F-35 Joint Strike Fighter

Executive Summary
Test Strategy, Planning, Activity, and Assessment

The Joint Strike Fighter (JSF) Program Office (JPO)
acknowledged in 2016 that schedule pressure exists for
completing System Development and Demonstration (SDD)
and starting Initial Operational Test and Evaluation (IOT&E)
by August 2017, the planned date in JPO’s Integrated Master
Schedule. In an effort to stay on schedule, JPO plans to
reduce or truncate planned developmental testing (DT) in

an effort to minimize delays and close out SDD as soon as

possible. However, even with this risky, schedule-driven

approach, multiple problems and delays make it clear that
the program will not be able to start IOT&E with full combat
capability until late CY 18 or early CY 19, at the soonest.

These problems include:

- Continued schedule delays in completing Block 3F
mission systems development and flight testing, which
DOT&E estimates will likely complete in July 2018

- Delayed and incomplete Block 3F DT Weapons Delivery
Accuracy (WDA) events and ongoing weapons integration
issues

- Continued delays in completing flight sciences test points,
particularly those needed to clear the full F-35B Block 3F
flight envelope, resulting in a phased release of Block 3F
envelope across the variants, with the full Block 3F
envelope for F-35B not being released until mid-CY'18

- Further delays in completing gun testing for all three
variants and recently discovered gunsight deficiencies

- Late availability of verified, validated and tested Block 3F
Mission Data Loads (MDLs) for planned IOT&E and
aircraft delivery dates; DOT&E estimates the first
validated MDLs will not be available until June 2018

- Continued shortfalls and delays with the Autonomic
Logistics Information System (ALIS) and late delivery of
ALIS version 3.0, the final planned version for SDD, at
risk of slipping from early CY 18 into mid-CY18

- Significant, well-documented deficiencies; for hundreds
of these, the program has no plan to adequately fix and
verify with flight test within SDD; although it is common
for programs to have unresolved deficiencies after
development, the program must assess and mitigate the
cumulative effects of these remaining deficiencies on F-35
effectiveness and suitability prior to finalizing and fielding
Block 3F

- Opverall ineffective operational performance with multiple
key Block 3F capabilities delivered to date, relative to
planned IOT&E scenarios which are based on various
fielded threat laydowns

- Continued low aircraft availability and no indications
of significant improvement, especially for the early
production lot IOT&E aircraft

- Insufficient progress in verification of Joint Technical
Data, particularly those for troubleshooting aircraft fault
codes and for support equipment
- Delays in completing the required extensive and
time-consuming modifications to the fleet of operational
test aircraft which, if not mitigated with an executable plan
and contract, could significantly delay the start of [OT&E
- Insufficient progress in the following areas which are
required for [IOT&E:
= Development, integration, and testing of the Air-to-Air
Range Infrastructure instrumentation into the F-35
aircraft

= Flight testing to certify the Data Acquisition, Recording,
and Telemetry pod throughout the full flight envelope

= Development of other models, including the Fusion
Simulation Model, Virtual Threat Insertion table, and
the Logistics Composite Model

- Delays in providing training simulators in the Block 3F
configuration to the initial training centers and operational
locations

Based on these ongoing problems and delays, and including

the required time for IOT&E spin-up, the program will not

be ready to start IOT&E until late CY 18, at the soonest, or
more likely early CY19. In fact, IOT&E could be delayed
to as late as CY20, depending on the completion of required
modifications to the IOT&E aircraft.

Progress in Developmental Testing

Mission Systems Testing

- The program continues to pursue a cost- and
schedule-driven plan to delete planned mission systems
DT points by using other test data for meeting test point
objectives in order to accelerate SDD close-out. This
plan, if not properly executed with applicable data,
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sufficient analytical rigor and statistical confidence, would
shift significant risk to operational test (OT), Follow-on
Modernization (FoM) and the warfighter.
This risky approach would also discard carefully planned
build-up test content in the Test and Evaluation Master
Plan (TEMP) and the Block 3F Joint Test Plan (JTP),
content the program fully agreed was required when
those documents were signed. The program plans to
“quarantine” JTP build-up test points, which are planned
to be flown by the test centers, and instead skip ahead
to complex graduation-level Mission Effectiveness Risk
Reduction test points, recently devised to quickly sample
full Block 3F performance. Then, if any of the Block 3F
functionality appears to work correctly during the complex
test points, the program would delete the applicable
underlying build-up test points for those capabilities and
designate them as “no longer required.” However, the
program must ensure the substitute data are applicable and
provide sufficient statistical confidence that the test point
objectives had been met prior to deleting any underlying
build-up test points. While this approach may provide a
quick sampling assessment of Block 3F capabilities, there
are substantial risks. The multiple recent software versions
for flight test may prevent the program from using data
from older versions of software to count for baseline test
point deletions because it may no longer be representative
of Block 3F. The limited availability and high cost of
Western Test Range periods, combined with high re-fly
rates for test missions completed on the range, make it
difficult for the program to efficiently conduct this testing.
Finally, the most complex capabilities in Block 3F have
only recently reached the level of maturity to allow them
to be tested, and they are also some of the most difficult
test points to execute (i.e., full Block 3F capabilities and
flight envelope).
Historical experience indicates this approach, if not
properly executed, may delay problem discoveries and
increase the risk to completing SDD and increase the risk
of failure in IOT&E (as well as, much more importantly, in
combat). In fact, the program needs to allocate additional
test points — which are not in its current plans — for
characterization, root cause investigations, and correction
of a large number of the open high-priority deficiencies
and technical debt described later in this report. The
completion of the planned baseline test points from
the Block 3F JTP, along with correction or mitigation
of significant deficiencies, is necessary to ensure full
Block 3F capabilities are adequately tested and verified
before IOT&E and, more importantly, before they are
fielded for use in combat.
Until recently, the Program Office estimated that mission
systems flight testing will complete in October 2017. It
now acknowledges the risk that this testing may extend
into early CY'18.
= The October 2017 estimate was based on an inflated
test point accomplishment rate and optimistically low
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regression and re-fly rates. The estimate also assumed
that the Block 3FR6 software, delivered to flight test
in December 2016, would have the maturity necessary
to complete the remaining test points and meet
specification requirements without requiring additional
versions of software to address shortfalls in capability.
However, this is highly unlikely, since several essential
capabilities — including aimed gunshots and Air-to-Air
Range Infrastructure — had not yet been flight tested
or did not yet work properly when Block 3FR6 was
released.

= The Services have designated 276 deficiencies in combat
performance as “critical to correct” in Block 3F, but less
than half of the critical deficiencies were addressed with
attempted corrections in 3FR6.

= Independent estimates from other Pentagon staff
agencies vary from March 2018 to July 2018 to
complete mission systems testing — all based on the
current number of test points remaining and actual
historic regression and re-fly rates from the flight test
program. Even these estimates are optimistic in that
they account for only currently planned testing, which
does not yet include the activities needed to correct the
Services’ remaining high-priority deficiencies.

Flight sciences testing continues to be a source of significant

discovery, another indication that the program is not nearing

completion of development and readiness for IOT&E. For
example:

- Fatigue and migration of the attachment bushing in the
joint between the vertical tail and the aircraft structure are
occurring much earlier than planned in both the F-35A
and F-35B, even with a newly designed joint developed to
address shortfalls in the original design.

- Excessive and premature wear on the hook point of the
arresting gear on the F-35A, occuring as soon as after only
one use, has caused the program to consider developing a
more robust redesign.

- Higher than predicted air flow temperatures were measured
in the engine nacelle bay during flight testing in portions
of the flight envelope under high dynamic pressure on both
the F-35A and F-35C; thermal stress analyses are required
to determine if airspeed restrictions will be needed in this
portion of the flight envelope.

- Overheating of the horizontal tail continued to cause
damage, as was experienced on BF-3, one of the
F-35B flight sciences test aircraft, while accelerating in
afterburner to Mach 1.5 for a loads test point. The left
horizontal inboard fairing surface reached temperatures
that exceeded the design limit by a significant amount.
Post-flight inspections revealed de-bonding due to heat
damage on the trailing edge of the horizontal tail surface
and on the horizontal tail rear spar.

