







Exemption No.  7920
UNITED STATES OF AMERICA

DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMINISTRATION

RENTON, WASHINGTON 98055-4056

In the matter of the petition of

Lockheed Martin Aeronautical Systems

for an exemption from SFAR No. 88 of Title 14, Code of Federal Regulations


Regulatory Docket No.  FAA-2001-11169





PARTIAL GRANT OF EXEMPTION

By letter dated December 10, 2001, Mr. James V. Orlando, Lockheed Martin Aeronautical Systems, 86 South Cobb Drive, Marietta, Georgia, 30063, petitioned for an exemption from the requirements of Special Federal Aviation Regulation (SFAR) No. 88, “Fuel Tank System Fault Tolerance Evaluation Requirements” of Title 14, Code of Federal Regulations (14 CFR).  This exemption, if granted, would allow Lockheed Martin, as the type certificate holder of the Model L-188 (Electra) airplanes, to substantially meet the intent of SFAR No. 88 without conducting a complete safety review of the airplane fuel tank system, as required by SFAR No. 88.

The petitioner requests relief from the following regulations:

Part 21, SFAR No. 88, requires that each type certificate (TC) and/or supplemental type certificate (STC) holder develop a report no later than December 6, 2002, that must:

(a)  Provide a fuel tank system safety review that contains substantiation that the airplane fuel tank design, including all necessary design changes, meets the requirements of §§ 25.901 and 25.981(a) and (b) as amended by Amendment 25-102; and

ANM-02-162-E

(b)  Contain all maintenance and inspection (M&I) instructions established by the fuel tank system safety review.  The instructions are necessary to maintain the fail-safe design features required to preclude the existence or development of an ignition source within the fuel tank system throughout the operational life of the affected airplanes.

Operators are obligated by the amendments to parts 91, 121, 125, and 129 of the operating rules to have an approved maintenance program for the fuel tank systems on their affected airplanes by June 7, 2004.  That maintenance program will incorporate the M&I instructions created by the affected TC and STC holders from their SFAR 88 fuel tank system safety review(s), as well as address the actual configuration of the airplane.

The petitioner's supportive information is as follows:

“Background Information

“The Lockheed Martin Model L-188 [Electra] is a four-engine turboprop aircraft designed to carry up to 99 passengers.” . . . “Two different models were produced:  the Model L‑188A, type certificated on August 22, 1958, and the Model L-188C, the longer range version, type certificated on July 10, 1959.  The L-188C incorporated structural improvements to increase the take-off weight from 113,000 to 116,000 pounds.”

“Lockheed Martin records indicate that 66 aircraft remain in active or inactive flying status throughout the world.  Approximately 22 of these aircraft are of United States registry, and only nine of these aircraft are active in flight operations.  These nine active aircraft belong to a single carrier, Zantop International Airlines of Ypsilanti, Michigan, who has operated the L-188 for more that 25 years.”

Today the Model L-188 is used exclusively by a very limited number of operators in cargo operations on routes where the L-188 cargo capacity and operating costs are favorable for the specific market.  This in turn permits users to take advantage of the unique services provided by current L-188 operators by holding prices down and benefiting the public.

“Granting the requested exemption will not adversely affect safety.  The L-188 fuel tank system is a robust design that is maintainable by the operators and exhibits many of the design features which FAA has noted as improving safety in the advisory material accompanying SFAR 88.  The fact that design is safe and robust is borne out by over 6 million flight hours of service without any unsafe conditions in the fuel system.”

“Public Interest Considerations”

“Should the current L-188 fuel system design not meet the newly imposed requirements, redesign and modification of aircraft will be necessary.  Wiring systems are particularly susceptible to damage if disturbed during maintenance or modification.  Pulling wire bundles apart and disturbing connectors and wire bundle supports could result in damage that would be difficult to observe but could pose serious problems at a later time.  Replacing all wiring impacted by modification to existing wiring runs would be extraordinarily expensive.

