 425 400
Tension = -6 700 575 425 400
6 -8 900 650 650 600
-10 1450 1175 675 625 j
Bending = ]
-12 1775 1475 950 850 4
;:) -16 2125 1825 1425 1300 ?
=20 2375 2075 1550 1425 ;
90° ELBOW -4 600 475 425 400
Tension = -6 700 575 425 400 ]
gis -8 900 650 450 400 ]
-10 1450 1175 475 425 3
Bending = -12 1775 1475 500 450 ]
-16 2125 1825 775 700 J
m@f -20 2375 2075 1100 1000 ’
*Minimum of three tests

In addition, the breakaway valve must scparate whenever the
required load is applied in the modes most likely to occur
during crash impact. These modes, whether tension, shear,
compression, or combinations thereof, must be determined for
each valve by analyzing the surrounding aircraft structure and
probable impact forces and directions.

All breakaway or quick-disconnect valves shall incorporate
positive locking provisions and a simple method for ascertain-
ing that the valve is locked together during installation,
service, and inspection.
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HOSE END

FRANGIBLE
SECTION

TUBE ELBOW
FITTING

STANDARD

AN FITTIN
LOWEST FAILURE LOAD
ITEM (LB) * FAILURE MODE
Flex Hose 3000 Tension Breakage
Flex Hose 1500 Pull Out of End
Fitting
Hose End Fitting 1650 Break (Bending)
Standard AN Fitting 1700 Break (Bending)
Tube Elbow Fitting 900 Break (Bending)
Component Structural Pull Out of
Attachments 4500 Structure
Breakaway Valve Not more than Break at Fran-
900 _ 450 gible Section
2
Not less than
900
= = 225
*Loads may or may not be representative; values are for
explanatory purposes only.

Figure 4. Typical Breakaway Load Calculation for
In-Line Breakaway Valve.

Fuel Line Support

Provide adequate fuel line support so that lines do not deflect
out of position as a result of internal pressure or as a re-
sult of aircraft maneuvers. Provide sufficient clearance to
prevent chafing against structure or other components. Where
chafing cannot be avoided, such as against bulkheads or other
structures, clamp the line to the structure.
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Care should be taken in the design of the line supports to
prevent chafing or cutting of the fuel line. Do not use un-
lined metal clamps of any type. The fuel line supports should
be frangible, either by nature of the material used or by de-
sign, so that the supports will release the hose during crash
impact, thus allowing the hose to move with the deforming air-
craft structure. The frangible clamp breaking load must be
high enough to meet all operational and service loads but
should be less than 50 percent of the load required to fail
the weakest link in the system to which the clamp is attached.
The required breakaway load for the frangible clamp supports
is calculated in the same manner as for the frangible bulkhead
panels (see Figure 5).

When an uncut hose is run through a bulkhead, the opening in
the bulkhead should be several times larger than the hose
diameter, with the hose stabilized by a frangible panel or
structure as shown in Figure 5. The frangible panel must be
able to sustain all flight loads but should fail before crash
loads can be transmitted to another part of the system and
cause failure. A sample failure load calculation is shown in
Figure 5. The frangible panel and large opening will allow
the hose to deform during crash impact rather than transmit
failure loads to the other components in the system.

Do not use fuel lines for the support of any other line or
component. Design fuel lines so that components whose weight
can impose adverse stress on the lines are supported from the
structure rather than from the lines.

Fuel Line Routing

Route all fuel lines as directly as practicable considering
vulnerability, accessibility, and structural obstructions.
However, to accommodate structural displacement during crash
impact, hoses should be 20 to 30 percent longer than necessary,
if this is possible without creating low points in the fuel
system. Vapor traps must be eliminated by removing all line
bends or slope changes that produce isolated high spots in the
supply system. Insure that hose length is consistent with the
bend radius as called out in the specification for the par-
ticular type of hose being used. Also, insure that installed
flexible hose connections are not under tension, compression,
or shear stress.

Fuel lines exiting the fuel tank should be grouped together

and located in one centralized location. This location should
be in the least vulnerable area of the tank from the standpoint
of anticipated crash loads and structural deformation.