- Vertical oscillations during F-35C catapult launches were
reported by pilots as excessive, violent, and therefore a
safety concern during this critical phase of flight. The
program is still investigating alternatives to address this



deficiency, which makes a solution in time for [OT&E and
Navy fielding unlikely.

Mission Data Load Development and Testing

Mission data files, which comprise MDLs, are essential to
enable F-35 mission systems to function properly. Block 3F
upgrades to the U.S. Reprogramming Laboratory (USRL) —
where mission data files are developed, tested and validated
for operational use — are late to meet the needs for Block

3F production aircraft and IOT&E. These upgrades to the
Block 3F configuration, including the associated mission
data file generation tools, are necessary to enable the USRL
to begin Block 3F mission data file development. In spite
of the importance of the mission data to both [OT&E and
to combat, the Program Office and Lockheed Martin have
failed to manage, contract, and deliver the necessary USRL
upgrades to the point that fully validated Block 3F MDLs
will not be ready for IOT&E until June 2018, at the earliest.
Operational units are also affected by the capability shortfalls
in the USRL to create, test and field MDLs. The complete
set of Block 2B and Block 3i MDLs developed for overseas
areas of responsibility (AORs) have yet to undergo the full
set of lab and flight tests necessary to validate and verify
these MDLs for operational use. Because of the delays

in upgrading the USRL to the Block 3F configuration, the
Services will likely not have Block 3F MDLs for overseas
AORs until late 2018 or early 2019.

In addition to the late Block 3F USRL upgrades, the required
signal generators for the USRL — with more high-fidelity
channels to simulate modern fielded threats — have not yet
been placed on contract. As a result, the Block 3F MDLs
will not be tested and optimized to ensure the F-35 will

be capable of detecting, locating, and identifying modern
fielded threats until 2020, per a recent program schedule.
The program is developing multiple laboratories in order

to produce MDLs tailored for partner nation-unique
requirements, some of which will have more high-fidelity
signal generator channels earlier than the USRL. The
program is considering using one of these other laboratories
for Block 3F MDL development and testing; however,

the MDL that will be used for IOT&E must be developed,
verified, validated, and tested using operationally
representative procedures, like the MDLs that will be
developed for the operational aircraft in the USRL.

Weapons Integration and Demonstration Events

Block 3F weapons delivery accuracy (WDA) events are

not complete. These events, required by the TEMP, are key
developmental test activities necessary to ensure the full
fire-control capabilities support the “find, fix, track, target,
engage, assess” kill chain. As of the end of November,

only 5 of the 26 events (excluding the gun events) had been
completed and fully analyzed. Several WDAs have revealed
deficiencies and limitations to weapons employment (e.g.,
AIM-9X seeker status tone problems and out-of-date launch
zones for AIM-120 missiles). An additional 11 WDAs had
occurred, but analyses were ongoing. Of the 10 remaining

WDA s that had not been completed, 4 were still blocked
due to open deficiencies that must be corrected before the
WDA can be attempted. However, the program did not
have time to fix the deficiencies, complete the remaining
WDAs and analyze them before finalizing Block 3FR6 in
late November for flight testing to begin in December 2016.
For example, recent F-35C flight testing to prepare for a
weapons event with the C-1 version of the Joint Stand-Off
Weapon (JSOW-C1) discovered weapon integration,

Pilot Vehicle Interface (PVI) and mission planning problems
that will prevent full Block 3F combat capability from
being delivered, if not corrected. These discoveries were
made too late to be included in the Block 3FR6 software,
the final planned increment of capability delivered to flight
test for SDD. Also, multiple changes are being made late

in Block 3F development to mission systems fire control
software to correct problems with the British AIM-132
Advanced Short-Range Air-to-Air Missile (ASRAAM)
missile and Paveway IV bomb, changes which could affect
the U.S. AIM-9X air-to-air missile and GBU-31 laser-guided
bomb capabilities, and may require regression testing of the
U.S. weapons.

Block 3F adds gun capability for all variants. The F-35A
gun is internal; the F-35B and F-35C each use a gun pod.
Ground firing tests have been completed on all variants;
only on the F-35A has initial flight testing of the gun been
accomplished. Early testing of the air-to-ground and
air-to-air symbology have led to discovery of deficiencies in
the gunsight and strafing symbology displayed in the pilot’s
helmet — deficiencies which may need to be addressed before
accuracy testing of the gun, aimed by the HMDS, can be
completed. Because of the late testing of the gun and the
likelihood of additional discoveries, the program’s ability

to deliver gun capability with Block 3F before IOT&E is at
risk, especially for the F-35B and F-35C.

Pilot Escape System

The program completed pilot escape system qualification
testing in September 2016, which included a set of
modifications designed to reduce risk to pilots weighing less
than 136 pounds.
- Modifications include:
= Reduction in the weight of the pilot’s Generation III
Helmet Mounted Display System (HMDS), referred to
as the Gen III Lite HMDS

= Installation of a switch on the ejection seat which
allows lighter-weight pilots to select a slight delay in the
activation of the main parachute

= Addition of a Head Support Panel (HSP) between the
risers of the parachute.

- These modifications to the pilot escape system were
needed after testing in CY 15 showed that the risk of
serious injury or death is greater for lighter-weight pilots.
Because of the risk, the Services decided to restrict pilots
weighing less than 136 pounds from flying the F-35.
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Twenty-two qualification test cases were completed
between October 2015 and September 2016, with variations
in manikin weight, speed, altitude, helmet size and
configuration, and seat switch setting. Data from tests
showed that the HSP significantly reduced neck loads

under conditions that forced the head backwards, inducing

a rearward neck rotation, during the ejection sequence.

Data also showed that the seat switch reduced the “opening
shock” by slightly delaying the main parachute for lighter-
weight pilots at speeds greater than 160 knots. The extent
to which the risk has been reduced for lighter-weight pilots
(i.e., less than 136 pounds) by the modifications to the
escape system and helmet is still to be determined by a
safety analysis of the test data. If the Services accept the
risk associated with the modifications to the escape system
for the lighter-weight pilots, restrictions will likely remain in
effect until aircraft have the modified seat and the HSPs, and
until the lighter-weight Gen III Lite helmets are procured and
delivered to the applicable pilots.

Based on schedules for planned seat modifications,
production cut-in of the modified seat, and the planned
delivery of the Gen III Lite HMDS, the Air Force may be
able to reopen F-35 pilot training to lighter-weight pilots
(i.e., below 136 pounds) in early 2018. DOT&E is not aware
of the plans for the Marine Corps and the U.S. Navy to open
F-35 pilot training to the lighter-weight pilots.

Part of the weight reduction to the Gen III Lite HMDS
involved removing one of the two installed visors (one

dark, one clear). As a result, pilots that will need to use
both visors during a mission (e.g., during transitions from
daytime to nighttime) will have to store the second visor in
the cockpit. However, there currently is not enough storage
space in the cockpit for the spare visor, so the program is
working a solution to address this problem.

The program has yet to complete the additional testing and
analysis needed to determine the risk of pilots being harmed
by the Transparency Removal System (which shatters the
canopy first, allowing the seat and pilot to leave the aircraft)
during off-nominal ejections in other than ideal, stable
conditions (such as after battle damage or during out-of-
control situations). Although the program completed an
off-nominal rocket sled test with the Transparency Removal
System in CY 12, several aspects of the escape system have
changed since then (including significant changes to the
helmet) which warrant additional testing and analyses.

