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UNITED STATES DISTRICT COURT
WESTERN DISTRICT OF WASHINGTON

AT SEATTLE A L
THE BOEING COMPANY, a Delaware C 0 8- 048 4 7
corporation, NO. &
Plaintift, COMPLAINT FOR REVOCATION
OF ACCEPTANCE/BREACH OF
v. | CONTRACT DAMAGES

ALCOA, INC,, a Pennsylvania corporation,

Defendant. { JURY DEMAND
NATURE OF THE CASE
1. This is an action arising from the defendant's supply of defective flight safety

critical paﬁs under the United States Air Force F-22 Advanced Tactical Fighter Aircraft Program
{("F-22 Program"). Defendant delivered the defectivc flight safety critical parts in violation of its
contractual obligations to plaintiff. Plaintiff revoked acceptance of the defective parts and seeks
damages under Revised Code of Washihgton ("RCW") 62A.2-608, and breach of contract
damages pursuant to RCW 62A.2-714,

2. Defendant was a subcontractor to plaintiff, and supplied aircraft forward boom
frame forgings to plaintiff between June 2000 and April 2005 for use in the F-22 Program. The
subcontracts required defendant to heat treat the frame forgings to retard crack growth and

improve damage tolerance by transforming their microstructure. Prior to production, defendant
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performed first article qualification of the frame forgings, wﬁich revealed that the bottom area of
the forgings heated up slower than the rest of the forging due to their arrangement in the furnace
by defendant. To ensure proper heat treatment, defendant was required during production of the
frame forgings to add additional time to the heat treatment cycle, as was done during first article
qualification. Defendant failed to do so. Defendant also failed to follow required procedures for
the positioning of frame forgings during heat treatment.

3. Defendant's failure to add addiitonal time to the heat treatment cycle and
departure from required procedures resulted in frame forgings with microstructure that did not
meet contract requirements. The nonconforming microstructure was not reasonably discoverable
by plaintiff at the time of acceptance. This nonconforming condition substantially impaired the
value of the delivered frame forgings to plaintiff, Lockheed Martin Corporation ("Lockheed
Martin"), and the United States Air Force ("Air Force"). In light of this latent defect, plaintiff
has revoked acceptance of the nonconforming frame forgings.

4, Defendant's failure to follow contract requirements in the production of the frame
forgings and the supply of nonconforming frame forgings also constitutes a breach of contract
resultihg in damage to plaintiff, Lockheed Martin, and the Air Force.

5. On June 22, 2007, the Air Force entered into a settlement agreement to address
the damage to the F-22 aircraft and the Air Force caused by the defective aircraft frame forgings.
Under the settlement agreement, plaintiff agreed to"perform additional F-22 aircraft work at no
cost to the government to resolve the issue related to the defendant's nonconforming frame
forgings.

6. Plaintiff seeks recovery from defendant of its performance costs related to the Air
Force settlement. Plaintiff also seeks recovery of inspection, investigation, and damage
mitigation costs, as well as other incidental costs, arising from defénda.nt's supply of defective

frame forgings under the subcontracts.
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PARTIES

7. Plaintiff, The Boeing Company, ("Boeing"} is a Delaware corporation with its
principal place of business at IOOANorth Riverside, Chicago, Illinois 60606.

8. Defendan-t, Alcoa, Inc. ("Alcoa") is a Pennsylvania corporation, with its principal
place of business at Alcoa Corporate Center, 201 Isabella Street, Pittsburgh, Pennsylvania 15212,

| JURISDICTION AND VENUE

9. The Court has subject matter jurisdiction over the claims pursuant to 28 U.S.C.
§ 1332, because there is diversity of citizenship between plaintiff and defendant, and the matter
in controversy exceeds $75,000, exclusive of interest and costs. Venue is proper under 28
U.S.C. § 1391(b) because a substantial part of the events giving rise to the claim occurred here.

