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MISHAP REPORT (Form 1389)




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MISHAP REPORT (Accident/Incident)

A. MISHAP DATA

1. CLASS OF MISHAP

ftlo TYPE & aceiDENT [Jb TYPE B ACCIDENT

2. DATE QCCURRED 3. TIME CCCURRED

e mveipent | Decenber 8, 1968 0729

4. LOCATION OF MISHAP

Ellington Air Force Base, Texas

5. DESCRIPTION (Type of mishap)

Vehicle Crashed During Flight

6. wHaT was INvoLveD (Vehicles, systems, material, equipment, etc.)

Lunar Landing Training Vehicle No., 1

7. COGMNIZANT INSTALLATION

Manned Spacecresft Center
Houston, Texas 77058

8. PROGRAM/CONTRACT (Title and number)

N/a

5. ORGANIZATION CONDUCTING QPERATICN
{NASA or cantractor)

10. OTHER ORGANIZATIONS INveLves {Agency, public or contractor)

NASA Manned Spacecraft Center None
17. ESTIMATED COST FOR REFPAIR/REPLACEMENT 12. ESTIMATED DELAY TIME Of I'I'TV Program
2-million dollars 90 days

12, RECOVERY sTAaTUs (Use additional sheets if necessary)

Vehiecle beyond recovery because of

impact and fire

B. PERSONS INYOLVED (Continue on reverse or additional sheets if necessary)

GRADE soctal ORGANEZATION DAYS

NaMEe (Last, first, middle inftial) (C5/Mil.) | securiTy NO, ©OR COMPONENT tNJURY LasT
a- . Cs d. e
. : 6 | on 1y Chief of Aircraft ll
Algra.ntl, Joseph S. GS 1 242 30 27 Operations MSC Minor Bruise =]

C. AUTHENTICAT

[ION (Board President or [nvestigator)

1. TYPED NAME AND TITLE 2. SIGNATURE 3., DATE
Conway H. Roberts, Investigating
CPPicer ’ _/,‘,fl,w%/;, / February 5, 1969

NASA FORM 1389 ocTes

GPO BGEE-B4S
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AIRCRAFT FLIGHT MISHAP REPORT

{To be filled out for principal sireraft involved. Appropriate blocks only should be filled out on secondary aircraft)

1. CLASS OF MISHAP
Kla. TYPE A ACCIDENT

[Jb. TYPE B ACCIDENT

e INCipENT

2.DATEQCCURRED

8 Dec 68

3, TIME OQOCCURRED

07:2% CST

4, AIRCRAFT SERIAL NO.

ILTV #1

LLTV #1

8. TYPE, MODEL, SERIES, BLOCK NO,

MsC

6. FACILITY OF ASSIGNMENT

N/a

7. IF LEASED, STATE AGENCY AND ORGAMIZATION OWNING AIRCRAFT AT TIME ©F MISHAP

L \F A'RCHRAFT WAS BEIRNG FERRIED OR DELIVERED, INDICATE GAINING AND LOSING CRGANIZATION, DATE OF TRANSFER,
ULTIMATE DESTINATION

/A
d. FROM b. To c. TO
Ellington AFB, Texas Local ——
9. CLEAR- d. FILED
ANCE
mver [ vrr-  [Juarter K] 4 LOCAL [[J(5) OTHER [ (8} AIR- [ (7} DIRECT [T](8) (CON-
oN TOP WAYS TROLLEDI
Ela. visual  [T]b. INSTRUMENT ACTUAL Cle. st [Cd. oTHER [Je. UNKNOWN
0. ;:‘_I_GAHT f. DURATION OF FLIGHT g- MISSION
(1t HouRs i2) MINUTES Flight Test #15
a. ALTITUDE (Feet) b. TIME FLOWN HIGHEST ALTITUDE
1, ALTITUDE |1} CLEARED MSL | (2JABOVE TERRAIN|{3) MSL IMPACT (4) HIGHEST MSL, (1) HOURS (2) MINUTES
DATA ACCIDENT SE- POINT FLOWN
QUENCE BEGAN _—
l, 000 feet L ).l,,
80 feet O feet 725 10 seconds
a. FIRE b, EXPLOSION
= E;(RPELQE‘D 1 TYPE (2) 8Y GROUND (1} TYPE 12} BY GROUN
SION DATA IMPACT IMPACT JA
[[¥a) none 1) 1n- EMc)erounp|[X)a) ves TIbINo| Xla) none([T](k) in- [¥e)srouno] [Jla) YES ) N o)
FLIGHT FLIGHT

G FIELD ELAVATION
IN USE (Feet)

b LENGTHOF RUN-
waAY IN USEfFeet)

G- LENGTHOF
oVERRUN {(Feet)

d. DISTANCE OF TOUCHDOWN FROM
RUNWAY (Feet)

e. RUNWAY HEAD-
inG {Degrees)

Jia) Faa

4o feet MSL | 5,000 feet /A 600 feet laterally 350° MI
f. COMPOSITION OF RUNWAY g. COMPOSITION h. sSURFaCE coNDITION f Tunway
OF OVERRUN
13. AIRFIELD | [CJ01) asPHALT [£](2) CONCRETE Dirt s ory {Jt2) weT Mt 1ey
* .
DATA O )t Of dirt - Wet
i. CONDITIONS AFFECTING OCCURRENGE OF ACCIDENT {Instrument or lighting approoch aid used, obstructions, bartier,
airspeed, gross weight, forced londing, etc.)
Airspeed
14. VIOLA- a, TYPe (Discass undeT?‘ab I-F)
TIONS 1) Nasa None

Landing Approach

185. PHASE OF 0P ERATION (Takeoff roll, initial climb, normal flighe, acrobatics, landing approack, flareout, etc.)

Iogs of Control - Abandoned Vehicle

18, TYPE OF ACCIDENT (Gear.up londing; midair collision, abandoned aireraft, fire or explosion in flight, undershoot, overshoot, ete.)

17. WEATH ER
AT TIME
AND
PLACE OF
ACCIRENT

[3. SKY CONDITIONS

b. visisiLITY

C. WINDDIRECTION

d. TEMPERATURE |e. DEW POINT

AND VELOGITY SETTING
|| wer | omr | S

f. ALTIMETER

g« OTHER WEATHER CONDITIONS

Strong temperature inversion and surface windshear.

* Applicable ta takeoff and lunding accidents occwrring within 2 miles of the nirfield,

NASA FORM 1391 ccT e
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PILOTISI/ FLIGHT CREW INVOLVED (If more than two pilots involved, report same information required on odditional sheet for each)

18, OPERATOR (Person at controls at time of aceident)
d. NAME (Last, first, middle initial) k. GRADE {C. COMPONENTINASA, | d. soc.sec.no.|e. NaTIONALITY f. BIRTH
fes/Mil. )} Mil. or contractor) YEAR
Algranti, Joseph S. Civ NASA eho-30-274h us 1925

¢, POSITION IN AIRCRAFT AT TIME OF ACCIDENT |h. ASSIGNED DUTY ON FLIGHT ORDER

(1) FRONT OR 2} REAR OR ) oac @) e [m]ETH (4} P (3) OTHER
K EeTscar ¥ RiGHT SRaAT & O |

i. ASSIGNED ORGANIZATION

tH) PROGRAM {2) INSTALLATION (3) CONTRACTOR (4] FACILITY
LLTV Flight Test HASA MSC EFD N/A Ellington AFB, Texas
js ATTACHED OQRGANIZATION FOR FLYING (NASA, Mil., contractor kK, ORIGINAL AEROD RATING AND |[l. PRESENT AERO RATING AND
official address) - DATE RECEIVED RATE RECEIVED
. NACA Regearch Pilot |MNASA Resgarch Pilot
NASA MSC Houstonm, Texes 7e% 1658
M INSTRUMENT CARD . JOB SPECIALTY
) TYPE (2) DATE OF EXPIRATION 1 PrIMARY Chief 2) DUTY
FASA Special Feb 28, 1969 Aircraft Operations OFF. Same
2 - 19. OTHER CREW MEMBER (List additional crew members on separate sheet)
(Last, first, middle initial) b, GRARE [c. COMPONENT(NASA, |d. soc.sec. no. | e, naTiONALITY f R TH
{es/Mil,) Mil. or cortractor)} YEAR

3. POSITION IN AIRCRAFT AT 17 F ACCIDENT [h. ASSIGNED DUTY ON FLIGHT ORDER
(1} FRONY OR (2) REAR OR
O [ErY sear L% Bt Sear dmac e Owe D«‘)C/P [J ts) oTHER
“T-ASSIGNED ORGANIZATION-"