“This type of analysis and aircraft modifications for an aircraft with over 6 million flight hours and over 40 years of safe operation is not cost effective and will not materially contribute to safety.  Clearly, it is not in the public interest to expend resources to create new analysis and modify aircraft for issues not directly related to those of fuel tank ignition source prevention.  This is especially true noting that the current level of flight operations for U.S. registered aircraft totals less than 5,000 flight hours per year.”

“The responses Lockheed Martin has received from operators (Attachment B) [available in the Docket] indicate that this [analysis and modification] cost would be devastating and unaffordable.  One L-188 owner indicates that there is no financially viable alternative to the L-188 available to serve the same cargo service market.  Therefore, if the L-188 is withdrawn from this segment of service, current customer air transport requirements will not be fulfilled.  Additionally, this economic hardship would be concentrated on those customers relying on air cargo delivery in remote areas, with no other options for economically feasible air transport.”

“Safety Assessment Considerations
“Lockheed Martin has reviewed the L-188 Fuel System Design for safety features that contribute to its robust design and successful record of service experience.  The following summarizes that review.

“Fuel System Design  

“The [L-188] Electra fuel system design is a simple and easy to maintain system of four integral tanks within the straight wing.  Each tank supplies an engine.  The fuel-feed and cross-feed system is purposely designed to prevent fuel being transferred from one tank to another, but it does allow any tank to supply any combination of engines, one of which will normally, but not necessarily, be the corresponding engine. A scavenge system in each tank ensures that nearly all fuel is usable.

“Tank fuel is supplied to the engine by a tank boost pump in each tank.  This boost pump is located in the low point of the fuel tank and remains submerged in fuel whenever there is sufficient fuel load to support engine operation.  The tank boost pumps supply two independent engine-driven high-pressure pumps, which normally operate in tandem.  The fuel pump, screens, and filter throughout the fuel system are provided with bypasses so that failure or blockage will not interrupt engine fuel.  A heat exchanger, located upstream of each engine’s fuel control, utilizes warm engine oil to heat the fuel flow as necessary to maintain it at an optimum temperature, well above the freezing point of water.  A capacitance-type fuel quantity system indicates the weight of fuel in each tank on individual indicators.  Fuel flow to each engine is measured by a mass-type flowmeter and indicated in weight of flow per hour.  Pressure switches installed at key points operate advisory lights to inform the crew of immediate or potential trouble in the fuel system.  Fuel can be jettisoned from the left wing tank, or right wing tank, or all tanks simultaneously through a mechanical manually operated fuel dump system.

“Fuel Tanks Boost Pumps and Fuel Tank Scavenge Pumps
“Located in the aft-inboard corner of each fuel tank is an open top surge box with a flapper check installed at the deepest point of its forward wall (the lower inboard corner).  All fuel for engine feed is taken from this surge box.  The flapper valve will trap enough fuel in the box to sustain the engine for short periods of time if an airplane maneuver should cause fuel to surge forward and/or outboard when the fuel level in the tank is low.  The surge box will not hold enough fuel to sustain the engines for a long period of nose-down flight that may occur in a descent.  To provide for such a contingency, each tank has an a-c motor powered centrifugal type scavenge pump that draws fuel from the forward inboard corner of the tank and spills it into the surge box.  Some aircraft have an alternate design in which the fuel boost pump and the scavenge pump are combined into one unit.

“An a-c motor driven boost pump is mounted in each surge box.  A quick-disconnect between pumping element and discharge casing enables the pump to be easily removed.  Pump element removal is done through an access panel on top of the wing.  Pump wiring is routed through a conduit from the pump to a junction box on the rear wing spar.  This conduit is sealed so that fuel does not enter the conduit or touch the wires within.  A thermal switch that opens at approximately 358 degrees F. is incorporated in the pump to protect it from hazardous overheating.  This could occur if the pump were operated dry or if the impeller should become jammed.  The probability of the pump becoming an ignition source due to jamming or running dry is remote, since there is a surge box with a scavenge pump in each tank.  Together they assume that the boost pumps will be submerged at all times to cool any heat generated in the pump and to maintain a non-flammable mixture over the pump.