STATEMENT OF FACTS

F-22 Advanced Tactical Fighter

10.  The F-22 is an aircraft that incorporates the latest technology in avionics, engine
performance, steaith and aerodynamic design. The F-22 aircraft is a cornerstone of the
Department of Defense tactical aircraft modernization program.

11, The F-22 aircraft is designed to be more reliable and maintainable than any
previous military fighter aircrafi. The F-22 aircraft will replace the aging F-IS_ aircraft. The
mmproved reliability results in less manpower required to maintain the aircraft and the ability to
operate more efficiently.

12, Effective October 13, 1986, Boeing, Lockheed Martin and General Dynamics
entered into a teaming agreement to pursue the F-22 Program. On October 31, 1986, the Air
Force awarded the Lockheed Martin, Boeing and General Dynamics team a contract for the
Demonstration/Validation Prototype phase of the F-22 Program.

13, In August 1991, the Air Force awarded to Lockheed Martin the prime contract for
the Engineering and Maenufacturing Development ("EMD") phase of the F-22 Program.

Simillarly, the Air Force awarded Lockheed Martin prime contracts for the Production
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Representative Test Vehicle ("PRTV") and Low Rate Initial Production ("LRIP") phases. Under
the teaming agreement, the parties agreed that the prime contractor would be the team leader and
the other parties would serve as principal subcontractors under the F-22 Program. In 1993,
Lockheed Martin assumed General Dynamics' rights under the teaming agreement.

14.  Under the LRIP phase, the Air Force awarded five contracts (Lots 1-5) to
Lockheed Martin for the delivery of 101 F-22 aircraft, in which Alcoa forward boom frame
forgings were installed.

15.  Boeing and Lockheed Martin entered into two subcontracts in 1999 and 2001 in
connection with the 101 F-22 aircraft, Under the Lockheed Martin subcontracts, Boeing is
responsible for the design and manufacture of the F-22 aircraft wing and aft fuselage. Boeing is
required to perform the subcontracts in accordance with the F-22 aircraft prime contract
specifications and statement of work. Boeing performs the F-22 work and administers all F-22
subcontracts from its facilities in Seattle, Washington.

F-22 Aircraft Forward Boom Frames

16.  The aft fuselage of the F-22 aircraft is composed of high strength titanium and
composite matertal to withstand performance requirements. The forward boom is a critical
structural component of the aft fuselage. All systems, including fuel, hydraulics, electrical, and
pneumatics, must travel through the forward boom. The forward boom connects the wings to the
fuselage of the aircraft. The failure of the forward boom could result in the catastrophic loss of
the aircraft.

17. The forward boom frame forgings are made of titanium and provide the structural
support for the forward boom. The forward boom consists of five segments connected by five
frames. Four of the forward boom frames, part numbers 2 through 5, contain the lugs that attach
the wings to the fuselage.

18, Between June 2000 and April 2005, Alcoa was the exclusive manufacturer of

forward boom frame forgings to Boeing. Alcoa is a recognized expert in the manufacture of
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titanium aerospace forgings, and is fﬁlly versed in the titanium heat treat processes and
procedures. Alcoa was and is fully aware of the effects of heat treatment on the microstructure
of the frame forgings and other aerospace forgings. Alcoa performed significant developmental
work resulting in new and advanced processes for heat treating titanium, Alcoa currepﬂy holds a
process patent for the heat treatment of titanium alloy Ti 6-2222.