(5) PROGRAM {2) INSTALLATION >@RACTOR (4] FACILETY

j« ATTACHED ORGANIZAYION FOR FLYING (NASA +» cortractor | k. ORIGINAL © RATING AND |l PRESENT AERO RATING AND
official address) DATE RECEIVE DAYTE RECEIVED

_mrTNSTRUMENT CARD N. JOB SPECIALTY ™~

" TYPE (2) DATE OF EXPIRATION (1) PRIMARY 2) DUTY
20. FLYING EXPERIENCE
ASSIGNED DUTY (List flight times to nearest hour) ACFT.CDR. INST,PILOT / PILGT L£OuALLGT SIHER
) Helicopter] IIRY/TV
NAME {Give last name only) ’ Flte/Time
(1} 2] 3) 4 15)

9. OVERALL FLYING HouRrs{Incl. AF, student, other) / / 113%05.8 1070.2 | 33/%.,8
b. JET / / ™ 3\ ‘}g / L%
c. 15T PILGT/IP, ALL AIRCRAFT / / W D/ N \\\‘O(
St > s pd
Y
N 85.9 k.2 12/1.9
/
If
/
/

d. WEATHER INSTRUMENT

Xt/
; e. 1ST PILGT/IP, THIS MODEL _;7
N
/
/
/

’ f.

3. 15T PILOT/IP, LASY 90 DAYS THIS MODEL

15T PILQT/IP, LAST 9C DAYS

W\ k a1 -

W W \ X
NS

j« PILOT, LAST 30 DAYS / l"l'T ll'-g /

k. 55T PILOT/IP, LAST 30 DAYS / e N i
l. I1ST PILGT/IP, LAST 30 DAYS THIS MODEL / / Ny N 5/0.8
,)” P

m. PREVIGUS FLIGHT, THISMODEL (Date & duration) / / 11/22/68 ol1
N. LASYT PROFICIENCY FLIGHT CHECK (Date) V y i

h. 1STPILOT/IP, WEATHER AND HOOD LAST 90 DAYS

i. PILOT, NIGHT, LAST 90 DAYS

L
[~

21. DAMAGE (Extent of demage to aircraft and any property damage incurred. Use additional sheets if recessary)

Vehicle g total loss-- No additional property damage.

22, AUTHENTICATION (Board President or Investigator)
[ TYPED NAME AND TITLE b. SIGNATURE . Cs DATE
i - Preeir 6§
W. M. Schirra, Chairman M B Prer-4F

‘ GPO BEG.347
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Method of Tnvegtigation

Due to the nature of the LITV, a fairly complete instrumentation
gsystem 1s installed which provided 61 channels of telemetered data.
All channels were recorded, and 35 channels were displayed in the TM

» van for real time monitoring and flight coordination (Section 1-F(a}-2).

This data was displayed as follows: 16 meters, 15 Sanborn real time

R e plots, and 27 event lights. These telemetry data systems, color
movies, and recorded TV coverage are used to provide permanent records
for each flight. These records, the reasonably good condition of
certain critical wehiecle components, the availability of the pilot and
numerous observers have made the investigation rather straightforward.
However, the large amount of data to be analyzed has made this a
lengthy process,

PAta redyctzon has beegf

hgld over 3 to

be uggd as

L needed by the Doethd.
A)1l ™ data was stripped out and analyzed for anomalies and used

to reconstruct the flight. Since the TM data is such a detailed and
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accurate record of the actual flight compared to after-the-fact date
acguisition, very little effort was made to reconstruct the accident
Trom either the wreckage or witness statements other than to grossly
corroborate the TM data. The color movie proved helpful to the investi-
gators in giving them a three-dimensional, real time concept of the
dynamics of the flight and therefore & belter understanding of the
significance of some of the TM data.

Early in the investigation it became apparent that the vehicle had

exceeded 1ts aerodynemic/attitude~-control capabilities. Since the \
aerodynamic cperating envelope of the vehicle had never been accurately f
o
{

determined, it was decided tc run & wind tunnel test on the LIIV vehicle.E //
in the lLangley low-speed, full-scszle wind tunnel. The LLTV did not have:
an accurate and religble system for measuring the sercdynamic parameters’
for such an analysis, nor were data reduction and analyeis resources
available as mentioned above.

The accuracy and completeness of the analysis decreases after
approximately 07:29:21 because several channels of data became unre-

catons

ligble, Large attitudefnwere experienced after this time, which
complicated deta reduction. The crash was certainly inevitable by
07:29:21. Rough, spot calculations were made to close out a8ll perameters
at 07:29:27 (impact time) in order to validate some assumptions made

about certain parameters during this period.
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DESCRIPIICN OF THAT PART OF THE LUNAR LANDING TRAINTNG VEHICLE SYSTEMS
PERTINENT TO THE ACCIDENT

General

Operation of the Lunar lending Training Vehicle (LITV) (Fig. 1-F(a)-1)
during a research or training flight is a highly coordinated effort.
This effort involves the pilot in the flight vehicle and a group of opera-
tions engineers in a‘ground control van (Fig l-¥F(a)-15). A description of
the vehicle system must therefore include both the vehicle and control
ven operation. A typical IITV flight trajectory is shown on Figure 1-F(a)- 25.
Significant events of such a flight are lift-off in the gimbal locked or
VTOL mode, followed by a translation upwind to a hovering position et an
altitude of approximately 600 feet and a downrange distance of about
2,500 feet. This event is followed by a 180° hovering turn, pilot actu-
ation of the lunar simulation mode, and pitching nosedown to generate
horizontal and vertical velocities simulating a lunar approach trajectory
prior to entering the lunar simulaticn. The pilot then commands a pitchup
attitude to provide a braking thrust vector from the 1ift rockets and
continues the descent to arrive over the touchdown point in a hover, and
makes the touchdown in the lunar simulation mode. 'Typical flight times
for this operation are approximately 2 to 3 minutes of VICL mode operation
prior to entering lunar simulation mode, and %0 to 60 seconds in lunar
sinulation mode operation to complete a landing.

This description iz presented in four sections s follows:

1-F(a)-1 Vehicle 1-F{a)-3 Perscnnel
1-F(a)-2 vVan 1-F(a)~4 Mission Rules
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Figure 1-F(a)=1l.- LLIV In Flight
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Section 1-F(a)-1

Vehicle

The LLTV is neither an airplane nor = spacecraft but an aircraft
designed to simulate a spacecraft while it (the LLIV) is operating in the
earth's atmosphere and subject to the earth's gravitational field. The
IITV is designed to be operated at sltitudes of O to 1,000 feet and
counteract grevity with the turbofan engine cnly, or with both the turbo-
Tan engine and the two 500 pound thrust 1ift rockets. The vehicle is
limited in flight duration to approximstely 8 minutes of turbofan engine

time and 80 seconds of lift rocket time, hag numerous maintenancgﬂgnd :?

design prohlems, and has severe operational limits. The vehicle operation

is limited by the turbofan engine, 1ift and attitude control rocket system,

and flight dynemics and aserodynamics of the wvehicle.

The 1lift and attitude control rocket systems have operational limite
on helium (He) source pressure, hydrogen peroxide (Héog} tank pressure,
and 1ift rocket chamber pressure. "These engine limitations are indicated
by caution or warning lights on the pilot's instrument penel.

Depending on the mode of control {(VIOL or Lunar Simuletion), the
vehicle 1s limited to various combinations of pitch and roll attitudes
and rates. It is also limited by aerodynamic and descending wvelocities.

Wind limitations are established, depending on the degree of training
of the pilot, that vary from less then 5 mph for the first checkout flight
flight to 15 mph for a fully gualified pilot in & training flight (See
Section 1-F(a)-4). These wind restrictions are besed on previous ex=

perience with contrel problems in high winds due to aerodynamic forges.




N
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In the lunar simulation mode, the LIIV has a drag compensation
syetem that automatically controls the thrust vector direction of the
turbofan engine to cancel aerodynamic drag. The vehicle 1s affected by
gusts in both VIOL and Iunar Simulation modes. These wind gusi disturb-
ances must be compengated for by the attitude control system. The
presence of these two factors resulted in the establishment of the low

wind limite in early flight training operation and maximum permissible

winds of 15 m.p.h. after pilots are fully trained. The wind is usually

megsured on the surface by an anemometer on the van (Figure 1-F(a)-15).