“The scavenge pumps are mounted in the tank on the front wing beam to pump fuel into the surge boxes.  A heat exchanger for cooling the hydraulic fluid is installed in the pressure line of each inboard tank.  The inboard scavenge pump operation is controlled independently of the boost pump, but the boost pump cannot be operated without the scavenge pump.  The outboard pumps operate simultaneously with the boost pumps.  Each pump has a thermal switch incorporated in the pump which opens at approximately 307 degrees Fahrenheit to protect it from hazardous overheating, which could occur if the pump were operated dry or the impeller should become jammed.  The pump must be removed to reset the switch once activated.  The wiring for the scavenge pump is entirely outside the fuel tank.

“Fuel Quantity Indication System 

“The L-188 uses a capacitance-type fuel quantity indication system.  It consists of transmitters installed in the tanks, transistorized amplifier-indicators on the main instrument panel and indicators on the refuel panel at the aft of the No. 3 nacelle.  Conduits in the tank contain the wiring to the transmitters.  The wiring passes through the rear beam at feed-through connectors.  This type of system is extremely sensitive and operates at milli-volt levels in all wires running through the tank.  There are five quantity transmitters in each outboard and two (three on extended range aircraft) in each inboard tank.  The inboard transmitter in each tank contains a fuel deviation index (FDI) compensator to compensate for changes in the fuel dielectric constant.

“Conduits within the tank protect the wires.  The conduits are not sealed so they provide only physical protection against movement or damage from sloshing fuel.  Multiple transmitters within the tank are wired in series with two connecting wires.  Electra electrical drawings indicate these wires are to be treated as a sensitive harness and segregated by engine and tank number.  By definition, sensitive wires are not to be grouped with any other wires of any other category but wires of the same category could be grouped.”

“Since this system operates at such a low voltage, these wires are not considered an ignition source.

“Fuel Tank Pilot Valve 

“L-188 fuel tanks also contain a pilot valve located near the top of each tank that is used in the refueling process which will automatically close the refueling valves to prevent overfilling the fuel tank if the normal shutoff switch is not actuated.  Electrical connections for a solenoid on the pilot valve, which connect to the refueling panel, are routed through the fuel tank in a dry conduit to the aft spar.  The system is a 28-volt DC system and is only energized during the refueling process.  Two in-series switches must be thrown to supply power to the system.  Since this system is not activated in-flight, it would not present an in-flight ignition source hazard.

“Electra Fuel System Safety Features
“The L-188 fuel system design contains a number of features that improve safety from a fuel-tank ignition source standpoint.

“1.  The only high voltage lines in the fuel tank run from the aft wing spar tank wall to the boost pumps.  The wire is protected from damage by conduit in the run between the boost pump and the outside of the tank.

“2.  The use of a surge tank with a scavenge pump in each tank insures that fuel boost pumps will always be submerged with fuel.  The fuel, acting as a heat sink, will absorb heat generated by any pump motor or impeller failure and reduce the chances of the temperature reaching an ignition point.  Maintaining fuel above the pump also reduces the chance of any heated surface being exposed to a fuel air mixture that could possibly ignite.  The design is further protected by a thermal switch that will shut down any boost pump that overheats to a temperature of 358 degrees Fahrenheit well below the auto ignition temperature of Jet A/air mixture.

“3.  Scavenge pump wiring is located outside of the fuel tank and the tank is protected from overheating scavenge pumps, in a similar fashion to the boost pump, by a thermal overheat switch that shut down the pump if its temperature exceeds 307 degrees Fahrenheit.

“4.  The fuel quantity indication system wiring in the fuel tank operates at a voltage well below the 40 volts FAA has noted as less than that required to create sparks (Advisory Circular 25.981-1B).”  [It should be noted that in the latest revision, AC 25.981-1C, the reference to “40 volts” as being considered less than the potential required to create sparks has been removed from the discussion on electrical sparks and electrical arcs.  That AC now only uses an electrical energy limit of 200 micro-joules for electrical transients.]

“5.  The pilot valve used during refueling operations is a 28-volt DC solenoid with wiring protected by a conduit.  Both the refueling access door switch and a refueling panel switch must be activated to energize this circuit.  It is not activated during flight so it is not an in-flight ignition source.

“6.  The fuel tanks do not have significant internal or external heat sources to increase the temperature within the fuel tank that could increase the flammability of the fuel tank ullage.