Joint Simulation Environment (JSE)

50

JSE is a man-in-the-loop, F-35 mission systems software-in-
the-loop simulation being developed to meet the operational
test requirements for Block 3F IOT&E. However, multiple
aspects of the JSE development effort continue to fall
significantly behind schedule. The Program Office has been
negotiating with the contractor to receive the F-35 aircraft
and sensor models, referred to as “F-35 In A Box (IAB),”
but very limited progress was made in CY16. Also, delays
with security clearances for new personnel limited progress
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on several aspects of the development and validation effort.
Although the Naval Air Systems Command (NAVAIR)
government team has begun installing hardware on their
planned timeline (facilities, cockpits, etc.), the team’s
progress in integrating the many different models (i.e.,
multi-spectral environment, threats, weapons) with F-35 IAB
has been severely limited, and the verification, validation and
accreditation of these models within JSE for use in IOT&E,
have effectively stalled. The F-35 program’s JSE schedule
indicates that it plans to provide a fully accredited simulation
for IOT&E use in May 2019; a schedule that carries high
risk of further slips without resolving these issues, and is

not credible. Without a high-fidelity simulation, the F-35
IOT&E will not be able to test the F-35’s full capabilities
against the full range of required threats and scenarios.
However, for the reasons above, it is now clear that the JSE
will not be available and accredited in time to support the
Block 3F IOT&E. Therefore, the recently approved IOT&E
detailed test design assumes only open-air flight testing will
be possible and attempts to mitigate the lack of an adequate
simulation environment as much as possible. In the unlikely
event the JSE is ready and accredited in time for IOT&E, the
test design has JSE scenarios that would be conducted.

Live Fire Test and Evaluation (LFT&E)

The F-35 LFT&E program completed one major live fire test
series using an F-35C variant full-scale structural test article
(CG:0001). Preliminary test data analyses:
- Demonstrated the tolerance of the vertical tail attachments
to high-explosive incendiary (HEI) projectile threats
- Confirmed the tolerance of the aft boom structures to
Man-Portable Air Defense System (MANPADS) threats
- Demonstrated vulnerabilities to MANPADS-generated
fires in engine systems and aft fuel tanks. The data
will support a detailed assessment in 2017 of these
contributions to overall F-35 vulnerability.
The test plan to assess chemical and biological
decontamination of pilot protective equipment is not
adequate; no plans have been made to test either the Gen II
or the Gen IIIl HMDS. The Program Office is on track
to evaluate the chemical and biological agent protection
and decontamination systems in the full-up system-level
decontamination testing in FY'17.
The Navy conducted vulnerability testing of the F-35B
electrical and mission systems to electromagnetic pulses
(EMP).
The 780th Test Squadron at Eglin AFB, Florida completed
ground-based lethality tests of the PGU-47/U Armor
Piercing High Explosive Incendiary with Tracer (APHEI-T)
round, also known as the Armor Piercing with Explosive
(APEX), against armored and technical vehicles, aircraft, and
personnel-in-the-open targets.

Suitability

The operational suitability of all variants continues to be
less than desired by the Services. Operational and training



units must rely on contractor support and workarounds that

would be challenging to employ during combat operations.

In the past year some metrics of suitability performance have

shown improvement, while others have been flat or declined.

- Most metrics still remain below interim goals to achieve
acceptable suitability by the time the fleet accrues 200,000
flight hours, the benchmark set by the program and defined
in the Operational Requirements Document (ORD)
for the aircraft to meet reliability and maintainability
requirements.

- Reliability growth has stagnated and, as a result, it is
highly unlikely that the program will achieve the ORD
threshold requirements at maturity for the majority
of reliability metrics, most notably Mean Flight
Hours Between Critical Failures, without redesigning
components of the aircraft.

Autonomic Logistics Information System

The program failed to release any new ALIS capability

in 2016, but did release two updates to the currently fielded

ALIS 2.0.1 software to address deficiencies and usability

shortfalls. The program planned to test and field ALIS 2.0.2,

including integration of propulsion data management, in

the summer of 2016, to support the Air Force declaration

of Initial Operational Capability; however, delays in

development and integration have pushed the testing and

fielding into 2017.

Because of the delays with ALIS 2.0.2, Lockheed Martin

shifted personnel to support that product line development.

This caused delays in the development schedule of ALIS 3.0,

the last major SDD software release. The program

acknowledged in August 2016 that it could not execute the

ALIS 3.0 schedule and developed plans to restructure this

ALIS release and the remaining planned ALIS capabilities

into multiple releases, including some that will occur after

SDD completion.

- The program’s restructuring of the ALIS capability
delivery plan divided the planned capabilities and security
updates for ALIS into four more versions: one version for
SDD (ALIS 3.0), with what the Program Office considered
to be needed for IOT&E, and three additional software
releases intended to be fielded at 6-month intervals after
SDD completion, with the remaining content originally
planned for ALIS 3.0.

- The program plans to release software maintenance
updates midway between each of these four software
releases to address deficiencies and usability problems, but
these releases will not include new capabilities.

The Air Force completed its first deployment of F-35A

aircraft using the modularized version of the ALIS squadron

hardware, called the Standard Operating Unit Version 2

(SOU v2), and software release 2.0.1 to Mountain Home

AFB, Idaho in February 2016. Difficulties integrating the

SOU v2 into the base network interfered with connectivity

between the SOU v2 and the Mountain Home-provided

workstations, but did not affect connectivity of the SOU v2

with the main Autonomic Logistics Operating Unit (ALOU)
in Fort Worth, Texas.

Air-Ship Integration and Ship Suitability

The program completed the last two ship integration DT
periods in 2016 — both referred to as “DT-III"” — one with
the F-35B in November aboard the amphibious assault ship
USS America, and one with the F-35C in August aboard the
aircraft carrier USS George Washington. Test objectives
included expanding the flight clearances for shipboard
operations with carriage of external weapons, night
operations, and Joint Precision Approach Landing System
(JPALS) integration testing. For both periods, operational
and test units accompanied the deployment to develop
concepts of operations for at-sea periods.

The specialized secure space set aside for F-35-specific
mission planning and the required Offboard Mission
Support (OMS) workstations is likely unsuitable for regular
Air Combat Element (ACE) operations on the Landing
Helicopter Dock (LHD) and Landing Helicopter Assault
(LHA)-class assault ships with the standard complement

of six F-35B aircraft, let alone F-35B Heavy ACE
configurations with more aircraft. Similarly, for F-35C
operations onboard CVN, adequate secure spaces will be
needed to ensure planning and debriefing timelines support
carrier operations.

The F-35C DT-III included external stores, including bombs,
but only pylons with no AIM-9X missiles on the outboard
stations (stations 1 and 11) due to the F-35C wingtip
structural deficiency. The U.S. Navy directed a proof-of-
concept demonstration of an F-35C engine change while
underway, a process that took several days to complete.
ALIS was not installed on USS George Washington, so
reach-back via satellite link to the shore-based ALIS unit was
required, similar to previous F-35C test periods at sea, but
connectivity proved troublesome.

The F-35B DT-1II deployment included an engine
installation due to required maintenance, along with a lift fan
change proof-of-concept demonstration. The Marine Corps
deployed with an operational SOU v2 on USS America.

Cybersecurity Testing

The JSF Operational Test Team (JOTT) continued to conduct
cybersecurity testing on F-35 systems, in partnership with
certified cybersecurity test organizations and personnel, and
in accordance with the cybersecurity strategy approved by
DOT&E in February 2015. In 2016, the JOTT conducted
adversarial assessments (AA) of the ALIS 2.0.1 SOU, also
known as the Squadron Kit, at Marine Corps Air Station
(MCAS) Yuma, Arizona, and the Central Point of Entry
(CPE) at Eglin AFB, Florida, completing testing that began
in the Fall of 2015. They also completed cooperative
vulnerability and penetration assessments (CVPA) of the
mission systems ALOU at Edwards AFB, California, used
to support developmental testing, and the operational ALOU
in Fort Worth, Texas. The JOTT, with support from the
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Air Force Research Laboratory (AFRL) also completed a
limited cybersecurity assessment of the F-35 air vehicle

in September 2016, on an F-35A aircraft assigned to the
operational test squadron at Edwards AFB. These tests were
not conducted concurrently as originally planned, so end-to-
end testing of ALIS, from the ALOU to the air vehicle, has
not yet been accomplished. An AA of the operational ALOU
was scheduled for early December 2016, which would
complete a full assessment (CVPA and AA) of each ALIS
2.0.1 component.

* The cybersecurity testing in 2016 showed that the program
has addressed some of the vulnerabilities identified during
earlier testing periods; however, much more testing is needed
to assess the cybersecurity structure of the air vehicle and
supporting logistics infrastructure system (i.e., ALOU, CPE,
Squadron Kit) and to determine whether, and to what extent,
vulnerabilities may have led to compromises of F-35 data.
The scope of the cybersecurity testing must also expand to
include other systems required to support the fielded aircraft,
including the Multifunction Analyzer Transmitter Receiver
Interface Exerciser (MATRIX) system which is used by
contractor maintenance technicians, the USRL, avionics
integration labs, the OMS and training simulators.