The vehicle is powered by a centrally located turbo fan engine and
two 1ift rockets and is flown by a single pilot. The vehiecle is of
gluminum &lloy tubing and sheet metal construction and includes a cock-
pit cab (Figs. 1-F(a)-2 through 1-F{a)~T7), center body, aft equipment
platform, and four leg assemblies. There are no fixed surfaces on the
vehicle that were designed solely to create aerodynamic forces. However,
the cockpit cab is a large aerodynamic surface located well forward of
and above the center of gravity. The cockpit cab has an opening on the
front and left side. Aerodynamically, this opening is much like an
anemometer cup with the cpening pointing approximately 30 degrees to the
left (Fig. 1-F(a)-2). To better simulate the IM pilot's visual capability,
the opening was designed to be partially covered by a door and window
(Fig. 1-F(a)=4). 'The vehicle had not been flown with the door on at the
time of this accident. A rocket type ejection seat, instrument displays,

oxygen system, and pilot controls are provided for use by the pilot.
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ANEMOMETER

Figure 1-F{a)-2.- Closeup of Cab (Door Off) Front View
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Figure 1-F{&)-3.- Closeup of Cab (Door Cff) Side View
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FPigure 1-F(a)}-4.- Closeup of Cab (Door On) Front View

(Simulated IM Window)
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DOPPLER \ RIGHT CONSOLE
ANEMOMETER

INSTRUMENT
ATTITUBE
CONTROLLER
JET
' THROTTLE EJECTION

0-RING
LEFT CONSOLE

Figure 1-F(a)-5.- Sketch of Pilot Cockpit Looking Forward,
Showing Flight Controls and Data Display




FORWARD AND LAT
“VELOCITY (DOPPLER) |

ANEMOMETER
INDICATOR

Figure 1-F{a)-6.- LIIV Instrument Panel




LUNAR SIM
RELEASE SWITCH

Figure 1-F(a)-T7.- LLIV Left

Console

1-F(a)-10
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LUNAR SIM
RELEASE SWITCH

JET THROTTLE

&

Figure 1-F(a)-7.- LIIV Left Console
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The 1ift rocketis, a gimbal mcunted turbofan engine, and the turbofan
attitude control system are mounted on the center body. Four clusters of
four attitude control thrusters each provide vehicle comtrol in pitch,
yvaw, and roll (Fig. 1-F(a)-8). These sixteen rockets are arranged in

two independent attitude control systems (Fig. 1-F{a)=11) and provide an
emergency backup system for this critical function. Approximately

680 pounds of hydrogen peroxide propellant for both the lift rockets and

the attitude control system is contained in twe spherical tanks located
on each side of the vehicle. Two spherical tanks located fore and aft
of the turbofan engine contain JP-4 fuel for this engine. The nominal
takeof? gross weight of the vehicle is 3,870 pounds.

The LITV may be operated in either of two principal modes, VICL or
lunar simulation. The VIOL mode is when the turbofan engine is held fixed
relative to the vehicle frame and provides full support for the vehicle.
The lunar simulation mode 1s when the turbofan engine thrust is automati-
cally controlled to support 5/6 of the vehicle weight, the gimbal angle
of the turbofan engine ig automatically controlled to provide a thrust
veetor correction ror the serodynemic forces that the vehicle experiences,
and two fixed 1ift rockets provide variable thrust for the remaining
1/6 of the weight of the vehicle and provide a thrust component for trans-
lation when the vehicle is tilted by using the attitude control system.

On the right console is the pilot's instrument panel. The caution

and warning amnunciatcor lights and yaw vane and anemometer meters are

located near the top of this console. The yaw vane is outside the
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Figure l-F{a)-8.- Attitude Thrusters Cluster
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pilot's primary viewing area. Below the right console is a three axis

attitude controller that ig similar to the one to be used on the lunar
module. On the left conscle are the turbofan and lift rocket (engine)
throttles. The turbofan engine throttle, on which is mounted the Lunar
Simuletion Release Switch, is controlled either menuslly by the pilot in
the VICL mode or automatically in the lunar simulation mode. Iift rocket
thrust is controlled by a T-handle, which is similar to that used

on the IM. The attitude control rocket system selector switech is Just

below the Jet throttle.

The following information was extracted from the

LITV Flight Manual, Section II, Systems Description,
dated December 5, 1968. Those portions of this
section that are germane to this accident have been
indicated by & =so0lid line down the right-hand

margin., A double line is used and some key words

heve been underlined by the Board to further emphasize

pertinent points.
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SECTION II

SYSTEMS DESCRIPTION

2-1 GENERAL
This section containe an operational description of the turbofan
Jet engine, gimbal hydraulic, rocket propulsion, electrical, and

electronic systems.

2-2 Jet Engine System

The system includes a turbojet engine, fuel system, gimbal hydraulic
system, and a power contrcl system. There are two basic modes of opera-
tion. In the Fngine Centered and Gimbal Zocked modes the engine aligned
with the vehicle vertical (Z) axis provides thrust to support the complete
vehicle weight. The vehicle ig maneuvered by tilting the vehiele frame
and vectoring the Jet engine thrust appropriately. In the Local Vertical
and Iunar Simlation modes the jet engine thrust vector is controlled by
_the electronic and ginmbal hydraulic systems and the vehicle is maneuvered
by uge of 1ift rockets. In the Local Vertical mode the engine thrust
vector is maintained verticel relative to the Earth. In the Lunar Simu-
lation mode the jet engine thrust is autometically controlled to support
five-gixths of the vehicle's welght and in addition the thrust is vectored

appropriately to counteract aerodynamic drag forces.

2-2=1 Jet Engine.- The jel engine is a General Electric CF TOC-1CV aft

fan turbojet engine with a sea level static thrust of 4200 pounds.
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2=2-1-1 FEngine Tnstallation.- The engine is provided with bellmouth type

inlet fairings for the ges generator and aft fan inlets. The engine is
mounted in a vertical position on gimballing mounts, which permit epproxw
imately £40° piteh and approximastely £25° roll movement relative to the

X and Y axes of the vehicle respectively.

2u2-1-2 Engine Instrumentation.- Instruments for cockpit monitoring of

engine performance are: oil pressure gauge, low 0il pressure warning
light, exhaust gas temperature gauge, and gas generator rpm gauge. These
parameters are also telemetered for ground station monitoring. The Jet
throttle position, compressor discharge presgure, and jet engine fan

RPM are only telemetered for ground etation monitoring. Normal Tlight
operating oil pressure is about L0 psig. The oil pressure low warning
light illuminates when the oil pressure falls below 15 psig. When the

engine oil is hot, about 80 percent rpm may be required to attain 16 psig.

CAUTION
Inzdequate turbcfan engine lubrication can ocecur
if the vehicle is operated longer than 1 minute
at =14 degrees from the local vertical, or for
more than 10 secénds at greater angles; these can

oceur in the Gimbal Lock mode.

2-2-% Jet Engine Throttle Control System.- A combination hydraulic and

electrical manual throttle provides the pilot with a primary and backup

control of the jet engine maln fuel control, respectively. An automatie
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electronic throttle contrel subsystem controls the jet thrust during
lunar simulation. The pilot can manually override or disengage the

sutomatic throttle clutch at any time. Override forces are usually

high and disengagement ig the preferable means of coming out of the

autothrottle mode.

2n2~%-1 Hydraulic Throttle Control.- The primasry engine fuel control is

g manual throttle which operates two identical hydraulic actuatores, one
at the jet throttle and one at the engine main fuel contrel. This pro-
vides direct control of engine fuel control for all flight modes except
when electronic auto throttle is being used for the Iunar Simmlation
mode. A spring operated temperature compensator absorbs the pressure
bulldup caused by temperature changes of the throttle system.

Figure 1-F(a)-9 is a schematic of the jet engine gimbal hydraulic system.

2-2-3-3 Automatic Jet Throttle.- The automatic jet throttle is used during

the lunar simulation. The pilot arms the automatic throttle with the
Iunar Similetion switch (fig. 1-F(&)-7) on the left console. By increasing
1ift rocket thrust until the chamber pressure 1s greater than 100 psia,

the system then engsges the auto throttle and commands the jet thrust to

Tive-sixths of the vehicle weight.

WARNING
If an auto throttle malfunction occurs, the
pilot should not select the emergency electrie

throttle.
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Figure 1-F(a)-9.- Jet Engine Gimbal Hydraulic System Schematic
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2-2-3=3-1 Override and Disengage Capability.- The auto throttle system

is provided with a clutch which permits the pilot (using & force of about
20 to 30 pounds in the normal operating range) to override the automatic
system with the hydraulic throtile control without disengaging the
automatic system. A SIM REL pushbution on the throttle also permits
disengagement of the auto throttle at any time to cancel the Iunar Simu-

lation mode, restore the previously selected flight mode and permit

hydraulic throttle control. The SIM REL will normally throw the Iunar
Similation switeh to OFF. If this does not occur, however, the pilot
may try te disengage Iunar Simulation mode by placing Iunar Simulation

switch to OFF.