CONTINUOUS
HOSE

GROMMET

RIGID
BULKHEAD

DOUBLER RING

®0

AIRFRAME
RIGID
BULKHEAD

FRANGIBLE MATERTAL

FRANGIBLE BAFFLE

END FITTING

ITEM LOWEST FAILURE LOAD (LB)* FAILURE MODE
Rigid Bulkhead 4000 Bearing
Flex Hose 3000 Tension Breakage|
Flex Hose 1500 Pull Out of End
Fitting
End Fitting 1750 Bending
Frangible Baffle Not more than Bearing
1500 _
5 = 750
*Loads may or may not be representative; values are for explana-
tory purposes only.

Figure 5. Hose Stabilizing by Bulkhead Frangible Panel.
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The number of fuel lines in the engine compartment should be
kept to a minimum. When more than one line enters the engine
compartment, the lines should be grouped together and pass ]
through the firewall in one protected location.

Route fuel lines along heavier basic structural members wher-
ever possible. This affords line protection from possible
ballistic hits as well as from crash damage. Route as much of
3 the line as possible through the fuel tanks to minimize fuel

[ losses and fire from combat damage or fitting failure as well
as to protect the line from structural deformation during
crash impact.

Do not route fuel lines through occupiable areas. If fuel
lines must be routed through cargo or equipment stowage areas,
use fire-resistant conduits and cover them so that they cannot
be damaged by movement of cargo.

Avoid routing fuel lines through areas where crash deformation i
is likely. Whenever possible do not route fuel lines in the

following areas: near the bottom of the fuselage, over land- !
ing gears, under heavy masses such as transmissions, in the

leading edges of wings, in anticipated areas of rotor blade

impact, in wing root areas, or in any other anticipated areas

of large structural displacement unless self-sealing breakaway
couplings are incorporated in the lines.

Route sensing lines, drain lines, or any other line which can
be sensitive to water collection and freezing away from the
skin or other areas which can become extremely cold or hot at
high altitude. 1If routing protection cannot be provided, con-
sider using heaters and/or insulation.

p—

Route fuel lines so that no lines pass unnecessarily close to
components of the exhaust system or to high-temperature heating
ducts. If this is unavoidable, insure that the lines are pro-
tected against these high temperatures by the hose material
itself or by insulation. Do not use insulation materials that ;
will absorb liquids in case of fuel spillage.

Do not route fuel lines through electrical compartments. Fuel ?
lines should be routed as far from all electrical equipment as '
practicable. Electrical wiring and fuel lines should be kept
as far apart as possible, preferably on opposite sides of the
aircraft compartment. If this is not possible, the fuel 1lines
should be routed below the electrical lines to insure that fuel
leakage frcm ballistic hits or fitting failure cannot come in
contact with electrical wiring. This also insures that spilled
fuel will not contact electrical wires during a crash as long
l as the aircraft remains in an upright or semi-upright position.
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Fuel Boost Pumps

Fuel boost pumps are used to deliver the necessary amount of 3
fuel at the desired pressure to the engines. Two general 3
types of systems are in use: (1) a suction system where the ;
pump is mounted on the engine and pulls the fuel up to the 1
engine, as in the CH-53 helicopter, and (2) a pressure system
where the pump is mounted in the fuel tank or line and the :
fuel is pumped up to the engine under pressure. f

A suction system with an engine-mounted, engine-driven boost
pump is preferred. There are several safety features inherent
in this system. The engine-driven boost pump relies on no
other aircraft power source for its operation and, therefore,
is desirable from a reliability standpoint. The engine affords
protection to the pump from ballistic hits. Another safety
feature is the absence of pressurized fuel lines, since pres-
sure lines may spray fuel considerable distances should a
fitting or line break or be damaged by ballistic hits.

From crashworthy considerations, the suction system is much
preferred. The location of the pump outside of the fuel tank
eliminates a hard point in the tank which would constrict the
deforming ability of the tank during crash impact. In addi-
tion, no electrical wiring need be run near the fuel tank to
drive the boost pump, thus eliminating the possibility of
electrical sparks from broken wires serving as an ignition
source for spilled fuel.