19.  Alcoa was a qualified supplier of various titanium forgings under the F-22
Program. Among other things, Alcoa rﬁanufactured titanium Keelson forgings for the F-22
forward boom under the EMD and Lot 1 Air Force contracts. In addition, Alcoa manufactured
large titanium structural forgings under the EMD and Lot 1 portions of the F-22 Program,
including the aft body bulkhead frame forgings ("H-frames" and "T-frames").

| 20. On May 6, 1999, Boeing awarded to Alcoa master subcontract JX0320, which
involved the first article testing, manufacture and delivery of 98 forward boom frame forgings
(part numbers 2 through 5). On August 10, 2000, Boeing awarded to Alcoa master subcontract
JY 3340, which involved the manufacture and delivery of 597 forward boom frame forgings (part
numbers 2 through 5) (hereinafter "master subcontracts"). Between June 2000 and April 28,
2005, Alcoa delivered 695 frame forgings to Boeing under the master subcontracts. Alcoa's
production of the forgings in the four forward boom frames is the subject of this dispute.

21.  Boeing incorporated applicable F-22 aircraft prime contract specifications,
requirements and drawings into the Alcoa master subcontracts. Among others, the Alcoa master
subcontracts include F-22 specification SPTM5T04 (heat treatment), F-22 specification
SPD00363 (designation of the forward boom frames as a "category 1" fracture critical part), F-22
specification SPTPTTO02 (fracture/durability requirements for critical "category 1" parts), and F-

22 specification SPTPCT16 (approval of supplier manufacturing plans).
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Production of the Frame Forgings

22.  The forward boom frame forgings are classified as "category 1" fracture critical
parts. A part is designated as "category 1" fracture critical if its failure could result in the loss of
the aircraft.

23. Al "category 1" fracture critical parts must mect specified damage tolerance life
requirements. Damage tolerance life is the length of time for a crack to propagate undetected
from a manufacturing defect to cause the catastrophic failure of the aircraft. The damage
tolerance life requirement is designed to ensure that a crack in the frame forging will not
propagate to failure prior to being discovered during scheduled maintenance inspection.

24. With respect to aircraft damage tolerance life requirements, section 3.2.7.7.1 of F-

22 specification SPPAWO001B provides:
3.2.7.7 Damage Tolerance

Damage tolerance requirements shall be imposed on all safety-of-flight
structure and upon other selected structural components. When
maintained, inspected, tracked and managed, these components shall be
capable of maintaining adequate residual strength in the presence of
material manufacturing and processing flaws and in-service damage (not
exceeding the damage size assumptions used in the design) throughout
their design service lifetimes.

25. F-22 specification SPTMS5T04, included in the Alcoa master subcontracts,
requires the heat treatment of "category 1" fracture critical parts to the "beta anneal" condition to
retard crack growth and improve damage tolerance life.

The Heat Treatment Process

26.  F-22 specification SPTMS5T04 of the Alcoa master schontracts requires that the
frame forgings must undergo the "beta anneal" method of heat treatment.

27.  The beta anneal heat treatment method inhibits crack growth in the frame
forgings. The beta anneal method involves the heat treatment of the frame forgings to transform

the microstructure of the forgings. Pursuant to F-22 specification SPTMST04, Alcoa was
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required to transform the microstructure of the frame forgings from a fine grain microstructure to
a large, coarse grain transformed beta microstructure with no Retained (untransformed) Primary
Alpha ("RPA") microstructure. The cﬁange in microstructure is necessary to achieve the
required damage tolerance life of the frame forgings.

28.  The lowest temperature at which the frame forging transforms to the desired
microstructure is known as the "beta transus” (hereinafter, "BT") threshold. The frame forgings
must be heat treated at the set temperature above thé BT threshold for a sufficient time to achieve
the desired microstructure. The BT threshold of titanium generally is between 1,750 degrees F
and 1,810 degrees F, depending upon the chemical composition of the titanium material. F-22
specification SPTMS5T04 requires that Alcoa set the beta anneal cycle temperature at 50 degrees
F to 100 degrees F above the BT. F-22 specification SPTM5T04 further requires that the frame
forgings remain in the heat treatment furnace long enough to ensure that the thickest section of
the forging is within plus/minus 25 degrees F of this set temperature for at least 20 minutes.
Alcoa was therefore required to wait until the thickest section of the frame forging approximated
the BT set temperature before commencing the stabilization anneal heat treat cycle.