2-2=3-3-3 Throttle Instrumentation.- A potentiometer is installed on

the jet throttle for ground monitoring and recording of throttle pogition.

2-2-4 Yaw Control Installation.- An air jet blowing from s nozzle on the

aft equipment platform utilizes jet engine compressor bleed zir to
counteract jet engine exhaust gas swirl induced yaw moments on the vehicle.
The system is sized to reduce yaw moments from sbout 8C ft-lb to less

than 20 ft-1hb.

2-2-5 Jet Fngine Gimbal Hydraulic System.- The hydraulic system supplies

power To two electro-hydraulic servo-actuators for pitch and roll atti-
tude control of the jet engine during the Gimbal Locked, Local Vertical,
Engine Centered, and Jet Stabilization modes of operation. Figure 1-F(a)~9

presents a schematic of the gimbal hydraulic system. The ginbal hydraulic
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system positions the jet engine in response to commands generated by the
Jjet engine attitude control system. Refer to paragraph 2-5-2 for further
detail on the modes of operation. The Jet Stebilization (Lunar Simula-
tion mode) and Gimbal Locked modes {during takeoff) are used normally.
During noxmal operation, the primary hydraulic system provides pressure
to the servo actuators. In the event of loss of primary hydraulic
pressure, a reserve hydraulic pressure source (accumulator) automatically
centers the engine in the Fmergency Gimbals Locked mode. The gimbal
locked position is normally selected manually by the pllot any time Dy
activating the solenold control valve with the Gimbal ILock switch on the
ettitude controller grip. Under these normal conditions the hydraulic
power is directed through the main solenoid control valve to the actu-
ators which are equipped with an internsl valving mechanism for hydrau-
lically centering and locking the jet engine in a vertiecal axis colneident
with the vehicle axis. When normal hydraulic pressure is low the accumu-
lator provides & separate hydraulic pressure source for centering the
engine in the Emergency Gimbals Locked mode from any displaced position.
When normal hydraulic pressure is less than 1350 £ 50 psi, the Emergency
Gimbals Locked light illuminates and the pressure switch amctivates the
solenoid valve, causing stored accumulator pressure to automstically
center the gimbals. This permits automatic emergency operation of the
Emergency Gimbals Locked mode in the event of either of the following:

l. Pressure loss in main hydraulic system.

2, Failure of the jet stabilization system to
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restore engine angle to within 15° of the

local vertical within 0.35 %o 1.0 (nomina;lx

0.5) second. (Refer to Electronics Systems,

Paragraph 2-5).
When low hydraulic pressure causes the accumulator to lock the gimbals,
the accumulator can be recharged only by the ground crew. Primary
hydraulic pressure is supplied by an engine-driven, variable displacemente
type pump. Check valves at pump outlet and in the accumulatior pressure
line prevent reverse flow. The relief valve prevents (1) system over-
pressurization in event of pump compensation malfunction. Self-sealing
couplings facilitate connecting ground hydraulic power and manusl shutoff

valves zllow ilsolation of the hydraulic system during ground checkout.

2-2-5-1 gimbal Hydraulic Instrumentation.- Hydraulic and accumulator

pressure gages provide preflight ground checkout capebility only. Only
accumulator pressure is telemetered. A pressure switeh set at

1350 £ 50 psi, which senses primary ginmbal hydraulic pressure, conirols
the Emergency Gimbals Locked warning light for cockpit and in-flight

ground monitoring. When low hydraulic pressure occurs and the Tmer.

Gimbals Locked light illuminates, the system automstically switches to

the FEmergency Gimbals Locked mode with pressure supplied by the accumu-

lator.

2-3 Rocket Propulsion System

The three major subsystems are: (1) a propellant pressurization

subsystem containing high pressure helium which is regulated down to
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pressurize propellant tanks, (2) a propellant storage subsystem consiste-
ing of two hydrogen peroxide tenks with associated plumbing and valves,
and (3) a propellant utilization subsystem consisting of two varisble
thrust 1ift rockets and 16 pulse-type fixed (ground adjustable) thrust
attitude control rockets. The attitude control system is designed so
that firing is generally effected in pure couples about the vehicle's
zxes. In this way the symmetry of the & attitude control rocket clusters
on the U corners of the vehicle does not cause translational movement

of the vehicle.

NOTE

Negligible translation ocecurs during combined

pitch=roll maneuvers when single rockets fire.
Figure 1-F(a)-10 presents & schematic of the rocket propulsion system
and identifies the major components. The rocket system design is redun-
dant to the extent necessary to prevent a single anticipated component
failure from affecting the safe recovery of the vehicle from any phase
of the flight mission. All valves operated by electrical solenoids or
actuators have dropout voltages with adequate margine of safety to permit
cperation under the meximum loaded emergency bus voltage condition of
25 VDC. When electrical actuators are mounted to the valve body, redun-
dant seals are used with overboard drains between the redundant sesls.
Propellant fill, drain, and vent valves are capped during flight with

orificed caps.
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Figure 1-F(a)-10.- Rocket Propulsion System Schematic
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2-3-3 Propellant Utilization Subsystem

2=-2=3-1 Attitude Control Rockeis.- Two sets of eight attitude control

rockets (18, fig. 1-F(a)}-10) with separate fuel lines provide redundancy.
Two motor-operated isolation valves (1) permit the pilot to select the
standard, test, or both sets of attitude rockets for flight operation

or to isolate one get of attitude rockeits in the event of failure of either

gystem and effect & safe landing. The valves are controlled through the

Attitude Rockets Test-Standard=-Both switch in cockpit (fig. 1-F(a)-7).

Fach rocket chamber has an associated solenoid valve (17, fig. 1-F(a}-10)
to control the flow of propellant and a variable orifice hand valve (16)

to provide ground adjustment of the rocket thrust between 30 and 90 pounds;
normal. setting is 60 pounds. A guarded attitude control system switch
marked ACS-SAFE (fig. 1-F{a)-7) inhibits or arms the attitude control

rocket system.

2=-3=3=2 Lift Rockets.- Two lift rockets provide a wvariable 1lift thrust

nominally equal to one-sixth of the wvehicle weight when the remaining
five-sixths of the weight is supported by the jet engine system (simulated
lunar gravity). Two motor-operated tank isolation valves (19, fig. 1-F(a)-10)
controlled by the Rocket Propellant switeh in cockpit, provide isolation
capability of the 1lift system should a leak occur, and shutdown redundancy

in event the 1lift rockets (24, fig. leF(a)-10) fail to shut down on com~

mand by the normal control lever (T-handle, fig. 1~F(a)-7). The throttle

valve (22, fig. 1-F(a)-10) varies propellant flow such that the 1ift
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thrust is proportional to throttle valve crank angle position. This

valve is electrically controlled from the cockpit through the T-handle.

A friction control kncob at the base of the lift rocket T-handle may be
rotated clockwise to inerease friction on the Twhandle shaft so that the
lever will remain in any position. The check valves (23) retain propellant
in 1lines to minimize thrust response time and are matched to minimize
thrust imbalance. High pressure relief valves (15) prevent pressure
buildup in propellant lines due to thermal expasnsgion and decomposition

of regidual hydrogen percxide in fuel lines.

2=3=3-3 Rocket Instrumentation.- Pressure transducers monitor all

16 attitude control rocket chember pressures for: (1) the stuck valve
malfunction detection ecircuit (activates stuck valve warning light in
cockpit and is monitored in telemetry van) and (2) for in-flight ground
monitoring. Two pressure transducers monitor both 1ift rocket chanber
pressures for cockpit display and ground monitoring. A third transducer
supplies signals for the T/W avionic computer, the H 0O, — remaining com-

22

puter, and for activating the automatic jet throttle for lunar simuletion.

2-5 Electronic Systems

The major electronic systems are the Vehicle Attitude Control
System, the Jet Engine Attitude Control System, and the Lunar Simulstion
Syatem which includes the jet engine stabilization control, thrust/

weight computer, and automatic Jjet throttle control.
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2-5-1 Vehicle Attitude Control System (ACS).- The vehiele attitude con-

trol system provides the intelligence to fire 16 attitude control rockets
to produce control moments in response Lo pilot commands and/or vehicle
motions. The ACS system conglsts of & primary control system, backup
control system, and monitor gystems for detection of railures gnd for
auntomatically switching the contrel system to a safe mode of operation.