“Review of FAA Service Difficulty Reports (SRD), Lockheed Martin Service Bulletins, Service Information Letters, and All Operator Letters
“Lockheed Martin has reviewed the FAA’s Service Difficulty Reports (SDR) database for the L-188 for the time period 1986 to present.  Of the approximately 2200 reports in the database, there are no reports of discrepancies in the fuel system itself.  There are reports of fuel leaks due to structural problems, but there are no problems with fuel quantity indications, electrical wires, connections to the fuel system, fuel pumps or fuel lines.

“Lockheed Martin Service Bulletins, Lockheed Martin Service Information Letter and Lockheed Martin All Operator letters issued since 1958 have also been reviewed.  None of these documents have any information indicating that design or procedural changes were needed to correct problems with the fuel system, the fuel quantity indication system, electrical wiring associated with the fuel system, the fuel pumps or fuel lines.

“Hazard Assessment
“Since there are no Service Difficulty Reports from 1986 to date or Lockheed Martin service information documents since 1958 indicating discrepancies with fuel system components, it appears that the fuel system design is a robust design with an exceptional service record.  This service experience provides ample indication that the design is sound and that further analysis of the system would not be cost effective for the exceptionally low current annual flight hour usage.”

“An assessment of the L-188 fuel tank features and maintenance related actions applicable to mitigation of hazards identified in AC 25.981-1B is provided in Attachment C.” [Available in the Docket]

“Conclusion
“Lockheed Martin respectfully requests that an exemption from the requirements of SFAR 88 be issued for the Lockheed Model L-188 aircraft.  It is Lockheed Martin’s assessment that the reviews documented in this letter describing the L-188 and safety features and the long history of safe operation are adequate to satisfy the intent of SFAR 88 with demonstrating compliance with all SFAR 88 provisions.  Approval of this request for an exemption would be in public interest and will not adversely affect safety.  The current U.S. registered L-188 aircraft operators report that the cost of modifications that have been suggested by FAA, such as transient suppression devices, would be so high that continued operation would not be financially viable.”

“The L-188 fuel tank system is a robust design that is maintained by the operators and exhibits many of the design features which FAA has noted as improving safety in the advisory material accompanying SFAR 88.  The fact that the design is safe and robust is borne out by over 6 million flight hours of service without any unsafe conditions in the fuel system.

“In support of the intent of SFAR 88, if this petition for exemption is approved, Lockheed Martin would agree to work directly with active U.S. L-188 operators in a mutual effort to review the fuel system maintenance performance in their L-188 fleet.  This effort would be used to generate a recommended maintenance practice in the form of a service letter for fuel tank safety that would further enhance safe L-188 operations and support the intent of SFAR 88.  The expected completion date for this effort would be     December 2002.  An outline of the areas to be address as part of this effort is provided in Attachment D [available in the Docket].  Additionally, if desired by the FAA as a condition of granting approval of this petition, Lockheed Martin would accept restrictions imposed by the FAA limiting operation of the L-188’s under FAA jurisdiction to cargo only operations.”

A summary of the petition was published in the Federal Register on March 28, 2002 
(67 FR 15003).  No comments were received.

The FAA’s analysis/summary is as follows:

The FAA has considered the information provided by the petitioner, and has determined that there is sufficient merit to warrant a partial grant of exemption.

Nature and Extent of Relief Sought

The petitioner requests an exemption from the requirements of part 21 SFAR No. 88 for all versions of the Lockheed Martin Model L-188 (Electra) aircraft.  

The petitioner intends to work directly with active Untied States Model L-188 operators in a mutual effort to review the fuel system maintenance performance in their Model      L-188 fleet.  That effort would be used to generate a recommended maintenance practice in the form of a service letter for fuel tank safety.  The expected completion date for this effort would be December 2002.  Also, the petitioner would accept restrictions on limiting operation of “N” registered Model L‑188 airplanes to those that are approved for all cargo operations only.