Follow-on Modernization
* The program continued making plans for Follow-on
Modernization (FoM) for all variants, also referred to as
Block 4, which is on DOT&E oversight. The program
intends to award the contract for the modernization effort
in 2QCY 18 with developmental flight testing beginning
in 3QCY19. Four increments of capability are planned,
Blocks 4.1 through 4.4. Blocks 4.1 and 4.3 will provide
software-only updates; Blocks 4.2 and 4.4 will include
significant avionics hardware changes as well as software
updates. Improved Technical Refresh 3 (TR3) processors
with open architecture, designed to make adding, upgrading
and replacing components easier, are planned to be added in
Block 4.2.
* The program’s plans for FoM are not executable for
a number of reasons including, but not limited to the
following:
- Too much technical content for the production-schedule-
driven developmental timeline
- Overlapping increments without enough time for
corrections to deficiencies from OT to be included in the
next increment
- High risk due to excessive technical debt and deficiencies
from the balance of SDD and IOT&E being carried
forward into FoM because the program does not have a
plan or funding to resolve key deficiencies from SDD prior
to attempting to add the planned Block 4.1 capabilities
- Inadequate test infrastructure (aircraft, laboratories,
personnel) to meet the testing demands of the capabilities
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planned and the multiple configurations (i.e., TR2, TR3,
and Foreign Military Sales)

- Insufficient resources for conducting realistic operational
testing of each increment

System

The F-35 Joint Strike Fighter (JSF) program is a tri-Service,

multi-national, single-seat, single-engine family of strike

aircraft consisting of three variants:

- F-35A Conventional Take-Off and Landing (CTOL)

- F-35B Short Take-Off/Vertical-Landing (STOVL)

- F-35C Aircraft Carrier Variant (CV).

The F-35 is designed to survive in an advanced threat

environment (year 2015 and beyond) using numerous

advanced capabilities. It is also designed to have improved

lethality in this environment compared to legacy multi-role

aircraft.

Using an active electronically scanned array (AESA) radar and

other sensors, the F-35 with Block 3F is intended to employ

precision-guided weapons, such as the GBU-12 Laser-Guided

Bomb (LGB), GBU-31/32 Joint Direct Attack Munition

(JDAM), GBU-39 Small Diameter Bomb (SDB), Navy Joint

Stand-Off Weapon (JSOW)-C1, and air-to-air missiles such

as AIM-120C Advanced Medium-Range Air-to-Air Missile

(AMRAAM), and AIM-9X infrared guided short-range

air-to-air missile.

The SDD program was designed to provide mission capability

in three increments:

- Block 1 (initial training; two increments were fielded:
Blocks 1A and 1B)

- Block 2 (advanced training in Block 2A and limited combat
capability in Block 2B)

- Block 3 (limited combat capability in Block 3i and full
SDD warfighting capability in Block 3F)

The F-35 is under development by a partnership of countries:

the United States, Great Britain, Italy, the Netherlands, Turkey,

Canada, Australia, Denmark, and Norway.

Mission

The Combatant Commander will employ units equipped with
F-35 aircraft in joint operations to attack targets during day or
night, in all weather conditions, and in heavily defended areas.
The F-35 will be used to attack fixed and mobile land targets,
surface units at sea, and air threats, including advanced aircraft
and cruise missiles.

Major Contractor
Lockheed Martin, Aeronautics Division — Fort Worth, Texas



Test Strategy, Planning, and Resourcing
 Preparations for [IOT&E. In 2016, the JPO acknowledged
schedule pressure for starting IOT&E in August 2017, as

planned in the Integrated Master Schedule created in 2012.

Due to multiple problems and further delays, the program will

not be able to start IOT&E until late CY 18, at the earliest, and

more likely early CY 19, but it could be as late as CY20 before
required modifications are completed to IOT&E aircraft. The
issues that will not allow IOT&E to start as planned include:

- Continued schedule delays in completing Block 3F mission
systems development and flight testing

= The program’s plan to deliver the “Full SDD Warfighting
Capability” version of Block 3F software — now referred
to as version 3FR6 — was significantly delayed. It was
planned for release to flight test in February 2016,
according to the program’s latest mission systems
software and capability release schedule, but did not
begin flight test until early December 2016 (10 months
late). However, during this time, the program released
several “Quick Reaction Cycle” (QRC) versions of
software to quickly resolve deficiencies that were
preventing the completion of key test points, like
weapons deliveries. Due to these delays, along with the
recently acknowledged SDD funding shortfall, software
versions 3FR7 and 3FR8 have fallen off the program’s
schedule. However, ongoing delays in maturing some
of the capabilities and new problem discoveries continue
to prevent testing of some planned Block 3F capabilities
and will almost certainly require additional unplanned
releases of Block 3F software.

= DOT&E estimates that mission systems flight testing will
not complete prior to July 2018, based on the number of
Block 3F baseline mission systems test points to go, the
monthly average mission systems test point completion
rate observed for CY'16 to date, and the average
regression, discovery and developmental test point rate
of 63 percent experienced so far in CY16. This estimate
also includes a decrement of 11 percent for test points to
be designated “no longer required,” the percentage used
by the Program Office to account for efficiency in CY 16
planning of test point accomplishment objectives.

- Delayed and incomplete Block 3F developmental testing
Weapons Delivery Accuracy (WDA) events and ongoing
weapons integration issues

= WDA events — key developmental test activities
necessary to ensure the full fire-control capabilities
work together to properly support the “find, fix, track,
target, engage, assess” kill chain — are not complete. As
of the end of November, only 5 of the 26 WDA events
(excluding gun events) had been completed and fully
analyzed.

= Several WDAs have revealed deficiencies and limitations
to weapons employment (e.g., AIM-9X seeker status
tone problems and out-of-date launch zones for AIM-120
missiles). An additional 11 WDAs had occurred, but
analyses are ongoing. Of the 10 remaining WDA:s,

4 were still blocked due to open deficiencies that must
be corrected before the WDA can be attempted, but the
program did not have time to complete and analyze them
before finalizing Block 3FR6.

Continued delays in completing flight sciences test points,
particularly those needed to provide the F-35B Block 3F
flight envelope for operational use

= Through the end of November, flight sciences testing on

all variants was behind the plan for the year. Although
the program planned to complete Block 3F testing on
the F-35A in October, testing continued into December,
with weapons separations and regression testing of new
software to be completed.

Flight sciences test point completion for CY 16 was

5 percent behind for the F-35B and 23 percent behind
for the F-35C as of the end of November. The program
plans to complete Block 3F flight sciences testing

in August 2017 with the F-35C and by the end of
October 2017 with the F-35B, the latter being 10 months
later than planned in the program’s Integrated Master
Schedule.

Due to the delays with completing flight sciences testing,
the program plans a phased release of the Block 3F
envelope across all three variants, with the full Block 3F
envelope for the F-35B not being released until mid-
CY18.

Further delays in completing gun testing for all three
variants and recently discovered gunsight deficiencies
= Block 3F adds gun capability for all three variants. The

F-35A gun is internal; the F-35B and F-35C each use a
gun pod. Differences in mounting make the gun pods
unique to a specific variant, i.e., a gun pod designated
for an F-35B cannot be mounted on an F-35C aircraft.
Flight sciences testing of the gun has occurred with the
F-35A; discoveries required control law changes to the
flight control software and delayed the start of mission
systems gun testing on the F-35A from September 2016
to December 2016. Although the F-35B and F-35C have
completed ground firings of their gun pods, airborne
flight sciences gun testing (i.e., airborne firing) for the
F-35B and F-35C has yet to be accomplished.

Besides the ongoing delays with software and gun
modifications, both DT and OT pilots have reported
concerns from preliminary test flights that the air-to-
ground gun strafing symbology, displayed in the helmet,
is currently operationally unusable and potentially unsafe
to complete the planned testing due to a combination of
symbol clutter obscuring the target, difficulty reading
key information, and pipper stability. Also, for air-to-air
employment, the pipper symbology is very unstable
while tracking a target aircraft; however, the funnel
version of the air-to-air gunsight appears to be more
stable in early testing.