Table 1-F(a)~I lists the basic attitude control system charscteristics.

2-5-1-1 Operstion (General).- The vehicle attitude control is normelly

performed with the primary electronics. When operating in this mode
with the AFCS Primary/Backup switch on lef%t console to PRIMARY
(fig. 1-F(a)-T), two primary modes are available — Primary-Rate commsnd

with attitude hold and Primary-Direct commend. The two modes of opera~

tion (rate/direct) may be manually selected independently in pitch, roll
and yaw by three attitude control mode (rate-direct) switches, located
sbove the 3-axls hend controller. These two primary control modes may
be used with or without the moment compensation-model (refer to Para-
graph 2-5-1-~2=3). The pilot has the option of engaging or disengaging
moment compensation in all three axes simultaneocusly, with an on/off
Moment Compensation switch (fig. 1-F(a)-T7) in the cockpit. No single
axis selection is provided. The normal flight mode is Primary Rate
comznand. Two emergency modes are provided for this mode. These are
(1) Rete Backup, which uses a completely separate electronic channel,
and (2) Primery Directe-no model {as an emergency mode), which uses the

Primary channel electronics. A monitor comparator compares the primary
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TABLE 1-F(&)=L.~ ATTITUDE CCNTROL SY¥STEM CHARACTERISTICS
Mod Max. Angular Angular Rate Drift in Attitude Angular
& Rate Command Threshold Attitude Hold Threshold Acceleration
1. Primary-Rate command | Adjustable from £10°/ Adjustable from 0.2 Average drift shall be 0.5°/ | Adjustable from 0.3 Average acceleration ad-
with Attitude Hold sec to £20°/sec. Each | to 2° /fsec. Each sxis minyte for Piteh and roll to 1.5%. justable from 4 to 12
and Model® axis 1s independent. Independent. 1.25°% fmin. yaw Each axis independent| £0.5 deg/secg. See Note 1
Excluslive of Hand Exclusive of Rate Gyro. | These values are maximum. Exclusive of Attitude| and 2 for peak acceleration
#Model is portion of | Controller. Includes Gyros Gyros. and Note 3 for conditions
moment compensation - See Note 4 for 2 Jet and 4 Jet logic.
Bysten.
2. Primary-Rete command { Same as (1) same s (1) Same as (1) Same as (1) as per Note 1, 2, and 3
with Attitude Hold-
nc Model
3, Primary-Direct with | N/A /A /A /A Seme as (1)
Model
L. Primary-Direct with-
out Model W/ /4 H/A w/a Same as (2)
5, Backup-Rate command game as (1) geme as {1) B/A /A Sene as (2)
HOTES:
1. Axis  Peak fccel. {60 1b. thrusters
Pitech 25.3 to 26.9 “/sec2 {both sets of thrusters std. and test)
12.6 to 13.5 (one set of thruster std. or test)
Roll 35.8 to 50.3 (both sete of thrusters std. and test)
18.0 to 25.2 {one set of thrusters std. or test)
e 15.2 to 22.7 (both sets of thrusters std. and test)
.15 to 7.72 (std. set of thrusters)
16.0 to 15.0 (test set of thrusters)
2. Peak aggelerations shown for both sets of 60 1b. thrusters. For other sized thrusters, T lbs/thruster, peaks given by multiplying listed values for
both sets by T 1f both sets are used or by _T if one set is used.
(] i20
%, When model is used in the rate commend mode the system simulates 2 Jet loglc when the Model rate error is less than 1+ 0.1%fsec.
Aversge mocelerations are then 1/2 those listed above (4 to 12° sec™ which are for simulated 4 Jet logic). Simulated & Jet logie is
effective when the model rate error is greater than 1 @ 0.1°/sec. In the Direct Mode only 4 Jet logic is used.
4. Accuracy to be met under:

a. 70° to 100° F
b, 20° to TO° F

Oc-(ad-1
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electronic channel to an equivalent monitor electronics channel and will

automatically switch the primary-rate system to the Rate Backup mode when
disagreement exists between the primary and monitor electroniecs. In
addition, excess rate detection circuitry and hand controller malfunetion
detection circuitry are used to automstically switch the system to the
Rate Backup mode or to the Primary-Direct (no model) mode depending on
the type of fallure situation. The moment compensation model is not
available in the Rate Backup mcde or when the Primary-Direct is used as

an emergency mcde.

2=-5=-1-2 Primary Attitude Control System.- The primary attitude control

subsystem is normally used for the entire mission (including luner simu-
lation phase). The primary attitude control system includes Primery Rate

comrand with attitude hold, Primary Direct, moment compensation, attitude

rocket logiec, and stuck valve detection circuits.

2=5=1=2-1 Primary-Rate Command with Attitude Hold .~ In this mode, &

vehicle angular ratel is commanded proportional to stick deflection when
the stick deflection exceeds the hand controlier deadband of approxi-

mately 1.5 degrees., Attitude hold is engaged whenever the stick is in

the detent position and the vehicle rate is less than the rate switching

value (adjustable from 1 to 3°/sec, presently set at 3°/sec). When
cperating in attitude hold, the wvehicle attitude is maintained with an

average drift less than 1/2°/min in pitch apd roll and 8°/min in Yaw.

1. 0O to 22°/sec
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Refer to Table 1-F(a)-I. There is no option given the pilot for engaging
or disengaging the attitude hold feature in Primery Rate command. When
apove conditions are met the attitude hold feature is always present in

the Primary Rate command.

2-5-1~2-2 Primary Direct Command (On/Off Mode).- When this mode is

selected, the attitude rockets fire continuously whenever the hand con-
troller deflection exceeds approximately 2—1/2° in any direction. The
vehicle angular accelerations depend upon the number of rockets fired

and the rocket thrust levels (ground adjusted). Refer to Table l-Ff{a)I
for accelerations available in piteh, roll, and yaw. When the contrel

is returned to the neutral position, the vehiclé attitude will continue
to change at a fixed rate in the direction originally commsnded. To stop
the vehicle rate, the control must be deflected in the opposite direction

for an equal time duration (assuming no external disturbances).

2eh=l=2-73 Moment Compensatlon.- With this portion of the system engaged,

the electronic model commands an equivelent of 8°/sec2 rominal angular
acceleration in each axis in response to pilot commands. The wvehicle
acceleration capability is independent of rocket thruster settings or

the number of rockets firing. Therefore, selection of Both sets of -

rockets, for example, will have no effect on vehicle acceleration capability.

External disturbances on the vehicle can 1imit vehicle acceleration below

the 8°/sec2 value even though the system will continue attempting to

achieve this value. The accelerations are ground adjustable. When the




1-F(a)-29

system is operating in the Direct mode, the preset angular acceleration
is commanded when the three-axis controller stick is deployed in excess
of 2-1/2° of the neutral position. After the controller is refurned to
within 2-1/2°, the contrel system maintains the velocity developed. It

also compensates for all uncommanded angular moments automatically.

When the system is operating in the Rate commsnd mode, an angular rate is
commanded proportional to hand controller rotaticn. The angular acceler-

ation command to acquire the desired rate is preset into the'model,

The pilot does have the option of engaging or disengaging moment compen-
sation. However, manual separate axis selection is not provided; all
three axes are engaged or disengaged together.
WARNING
Whenever flying with Moment Compensation ON, the

TEST set of Attitude Rockeits should be selected.

2-5-1=2-4 Rocket Thruster ILogic.- The attitude rocket engines fire in

an On/Off manner according to the logic shown in figure 1-F(a)-11. Two
sets of 8 control rockets each (Test and Standerd) are provided.

Normelly those designated as Test are used during lunar simulation train-
ing operations. The Standard set is used in an emergency through the
backup mode when control is automatically switched to Both sets. Either
one or both sets may be selected to fire to provide redundancy (refer to
paragraph 2-3-3-1, Attitude Control Rockets). For individual piteh,
roll, or yaw commands, the system will fire two rockets if the Standard

or Test set is selected, or four rockets if both sets are chosen.
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for combined piich and roll commends, howWwever, only one rockét.will_

fire iTf the Standard or Test get 1s selected, or two rockets if both

sets_are chosen. This selection is automatically controlled by the

opposing rocket inhibit logie, which prevents opposing rockets from

firing at the game tine.

The system is also designed so a large command in one axis does hot

result in loss of control in snother axis.

For example, if, with Test rockets selected & small roll right command
is gdded to & large pitch up command, only rocket AT shall fire when the
roll threshold is exceeded. AT will econtinue to fire until the small
roll error ig reduced to within the roll threshold. DT will then fire
along with AT until the pitch error is within the pitech threéhold; |

Similar situations exist for other combined commands (see fig. 1-F(a)-11).

