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Statement of Ken C. Baker, 2014-11-06

Age: 33

Manufacturing Engineer

SCALED Composites — 5 years

My role in mission control surrounds rocket motor operations. In the days leading up to SS2 flights, it is
my job to oversee the pre-flight process from motor igniter installation, injector installation, motor
harness wiring installation, motor installation in the ship, propulsion system functional checks, Gas
boosting, N20 loading, and finally overseeing the ‘BOOST’ station in mission control.

In the days leading up to PF-04, the installation sequence was as follows:

» CTN Installation Prep

)

CTN igniter installation + wiring installation (all nominal — no squawks or non-standard
items of note.)

CTN Injector and cavitating venturi installation (all nominal — no squawks or non-
standard items of note.)

CTN pressure transducer installation, [(B) (@) and check-valve installation.
Pressure transducer installation was visually off on one port, requiring re-work prior to
final transducer installation and seal integrity testing. Final checks on all ports were
nominal.

» CTN Installation in SS2

@)

The motor installation sequence went smoothly. Final checks showed that an aft-
support strut showed signs of binding. The installation required removal and refitting of
a replacement strut. Clearances on replacement strut checked out nominal by crew
chief and engineering.

» Propulsion System Pre-flight Checks

(@]

Page 1 of 5

This is a functional check of all of the valves in the SS2 propulsion system. Valve
command and switching is verified against MFD (Cockpit Multi-Function Display)
indications, and control room indication. Proper function and health of pneumatic
valves are determined through pressure traces. Proper function of the Rocket Motor
Controller (RMC) is verified, pressure transducer physical positions are verified and
response is tested. The Propulsion System checked out nominal with one non-grounding
squawk: electrical command to the backup N20 dump valve caused a small pressure
transducer off-set to the RMC. This was discussed amongst the team. Because the valve
in question, by design, is not actuated during the firing sequence, and because the off-
set was small, it was dispositioned as nuisance-level non-grounding to be looked into
following the flight.

Page 2 of 6
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» Data System Pre-Flight
o A modified version of the normal flight procedures are run through in order for the
control-room team and flight-crew to verify proper function of the data system
parameters that are transmitted to the control room during the flight. All checks were
nominal. In addition, for this flight we sequentially took each DAU (data acquisition unit)
offline by pulling the circuit breakers in order to verify that each control room station
was registering proper DAU fault indications. All checks nominal.
Tank Fill
o The FPT (forward pressurant tank) was pre-filled from a ground -source and
boosted to-)sia over the course of two days. This sequence took place at VG’s
FAITH facility. Operations were nominal, no squawks.
o The WingB)I@M Tanks were boosted to(B) (@) psia M(BYI@M over the course of two
days. This sequence took place at VG’s FAITH facility. The propulsion team had
performed this operation numerous times on our ground test-stand, and through dress

rehearsals and leak-checks on SS2. New elements to this boosting operation involved
additional ground support equipment to aid in bay venting to mitigate the possibility of
Y @) accumulation.

» COM Checks

o Communication checks in the control room to the ground support crew and flight crew
were verified from Scaled Mission Control. No anomalies.

» N2O Fill, Morning of Flight

o Prior to tanking operations, the team had decided to attempt using VG’s Mission Control
Facility in the FAITH hangar for N20 transfer. This was to be contingent on good
communications and good data receipt. In testing the system prior to N20 load, we
were not able to establish good communications, so we reverted to the previously
tested Scaled Mission Control for tanking operations.

o Inthe early morning leading up to PFO4, Nitrous Oxide is pump transferred to SS2. The
pumping operation itself went smoothly from a mechanical and operational aspect.
Nitrous conditions were -16F — slightly colder than anticipated. Due to the temperature,
the team discussed that it was highly likely that we would have to effect a ground-hold
before takeoff to bring our temperatures within our operational envelope.

o During the N20 transfer, | noticed that DAU 1 functions had failed, along with an explicit
CAS message of DAU failure. | called the Scaled and VG avionics leads to inform them of
the situation. Following the N20 load the crew chief pulled breakers to the DAU in
question, while corrective actions were determined.