If a pressure system must be used, the boost pump may be
mounted either within the fuel tank or in the fuel line.
Mounting the pump within the fuel tank offers the advantages
of increased reliability, protection from ballistic damage,
and elimination of pump fuel leaks outside the tank. However,
as noted above, there are disadvantages in tank-mounted pumps
from a crashworthy viewpoint. Therefore, the following design
criteria should be met if the boost pump is located within the
fuel tank:

l. An air-driven pump is preferable to an electrically oper-
ated pump in order to minimize the number of electrical
wires in the fuel tank compartment. If electric boost
pumps are used, the electrical wires must be 20 to 30 per-
cent longer than necessary to allow them to deform with
structural deformation during a crash rather than being
pulled loose. Consider using nonsparking, breakaway wire
disconnects which shield each end of a separated wire tc
prevent arcing. Avoid running wires between the bottom of
the fuel tank and the bottom of the fuselage if at all
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possible. Any wires within the tank compartment should be
shrouded with a flexible cut-resistant material to prevent
their damage during crash impact.

2. All tank-mounted boost pumps should be fastened to the
structure with frangible attachments so that the fuel tank
attachment can break free during a crash, thus precluding

the tearing of the fuel tank around the boost pump mounting

plate. The frangible attachment strength must be suffic-

ient to meet all operational and maintenance conditions but
should be designed to separate between 25 and 50 percent of

the weakest link in the attached system. (Refer to Figure
2 for a sample breakaway load calculation.)

Air-driven pumps are also preferable for in-line pumps to
eliminate the necessity of electrical wiring in close prox-
imity to fuel lines. If an electric in-line boost pump is
used, the same criteria for the electrical wires as given for
tank-mounted pumps should be met.

In-line pumps should have a structural attachment capable of
withstanding a 30G load applied in any direction. Lines
entering and exiting the pump should consist of flexible hose
which is approximately 20 percent longer than necessary to
allow the hose to deform without failing the pump connections.
In lieu of this requirement, breakaway valves may be used at
the pump-to-line connections.

Fuel System Drains

Make drain valves easily accessible from the outside of the
aircraft so that they permit operation of the valve without
spillage on the aircraft or operating personnel and are oper-
able without special tools. Provide suitable remote controls
for draining when drain valves must be placed in an inacces-
sible location.

Insure that all drain lines are free of traps. To avoid the
possibility of contaminating the lubricatirg system by the re-
verse leakage of fuel across the seals, do not interconnect
fuel drains with accessory seal drains.

Arrange drains so that discharged fuel will not cause an addi-
tional fire hazard. All drain lines should be terminated at a
point outside the aircraft, passing through resilient grommets
in the structure to avoid chafing. Locate or design the
drains so that drainage cannot be returned to any part of the
aircraft structure or enter the exhaust wash from either up-
stream or downstream. Drains should not be located within 5
feet of an exhaust outlet.

22
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Drain lines in the engine compartment should be able to with-
stand 2000°F for 5 minutes unless a failure of these lines or
fittings cannot result in or add to the fire hazard. Drain
lines from fuel cell drains should be made from low-strength
materials so that these lines can break free of the structure
during a crash and allow the fuel cell to deform with the de-
forming aircraft structure.

All fuel tank drains should be recessed into the tank so that
no part of the drain protrudes outside of the tank wall. This
will prevent tearing of the tank wall around the drain by the
snagging of the drain on deforming structure during a crash.
All attachments of fuel tank drains to aircraft structure
should be made with frangible attachments as discussed in Fuel
Tank Mounting.

Fuel line drain valves should also be stabilized, if necessary,
using frangible attachments so that the fuel lines are free to
move with deforming structure during a crash. The number of
drains in the fuel lines should be held to a minimum by de-
signing the fuel system to avoid low points in the lines.

Filler Units

Locate and seal the filler opening so that fuel from the open-
ing cannot spill on parts of the aircraft structure, 2ngine or
accessories, thus causing damage or a hazardous condition. If
necessary, provide fuel tank filler openings with adequate
scuppers properly sealed and drained to prevent fuel fr_.m
spilling back into the fuel tank compartment. In addition,
locate the filler opening so that fumes from the filling oper-
ation cannot be ingested into the running engine during "hot"
refueling operations.

Fasten the filler unit to the aircraft structure with a fran-
gible attachment (discussed under Fuel Tank Mounting), and re-
cess the filler cap into the tank wall to insure that the cap
stays with the tank if the tank moves relative to the aircraft
structure during crash impact. In addition, the filler cap or
adapter should be designed so that it is impossible for fuel
to spill from the tank regardless of the aircraft attitude if
the filler cap has not been properly attached.