Fixing these deficiencies may require changes to the
mission systems software that controls symbology
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to the helmet, or the radar software, even though the
program recently released the final planned version of
flight test software, Block 3FR6. Plans to begin flight
testing of aimed gunshots, integrated with mission
systems, which requires aiming with the helmet, on the
F-35A were planned for fall of 2016, but had slipped to
December 2016, at the soonest, before this new problem
with the gun symbology was discovered.
F-35B ground test firing of its gun pod was accomplished
in July 2016 and flight testing is planned to begin in
January 2017; the F-35C conducted first ground firing
in November 2016; flight testing is planned to begin in
March 2017.

Late availability of verified, validated and tested Block 3F

MDLs

= Failure by the program to plan for, procure, and provide

the necessary Block 3F upgrades and the associated
Mission Data File Generation (MDFG) tools to the USRL
has caused delays in developing, testing, and verifying
mission data loads for [OT&E.
If Block 3F MDFG tools are delivered in early CY17,
verified, validated and tested MDLs will not be available
for IOT&E until June 2018 (15 months later) at the
soonest, which is late to need for both IOT&E and
fielding of Block 3F.
In collaboration with partner nations, the program is
developing multiple laboratories to produce MDLs
tailored for country-unique requirements. Although
these other laboratories may provide additional capacity
for developing and testing MDLs, the MDL that will be
used for IOT&E must be developed, verified, validated,
and tested using operationally representative procedures
involving the USRL.
Continued shortfalls and delays with ALIS and late
delivery of ALIS software version 3.0, the final planned
version for SDD, which is at risk of slipping from
early-CY 18 into mid-CY18

= The program has failed to deliver increments of ALIS

capability as planned. No new capability has completed
testing in 2016, although the program had planned to
field ALIS 2.0.2, with the propulsion integration module
included, by August 2016 to support the Air Force IOC
declaration, but continued problems caused this to slip
into early CY'17.
The program restructured the ALIS capabilities delivery
plan in 2016 and moved content planned for ALIS
3.0 — the last version to be developed during SDD — to
post-SDD ALIS development and fielding. Despite the
delays and deferred content, [OT&E will still evaluate
the suitability of the F-35 with ALIS in operationally
realistic conditions.
Significant, well-documented deficiencies resulting in
overall ineffective operational performance of Block 3F,
hundreds of which will not be adequately addressed with
fixes and corrections verified with flight testing within
SDD
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= The program, Services, JOTT, and DT and OT pilots

recently conducted a review of the status and priority
of open deficiency reports (DRs). This review was a
follow-on from a review in the spring of 2016, where
the stakeholders reviewed all the open DRs and created
a rank-ordered list of 263 priority deficiencies to be
addressed by the program. The review team later pared
the list down to 176 priority DRs, with 12 being brought
forward to the JPO’s Configuration Steering Board
(CSB); 7 for decision and 5 for CSB awareness. In the
review in the fall of 2016, the stakeholders reviewed
the approximately 1,200 open deficiencies, including
the original 176 priority DRs, plus 231 new DRs since
Feb 2016, minus 55 that had been corrected, to create an
updated DR list. This time, however, the team prioritized
the open DRs into one of 4 priorities: priority 1 DRs
are “service critical,” and the Services will not field
the aircraft unless these DRs are fixed; priority 2 have
significant impact that may, when combined with other
DRs, lead to mission failure; priority 3 carry medium
impact and should be addressed by the program, but
maybe not within SDD; and priority 4 have low impact.
The review team identified 72 DRs as priority 1 and
204 DRs as priority 2, for a total of 276 DRs to address
within SDD or risk fielding deficiencies that could lead to
operational mission failures during IOT&E or combat.
While these deficiencies must be addressed to some
degree during the remaining time in development,
the final planned software load, Block 3FR6, which
started flight test in December 2016, only included
attempted fixes for less than half of the 276 priority
1 and 2 DRs. Corrections to these deficiencies will
need to be developed, tested in the labs (if possible)
and then flight tested, since the labs have proven to not
be an adequate test venue for verifying corrections to
deficiencies identified during flight testing. However,
the current schedule-driven program plans to close out
SDD testing in 2017 do not include enough time to fix
these key deficiencies, nor time to verify corrections in
flight test. There is risk in attempting to verify DR fixes
only in the lab because the labs proved to not always
be representative of the actual aircraft for detecting
problems or verifying fixes for stability problems. The
labs are also not able to adequately replicate the demands
on the mission systems like open air testing does, such as
infrared and radar background clutter and terrain-driven
multipath reflections of radio-frequency emissions from
threat emitters, so most fixes to deficiencies will require
flight testing.

Overall ineffective operational performance with multiple

key Block 3F capabilities to date

= Three independent assessments conducted during the

past 6 months rate the F-35 as red or unacceptable
(not all assessments used the same scoring criteria) in
most critical combat mission areas: The Air Force’s
I0C Readiness Assessment (IRA) of Block 31, an OT



community assessment of Block 3FR5.03 based on
observing develomental testing, and an assessment by the
JOTT of the capability of Block 3FR5.05 to perform the
planned mission trials in the IOT&E, based on observing
and assisting with DT.
In July, the Air Force completed their IRA report. The
assessment was based on a limited series of events
conducted with six Block 3i-configured aircraft,
including test missions in Close Air Support (CAS), Air
Interdiction (AI), and Suppression/Destruction of Enemy
Air Defenses (SEAD/DEAD). The assessment noted
unacceptable problems in fusion and electronic warfare
and, concerning the CAS mission, determined that the
Block 3i F-35A does not yet demonstrate equivalent CAS
capabilities to those of fourth generation aircraft.
In August, an F-35 OT pilot from Edwards AFB,
California, briefed the results of an OT community
assessment of F-35 mission capability with Block
3FR5.03, based on observing developmental flight
test missions and results to date. This OT assessment
rated all IOT&E mission areas as “red,” including
CAS, SEAD/DEAD, Offensive Counter Air (OCA)
and Defensive Counter Air (DCA), Al, and Surface
Warfare (SuW). Several DT Integrated Product Team
representatives also briefed the status of different F-35
mission systems capabilities, most of which were rated
“red,” and not meeting the entrance criteria to enter
the “graduation level” mission effectiveness testing.
Trend items from both the OT and IPT briefings were
limitations and problems with multiple Block 3F system
modes and capabilities, including Electro-Optical
Targeting System (EOTS), Distributed Aperture System
(DAS), radar, electronic warfare, avionics fusion,
identification capabilities, navigation accuracy, GPS,
datalinks, weapons integration and mission planning.
In November 2016, the JOTT provided an assessment of
a later version of Block 3F software — version 3FRS5.05
— based on observing and assisting with F-35 DT flight
operations and maintenance. The JOTT assessment
made top-level, initial predictions of expected IOT&E
results of the F-35 with Block 3FR5.05 against planned
scenarios and realistic threats. For mission effectiveness,
the assessment predicted severe or substantial operational
impacts across all the planned IOT&E missions (similar
to the list of missions above) due to observed shortfalls
in capabilities, with the exception of the Reconnaissance
mission area, which predicted minimal operational
impact. Unlike the other assessments, the JOTT also
assessed suitability, predicting mixed operational impacts
due to shortfalls for deployability (from minimal to
severe), severe impacts for mission generation, and
substantial impacts for training and logistics support.