29, The frame forgings must be heat treated at the BT set temperature for a sufficient
"dwell time" to meet the microstructure requirements of F-22 specification SPTM5T04. The
failure to achieve the BT set temperature and/or the minimum dwell time in the heat treatment
furnace could result in frame forgings without a fully transformed microstructure, i.¢., frame
forgings with RPA.

First Article Testing

30.  F-22 specification SPTPCT16 of the Alcoa master subcontracts required the first
article testing and qualiﬁcétion of the frame forging production procedures.

31.  Prior to the first article testing of the frame forgings, Alcoa had produced titanium
Keelson forgings. Alcoa encountered problems heat treating the Keelson forgings. Due to an

inadequate internal process control system, Alcoa selected an incorrect BT temperature for heat
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treating the forgings, resulting in forgings with RPA. In addition, Alcoa positioned the Keelson
forgings on their side during heat treatment, which resulted in the tob portion of the forgings
cooling quicker than the bottom portion. This violated the applicable specification governing the
positioning of forgings in the heat treat furnace. At that time, Boeing emphasized to Alcoa that
proper heat treatment was essential to achieving the required strength and service life of titanium
forgings. Alcoa established and instituted new process control requirements to ensure the
forgings were positioned properly and heat treated at the correct temperature.

32, In April 2000, Alcoa conducted first article testingI and qualification of the frame
forgings. Boeing personnel witnessed the first article testing.

33, During first article testing, Alcoa processed 10 frame forgings, including a
designated first article test forging. Alcoa placed temperature sensors, known as thermocouples,
at seven locations on the first article test forging, including the prolongation (top) area and the
lug (bottom) area of the frame forging. Alcoa correlated the different sections of the first article
test forging with the prolongation area since the prolongation area would form the basis for the
testing of subsequent production lots.

34, Alcoa positioned or "racked" the frame forgings in the heat treat furnace vertically

~with the lug area of the forging extending closest to the furnace grate. Alcoa used support blocks

to position the frame forgings in the furnace. Alcoa positioned these support blocks vertically,
not horizontally along the frame forgings. Alcoa situated the frame forgings in line with gaps
between the furnace grates.

35.  For ﬁrst article heat treat qualification, Alcoa established a BT set temperature of
1,870 degrees F, and conducted a 35-minute beta anneal heat treat cycle.

36.  During first article heat treatment, Alcoa observed that the lug area of the frame
forging heated up considerably more slowly than the prolongation area. Alcoa attributed this
condition to the "shielding effect” of the support blocks on the lug area of the frame forging.

Alcoa determined from the thermocouples that the lug area of the frame forging required 20
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more minutes of furnace time to reach the required set temperature than the prolongation area of
the forging.

- | 37.  Following the prolongation area reached the required BT set temperature, Alcoa,
after discussions with Boeing personnel present, continued the heating cycle an additional 20
minutes to ensure that the thickest portion of the forging reached the heat treat temperature
before commencing the 35 minute beta anneal cycle. The additional 20 minutes of furnace time
allowed the lug area of the frame forgings to reach the necessary set temperature priof to the start
of the beta anneal heat treat cycle.

38.  Following the beta anneal heat treatment, Alcoa performed macro/microstructure
testing on the first article frame forging, Alcoa determined that the first article frame forging had
a fully transformed beta microstructure in the lug area.

39. Based on the first article test results, Alcoa concluded that, once the prolongation
area reached the BT set temperature, an additional 20 minutes of heat treatment was required
before beginning the beta anneal cycle. Alcoa determined that this additional "heat up" time was
necessary to address the thermal lag in the lug area caused by the support block racking
configuration it chose to utilize.

40.  Boeing representatives who witnessed the first article heat treatment received
assurances from Alcoa representatives that, in light of the racking procedure chosen by
defendant, an additiona] 20 minutes of heat up time would be added to the production process.