Long filler necks should be avoided if possible. If they must
be used, they should be fabricated from frangible materials

and designed so that the filler cap stays with the tank, allow-
ing the filler nech to separate from the tank and the structure
during crash impact and yet allowing the fuel tank to remain
sealed.
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Fuel Quantity Indicators

A tloat-type quantity indicator should be used in preference
to a capacitance probe, as the rigid probes have a tendency to
cut fuel tanks during crash impact. If a capacitance probe
must be used, it should be fabricated from material possessing
as low a flexural rigidity as is consistent with operational
requirements. Incorporation of a slightly rounded shoe at the
probe bottom end minimizes any tank cutting tendency. A fran-
gible attachment should be used in the manner discussed under
Fuel Tank Mounting if it is necessary to stabilize the indi-
cator by fastening it to the aircraft structure.

Provide a low-fuel-level warning system which is actuated in-
dependently of the fuel quantity gaging system.

Fuel System Valves

The number of fuel valves in a system should be kept to a mini-
mum with respect to reliability and crashworthiness considera-
tions. Every fuel valve has the possibility of malfunctioning;
thus, the greater the number of valves, the less reliable is
the system. Every fuel-line-to-fuel-valve connection is a
possible failure point during crash impact; therefore, these
hard points in the lines should be kept to a minimum.

The size of the valves should also be kept to a minimum, as a
smaller size lessens the possibility of direct impacts damaging
the fuel valve during a crash. Where large valves are neces-
sary, such as fuel shutoff valves, the valve structural attach-
ment should be capable of withstanding a 30G load applied in
any direction. Self-sealing breakaway couplings should be used
at the valve-fuel line connection if the possibility of line
failure at this point is significant. Small valves, such as
check valves, should be fastened to the aircraft structure with
frangible attachments so the check valves can break loose and
move with the flexible line during crash impact.

Shutoff valves are required in the tank-to-engine fuel lines.
However, shutoff valves should not be located in the engine
compartment unless they are easily operable for a minimum of

5 minutes when exposed to a flame of 2000°F and are capable of
holding their valves closed for the duration of the fire. A
preferable location for shutoff valves is on the outside face
of the engine compartment firewall. However, consideration
should be given to locating the shutoff valve immediately out-
side the fuel tank outlet for gravity-feed fuel systems. This
location would prevent the complete draining of fuel from the
tank through a broken line.
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Shutoff valves must be designed so that any in-service failure
of the valve leaves it in the vpen position. All electrically
operated valves must be designed so that there is no possi-
bility of the valve's changing position during flight due to
either a short in the aircraft electrical circuitry supplying
power to the valve or to electrical power failure. Mounting
electrically operated valves on bulkheads so that the electri-
cal wires are on one side of the bulkhead and the valve and
fuel lines on the other side minimizes the hazards of fire
ignition due to a failure in either the wiring or the valve
and lines.

Insure positive identification of all valves to prevent re-
placement installation of an incorrect valve. Insure that
check valves and tank negative pressure relief valves cannot

be installed in reverse. If a valve will not function properly
if installed incorrectly, design it so that it physically can-
not be installed incorrectly.

Fuel Strainers and Filters

Fuel strainers must be provided when necessary to insure satis-
factory engine performance. In-line fuel strainers should not
be located in the engine compartment unless they are mounted

on the engine itself. Engines are often torn loose during
crash impact, and strainers located in the compartment are sus-
ceptible to damage from the displaced engine. Mounting of the
strainer directly on the engine affords some ballistic pro-
tection. Howewver, the proximity of the fuel in the strainer

to the hot engine provides a hazard, not only during a crash,
but also from ballistic hits. Therefore, it is better to

mount the strainer outside the engine compartment.

Strainers should have a structural attachment capable of with-
standing a 30G load applied in any direction to minimize the
possibility of the strainers being torn loose during crash im-
pact. Self-sealing breakaway couplings should be used to
attach fuel lines to the fuel strainers if there is a proba-
bility of line damage at this point.