2+5-1-2-4u1 Valve Stuck Warning.- Pressure transducers, which monitor

attitude rocket chamber pressures, serve as sensgors for the stuck valve
circuit. The circuit, in turn, monitors the rockets in e particular
combination of two, to determine if opposing rockets are firing that
represent an illegitimate ACS command (see fig. 1-F(a)-13). In the event
of a stuck velve indication, the logic will hold for a period of approxi=-
mately 300 milliseconds before i1lluminating the Valve Stuck red warning
light in the cockpit. This allows response time of the rocket firing
coils, or rocket thrust decay caused by a previous ACS command from

falsely indiesting a stuck valve.
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When oberating with one set of rockets, control would be automatically
switched to both sets. No monitoring is provided for a stuck-closed

valve condition. Normally the pilot will select only one set of rockets

for flight to maintain capability to counteract unexpected oceurrences

such as propellant unbalance or aercdynamic moments.

P=5.1-3 Rate Backup Attitude Control System.- The electronic system

provides a rate backup control system. In this mode, vehicle angular
rates are commanded proportional to stick deflection. The backup system
igs & completely separate channel including sepsrate wiring, ind;pendent
power supplies, and rate gyros. The system employs the same rocketé_use&
by the primary system. The backup system is normally only used in the
event of a malfunction in the primery system. If necessary, the pilot
may seleet the Backup mode for a short period of time, hoWeVer,.to insure

the Backup mode ig operating properly. This iz accomplished by placing

the AFCS Pitech, Roll and Yaw switch to BACKUP (Guard Up).

WARNING

If the Rate Backup mede is manuslly selected in

flight for test purposes, the pilot should Be

prepared to manually switch the AFCS Pitch, Roil

and Yaw switch to PRIMARY.
This is required because 1f an excess rate is detected while in Backup,
the Gyro Fallure warning indicator will illuminate but no sutomatic
switching to Primary will occur. An Auto Pilot Back Up red warning light
illuminates when the ACS is either automatically or manually switched

to Rate Backup.
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2-5-1-4t Monitor Subsysten.- Monltor comparator, excess rate, and hend

controller malfunction detection circuits are used to monitor operation

of the Primary-Rate and Primary-Direct attitude control modes.

2-5-1-4=1 Monitor Comparator.- An electronic equivalent of the primery
mo&e.electronics (also referred to as the monitor channel electronics)
generates equivalent rocket firing signals in the same manner as the
primary electronics. When the monitor comparator determines that disa-.
greement exists between the primary emd monitor channels ih any axis, |
the monitor automstically switches the electronics to the Rate %ackup
mode and illuminates the Auto Pilot Back Up red warning indicator.
Switching is accomplished within 0.5 sec. Pitch and roll are switched
together, and yaw is switched separately. A failure matfix has been
generated for the conditions which the monitor comparator has to satisgfy.
From this failure matrix, the logiec equation reguired to satisfy the

failure matrix has been established. The logic equation has been imple-

mented into active circuitry in the monitor comparator.

2-5.1-4=2 Excess Rate Detection Circuitry.- The excess rate detection

circuitry provides automatic switching and cockpit displays which function
as indicated by the primary or backup rate gyro. These functions, ac-
cording to operating condition, include the following:

1. With the system operating in the Rate command mode with or
without model, if the primary rate gyro indiecates a vehicle rate_of.

22° [see, the system is automatically switched to Rate Backup and the

Auto Pilot Back Up light is illuminated.
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2. With the system cperaiting in the Direct mode with model, if
the primary rate gyro indicates a vehicle rate of 22°/sec,_the_system is
gutomatically switched to Rafe Backup and the Auto Pilot Back Up light
ig 1lluminated.

3. With the system operating in the Direct mode with no model, if
the primary rate gyro indicates a vehicle rate of 22°/sec the system
automatically remains in the selected mode. No indication'té the‘piiot,

k. With the system operating in the Rate command mode with or
without model or in the Direct command mode with or without model, if
the backup raete gyro indicated a vehicle rate of 22°/sec, the Gyro
Failure red warning light illuminates and the system is inhibited from

automatically switching to the Rate Backup mode.

If the primary rate gyro indicates e vehicle rate of 22a/sec or greater,
the system will automatically be switched to Rate Backup. If the backup
rate gyro then provides the sgame indication, the system will switeh back
to the flight selected mode. If the backup rate gyro.indicates.a
vehicle rate of 22°/sec simultaneously or subsequent to the same indi=-

cation from the primery rate gyro, the automatic switching will be

inhibited and the system will remain in the flight selected mode. If
the backup rate gyro signal subsequently decreases below 22°/sec, the
system will be switched to Rate Backup. The primary rate gyro switching

is latching; the backup rate gyro switching is not latching.

2-5-1-4w3 Hand Controller Malfunction Detection Cirecuitry.- The hand

controller operates & synchro (differential transformer) and two direct
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gswitches in each axis: (1) logic direct switch and (2) function direct
switch. The conditions where hand controller malfunctions may Be €l
countered and the asgocisted effects, swiiching and indications, are:

1. Open Synchro.- With the system in the Rate commsnd mode with
or without the model, if the logic direct switch is actuated and the
corresponding synchro output is not present, the system automatically
switches to the Primary-Direct mode (no model) in the affected axis
as.an emergency mode and Auto Pilot Back Up warning light illuminates.
The action of the monitor comparator may take precedencé over this
circuitry, depending vpon component tolerances. 1In thé event of this
failure, the system would switch to Rate Backup or to Primarthirect._
depending upon the tolerances. Switching to either_mo&e in an emergency
would iliuminate the Auto Pilot Back Up warning indicator énd switching
would occur within 0.5 sec. Fither mode is a safe flight mode.

2. Hard Over Synchro.- With the system in the Rate command mode
with or without model, if a synchro output exists which is greater than
that equivalent to the logic direct switch position and the logic direct
gwiteh has not been actuated, the system automatically switches to the
Primary-Direct mode (no model) as an emergency mode and the Aﬁtb Pilot
Back Up warning indiecator illuminates. As in the open synchro case
(l) the system would switch within 0.5 sec to the Rate Backup or to
Primary-Direct depending upon the component tolerances. Either mode
is a safe flight mode and in either case the Auto Pilot Baeck Up warning

indicator would illuminate.
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3. Direct Switch Failure.- With the system in a Rate mode, if
elther direct switch fails, the automatic switching to Primary-Direct
mode will be inhibited. The pilot can still manuvally select the Primary-
Direct mode, but 1f he does, the system will automatically switeh to
Rate Backup and the Auto Pilot Back Up warning indicator.will illuminate.

4. Direet Function or Logic Switch Failure.- With the system in
the Direct mode with or without model, if the direct function or logic
switch fails, the system automatically switches_to'Rate Backup and_the
Auto Pilot Back Up warning indicator illuminates. Switching'is accom- -
plished within 0.3 seconds.

WARNZNG
The hand controller must be deflected 4-1/2°-
minimim to eneble this clrcult to detect this

failure.

2ubal=5 AFCS Primary-Primary Reget Switch.= This switch is spring

loaded in the FRIMARY position. The function of this switeh is to
return ACS authority from the Rate Backup channel electronice to the
Primary electronies. This is accomplished by momentarily holding the
switch at PRIMARY RESET position with the AFCSIPrimary-Backup switech
at PRIMARY. This switch is intended for ground use only. During
vretakeoff checks, afier operation of the Rate Backup mode has been
verified, this control is used to return to the Primary electronics.

Moment Compensaﬁion switch should be OFF before regetting to Primary.
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WARNING
If automaticeliy switched to Rate Backup in flight,
do not attempt to reset to Primery. Attitude COn~
trol would be lost while the switch is at PRIMARY

RESET if the Primery electronics were inoperative.

2-5-1-6 ACS Instrumentation.- A 3-axis ball indicetor displays vehicle

pitch, roll, and yaw attitudes during flight. An Auto Pilot Back.Up
red warning indicator illuminstes when the vehicle ACS is automatically
switched to a mode not selected by the pilot. A Gyro Failur; red
warning indicator illuminates when the eXcees rate detector senses & .
rate in excess of 22 deg/sec from the backup rate gyro. A Valve Stuck

warning indicator illuminstes if an ACS rockel wwermwme Llasnedwems

valve ig stuck open.