Continued low aircraft availability, especially for the early

production lot IOT&E aircraft. The program has still

not been able to improve aircraft availability, in spite of

reliability and maintainability initiatives, to the goal of

60 percent, which is well short of the 80 percent necessary

to conduct an efficient IOT&E and to support sustained
combat operations. As a result, [OT&E will likely take
longer than currently planned and suitability, along with
fielded operations, will be adversely affected.
Late delivery of the JSE, a man-in-the-loop simulator
expected for IOT&E, which required the test team to create
a test design that attempts to mitigate the high likelihood
that it will not be available. Some IOT&E measures of
effectiveness will not be fully resolved without a verified,
validated and accredited simulator to evaluate the F-35 in an
operationally realistic, dense threat environment.
Progress in verification of Joint Technical Data (JTD) is
behind plans to complete within SDD, particularly those
for troubleshooting aircraft fault codes and for support
equipment. As of September 2016, the program had verified
approximately 83 percent of all JTD modules, but just over
50 percent of those associated with support equipment.
While symptomatic of an immature system, the lack of
verified JTD makes the completion of aircraft maintenance
more difficult and forces maintainers to rely more heavily
on submitting electronic requests to the contractor for help
or to seek assistance from contractor representatives at field
locations.
= The program has made significant progress in verifying
JTD for sustaining the aircraft’s low observable signature,
primarily by completing verifications on an F-35A
damaged in 2014 by an engine fire
= All Block 3F JTD must be written and verified prior to the
start of [OT&E
Delays in completing the extensive and time-consuming
modifications required to the fleet of operational test aircraft
which, if not mitigated with an executable plan and contract,
could significantly delay the start of IOT&E.
= The program is developing and working plans with
Lockheed Martin and the Services to provide production-
representative operational test aircraft, with the necessary
instrumentation, to start IOT&E. Although it was part of
the agreed-to entrance criteria for IOT&E, the program
currently does not have an adequate plan to provide test
aircraft that meet the TEMP criteria for entering [OT&E
until late-2018, at the earliest, and possibly as late as 2020.
Extensive modifications are required on all of the TEMP-
designated OT aircraft; 155 different modifications (known
to date) are necessary between all variants and all lots of
aircraft (Lots 3 through 5) to bring the IOT&E aircraft
to the required production-representative configuration,
although no single aircraft requires all 155 modifications.
Additional discoveries and modifications are likely as the
program finishes SDD.
= The Program Office and the Services are considering using
later lot aircraft with an alternate instrumentation package.
However, to date, no analyses of the adequacy of the
alternate instrumentation has been completed; nor is there
a contract to design, build and test alternative packages.
Insufficient progress in the development and testing of
modeling, simulations, and instrumentation required for
IOT&E.
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= Flight testing to allow the Data Acquisition Recording
and Telemetry (DART) pod to be used throughout the
full Block 3F flight envelope during IOT&E, including
during simulated weapons releases when the weapons
bay doors will cycle open, has not yet been planned, put
on contract or completed. The DART pod is required for
collecting data during IOT&E.
= Flight testing of the Air-to-Air Range Infrastructure
(AARI) — as integrated with the F-35 and required for
adequacy of the open air flight test trials — has not yet
been completed. AARI is used to support battle-shaping
of air-to-air engagements by modeling weapon fly-outs
and accounting for endgame effects to remove aircraft
“shot down” by another aircraft or ground threat.
The program must begin testing AARI and allow for
corrections of deficiencies during flight testing, to ensure
AARI is adequate for IOT&E.
= Integration of AARI and associated range simulators
with the F-35 to indicate inbound missiles on cockpit
displays is required for an adequate evaluation of
open air missions. Within the aircraft, the Embedded
Training (ET) function is intended to support live/virtual/
constructive training using a mixture of real and virtual
entities (e.g., missiles, ground systems, and aircraft). To
avoid intermingling data from real and virtual entities,
as it may cause issues within the F-35, the contractor
developed a separate model, the Fusion Simulation
Model (FSM), to emulate fusion functionality for virtual
entities within ET. The current FSM implementation has
significant deficiencies that make the model so inaccurate
that some required capabilities may not be usable for
IOT&E. Although a properly functioning FSM is
required for IOT&E, the program had not yet completed
contract actions for fixes to correct the FSM deficiencies
within SDD and prior to IOT&E, but was apparently
developing plans and intended to award contract actions
for at least some of the work on FSM by the end of
January 2017.
= Virtual Threat Insertion (VTI) is a function inside of FSM
that correlates virtual threat parametric data supplied by
AARI with data from tables embedded within the FSM
to provide cockpit display indications to the pilot for
threat activity (i.e., a surface-to-air missile launched).
The reference tables for VTI are incomplete and do
not include all threats planned for use in [OT&E. The
program was also apparently planning to update the VTI
tables, but this was also not yet on contract.
= The Logistics Composite Model (LCOM), which will
be used to support assessments of suitability measures
including sortie generation rate and logistics footprint
—two key performance parameters in the ORD — is still
under development. Seven versions of the model will
be needed to cover the three variants as well as partner-
unique and shipborne operations.
- The program is behind in developing and fielding training
simulators, referred to as F-35 Full Mission Simulators
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(FMYS)), to train pilots, both at the integrated training

centers for initial F-35 pilot training and at the operational

locations. The FMS is a multi-ship, man-in-the-loop, F-35

mission systems software-in-the-loop simulation using

virtual threats, it is used to train both U.S. and partner

pilots.

= In 2014, the program moved simulator development
from Akron, Ohio to Orlando, Florida. As a result of the
move, the program lost experienced personnel, suffered
from shortfalls in required staffing, and fell behind in
meeting the hardware and software demands of the
rapidly growing pilot training requirements.

= In March 2016, following an inspection of the Block 2B
FMS, evaluators reported 203 test discrepancies;
173 remained open, 4 were canceled, 2 were pending
corrections, and 24 had been closed and corrections
included in the next build of FMS for Block 3i.

= The Block 31 FMS is behind the planned schedule
for fielding. The first Block 3i FMS is scheduled for
delivery to Marine Corps Air Station Iwakuni, Japan, in
December 2016, followed by two more FMS delivered to
partner countries.

= Because of delays in delivering the Block 3i FMS, the
Block 3F FMS is even further behind schedule. Although
earlier plans included delivering the Block 3F FMS in
CY17, the program is now replanning the schedule.

= Since the FMS runs F-35 mission systems software, it
requires Block 3F mission data files, integrated with
virtual threats, to build the threat environment simulation
(TES). It currently takes up to 20 months for the
program to build the TES after new mission data files
are available, hence pilots will not have Block 3F FMS,
with the USRL-produced mission data files, available
for training prior to IOT&E. Alternatively, the program
may elect to use the contractor-developed DT mission
data files for the Block 3F FMS. However, doing so
would make the training in the FMS not operationally
representative, as those mission data files do not
accurately portray the TES to the pilot. Without an
adequate Block 3F FMS, the OT pilots will have to rely
on the available Block 3F OT aircraft for training.

e The JOTT completed detailed test designs for accomplishing

IOT&E. DOT&E approved the designs in August 2016. The
test designs include comparisons of the F-35 with the A-10
in the Close Air Support role, the F-16C (Block 50) in the
Suppression/Destruction of Enemy Air Defenses (SEAD/
DEAD) mission area, and the F-18E/F in the air-to-surface
strike mission area. The JOTT has begun detailed test
planning based on these designs, and will provide these plans
to DOT&E for approval, prior to the start of [OT&E.

Block Buy. The program and Services continue to pursue

a “Block Buy” for production lots 12 through 14. This
multi-year procurement scheme is based on a partial group
of the partner nations, designated as “Full Participants,”
funding a 2 percent Economic Order Quantity (EOQ) in FY'17
and another 2 percent EOQ in FY18. Other partner nations,



designated “Partial Participants,” would procure Lot 12 as a
single year lot procurement, then commit to procuring Lots 13
and 14 as a part of the Block Buy and provide funding of

4 percent EOQ in FY18. Similar to the Partial Participants, the

Services would procure Lot 12 as a single year procurement

and fund 4 percent EOQ in FY'18, but maintain the options

for single year procurements in Lots 13 and 14. Altogether,

452 F-35 aircraft would be procured under the Block Buy

scheme, on top of the 490 aircraft (346 for the U.S. Services)

previously procured in lots 1-11, all purchased without the
informed results of an IOT&E. As reported in the FY'15

DOT&E Annual Report, many questions remain on the

prudence of committing to the multi-year procurement of a

Block Buy scheme prior to the completion of IOT&E:

- Is the F-35 program sufficiently mature to commit to the
Block Buy with the ongoing rate of discovery while in
development?