Following the pre-flight operations sequence, the team adjourned to the pre-flight delta-brief. | briefed
the flight-crew and test-team that our Nitrous temperatures were out of range for take-off and that a
hold would be needed. We discussed the ramifications of a temperature condition hold, and the
possibility of increasing winds through the morning pushing us out of limits. The forecast was discussed
in detail between the flight crew, test team, and weather consultants on scene with the aid of weather
balloon data sent up earlier that morning. The team consensus was to continue with the remainder of

Page 2 of 5

_ Page3of6



11/7/14

the pre-flight sequence, and to re-assess weather conditions before commiting to take-off when N20
was on-condition for the flight. DAU #1 was also discussed — my understanding is that a replacement
unit was installed, and was functioning normally.

During SS2 flights, my job is to monitor the BOOST station, as station primary. This entails monitoring
the health of the propulsion system and to apprise the Test Conductor of the state of the propulsion
system, and any out-of-limits conditions, or readings that are trending out-of-limits. Before committing
to takeoff the morning of PF-04 the bulk of my time was spent assessing the rates of temperature
change of the N20 load, and helping make predictions and assessments on when we would be on-
condition in order to give the team a better idea of predicting winds at touch-down. My assessments
indicated a roughly two hour hold. The Test Conductor conferred with myself and the flight crew. The
determination was made to continue with the “man-up” and flight-crew ground checks in order to
prepare the ship for take-off at roughly the same point that N20 was expected to be on-condition.

We worked through the pre-takeoff evolution up to the point where the Main Oxidizer Tank is manually
pressurized using a ground-source. At this point we held for approximately one additional hour
for temperature conditioning before pressurizing the tanks. The flight-crew then entered the vehicle and
started their pre-checks. Roughly 30 minutes before take-off our N20 temperatures came within limits.
At this point all parameters at the BOOST station were green for take-off.

Leading up to take-off the test conductor advised the ground-control team to make certain of any
station-specific DAU #1 parameters that might be of concern leading up to our commit-to-launch. DAU
#1 specific parameters for the BOOST station include -tank pressure and temperature indications,
and status indication for the Pressurization System Controller (PSC).

Just prior to take-off we functionally check the performance of the PSC by enabling the system and
pressurizing the Main Oxidizer Tank (MOT). The system checked out healthy, but gave a momentary
unpowered indication. We performed a second functional check, and the system displayed nominal. This
triggered a discussion between the BOOST station and the Test Conductor (TC) on the nature of the
indication. | apprised the TC that the nature of a DAU failure would not affect the function of the PSC,
but we could lose indications of the PSC status. However, proper indications of PSC health at the BOOST
station can be indirectly obtained by pressure transducer readings.

TC and flight crew discussion centered on wind and weather forecast for touchdown. A take-off
determination was reached, and WK2 launched at some point after 9am. | don’t recall the time specifics.
During the ascent, | was heavily focused on the BOOST station. At one point during the ascent, |
remember hearing Pete Siebold say over hot-mike, “There it is” in response to an apparent center Multi-
Function Display (MFD) blackout. The MFD came back on shortly thereafter.

At some point in the ascent | noticed a fuel-grain temperature sensor (TT-Mx) trending towards an out-
of-limits condition. This sensor is a surface patch thermocouple inside the rocket motor to help give an
indication of fuel temperature. This indication has a redundant sensor in another location (TT-My). TT-
Mx appeared to be trending significantly colder than TT-My. My assessment of the situation was that TT-
Mx had separated from the fuel surface and was reading ambient air indications inside the motor, rather

Page 3 of 5
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than fuel surface. | apprised the Test Conductor of the reading, explained my theory, relayed the reading
on the redundant sensor, and recommended that we continue.

Leading up to the commit-to-launch decision, the Back-up Oxidizer valve is opened, and the PSC is again
enabled. Both systems functioned nominally. Discussion in the control room centered on winds at
touch-down. Winds were within limits, and the decision was made to proceed with release.