Filters and strainers should retain as small a quantity of
fuel as possible to minimize the spread of fuel to ignition
sources during failure of the strainer due to crash impact or
ballistic hits.

All fuel line strainers should be readily accessible and have
sufficient clearance to permit easy removal of the cover and
element. If possible, locate the strainer with respect to the
fuel tanks and lines so that the entire fuel system may be
drained by opening the strainer drain, fuel tank sump drain,
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and booster pump drain plug. If this is not possible, ‘rains
must be provided at each low point in the fuel lines since low
points constitute water traps that are hazardous during cold-
weather operation.

All fuel strainers should be equipped with bypass provisions

to prevent engine fuel starvation by icing or plugging of the
filter or strainer element with contaminant. Design the bypass
to prevent the washing of ice or contaminant from the element
into the fuel system.

Vent System

Route vent lines and locate tank vent outlets so as to minimize
the spillage of fuel through the vents during all operational
maneuvers of the aircraft. Provide a vent line that starts at
the highest point in the tank and traverses the three dimen-
sions of the tank, terminating in a suitable location outside
the aircraft. Insure that siphoning positively cannot occur

by providing means for admitting air to the high point of the
vent system, either by system design or by the inclusion of a
siphon breaker valve. Figure 6 illustrates suitable vent sys-
tems which may be used.

Locate vent terminals so that liquids and vapors emitted from
them will not blow back into the aircraft or come in contact
with the exhaust gas wake. In addition, avoid locating fuel
vent discharge outlets in those areas most prone to lightning
strikes, such as the leading and trailing edges of the wings or
the wing tips or in extremities and protrusions and in the

wake of such extremities and protrusions.

The vent system must be designed to prevent fuel flow through
the vent lines regardless of the attitude of the aircraft
after crash impact. It should also be designed to preclude
any fuel spillage due to structural failure of the vent system.
Fuel flow may be prevented either by the design and routing of
the vent lines or by the inclusion of a valve at the fuel tank
vent outlet which will prevent flow through the system in an
other than normal attitude. The valve must be designed with
provisions to prevent valve malfunctioning from icing, stick-
ing seals, or any other design or malfunction which can cause
excessive positive or negative tank pressures. If tank vent
outlets must be supported, support them by means of frangible
attachments to the aircraft structure so that excessive stress
loads will not be transmitted to the tank wall in vent areas
during crash impact.
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C. PERMISSIBLE VENT

A. TYPICAL WING B, TYPICAL ARRANGEMENT FOR
TANK VENT APPLICATION FUSELAGE OR BOMB
FOR SIPHON BAY TANKS IN
t BREAKER AIRCRAFT THAT ARE
i VALVE NOT HIGHLY '
t MANEUVERABLE 7
SIPHON BREAKER
D. TYPICAL VENT SYSTEM
FOR INTERCONNECTED
CELLS E. TYPICAL APPLICATION OF

SIPHON BREAKER LINE

HIGH POINT OF -
TANK IN CLIMB

ONLY PERMISSIBLE
VENT OUTLETS DUE
TO STRUCTURE,
SHORT INTERNAL
VENT LINE IS
PERMISSIBLE

SIPHON BREAKER VALVE (OPTIONAL).
THIS IS A GRAVITY OPERATED CHECK
VALVE TO ADMIT AIR INTO TANK
ONLY WHEN PRESSURE IS BELOW
ATMOSPHERIC PRESSURE

-

LINES AB AND A'B' ARE EACH

COMPLETE THREE DIMENSIONAL
R, VENTS IN THEMSELVES. THIS :

HIGH POINT OF SYSTEM WILL VENT THE TANK 3

TANK AT GROUND F. ONE VENT DURING HIGH ANGLES OF CLIMB

LEVEL AND TERMINAL OR DESCENT

DESCENT PER TANK

TR

e

Figure 6. Fuel Tank Vent Systems (From AFSC
Design Handbook).
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DESIGN CRITERIA CHECKLISTS

INTRODUCTION

The design criteria checklists presented here are based on the
design criteria presented in the preceding section. The check-
lists are intended for use by fuel system designers to insure
that all applicable design criteria are considered in the for-
mative stages of design. The checklists also serve as conven-
ient methods of re-checking the design after it has been com-

pleted.