- Is it appropriate to commit to a Block Buy given that
essentially all the aircraft procured thus far require
modifications to be used in combat? The Services will
have accepted delivery of 346 aircraft through Lot 11,
before the additional aircraft are purchased via the Block
Buy scheme.

- Would committing to a Block Buy prior to the completion
of IOT&E provide the contractor with needed incentives
to fix the problems already discovered, as well as those
certain to be discovered during IOT&E?

- Would the Block Buy be consistent with the “fly before
you buy” approach to acquisition advocated by the
Administration, as well as with the rationale for the
operational testing requirements specified in title 10,

U.S. Code, or would it be considered a “full rate” decision
before IOT&E is completed and reported to Congress, not
consistent with the law?

Follow-on Modernization (FoM). The program continued

making plans for all variants for FoM, also referred to as

Block 4, which is on DOT&E oversight. The program intends

to award the contract for the modernization effort in 2QCY 18

with developmental flight testing beginning 3QCY19. Four

increments of capability are planned, Blocks 4.1 through

4.4. Blocks 4.1 and 4.3 will provide software-only updates,

Blocks 4.2 and 4.4 will add hardware as well as software

updates. Improved Technical Refresh 3 (TR3) processors are

planned to be added in Block 4.2. However, the plans for FoM
are not executable for a number of reasons including, but not
limited to, the following:

- Too much technical content for the allocated developmental
timeline. Experience with the F-22 modernization program
indicates the planned 18- to 24-month cycle for FoM is
insufficient for the large number of planned additional
capabilities; the F-22 increments had less content plus
software maintenance releases between new capability
releases.

- High risk of carrying excessive technical debt and
deficiencies from Block 3F and the balance of SDD into
FoM. The planned 4-year gap between the planned final

release of Blocks 3F in 2017 and Block 4.1 in 2021 lacks
resources (i.e., funding and time) for a bridge software
maintenance release to reduce technical debt and verify
Block 3F IOT&E corrections of deficiencies. Although
the unresolved technical debt is an SDD shortfall, it sets
up FoM to fail due to unrealistic planning and inadequate
resourcing.
- Insufficient time for conducting adequate operational
testing for each increment.
= The current plan for F-35 Block 4.2 only has 18 months
for DT flight test and 6 months for OT&E, despite
containing substantially more new capabilities and
weapons than F-22 Block 3.2B.

= For comparison, the F-22 Block 3.2B program planned
approximately two years for DT flight test and one
year of OT&E spin-up and flight test; F-22 Blocks 3.1,
3.2A and 3.2B have suffered delays and problems
accomplishing testing due to inadequate test resources
and schedule.
- Inadequate test infrastructure (aircraft, laboratories,
personnel) to meet the testing demands of the capabilities
planned.
= The current end-of-SDD developmental test aircraft
drawdown plan is still being developed. However, any
plan that significantly reduces the F-35 test force in 2017
and 2018 — precisely when the program needs this test
force to finish the delayed SDD Block 3F Joint Test Plan
(JTP) and correct remaining deficiencies with additional
Block 3F updates in preparation for IOT&E — would
result in shortfalls of the necessary resources to provide
full Block 3F capability.

= Arobust test force will also be required to be available
through 2020 to correct the inevitable new discoveries
from IOT&E and produce a final Block 3F software
release that provides a stable foundation for adding the
new Block 4.1 capabilities.

= The program plans to award contracts to start
simultaneous development of Blocks 4.1 and 4.2 in 2018,
well prior to completion of IOT&E and having a full
understanding of the deficiencies that will emerge from
IOT&E; without any budget or time to fix deficiencies
from earlier development.

= The requirement to integrate and test multiple
configurations simultaneously (TR2 and TR3) will
require additional time, test aircraft, and lab resources; a
problem that must be addressed as the program considers
plans for the fleet of test aircraft for FoM.

= As of the writing of this report, the program’s published
FoM plan would have reduced test infrastructure
from 18 DT aircraft and 1,768 personnel, which are
still heavily tasked to complete ongoing Block 3F
development, to just 9 aircraft and approximately
600 personnel to support FOM. Clearly, this plan is
grossly inadequate. However, the program and Services
were in the process of replanning the test infrastructure
for FoM and had not yet provided the results.
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= Both the Air Force and the Navy conducted independent
studies in 2016 to determine what infrastructure and test
periods for FoM would be adequate. Neither report had
been released as of the time of this report. DOT&E has
requested to see the preliminary results of the Air Force

study, but the Air Force has refused to provide them, citing

the fact that the results are not final and the report is in
draft.
Significant technical and schedule risk due to Block 4.1
adding new capabilities to the already-stretched TR2
avionics hardware, along with Block 4.2 attempting to
simultaneously migrate to a new open-architecture TR3
processor while adding many significant new capabilities.

For Block 4.1, the program plans to add multiple new
capabilities to the TR2 avionics hardware, even though
this architecture already has memory and processing
limitations running the full Block 3F capabilities, resulting
in avionics stability issues and capability limitations.

For Block 4.2, the program plans to simultaneously add
multiple significant new software capabilities while
migrating to a new avionics hardware configuration,
including a new open-architecture TR3 processor and new
electronic warfare (EW) hardware. This will be far more
challenging than the program’s problematic re-hosting of
Block 2B software, designed to run on TR1 processors, on
to TR2 processors to create Block 3i. Although no new
capabilities were added in Block 3i, significant avionics
stability issues were manifested due to technical debt and
differences with the new architecture.

The program claims the new F-35 Block 4.2 software,
which will be designed to run on new TR3 processors,
will also be backward-compatible to run in the hundreds
of early production aircraft with TR2 processors, but has
not yet presented a plan to demonstrate this. Based on the
current TR2 architecture capacity limitations with Block
3F, this claim is unlikely to be realized.

Instead of adding lab capacity to support testing of
processor loads with the additional mission systems
capabilities, the program plans to reduce the lab
infrastructure supporting development. The program has
already retired the Cooperative Avionics Test Bed aircraft
— a decision that has increased the burden on flight testing
with F-35 aircraft.

Current JPO projections for modifying aircraft with TR2
processors to the TR3 processor configuration extend into
the 2030s. As a result, up to three configurations of test
aircraft and labs may be needed if the program requires
more advanced processors than the TR3 planned for
Block 4 (i.e., the next Block upgrade requiring even more
processing capacity driving the need for new processors).
The program also does not yet have an executable plan

to provide a mission data reprogramming lab in the TR3

configuration in time to support Block 4.2 OT and fielding.

those from the F-22 program. As learned from the F-22
Blocks 3.1, 3.2A and 3.2B, an overly aggressive plan with
inadequate resources ultimately takes longer, costs more
and delays needed capabilities for the warfighter.

» This report includes assessments of the progress of testing to
date, including developmental and operational testing intended
to verify performance prior to the start of IOT&E. Test flights
and test points are summarized in two tables on the next page.

For developmental flight testing, the program creates
test plans by identifying specific test points (discrete
measurements of performance under specific flight
test conditions) for accomplishment, in order to assess
the compliance of delivered capabilities with contract
specifications.

= Baseline test points refer to points in the test plans that

must be accomplished in order to evaluate if performance
meets contract specifications.

= Non-baseline test points are accomplished for various

reasons. Program plans include a budget for some of
these points within the capacity of flight test execution.

The following describes non-baseline test points.

» Development points are test points required to
“build up” to, or prepare for, the conditions needed
for assessing specification compliance (included in
non-baseline budgeted planning in CY'16).

» Regression points are test points flown to ensure
that new software does not introduce shortfalls in
performance for requirements that had previously
been verified using previous software (included in
non-baseline budgeted planning in CY'16).

» Discovery points are test points flown to investigate
root causes of newly discovered deficiencies or to
characterize deficiencies so that the program can
design fixes for them (not included in planning in
CY16).

= As the program developed plans for allocating test

resources against test points in CY 16, the program
included a larger budget for non-baseline test points
(development and regression points) for mission
systems testing, as the plans for the year included
multiple versions of software, requiring regression and
developmental test points be completed. For CY 16
mission systems testing, planners budgeted an additional
69 percent of the number of planned baseline test points
for non-baseline test purposes (e.g., development and
regression points), the largest margin planned for a CY
to date. This large margin was planned because the
program anticipated the test centers would need points
for building up to the baseline points that would be flown
for specification compliance as well as for completing
regression of multiple versions of Block 3F software. In
this report, growth in test points refers to points flown

over and above the planned amount of baseline and
budgeted non-baseline points (e.g., discovery points and
any other added testing not originally included in the
formal test plan).

