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(R) Electrical Bonding of Aircraft Fuel Systems

RATIONALE

An industry committee has reviewed documents relative to description of proper electrical bonding of aircraft fuel systems.
While there are many references that include partial discussion, there has been no single document dedicated to just this
subject. This AIR has addressed the subject but the previous version lacked useful detail. The intent of the current version
of this AIR is to add more detail relevant to this subject. This includes expanding the outline (table of contents) and adding
a higher level of detail in the way of numerical values to guide the designers with electrical bonding of aircraft fuel systems.

AIR5128A has been reaffirmed to comply with the SAE Five-Year Review policy.

FOREWORD

In early aircraft, the fuel system was relatively simple. Fuel flows were low and rubber hoses were normally used to
provide for flexibility and ease of alignment within the system. It was in the 1950 era, with the advent of jet engines, when
significant changes in the aircraft plumbing systems began to change some of the factors related to electrical bonding
considerations. The use of conventional hose and hose clamp connections were creating leakage problems as a result in
changes in fuels and their effects on the rubber. New style couplings were being developed for use with rigid tubing to
resolve the leakage problems with rubber hoses. Electrical bonding was not a direct consideration in these efforts but
MIL-B-5087, first issued in November 1949, was the reference document in the fuel system specifications to cover all
forms of electrical bonding. Electrical bonding of the tubes and across the joints was a requirement if the linear dimension
exceeded 3 in but the electrical connection to structure included a resistance requirement "less than one-half megohm" to
prevent the accumulation of static charge.

Aircraft and their fuel systems became more complex with high fueling rates becoming the norm under most conditions,
including In-Flight-Refueling. With greater recognition of the effects and dangers of electrical discharges within the
system, design changes were being requested. Some system designers for military aircraft expressed concerns that the
use of safety wire on threaded fasteners and couplings within the system resulted in potential sources of discharges
within the fuel tanks. The use of bonding clamps and cables to provide for electrical bonding added significant weight and
costs. Other forms of locking threaded fasteners were requested along with simpler methods of maintaining electrical
continuity throughout the system.

One of the results was various designs for self-locking fuel line couplings to eliminate the use of safety wire plus the
incorporation of various types of integral electrical bonding connections. At that time, the request was only to provide for
the requirements of MIL-B-5087B, Class S (1 Q maximum resistance). The concern that was expressed at that time still
related only to static electric charges that could develop during fuel flow within the system. During the 1970s, these types
of connectors became common in aircraft fuel system plumbing. In military aircraft, the external points of the system, such
as the vent tubes, were generally electrically isolated from the external structure to prevent the entry of lightning charges
into the plumbing system. A flame arrestor was often installed within the vent line to prevent the entry of the flame front
into the system as a result of the ignition of fuel vapors externally.
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FOREWORD (Continued)

With the development of new high performance aircraft such as the F16, the question was raised concerning the possible
effect on the fuel system when the aircraft was subjected to lightning strikes in flight. This included the possibility of high
currents passing through the plumbing system including the connectors and other components used within the system.
Tests were performed on the existing system components to satisfy the USAF that the system was safe. No significant
changes were required as a result of this testing.

In recent years, the question of adequate electrical bonding has been raised more often and with some strict and
questionable criteria. Very low resistance values are requested in many cases with values ranging from a low of 2.5 mQ,
to 100 mQ, and to a high of the old standard, 1 Q (Class S). The basis for these requirements with respect to aircraft fuel
systems has never been clearly defined and has created considerable concern for the suppliers and users of the various
components within these systems. It appears that the limits were selected for lack of any other well defined criteria
resulting from test data or other analysis. The very low resistance values are difficult to achieve while complying with
other requirements such as corrosion resistance at the interface of materials/components.