2=-5-2 Jet Engine Attitude Control System.- The jet engine attifude

control system performs in five selected modes of operation: Manual or

Emergency Gimbal Locked, Leocal Vertical, Engine Centered, and Lunar
Simulation mode (jet stabilization). A simple block diagram of the
latter three modes is shown in figure 1-F(a)-12. Table 1-F(a)-II lists
all the modes of operation and respective conditions in use. For flight
saféty, one mcde has priority over another. Figure l-F(a)-13 is a

block diagram showing major components of weight/drag, Jjet stabilization,

and auto=throttle electronics.
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2-5-2-1 Mode Priority.~ For flight safety, the modes have the following

priority. The Gimbal Locked mode, whether pilot or automatically
selected, overrides all other modes. When the vehicle is on the ground
or when the jet engine deflects more than 15 £ 1° from the vertical
(including in the Iunar Simulation mode), the Local Vertical mode shall
be auvtomatically sctuated and override all modes except the Gimbal -
Iocked mode. If the jet engine deflects more than 15 * 1° from local

vertical and the Local Vertical modes is not auvtomatically selected

within 0.25 to 1.0 second, the system shall automatically switch to the

Emergency Gimbal Locked mode. If no mode has been selected snd the

vehicle is airborne, momentarily depressing the Local Vertical Release

button shall place the system in the Engine Centered mode.

2-5-2~2 Gimbal Lock Mode.- This mode has two major functions, i.e.,

normsl and emergency and may be selected manually or automatically. In
either case, this mode overrides all other modes of the jel engine
attitude control system. Manual selection resulte in the normsl Gimbal
Iock mode and is effected by placing the hand controller Gimﬁal Iock
switch to ONj this illuminates the green Gimbal Locked mode status
light on the annunciator panel. Automatic gelection resuits in the
Emergency Gimbals Locked mode in the event of either of the following

malfunctioning conditions. If primsry gimbal hydraulic pressure de=

creases below 1350 £ 50 psi, the Bmergency Gimbals Locked mode provides

a separate valve and a reserve hydraulic pressure source (accumulator)

to antomatically align the jet engine with the vehicle vertical axis.
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Then the emergency mode is also automatically selected by thé electronice
system whenever the jet engine exceeds an angle of 15 £ 1° from the Local
Verticgl and the Local Vertical mode does not restore the engine to within
the 15 £ 1° in 0.35 to 1.0 seconds. Whenever the emergency mode is

selected, the Emer. Gimbals Locked red warning indicator illuminates in

the cockpit.

2-5-2-3 Ipcal Vertical Mode.=- The local vertical mode aligns‘jet ehgine
with the local vertical as sensed by the attitude gyros, reg&rdless of
vehicle outer frame motion. The signal from the vehicle attitude gyros
is compared with the engine gimbal angles obtained from potentiocmeters
on the gimbal actuators. The resulting error signal is used as an input
command to the gimbal actuator servo valves. The pilot may select this
mode with & switeh on the console. This mode is automstically selected
when:
1. +the vehicle is on the ground and any one of the four micro-
switches located on each of the four shock struts indicates
a compression of more than one=half inch, or
2. The jet engine deviates more than 15 & 1 degrees from the locsal

vertical while in the Engine Centered or Lunar Simulation mode.

To manually disengage this mode, the pilot must momentarily activate
the Local Vertical release switech on console, which places the jet
engine attitude control in the Engine Centered mode i1f no other mode is

selected.
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2-5-2-4 Engine Centered Mode.- This mode is in operation when no other
mode has been selected and the vehicle is airborne. This'mnde.slaves
the engine along the vertical vehicle body axis using the potentiometer
signels on the gimbal actustors and the gimbal actuator éérvo valves

used in all other modes except Gimbal Locked (see fig. 1-F(a)-12).

2-5-2-5 Lunar Simulation (Jet Stabilization) Mode.~ This jet engine

ettitude control mode performs as a portion of the Lunar Simulation
System (?efer to Paragraph 2-5=3). During the Lunar Similation ﬁode,
the drag compensation functions in the X and Y axes by positioning the
Jet engine to cancel aerodynamic drag. In the Z axis, the drag compen-
sation is effected by automatically positioning the jet throttle to
cancel aercdynamic drag and to compensate for vehicie chaﬂges in weight
resulting from fuel burnoff. Refer to Thrust/Weight Computer, Pare-

grapn 2=5-3-1 for more detailed deseription of the Z axes control.

2-5-2-6 Jet Engine Attitude Control Instrumentation.- Cockpit status

lights indicate when Emergency Gimbals Locked (red) manual Gimbal Lock
mode (green), Loecal Vertical mode {amber), ard Stebilization mode (green)
during ITunar Simulation mode have been automatically or manually selected.
An Engine Maximum Tilt warning light illuminates when the Jet engine tilt
angle exceeds 15 = 1 degrees in pitch or recll with respecf to the local
vertical or when the absolute sum (regsrdless of sign) of pitch and roll

angles of the vehicle relative to the engine exceeds 64 degrees.

The annunciator warning signals are telemetered to the ground stetion

along with jet engine pitch and roll attitude for in-flight ground monitoring.




1-F(a)-43

2=5=3 ILunar Simulstion System.- The Lunar Simulation System creates a

psuedo lunar gravity field in which fivee-sixths of the vehicle weight is
automatically supported by the jet engine and a pseudoc lunar vacuum by
automatically tilting and controlling the jet engine thrust to cancel
gerodynamic drag on the vehicle. The gystem establishes a reference
signal of 5/6 g, which ig resolved into vehicle coordinates using a
vertical gyro and gimbel resolvers. To this signal, accelération caused
by lift rockets (computed-based on rocket thrust and vehicle weight) are
vectorially added. The resuliing acceleration informstion is compared with
the measured vehicle accelerations obtained frcm body—mounﬂed acceler-
ometers. The resultant errors are used as command signéls fo the auto=
matic throttle and jet engine attitude control. (see fig. 1-F{a)-13). The
Iunar Simulation system is Initiated when:
l. The ILunar Simulation switch is placed at LUNAR SIM.
(Stabilization mode light shall illuminate.)
2. 1lift rocket T-handle is raised and chamber pressuré has exceeded
100 psias (pressure transducer measurement). (Auto Throttle
light shall illuminate.)
3. Gimbal Lock switch is OFF. (Gimbal Lock Mode light shall
extinguish)
4. engine angle is less than 15 =+ l; from the local vertical.
The ILunar Simulation mode is disengaged by:
l. momentarily pressing the SIM REL button on ‘the Jjet throttle.

2. sadvancing the Jet throttle.

5. placing the Gimbal Iock switch to ON.
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2-5-3-1 Thrust/Weight Computer.~ The thrusi/weight computer is shown

on figure 1-F(a)-14. The computer calculates the vehicle acceleration
along the vody z-axie when the pilot actuates the 1lift rocket throttle
to engesge the automatic jet throttle for the Lunar Simulation mode. The
value of thrust/weight is continuously updated based on tﬁe integration
of an assumed Jjet fuel flow rate, and the integration of the electronic
rocket firing signals performed by the rocket fuel consumption detector
circuitry (includes lift rocket fuel consumption). The two integrated
signals are subtracted from the initial weight poteﬁfiometer signal
(ground adjustable). This signal is then combined with one 1lift rocket
pressure transducer signal (measure of 1lift rocket thrust) to obtain an

instentaneous value of thrust/weight.

2=5=3a2 Automatic Jet Throttle.- The automatic Jjet throttle continucusly

controls Jet engine thrust so that the loeel vertical component of force
equals five~sixthe of the instanteous vehicle weight plus or minus the
vertical drag force. Figure 1-F{a)=13 is a block diagram of the Automatic
Jet Throttle Control System. The throttle control loop, which employs a
linear acceleration feedback is capable of adjusting the jet engine main
fuel control angle at the rate of 6 deg/sec. The same automatic jet
throttle serves as the emergency system for the primary hydraulic'throttle.
When used as the emergency throttle, a synchro feedback is used for jet
engine fuel control.

WARNING

If an auto throttle melfunction occurs, the pilot

should not select the emergency electric throttle.
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TABLE 1-F(a)-II.- JET ENGINE MODES OF OPERATION

Title
EMERGENCY GIMBATS
LOCKXED

1.

Conditions of Use

Avionics will automatically select this mode if
the engine angle exceeds 15 degrees from locsal
vertical for greater than 0.5.seconds, nominally.
Indication to the pilot is illumination of the
Emer. Gimbals Locked red warning light,

Low primary hydraulic system pressure

(1350 £ 50 psig) sensed by the hydraulic pressure
switch will open the emergency solencid valvé
allowing accumulator pressure to Tlow to the
gimbal actuators, thus cehtering the éngine.
Indication to the pilot is illumination of the
red Emer, Gimbals Locked warning light.