Information in Support of the Petition

The FAA concurs that the Model L-188 is used today exclusively by a very limited number of operators in cargo operations on routes where the Model L-188 cargo capacity and operating costs are favorable for their specific market.  The FAA agrees that a petition for exemption is an appropriate avenue to address the petitioner’s concerns supporting the exclusion of all Model L-188 airplanes from compliance with SFAR No. 88.  The petitioner’s supporting data for cost of compliance is acceptable, and commitment to work with active Model L-188 operators to develop a recommended maintenance practice for the fuel tank system is recognized.

Comments in the Public Interest

The petitioner demonstrates unique circumstances that make granting the exemption in the public interest.  The FAA notes the petitioner’s observation that by denying the petition, a significant economic burden would be placed on the operators.  A denial may severely impact cargo operations on routes where the Model L-188 cargo capacity and operating costs are favorable for that specific market.  The FAA is cognizant that the petitioner has completed an initial zonal safety assessment of the Model L-188 fuel system design features (available in the Docket).  The Model L-188 design does not have center wing tanks and has not had any recorded service difficulty with the fuel system and fuel pumps from 1986 to present.  There have been no design changes needed to correct problems with the fuel tank system and fuel pumps since 1958.  The FAA concludes that because of the uncomplicated, trouble-free fuel system design, small fleet size, and limited operation of these airplanes, the fuel system design of the Model L-188 is acceptable with the restrictions and limitations below.

In consideration of the foregoing, I find that a partial grant of exemption is in the public interest.  Therefore, pursuant to the authority contained in 49 U.S.C. 40113 and 44701, delegated to me by the Administrator, Lockheed Martin Aeronautical Systems, is granted a partial exemption from Title 14, Code of Federal Regulations, part 21, SFAR No. 88 (insofar as the SFAR addresses compliance with §§ 25.901 and § 25.981(a) and (b), as amended by Amendment 25-102), to the extent necessary to allow Lockheed Martin, as the type certificate holder of the Model L‑188 airplanes, to meet the obligations of SFAR No. 88 without conducting a complete fuel tank safety review, and without developing the necessary design changes required by that safety review, with the following restrictions and limitations:

1.  A limitation to restrict operation of “N” registered Lockheed Martin Model L-188 airplanes only to those that are approved for all-cargo operation.  Lockheed Martin must revise the limitation section of the airplane flight manual (AFM) to restrict all operations to cargo only no later than June 7, 2004.

2.  Lockheed Martin Aeronautical Systems need only develop the following specific design changes, maintenance and inspection instructions for the fuel tank system: 

a.  Modification of the metal conduits with power wires in the fuel tank in a manner acceptable by the FAA office of the Transport Airplane Directorate.  Thereafter, these metal conduits and power wires must be placed on a regular inspection program acceptable to the FAA office of the Transport Airplane Directorate; and

b.  Development of a clean tank inspection procedure approved by the FAA office of the Transport Airplane Directorate.  Thereafter, that clean tank inspection procedure must be placed on a regular program schedule acceptable to the FAA office of the Transport Airplane Directorate.

3.  Lockheed Martin Aeronautical Systems must submit a report by December 6, 2002, as required by paragraph (c) of SFAR No. 88, for approval to the FAA office of the Transport Airplane Directorate.  This report must contain the design changes, maintenance and inspection instructions, discussed in paragraph 2 above.  The granting of this exemption is contingent on the approval of that report.

4.  This exemption does not provide relief to operators of Lockheed Martin Model L-188 airplanes from the requirements in their respective operating rule (§§ 91.410, 121.370, 125.248, or 129.32).  However, we find that the instructions developed by Lockheed Martin Aeronautical Systems identified in paragraph 3 above substantially meet the requirements of the operating rules for the configuration analyzed by the type certificate holder.  This finding is based on the same information discussed above in support of the petitioner’s petition for exemption.  The operator is responsible for developing any necessary additional instructions for maintenance and inspection for the actual airplane configuration, which may differ from the configuration analyzed by Lockheed Martin Aeronautical Systems.

All reports pertinent to this exemption must be provided to this office. 

Issued in Renton, Washington, on  November 14, 2002.







/s/ Ali Bahrami







Ali Bahrami







Acting Manager
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Aircraft Certification Service
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