41.  F-22 specification controls require Alcoa to follow the same heat treatment
operations, pré.ctices and proceés controls used to produce the first article testing in production.
Any change must be reviewed and approved by Boeing.

42, Alcoa submitted its First Article Qualification Report to Boeing on May 18, 2000.
On May 26, 2000, Bosing approved Alcoa's Manufacturing and Inspection Plan for the frame
forgings, informing Alcoa that "[t]his approval does not remove any responsibility for fulfilling

the requirements of the Engineering Drawing and the Purchase Contract.”
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43.  Alcoa neglected fo include in its internal work instructions the requirement for 20
minutes of additional heat treatment after the prolongation area reached the set temperature,
before the start of the beta anneal cycle.

44, ‘During production, Alcoa failed to add 20 minutes of additional heat treatment
timé prior to the 35-minute beta anneal cycle to address the thermal lag in the lug area. Alcoa
placed a single thermocouple in the prolongation area of the frame forging, as specified by the
master subcontract drawings. However, unlike first article qualification, Alcoa began thé beta
anneal heat treat cycle once the prolongation thermocouple approximated the BT set
temperature. During production, Alcoa did not subject the frame forgings to 20 minutes of
additional heat treatment time after the prolongation thermocouple reached the required BT set
temperature, as Boeing had bg:eri assured during the first article heat treatment process. _

- 45, The placement of the single thermocouple in the prolongation area did not relieve
Alcoa of its responsibility to correlate the slower heating time of the lug area with the
prolongation area of the frame forging. Alcoa remained responsible to heat the frame forgings
until the forgings contained fully transformed beta microstructure, with no RPA, as required by
the master subcontract specifications.

Frame Forging Inspection and Acceptance

46.  Alcoa was rresponsible for ensuring that the frame forgings complied with all
master subcontract requirements. Under the master subcontracts, Alcoa was obligated to inspect
and test the frame forgings to determine compliance with the specification requirements. The
master subcontract specifications required Alcoa to perform extensive inspection and testing of
the frame forgings prior to delivery. Among other things, Alcoa was required to perform tensile
testing, fracture toughness testing, stress corrosion resistance testing and microstructure testing

on the frame forgings.
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47.  For each production lot of forgings, Alcoa was réquired to remove and test the
prolongation area of a frame forging to determine compliance with the microstructure
requirements of F-22 specification SPTMS5T04.

48.  Special Provision E.26, Material Certification, of the master subcontracts
required Alcoa to provide a "Certified Inspection Report” for all delivered frame forgings. Alcoa
certified in each report that "the microstructure [of the frame forgings] complies with
[specification] SPTMST04" and that "the material covered by this report has been rnanufaétured,
inspected, and tested in accordance with, and has been found to meet, the applicable
requirements described herein, including any specifications forming a part of the description and
that samples representative of the material met the composition and the mechanical properties
shown in the face of the certification.”

49.  Alcoa tested, inspected and delivered frame forgings to Boeing between June
2000 and April 2005. For each production lot, Alcoa provided to Boeing a Certified Inspection
Report, representing that all testing was performed in accordance with the master subcontract
requirements and that the frame forgings complied with the microstructure requirements of F-22
specification SPTMS5T04,

50.  Boeing reviewed Alcoa's inspection and certification data at the Alcoa facility.
Boeing accepted delivery of the frame forgings after Alcoa inspectors certified that all necessary
inspection and testing had been performed and that, infer alia, the microstructure requirements of
the contract specifications were met.

Post-Acceptance Manufacturing Operations

51.  Following acceptance, Boeing shipped the frame forgings to various
subcontractors for machining operations. These operations included the machining of lugs in the
outboard area of the frame forgings.

52.  After machining, the frame forgings were chemically etched to remove distorted

and rough surface material.