The checklist items have been arranged in the same order as

the criteria presented in the preceding section. This allows
ready reference to the more detailed discussion if the designer
feels he needs more background before assessing the applica-
bility or suitability of an item.

Each item contains three boxes immediately preceding it.

These boxes provide for "Yes", "No", or "N/A" (not applicable)
answers to each checklist item. When the designer has finished
reviewing a section, each item should have a check mark irmmed-
iately preceding it. This method provides a rapid and positive
means of determining that none of the criteria have been over-

looked.

The items have been stated in positive form, i.e., if the cri-
teria have been complied with, the question will be answered

in the affirmative and the block marked "Yes" will be checked.
If it has not been complied with, the block marked "No" will be
checked and these items will be examined to determine the rea-
son for the noncompliance. Unless the reason involves a more
important consideration, the design should be revised to in-
clude the requirement. Those items checked "N/A" should also
be carefully reviewed to be sure that the item is truly non-
applicable to the system under consideration.

——
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Yes

No

N/A

GENERAL FUEL SYSTEM DESIGN

l., 1Is the system designed to function satis-
factorily at the aircraft maximum altitude?

2. Is the system designed to function satis-
factorily at maximum rates of climb?

3. 1Is the system designed to function satis-
factorily under all normal operating attitudes
of the aircraft?

4. 1Is the system designed to fully meet engine
fuel flow consumption and pressure demands?

5. Is the system designed to function under
all applicable environmental requirements, such
as extreme hot or cold climates, sand, high
humidity, etc.?

6. Is the system designed as simply as pos-
sible?

7. Is there one fuel tank for each engine?
8. If a single fuel tank is used on a multi-
engine aircraft, are there independent tank

outlets and fuel feed systems for each engine?

9. In multi-engine aircraft, is it possible to
fuel any engine from any tank?
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MATERIALS

Yes | No | N/A

1. Do all materials conform to MIL-F-8615?

2. Do all materials exhibit resistance to
shock, vibration, abrasion, temperature changes,
and oxidation?

3. 1Is insulation used in compartments contain-
ing fuel tanks or lines nonabsorbent?
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Yes

No

N/A
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FUEL TANK LOCATION ]

1. Are the fuel tanks located outside of the
engine and electrical compartments?

2. Are the fuel tanks located as far as pos-
sible from the engine, electrical, and passen-
ger compartments?

3. If the fuel tanks are located near fire-
walls, is there at least 1/2 inch of ventilated
and drained space between the tanks and the
firewalls?

4. Are the fuel tanks located with as wide a
lateral clearance as possible from the plane of
the propeller or turbines?

5. Are the fuel tanks located away from ex-
tremities, such as the fuselage nose or wing
tips?

6. Are fuselage tanks located as high as pos-
sible in the aircraft structure?

7. Are fuel tanks located where there is no
danger of collapsing landing gear puncturing
the tanks?

8. Are the fuel tanks located so that trans-
missions, engines, and similar massive compo-
nents will not come down and crush the tanks
during a crash?

9. Are wing tanks located away from wing
leading edges and wing root sections?

10. Are wing tanks located behind heavy spars?
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FUEL TANK COMPARTMENTS

Yes | No | N/A

l. Are fuel tank compartments isolated with
i a liquid- and vapor-tight seal?

! 2. Are compartments drained by at least 0.5-
inch-diameter drains?

3. Are compartment drains located at least
5 feet away from all exhaust outlets?

4. Are compartment drains located so that
effluent cannot enter the exhaust wash?

5. Are the number of stiffeners, hat sections,
and stringers kept to an absolute minimum in
fuel tank compartments?
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Yes

No

N/A

FUEL TANK CONSTRUCTION

l. Do all fuel tanks conform to MIL-T-27422B?

2. Are all fuel tanks smooth in shape with no
sharp protuberances?

3. Are the fuel tanks separate rather than
rigidly interconnected?

4. Do all fuel tanks have a minimum corner
radius of 1 inch?
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Yes

No

N/A

FUEL TANK MOUNTING

1. Are frangible attachments used at all
attachment points between the fuel tanks and
aircraft structure?

2. Do the specified frangible attachment
separation loads exceed all operational and

service loads?

3. Are the specified frangible attachment
separation loads between 25 and 50 percent of
the loads required to fail the attached sys-

tems or components?