Following SS2 release from WK2, | verified:

Clean vehicle separation
Good cycling of the J(B){#)Fand injector plenum system purges
Good stroke of the Main Oxidizer Valve

Y V V

Y

Good ignition, followed by a good indication of motor chamber pressure reaching nominal

startup values. At this point | called “GOOD LIGHT” To the control room.

Good rate of-pressure decay indicating good PSC function.

Steady Main Oxidizer tank pressure indicating good PSC function.

> -njection valve cycling open, coupled with good pressure decay, and good delta-P
across the [[{B) (@) regulator indicating good flow.

» Continued steady combustion chamber pressures

Y VY

At some point during the burn | heard a “KNOCK IT OFF, KNOCK IT OFF, KNOCK IT OFF” call, along with
the RMC station calling “RMC COMMANDED SHUTDOWN.” Very shortly thereafter, all of my indications
for chamber pressure and Main Oxidizer Valve actuation pressure dropped to zero, at which point |
called “CLEAN SHUTDOWN.” Momentarily afterwards, or possibly concurrent with my call, | showed a
number of erratic values across the propulsion system and the control room lost its telemetry stream.

For several seconds | tried to digest what could be happening, before the Telemetry Ground Control
Station (TM station) relayed to the TC that Edwards range cameras had visual of SS2, “In an inverted flat
spin.”

A number of actions were prompted — | don’t recall the specific order: calls for emergency services
support, calls for helicopter support, calls for low-chase to help identify SS2 during its descent, relayed
calls to WK2 when Low-Chase was out of comms. Many others.

At some point after the telemetry stream was lost, the secondary station-keeper on the BOOST station
rewound the data stream to the initial boost phase. We conferred to see if there was anything we had
missed indicating a possible Propulsion malfunction. Indications showed a healthy rocket startup and
healthy continued burn-in-progress before G in the vertical direction (Nz) rapidly increased, followed by
loss of telemetry data.

While helicopters and emergency services were dispatched to the area of the flight, the TC began
procedures to make sure that the flight data was secure, and that mission notes were saved. He also
advised that each station begin writing up their notes of the flight while it was fresh in everybody’s

Page 4 of 5
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head. My notes were recorded in my flight-test data card. These notes were retained by Scaled
Security.

At some point, the SS2 pad manager, who had joined us in mission control, departed to connect with the
ground crews. The rocket motor ground crew was being dispatched to help locate the crash site in order
to help determine the safety of any pressurized or otherwise energetic components in the propulsion

system.

Page 5 of 5
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Statement of Scot Story, 2014-11-04
Age: 47
Project Engineer

| started at Scaled Composites in the fall of 1991. | left the company to pursue other interests in 1996. |
rejoined the company in the summer of 2006. | was the Structures lead for the spaceship vehicle during
the build from 2006 to 2010. | then transitioned to the Spaceship Project Engineer when flight testing
began in 2010.

My control room duty was the Systems Station. This station monitors the Environmental Control System
(ECS), Pneumatic System pressures, and various temperatures related to the Bleed Heat System. My job
duties were to monitor the health of the cabin environment by watching the cabin altitude, monitoring
the pneumatic system pressures for anomalies such as leaks, and watching the bleed heat temperatures
to ensure the bleed system from the mothership was working. In addition, this station had signals for
the dampers, the speedbrake, and the landing gear. The Pneumatic System includes the wing leading
edge bottles which power the feather locks, feather acutators, speedbrakes, gear deploy, ECS, and
Reaction Control System (RCS).

Prior to the release, all the systems | was monitoring were operating normally. The feather locks were
cycled before flight and behaved normally as did the bottle and regulated pressures. The cabin leak
check showed that the cabin was well sealed and ready for flight. All temperatures were also normal. In
addition, the landing gear was up and locked, and the dampers were operating properly.

Prior to the loss of the telemetry data, my systems were behaving normally. | heard the call ‘unlocking’
and saw pressure indications that showed that the locks had opened just before the loss of telemetry.

