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McDonnell Douglas and Boeing Pylon/Strut Separation Design Certification and
Design Criteria Comparisons

MD-11 Pylon Structural Design Overview

The MD-11 wing pylon was designed with four main attach points to the wing: two at the
pylon forward bulkhead, one at the thrust link and one at the pylon aft bulkhead. Both the
pylon forward bulkhead and aft pylon bulkhead were designed with back-to-back structure,
with the forward bulkhead being steel and the aft bulkhead being aluminum. This design
was largely based on the DC-10 wing pylon design, although not the same. The certification
basis changed from the DC-10 to the MD-11; the certification basis being damage
tolerance for the MD-11 vs. safe-life / fail-safe for the DC-10. Fail-safe was considered an
MDC design criteria above the MD-11 certification requirements as defined in 14 CFR §
25.571 at Amendment 25-54. Fail-safe capability for the pylon aft bulkhead installation was
substantiated during design of the MD-11 by analyzing the following conditions and
ensuring limit load could be maintained:

- Failure of half of the back-to-back bulkhead assembly (pylon)

- Failure of one lug of the clevis fitting (wing)

- Failure of clevis fitting base at one primary bolt (wing)

- Failure of any one of the primary bolts in the clevis fitting (wing)

- Failure of the bushing within the bolt-bushing assembly (assembly)

MD-11 Pylon Separation Philosophy

To meet requirements of 14 CFR §§ 25.561, 25.721(b), and 25.994, the MD-11 program
considered two primary breakaway conditions in the design: hard landing and wheels-up
landing. Structural fuses and interfacing systems were designed and implemented to
ensure wing fuel tank integrity during these conditions.

The structural fuses for the two conditions were designed as follows:

- Hard landing: Engine down loads induced by hard landing will be reacted most
critically in tension and shear at the top of the wing front spar bulkhead attach fitting
(front spar fitting). The bottom of the fitting is in shear only (compression applied
from fitting to front spar). The pylon aft bulkhead is not critical in compression (aft
bulkhead moves up relative to wing) during this condition. To prevent fuel tank
rupture at the wing front spar bulkhead attach fitting, the fuse for hard landing
conditions was chosen to be the bolts connecting the truss to the pylon box at its
upper joint (away from the wing front spar bulkhead attach fitting), see Figure 1.
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Figure 1 - MD-11 Pylon Hard Landing Breakaway

Wheels-Up Landing: During this condition, the pylon aft bulkhead will be loaded in
tension (aft bulkhead moves down relative to wing) while the pylon forward
bulkhead will be loaded primarily in compression. The structural fuse that facilitates
the engine and pylon rotating about the wing front spar and ensuring fuel tank
integrity was determined to be the pylon aft bulkhead lugs. This was validated via
test where the wing aft clevis fitting and wing structure back up brackets remained
intact while the lugs experienced failure under a condition above ultimate load. The
resulting rotation of the engine and pylon about the wing front spar as well as the
expected distortion/bending in the pylon forward bulkhead outside of the wing tank
enclosing structure, minimizes a fuel spillage fire hazard (see Figures 2, 3, and 4).



Figure 2 - MD-11 Wing Engine Position After Pylon Aft Bulkhead Structural Fuse - Wheels Up Landing Condition
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Figure 3-MD-11 Pylon Forward Bulkhead Distortion after Pylon Aft Bulkhead Structural Fuse - Wheels Up Landing
Condition



Figure 4 — Forward Looking Aft View of MD-11 Engine Positions after Wheels Up Landing and Structural Fuses

Boeing Strut Design Overview

Prior to 14 CFR § 25.571 at Amendment 25-45, the 707 was certified with four
attach points that mounted the strut to the wing: two mid-spar fittings, one upper link, and
one diagonal brace. The 747-100 to -400 models, which were also certified prior to
Amendment 25-45, were designed with five attach points: two mid-spar fittings, one side
brace, one upper link, and one diagonal brace. The 737-100/-200 models were designed
with an underwing attachment, which differs from the typical Boeing strut-to-wing

mounted configuration.
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Figure 5 - 747 Single Side Link Pylon Configuration




The 757 and 767 models, the first Boeing models certified to 14 CFR § 25.571 at
Amendment 25-45 or later, incorporated a second side link to comply with damage
tolerance requirements. The 747 fleet was retrofitted to include a dual side link design
following two in-service events in which the inboard engine separated and compromised
the outboard engine.
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Figure 6 — 747 Dual Side Link Pylon Configuration

The 707, 737-100/-200, and 747-100 to -400 models were all certified fail-safe based
on the respective amendment levels in place at the time of certification. These aircraft
were shown to be fail-safe by safe separation of the engine. At the airplane level, continued
safe flight and landing could be maintained with a single engine separated from the
aircraft.

Beginning with the 757 and 767 programs and in accordance with the amendment
levels in place at the time or certification, the Boeing fail-safe design criteria was updated
to align with newly introduced damage tolerance regulatory requirements. The updated
Boeing fail-safe criteria ensures that the strut will maintain limit load capability with any
single load path failed.

Boeing Strut Separation Philosophy

Similar to the MD-11, Boeing strut designs incorporate structural fuses to facilitate
separation of the engine/strut attachment without rupturing the fuel tank during conditions
that exceed design loads. The most common method used by Boeing is a fuse pin. Fuse
pins are designed such that the minimum shear strength shall be greater than ultimate



load requirements for intact conditions and the damage tolerance load requirements for
fail-safe conditions. Additionally, the pins and surrounding structure are designed to
facilitate access for inspection and maintenance over the lifecycle of the aircraft.