Perkins Coie LLp
COMPLAINT - 11 1201 Third Avenue, Suite 4800
Phone: (206) 359-8000

03120-0206/LEGAL14103533.1 Fax: (206) 359-9000

Seattle, Washington 93101-309%




=B B W I S

L I O e e O O T T T T O v P O VRN I % I S I S S B S B B I e e e e e
—_— O D G S h h da WRS e ODND GO I Ln R W R e N0 IO Wk — O o0 S L B Y — SN

53, The microstructure of the frame forging is visible only after the frame forging is
chemically etched to remove all distorted and rough surface material.

54.  There is no inspection or testing of the microstructure of the machined and
chemically etched frame forging. Such an inspection would be unnecessary and redundant in
light of the more rigorous inspection and testing procedures performed under the master
subcontracts.‘ Such an inspection, known as a macro-etch inspection, would require a trained
metallurgist to analyze the microstructure to detect the presence of RPA material. Even if RPA
microstructure is identified, corrective heat treatment of the frame forgings following chemical
etching and penetrant inspection is economically infeasible given the difficulties associated with
maintaiﬁing stx“icf dimensional tolerances throughout the beta anneal and cooling process.

55.  Following machining, chemical etching and penetrant inspection, the frame
forgings are sent to a subcontractor for the assembly of the forward boom. The compleied
forward booms are delivered to Boeing.

56.  Boeing connects the forward and aft booms using a series of parts known as
keelson webs. Boeing then installs keelson webs and panel/skins to the forward boom
subassembly. Next, Boeing joins the forward boom subassembly and aft boom subassembly to
form the aft fuselage. Boeing delivers the completed aft fuselage to Lockheed Martin.

57.  Lockheed Martin attaches the aft fuselage to the mid fuselage to form the
fuselage. Lockheed Martin then joins the wings and the fuselage, and the aircraft is moved into
position for final assembly, field operations, flight testing, finishing, and delivery to the Air
Force.

Discovery of the Anomalous Microstructure

58. in November 2005, a forward boom frame assembly subcontractor observed that
the lug area of a forward boom forging appeared to contain a fine grain microstructure in the lug
area which could be indicative of nonconforming RPA. A visual inspection cannot detect the

presence of RPA. A visual inspection can detect the relative grain size of the forging
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microstructure, and fine grain size may suggest but does not establish the presence of RPA
microstructure. The earliest point in the production process that a visual inspection can detect
the relative grain size of the forging microstructure is after final machining and chemical etching.

59, Review and evaluation of the lower lug area of two frame forgings in the final
welded confi guration revealed a partially transformed microstructure which did not meet the
requirements of F-22 specification SPTMS5T04.

60. On or about November 28, 2005, Boeing notified Alcoa of the frame forgings
containing nonconforming microstructure.

61.  On December 5-6, 2005, Boeing and Alcoa personnel conducted a review and
evaluation of the two frame forgings.

62. By letters dated December 14, 2005 and January 26, 2006, Alcoa confirmed to
Boeing that the frame forgings contained RPA microstructure in violation of F-22 specification
5PTM5TO04.

63.  Inits January 26, 2006 letter, Alcoa acknowledged that the nonconforming

microstructure in the frame forgings resulted from its failure to address the "shiclding effect" of

~ the support blocks used to position the forgings in the furnace. As it did during first article

testing, Alcoa acknowledged that the support blocks "shielded" the lug area, increasing the total
time needed in the furnace to bring the lug area to the required BT set temperature.

64. By its own admission, Alcoa began the beta anneal heat treat cycle as soon as the
prolongation area reached the BT set temperature, and did not wait an additional 20 minutes for
the lug area to reach the BT set temperature. As acknowledged by Alcoa, tfle failure to subject
the frame forgings to 20 minutes of additional heat treatment after the prolongation area reached
the required BT temperature resulted in nonconforming microstructure in violation of F-22

specification SPTMS5T04,
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