After the loss of telemetry, the TC repeatedly tried to contact the crew. As it became apparent there
was a major problem, the TA began to call in the emergency teams for search and rescue. The chase
plane relayed back the crash site and the location of the survivor to aid the search and rescue teams.
Once the site was secured and the survivor taken to the hospital, the control room staff was asked to
record any observations they might have and give those and their notes to security. | didn’t feel | had
any unique observations that would identify the cause of the accident, so | didn’t make note of anything.
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Statement of Cedric Gould, 2014-11-03
Age: 31

Design Engineer

SCALED Composites

Since shortly after starting at Scaled in May 2008, my responsibilities on the Tier1B program have
included performance predictions and analyses of the propulsion system, data acquisition, reduction,
and analysis of ground testing results. Once the propulsion system matured sufficiently to be integrated
within SpaceShipTwo, the natural segway was to continue these types of functions in support of flight
test operations.

For the mission in question, my role and responsibility was Secondary for the Propulsion System Mission
Control Ground Station, referred to within Mission Control as the ‘Boost’ Station. This means that my
function was to support the Primary ‘Boost’ station keeper in maintaining situational awareness and
proper functionality of the propulsion related systems on board SpaceShipTwo.

The morning of the mission, prior to takeoff, one propulsion subsystem indication anomaly was noted —
that one of the Pressurization System Controller (PSC) state status indications (a discrete electrical
signal) was dithering. Based on the other propulsion system data, it became apparent that the status
indication was a misleading one and that the other propulsion system health indications within the
system showed that the PSC was, in fact, healthy and operating normally. The decision was made to
continue with normal flight operations, noting the indication issue. As| recall, the status indication
stopped dithering and was indicating nominally after takeoff through to the loss of telemetered data.

All propulsion system pre-launch checks were completed nominally prior to release from
WhiteKnightTwo. Once released, | observed a nominal rocket motor ignition by way of the telemetered
data displayed at the ‘Boost’ station and the SS2 Boom Camera view, also telemetered to the ground
control station. The pressure data indicated good motor stability and the rocket motor plume was clear
and steady, all indicating expected in-flight performance of the propulsion system.

Things happen in a near-simultaneous timeframe within the control room as with SpaceShipTwo. Once
the rocket motor pressure reaches the nominal expected value and the nozzle plume is steady and clear,
the Primary ‘Boost’ station keeper declared ‘Good Light’ to the Test Conductor communication loop in
Mission Control to validate that the propulsion system has started nominally. The last internal ground
control communication call | remember hearing was ‘Mach 1, On Energy’ from the ‘Aero’ station, nearly
coincident with my observing the SpaceShipTwo feather deploying and the motor still running. At this
point the telemetry feed of data into the control room ceased and the last frame of SS2 Boom Camera
footage remained frozen on the ‘Boost’ console screen.

In the immediate few minutes following the event, | don’t explicitly recall many of the specific control
room communications. | do remember the gist of what was going on — the Test Conductor was handling
radio communications with WhiteKnightTwo and the low altitude chase vehicle, an Extra 300, in an
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effort to get some insight as to what they could see happening and going on with SpaceShipTwo. The
Technical Assistant was primarily handling outside communications via the emergency phone, | believe
talking with Emergency Response and other responders. At one point there were calls made to, |
believe, China Lake and offers of assistance from the National Test Pilot School with helicopters to help
find the crew members and debris from the vehicle.

At the ‘Boost’ station, my focus turned to reviewing the data with the Primary ‘Boost’ station keeper,
trying to determine whether the propulsion system had contributed to what had, at that time, appeared
to be an in-flight breakup of the flight vehicle. A cursory review of the data indicated nothing abnormal
about the operation of the propulsion system. It was shortly after this determination that an effort to
secure the telemetry data was made, thereby removing access to any further in depth review of said
data.

Once the situation was more or less established, we were asked to make notes about our observations
of what we saw occur with the flight. My post-flight notes reside on the right-hand half of Card 7 of my
Flight Test Data Card.