Boeing Structural Design Enhancements

In 1992, ELALFlight 1862 experienced the separation of engine #3 which then impacted
engine #4, resulting in an inability to maintain control of the aircraft and ultimately a fatal
accident and hull loss. The lessons learned from this event and other fleet findings led
Boeing to re-evaluate nacelle fatigue loads and strut design criteria. The following actions
were part of an Airworthiness Directive (AD) mandated, multi-fleet Strut Improvement
Program:

- Updated fatigue loads to account for dynamic loading during liftoff segment (ground
and gust loads)

- Updated fatigue and durability analysis methods as part of propulsion structure
design requirements

- Addition of dual-side link (747)

- Replacement material in several locations with stronger, more corrosion resistant
material

- Replaced bottle bore fuse pins with strengthened, straight bore fuse pins

Additionally, based on these lessons learned, the Boeing criteria and design guidelines for
strut attachment were updated for all future programs.

MD-11 Systems Near Wing/Pylon Interface
As documented in the NTSB Systems group chairman factual report, a variety of

systems are present near the pylon to wing interface. These include fuel and fire
extinguishing lines, bleed air ducts, hydraulic lines, and electrical cables/wiring that
support engine related functions. The MD-11 wing pylon design includes provisions for
these systems including fire prevention, fire detection, and fire containment within the
engine core compartment provided by the use of features such as fireproof firewalls and
flammable fluid carrying lines designed to minimize the possibility of leakage during engine
operation.

Outboard slat mechanical and hydraulic systems routed near the pylon have design
features such as an outboard slat drive latch mechanism on each wing that includes a slat
extend latch. The slat extend latch prevents outboard slat retraction if the slat drive
mechanism has a mechanical failure for any reason. The extend latch does not stop
outboard slat retraction if both hydraulic systems 1 and 3 slat extend lines are severed.
Lessons learned after the American Airlines Flight 191 DC-10 accidentin 1979, led to



implementation of slat balance relief valves near the slat actuators in each wing of the MD-
11, preventing outboard slats from retraction by trapping pressure in the extend side of the
actuator cylinders to hold the slats in position with the loss of both hydraulic systems 1 and
3 slat extend lines.

MD-11 Pylon Separation — Fuel Systems Overview
During design and development of the MD-11, a structural analysis of the fuel line

downstream of the wing front spar mounted fire shutoff valve was performed for a wing
engine/pylon separation condition (see Figure 7). The analysis determined that assuming
the fuel line is not severed by adjacent structure during the separation event, the fuel line
will fail (fuse) downstream of the interface with the fire shutoff valve. This ensures the
integrity of the valve, its adapter, and its interface with the wing front spar web during a
separation event, allowing fuel spillage to be controlled by fire shutoff valve operation.

Following the United Airlines Flight 232 DC-10 accidentin 1989, an engine
rotorburst analysis for the MD-11 identified a threat to the existing DC-10 mechanical fire
shutoff valve cable in the wing leading edge area. The mechanical shutoff valves for the
wing mounted engines were replaced with electrical valves (the first three MD-11 in-service
airplanes were modified by service bulletin; new valves were incorporated on subsequent
airplanes during production). The electrical harnesses for the electrical fire shutoff valves
were routed through the wing trailing edge, which is not within the areas vulnerable to wing
engine uncontained failures.
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Figure 7 - MD-11 Wing Pylon Fuel Line Downstream of Wing Front Spar Fire Shutoff Valve

Boeing Pylon Systems Design Enhancements

Similar to the MD-11 fuel system, design features have been incorporated on the pylon and
its associated systems across Boeing models to minimize the potential hazards to the wing
and its associated fuel tank from the emergency landing conditions defined in 14 CFR §
§25.561, 25.721 (b), and 25.994. The following features from the 747-8 are provided as an
example:

e Fuel and Fire Extinguishing Lines:

o During engine separation, the fuel and fire extinguishing lines will break near a
coupling before damaging the wing structure. In addition, the fuel shutoff (spar)
valves have features such as control wiring routing and redundancy minimizing
exposure to damage and retaining functionality.

o Inaddition to the fuel system component protection features, Flight Crew
Operations Manual (FCOM), non-normal checklists on all models contain
procedures when performing an emergency evacuation of the airplane that
ensures action is taken to prevent or minimize the spillage of fuel following an
event that would necessitate an evacuation. These evacuation procedures are
also referenced within non-normal checklists for conditions such as Partial or All
Gear Up Landing and Ditching.



Hydraulic Tubes and Lines:

o The hydraulic tubing in the strut and wing areas have been designed to minimize
exposure to structural damage that could lead to fuel leakage by use of tubing
support/bracket design features to ensure the integrity of hydraulic line
interfaces with fuel tanks.

Bleed Air Ducts:

o The bleed air ducting coupling flanges (see Figure 8) are designed to fuse to

protect the wing leading edge structure.
Electrical Cables:

o Engine and pylon wiring have disconnect interfaces that involve connectors or
swaged couplings. Breakaway is designed to occur at the connectors located at
such aninterface. The supporting disconnect interface structure is reinforced in
certain areas (see Figure 9), to ensure the failure occurs at the connectors. The
main power feeder cables also have a controlled breaking point.

BLEED AIR DUCT "FUSES"

Figure 8 — 747-8 Outboard Engine Pylon Bleed Air Duct Installation



Wiring Connectors

Figure 5 - 747-8 Inboard Engine Pylon Power Feeder Cable and Wiring Installation

10