- Attempting to proceed with the current unrealistic plans
for FoM would be to completely ignore the costly lessons
learned from Block 2B, 3i and 3F development, as well as
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= The continued need to budget for non-baseline test
points in the CY 16 plan is a result of the limited
maturity of capabilities in the early versions of
mission systems software. Although the program
planned to complete developmental flight testing in
January 2017, according to their Integrated Master

Schedule, developed after the program was restructured

in 2010, delays in issuing mature software to flight
test made it clear that regression and development test
points would still be needed throughout CY16.

= Cumulative SDD test point data in this report refer to the

total progress towards completing development at the end

of SDD.

Limited operational testing was also conducted throughout
the year to support assessments of weapon capability,
deployment demonstrations, shipborne testing, and the Air
Force’s IOC declaration; results of these limited tests are

used to support assessments throughout this report.

TEST FLIGHTS (AS OF NOVEMBER 30, 2016)

All Testing Flight Sciences Mission
All Variants F-35A F-35B F-35C Systems
2016 Planned 1,221 151 359 237 474
2016 Actual 1,362 226 386 271 479
Difference from Planned +11.5% +49.7% +7.5% +14.3% +1.1%
Cumulative Planned 7,624 1,587 2,242 1,469 2,326
Cumulative Actual 7,853 1,697 2,318 1,479 2,359
Difference from Planned +3.0% +6.9% +3.4% +0.7% +1.4%
Prior to CY16 Planned 6,403 1,436 1,883 1,232 1,852
Prior to CY16 Actual 6,492 1,471 1,932 1,209 1,880
TEST POINTS (AS OF NOVEMBER 30, 2016)
Al Flight Sciences Mission Systems'
Testing 9 4
F-35A F-35B F-35C
All Budgeted
Variants | Block3F | Bu9€¢ed | pioqcgp | Buddeted | goy gp | Buddeted | Block3F | Non- | Other
Baseline | o . . | Baseline A Baseline A Basellns
aseline Baseline? Baseline?
2016 Test Points Planned (by type) 8,774 1,205 159 1,876 115 1,695 146 1,189 1,534 855
2016 Test Points Accomplished (by type) 7,838 1,303 156 1,783 115 1,304 136 975 1,534 532
Difference from Planned -10.7% +8.1% -1.9% -5.0% 0.0% -23.1% -6.8% -18.0% 0.0% -37.8%
Points Added Beyond Budgeted Non-Baseline
(Growth Points) 304 0 >4 0 250
Test Point Growth Percentage (Growth
Points/Test Points Accomplished) 3.9% 0.0% 3.0% 0.0% 25.6%
Total Points (by type) Accomplished in 2016* 8,142 1,459 1,952 1,440 3,291
Cumulative Data
Cumulative System Design and Development
(SDD)Planned Baseline 51,060 12,225 15,994 12,604 10,237
Cumulative SDD Actual Baseline 50,278 12,327 15,970 12,279 9,702
Difference from Planned -1.5% +0.8% -0.2% -2.6% -5.2%
Est. Baseline Test Points Remaining 6,649 100 1,726 1,178 3,645
Est. Non-Baseline Test Points Remaining 2,502 12 136 73 2,281

1. Mission Systems Test Points for CY16 are shown only for Block 3F. Testing conducted to support Block 2B and Block 3i Mission Systems are discussed separately in the text. Cumulative
numbers include all previous Mission Systems activity.
2. These points account for planned development and regression test points built into the 2016 plan; additional points are considered “growth”” The total number of regression, development
and discovery points completed is the sum of budgeted non-baseline test points accomplished plus points added beyond budgeted non-baseline.

3. Represents mission systems activity not directly associated with Block capability (e.g., radar cross section characterization testing, test points to validate simulator).

4. Total Points Accomplished = 2016 Baseline Accomplished + Added Points
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Developmental Testing: F-35A Flight Sciences
Flight Test Activity with AF-1, AF-2, and AF-4 Test Aircraft

F-35A flight sciences testing focused on:

- Clearing the F-35A Block 3F flight envelope (i.e., to
Mach 1.6, 700 knots, and 9.0 g) for loads, flutter, and
weapons environment

- Testing of the internal gun

- Flight envelope clearance for external weapons required
for full Block 3F weapons capability

- Weapons separation testing of the AIM-9X missile
(external only), GBU-12 bomb (external carriage added for
Block 3F)

- High energy braking, high sink rate landings, and arresting
gear engagements

- AF-4 completed all flight testing for which it had been
slated, in July, and transitioned to chemical and biological
testing in August

F-35A Flight Sciences Assessment
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The program planned to complete F-35A flight sciences
testing by the end of October 2016; however, additional
testing for weapons environment and regression of
new software forced testing to continue into at least
December 2016. The program was able to complete baseline
test points to clear the aircraft structure for Block 3F
envelope (up to 9 g, 1.6M and 700 knots), completing flutter
testing on AF-2 on September 29 and loads testing on AF-1
on November 4, 2016. Through the end of November,
the test team flew 50 percent more flights than planned
(226 flown versus 151 planned) and accomplished 8§ percent
more baseline test points than planned for the year (1,303 test
points accomplished versus 1,205 planned). These additional
baseline test points were added by the program throughout
the year and represent testing not originally budgeted for
when the CY16 plans were made. The test team also flew an
additional 156 test points for regression of new air vehicle
software, all of which were within the budgeted non-baseline
test points allocated for the year. As of the end of November
the program had approximately 100 baseline test points
remaining to complete F-35A flight sciences testing for
Block 3F.
The following discoveries were made during F-35A flight
sciences testing:
- Failure of the attachment joint, as indicated by the
migration of the bushing in the joint, between the
vertical tail and the airframe structure is occurring much
earlier than planned, even with a newly designed joint
developed to address shortfalls in the original design.
In October 2010, the F-35A full scale durability test
article, AJ-1, showed wear in the bushing of this joint
after 1,784 test hours, which indicated that the joint will
fall short of the 8,000 hours of service life required by
the JSF contract specification. The program developed
a redesigned joint and began installing them on the
production line with Lot 6 aircraft, which began delivery
in October 2014. Subsequently, in July 2015, when

F-35 JSF

inspections showed bushing migrations and significant
damage to the right and left side attachment joints in
BF-3, one of the F-35B flight sciences developmental test
aircraft, the joint was repaired and the bushing replaced to
replicate the redesigned joint. In August, 2016, inspections
of the joints in AF-2, one of the F-35A flight sciences
developmental test aircraft, showed similar bushing
migration requiring repair and bushing replacement in
accordance with the redesign. On September 1, 2016,
inspections of the vertical tail on BF-3 showed that the
newly designed joint had failed, after only 250 hours

of flight testing since the new joint had been installed,
requiring another repair and replacement. BF-3 completed
repairs and returned to flight on November 10, 2016.
Vibrations induced by the gun during firing are excessive
and caused the 270 volts DC battery to fail. The program
began qualification testing of a redesigned battery in 2015,
but cracks in the casing discovered after the first series

of testing required additional redesigning of the battery.
Requalification of a newly designed battery has not yet
occurred as of the writing of this report.

Limitations to the carriage and employment envelope of
the AIM-120 missile above 550 knots may be required
due to excessive vibrations on the missiles and bombs in
the weapons bay. Analyses of flight test data and ground
vibration test data are ongoing (this applies to all variants).
Excessive and premature wear on the hook point of

the arresting gear has caused the program to consider

a more robust redesign. In fact, the hook point has
required replacement after only one engagement in some
instances; the longest a hook point has lasted to date is
five arrestments. This fails to meet the minimum service
life of 15 arrestments. Additionally, failure of the hook
point of the arresting gear on AF-4 occurred in July during
testing of high speed engagements. However, this appears
to be due to a malfunction of the Mobile Aircraft Arresting
System 