A significant amount of effort has been and is being expended in the area of Electromagnetic Interference (EMI) and
Lightning effects on some aircraft systems. Some of the documents relating to these tests and analyses are referenced
within the body of this report. In the Reference Section, a more complete list of existing documents that are referenced
elsewhere in this report and/or may be of general interest are included.
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1. SCOPE

This SAE Aerospace Information Report (AIR) is limited to the subject of aircraft fuel systems and the questions
concerning the requirements for electrical bonding of the various components of the system as related to Static Electric
Charges, Fault Current, Electromagnetic Interference (EMI) and Lightning Strikes (Direct and Indirect Effects).

This AIR contains engineering guidelines for the design, installation, testing (measurement) and inspection of electrical
bonds.

1.1 Purpose

The purpose of this document is to provide guidelines and references for electrical bonding of structure, fluid lines and
components of an aircraft fuel system. These guidelines are related to the various potential electrical charges and
currents that may be applied to various portions of the system as a result of the system operation or external sources.

1.2 Background

SFAR 88 and the introduction of Amendment 102 to FAR 25.981, has resulted in an industry-wide thorough review of fuel
tank safety for all commercial aircraft. Fuel tank electrostatics, lightning, fault current and associated bonding/grounding
requirements are among the many areas evaluated. Additionally, electrical bonding and protection against static electricity
must be designed to minimize accumulation of electrostatic charge that could cause human injury or ignition of flammable
vapors (FAR 25.899).

1.3  Field of Application

The information included in this document is generally applicable to all types of vehicles subject to flight. As aircraft are
built with greater use of composite materials, the concerns become greater as a result of the higher electrical resistance
values for such material. These higher resistance values may result in higher voltages and currents under certain
conditions.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

AS620 Hose Assemblies, Convoluted Polytetrafluoroethylene Metallic Reinforced, High Temperature, Medium
Pressure, Aircraft

AS1227 Hose Assembly, Convoluted Polytetrafluoroethylene, Metallic Reinforced, Low Pressure, Up to 400 °F,
Aircraft
AIR1662 Minimization of Electrostatic Hazards in Aircraft Fuel Systems
ARP1870 Aerospace Systems Electrical Bonding and Grounding for Electromagnetic Compatibility and Safety
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2.1.2 FAA Publications

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591, Tel: 866-835-
5322, www.faa.gov.

CFR 25.899 Electrical Bonding and Protection Against Static Electricity
CFR 25.981, Amendment 102 Fuel Tank Ignition Prevention

AC 25.1309 Equipment, systems, and installations

21.3 U.S. Government Publications

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, https://assist.daps.dla.mil/quicksearch/.

MIL-B-5087 Bonding, electrical and Lightning Protection, Aerospace Systems

MIL-STD-464 Electromagnetic Environmental Effects, Requirements for Systems

MIL-STD-1757  Lightning Qualification Test Techniques for Aerospace Vehicles and Hardware Specification
2.1.4 Other Publications

ATA MSG-3 Operator/Manufacturer Scheduled Maintenance Development

2.2 Definitions

BONDING SURFACE: The conductive surface of structure, part, or component which is to be electrically bonded to
another structure, part, or component.

COMPOSITE: A series of layers of filaments/fibers/fabrics of one or more materials bonded or embedded in an essentially
homogeneous, resinous matrix, such as an epoxy matrix.

CONDUCTOR: A material capable of carrying an electrical current.

CRITICAL BOND: Electrical bonds whose resistance requirements are specified by direct call out on the engineering
drawing. Critical bonds are electrical bonds of such importance that each bond shall be tested to verify its resistance
requirement is met.

ELECTRICAL BOND: A fixed union between two objects that results in electrical conductivity between those objects.
ELECTRICAL BONDING: Connecting two or more conductive surfaces to form an electrically conductive joint.

FAULT CURRENT: A higher than normal current flowing in a circuit resulting from an electrical short.

FUEL TANK: Volume in an aircraft designated for carrying fuel. Can be integral, bladder or self-sealing, external
droppable, or portable tanks.

INSULATOR: A material of such low conductivity that the flow of current through it is negligible. Sometimes referred to as
a dielectric.

SURFACE FINISH: A finish which has been applied on top of a surface and which is required to be removed prior to
electrical bonding.
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