4. Are the frangible attachments required to
separate whenever the required loads are
applied in the modes most likely to occur
during crash impacts?
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FUEL TANK FITTINGS

Yes | No | N/A

—

B e —

l. Are the number of fuel tank fittings kept
to a minimum?

2. Are the fittings located as high as
possible in the fuel tank?
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Yes

No

N/A

FUEL TANK OUTLETS

l. Are self-sealing breakaway valves used at
all fuel-tank-to-fuel-line connections and at
all tank-to~tank interconnects?

2. Are the breakaway valves recessed into the
tank wall so that the tank half does not pro-
trude outside the tank wall more than 1/2 inch
after valve separation?

3. Are the shapes of the tank halves of the
breakaway valves basically smooth?

4. Do the specified breakaway valve separation
loads exceed all operational and service loads?

5. Are the specified breakaway valve separa-
tion loads between 25 and 50 percent of the
loads required to fail the attached systems or
components?

6. Are the breakaway valves required to
separate whenever the required loads are
applied in the modes most likely to occur
during crash impacts?

7. Do all breakaway valves incorporate

positive prcvisions for ascertaining that the
valve halves are locked together?
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ELECTRICAL EQUIPMENT IN FUEL TANK COMPARTMENTS

Yes

No

N/A

T e A MY S R
. .

1. Are the number of electrical components and
amount of wiring in the fuel tanks or fuel tank
compartments kept to an absolute minimum?

2. Are all electrical equipment and all metal
lines within the fuel tanks grounded?

3. Are all electric wires and egquipment in the
fuel tanks designed with the highest degree of
protection against sparking, arcing, or over-
heating?

4. 1Is all electrical wiring going through the
fuel tank compartments shrouded?

5. 1Is wiring in the fuel tank compartment
routed as high in the compartment as possible?

6. Are electrical wires in the fuel tank com-
partment 20 to 30 percent longer than necessary?
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Yes

No

N/A

FUELING

l. Are all fuel inlets and tanks designed to
minimize sloshing?

2. 1Is a grounding point provided on the air-
craft for connection of a grounding wire from
the refueling vehicle?

3. Are filler openings located so that fuel
vapors cannot be directly ingested into the
engine intake?
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Yes

No

N/A

FUEL LINE CONSTRUCTION

1. Are all fuel lines made from flexible hose
assemblies conforming to MIL-H-580897?

2. Are all fuel lines in or close to a poten-
tial fire zone capable of withstanding a tem-
perature of 2000°F for 5 minutes without
leakage?
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Yes

No

N/A

FUEL LINE FITTINGS

l. Are the fuel system lines designed with as
few fittings as possible?

2. Are the fuel system lines designed so that
uncut hoses are run through bulkheads rather
than attached to the bulkheads with fittings?

3. Are self-sealing breakaway valves used
wherever a fuel line goes through a firewall?

4. Are all fittings designed to assure 100
percent of the structural integrity of the
joint?

5. Are all joints leakproof throughout the
environmental range of their application?

6. Are all joints designed so that critical
torque techniques are not required for proper
installation?

7. Do all specified hose assemblies meet the
strength requirements listed in Table I?

8. Are self-sealing breakaway valves used at
all points in the fuel lines where aircraft
structural deformation could lead to line
failure?

9. Do the specified breakaway valve separa-
tion loads exceed all operational and service
loads of the aircraft?

10. Are the specified breakaway valve separation
loads between 25 and 50 percent of the loads re-

guired to fail the attached components or lines?

11. Do the breakaway valves incorporate
positive locking provisions?
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FUEL LINE SUPPORT

l. Are all fuel lines adequately supported so
that lines do not deflect out of position as a
result of internal Pressure or aircraft
maneuvers?

2. Is sufficient clearance provided for the
lines to prevent chafing against structure or
other components?

3. Are the lines clamped to the structure
where chafing cannot be avoided?

4. Are the line Supporis frangible so that the
Supports will release the line during crash
impact?

5. Will the frangible Clamps meet all opera-
tional and service loads of the aircraft?

6. Are uncut lines running through bulkheads
stabilized by frangible panels?

7. Are fuel lines free from Supporting any
other line or component?
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Yes

No

N/A

FUEL LINE ROUTING

1. Are fuel lines routed as directly as pos-
sible?

2. Are fuel lines 20 percent longer than neces-
sary if possible without creating low points in
the lines?

3. Are vapor traps eliminated by removing all
line bends or slope changes that produce
isolated high spots in the system?

4. 1Is hose length consistent with bend radius
as called out in the hose specification?

5. Are installed hose connections free from
tension, compression, or shear stress?

6. Do fuel lines exit the fuel tank in one
protected location?

7. 1Is the number of fuel lines in the engine
compartment a minimum?

8. Are fuel lines routed along heavier struc-.
tural members wherever possible?

9. 1Is as much of the fuel line as possible
routed through the fuel tanks?

10. Are fuel lines routed as far as possible
from occupiable areas and electrical compart-
ments?

11. Are fuel lines routed as far from all elec-
trical equipment and wires as possible?

12, Are fuel lines which are routed through
cargo areas covered with fire-resistant con-
duits?

13. Are fuel lines routed away from areas where

large structural damage is likely during a
crash?
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FUEL LINE ROUTING (Continued)

Yes

No

N/A

Ot Sl i A

14. Are sensing and drain lines routed away
from the skin or other areas which can become
extremely cold or hot at high altitude?

15. Are fuel lines routed away from the exhaust
system and high-temperature heating ducts?
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Yes

No

N/A

FUEL BOOST PUMPS

l. Can an engine-mounted, engine-driven boost
pump be used in this aircraft?

2. If an engine-mounted suction system cannot
be used, can an air-driven boost pump be used?

3. Do in-line boost pumps have a structural
attachment capable of withstanding a 30G load
applied in any direction?

4. Are lines entering and exiting in-line
boost pumps made of flexible hose which is

approximately 20 percent longer than necessary?

5. If fuel lines are not longer than necessary
for in-line boost pumps, are self-szaling break-

away valves used to attach the lines to the
boost pump?

6. Are wires to electrically operated boost
pumps 20 to 30 percent longer than necessary?

7. If electric boost pumps are mounted in the
fuel tanks, are the wires routed away from the
bottom of the tanks?

8. Are all tank-mounted boost pumps fastened
to the structure with frangible attachments?

9. Do the specified frangible attachment
separation loads exceed all operational and
service loads?

10. Are the specified frangible attachment

separation loads between 25 and 50 percent of
the load required to fail the attached system?
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Yes

No

N/A
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FUEL SYSTEM DRAINS

l. Are drain valves easily accessible from the
outside of the aircraft?

2. Are drain lines terminated outside of the
aircraft at a point which is at least 5 feet
away from exhaust outlets?

3. Are all drain lines free from traps?

4, Are all drains designed and located so that
drainage cannot be returned to any part of the
aircraft structure or enter the exhaust wash
from either upstream or downstream?

5. Can all drain lines in the engine compart-
ment whose failure could add to the fire hazard
withstand a temperature of 2000°F for 5 minutes?

6. Are all drain lines from fuel tank drains
made from low-strength materials?

7. Are all fuel tank drains recessed into the
tank so that no part of the drain protrudes
outside the tank wall?

8. Axe all structural attachments of fuel tank
drains made with frangible attachments?

9. Is the number of drains in the fuel lines a
minimum?

10. Are all fuel line drain valves stabilized,
if necessary, with frangible attachments?
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Yes

No | N/A

FILLER UNITS

1. Are all filler openings located and sealed
so that fuel from the opening cannot spill on
parts of the aircraft structure, engine, or
accessories?

2. Are scuppers provided, if necessary, to
prevent fuel from spilling back into the fuel
tank compartment? :

3. Are filler openings located so that fuel
vapors cannot be ingested into a running engine?

4. Are filler units attached to the aircraft
structure with frangible attachments?

5. Are filler caps recessed into the fuel tank
wall?

6. Are filler caps or adapters designed so
that it is impossible for fuel to spill from
the tank regardless of aircraft attitude if the
filler cap has not been properly fastened?

7. Are long filler necks avoided?

8. If filler necks are used, are they made
from frangible materials?
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N/A

FUEQ_QQQNTITY INDICATORS

l. Can float-type quantity indicators be useqd
in this fye] system?

2. 1If pProbe-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>