Primary AC fallure will cause avionics to switch
to Rate Backup and switch engine attitude control
to this mode. Indication to the pilot will be
illumination of the AC Failure Auto Pilot.Back
Up, and Emer. Gimbals Locked indicators

Primary DC failure will cause the avionies to
switch to Rate Backup and switch engine attitude
control to this mode. Pilot indiecations will be
illumination of the DC Failure, Auto.Pilot-Back
Up, and Emer. Gimbals Locked indicators.

CAUTION

If actuated, this mode should

only be released on the ground.
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TABLE 1-F(a)-II.- JET ENGINE MODES OF OPERATION - Continued

Title
GIMBAT, LOCK

LOCAL, VERTICAL

Conditions of Use

This mode overrides all other modes. It may be
activated under any of the following conditions:
1. Pilot may select Gimbal Lock mode using the
Gimbal Lock switeh (fig. 1-F(a}-6) on 3-axis
hand controller; this i1lluminates the Gimbel

Lock Mode green status light.

This mode is normally used for takeoff. . It
locks the gimbal actuators hydrauliecally,

aligning the jet engine with the 7 axis.

To disengage the pilot will plece the Gimbal
Lock switch to OFF.

 This mode is activated when any of the following

conditions occur:

l. The pilot turns the LOCAL VERTICAT, switch ON
and Manual or Emergency Gimbal Iock is not
gelected,

2, Any of the 4 leg microswitches register
greater than 1/2 inck compression and manual
or emergency Gimbal Lock not selected. -

3. The jet engine angle is greater than 15°
from the local wvertical while in engine
centered or luner simulation mode.-

To disengage this mode:
1. If manually selected the pilot must place
' Tocal Vertical switch OFF and depress Local
Vertical Release button.

2. If automatically selected (conditions 2 or
'3 above), the pilot will momentarily dépress
the Local Vertical Release button.
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TABLE 1-F(a)-II,~ JET ENGINE MODES OF OPERATION ~ Continued

Title Conditions of Use
LUNAR SIMULATICN Characteristics of this mode are:

(Jet Stabilization) a. Jet engine auto throttle supports 5/6th

vehicle weight,

b. Jet engine automastically gimballed to pro-
vide equal and opposite forece to ¢ounteract
horizontal vehicle drag;

c. Lift rockets are used to control altitude

and horizontal translations,

Active when all of the following occur:
1. Tunar Simlation switch is placed at
IUNAR SIM:
2. Lift Rocket T-handle is raised to command
a firing where chamber pressure is greater
than 100 psia.
3. Gimbal Lock and Local Vertical switches
are OFF,
L, Jet engine angle is less than 16 degrees
from local vertical.
Deactivated Normally By:
1. Depressing SIM REL button on Jet Throttle.
2. Advancing Jet Throttle,
5. Placing Lift Rocket T-handle down to QFF.
4, Placing Gimbal Iock switeh to ON.
ENGINE CENTERED This mode is in operation when ne other mode has

been selected and the vehicle is airborne, .
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Section 1-F(a)-2

Control Van

To monitor vehicle systems performance and to communicate with the
pilot, a control van, shown in figure 1-F(a)-15, is required during all
flights and ground runs. The van interior (fig. l—F(a)-i6) conbains two
telemetry receivers, telemetry processing and recording equipment, and
display instruments. A glassed enclosure at the end of the'van contains
a control booth from which the flight is directed. The van ié staffed
for each flight by & team of four engineers who are familiar with systems
operations and flight operations. An operations engineer (Flight
Director) heads this team and is respomsible for coordinating all ope-
raticns in the van and communications with the pilot and with other -.
ground personnel. A Jet engine engineer monitors the turbofan engine.
performance and maintains a log of jet (turbofan engine) fuel remeining
throughout the flight. An attitude control systems engineer monitors
the attitude control system operation by observing pitech and roll attitude
rocket firings, rate gyro outputs, and side arm controller activity
(fig. 1-F(a)-17). These attitude parameters are recorded and displayed
in real time on Sanborn strip recorders. In addition to these dats
displays, 2% warning/status lights are displeyed for the simultaneous use
by the attitude control systems engineer dnd a rocket systems engineer.

The rocket systems engineer monitors the operation of the helium
pressurant system and the hydrogen peroxide propellant system by ob=-
serving six meters that display helium source and hydrogen peroxide

tank pressures and 1lift rocket chamber pressures.
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Figure 1-F(a)-15.- LLTV Control Van, Exterior View.




1-F{a)-52

%@axgzSvgigwémawgs%ggﬁ'paxgig

'OPERATIONS
ENGINEER CONSOLE

Figure 1-F(a)-16.- LLTV Control Van, Van Interior.




-iT7.- RCS Panel




1-F(a)-54

A1l members of the team advise the Flight Director of the status of
their systems prior to, during, and after each flight. In essence, the
Flight Director operates as copilot and flight engineer. The control

TR
van team continucusly monitor a large nhumber of vehicle parameters in
addition to thosge displayed to the pilot. This operational procedure

was worked out prior to and during the research operations at the Flight

Research Center.

The follcowing is a report of the van configuration at the time of

the asceident.
LLTV TELEMETRY (TM) VANS

This report briefly describes the LITV telemetry ground support
vans, lists the operational equipment, and describes the _difference in
configuration between ™ Van No. 1L and T™ Van No. 2. T™ Van No. 1 was
manned for Flight 15.

The purpose of the TM van is to provide the ground support team
comnunication with the pilot, visval resl time displays of vehicle
systems data, and permenent data records. Tablé 1-F(a)=IIT lists the
display capability of the four operational positions and the major com-
ponents of the date system and voice communications system. Tsble 1-F(a)-IV
lists the LITV telemetered deata and location of easch parameter on the dis-
play consoles. A sketch of each display panel and block disgram of the
data system is ghown on figures 1-F(a)-18 through 1-F(a)}-22. All van
operators talk on intercom énd the conversation is recorded on megnetic

tape. The operaticns engineer transmits on UHF.
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The configuration of TM Van No. 1l deviates from TM Ven No. 2 as
Tollows:

™ No. 1 ™ No. 2

L0 60 D.A.C. ~ Decom analog outputs
36 27 Decom event outputs {warning light drivers)
2 3 Strip chart recorder (8 Ch.)
0 1 Event recorder (30 Ch.)
6 9 *avionics display meters (ACS)
0] 1 TV monitor
0 1  *¥Time code generator
0 1

H202 flow computer

¥0nly 2 meters are vsed on TM No. 1 avionics panel at this time.
(¥o yaw authority meter) '

®*#Timing is routed from TM No. 2 to TM No. 1.

One strip chart recorder in T™ No. 1 has s switch for esch channel
which gllows selection of an alternate data input. The parameters which
are patched to the switches are listed in Table l-F(a)-III.

Jet engine throttle position and yaw thruster activiiy is not dis-
played in TM No. 1 due to limitation to 40 analog decom outputs.

The event recorder is uged for postflight evaluation only. This
record can be produced from ‘tape playback.

The LITV No. 1 was recently mcdified to expand the event format from
3 digital words of 9 bits each to 4 digital words of 9 bits each. The
present dats format utilizes 28 of the 36 bits. TM Van No. 1 was modi-
fied to enable processing of 4 digital words. This modification is not
presently installed in TM Van No. 23 therefore, it is limited to 3 digital

words or 27 events.
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This vehicle modification, which was &ssociated with CCA-8, provided
gdditional event data and changed the function of some existing data
bits. TM Van No. 2 is presently configured for the event formast which
existed prior to the vehicle modification (for support of LITV No. 2).

The event monitor panel layout for TM Van No. 2 is included for reference.
The additional event functions which were made availsble by the vehicle
modificetion are: Emergency Gimbal lock, Pitch/Roll Rate Baékup, Fitch
Direct Latch, Yaw Direct Latch, Emergency AC Power, Yaw Rate Backup,

gnd Roll Direct Iatch.




Van No. 1 Van No. 2
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TABLE 1-F(e)-III.- DATA AND VCICE COMMUNICATIONS SYSTEM

Quantity

2 2
2 2
2 2
5 5
1 1
1 1
1 1
1 1
1 1
2 2
2 1
1 2
1 1
Lo 60
36 27
1 1
2 2
1
1
24 36
16 2l
1

Lg

*

Communication System — ARC 27/AIC 10

UHF Antenns

RT-178 Transceiver

Control Unit C-19Ch

Control Uait C=824/ATC 10

P. A. Amplifier - AM 94l ATC 13 or MeIntosh

Emergency Communication System

UHF Antenna

Cubic TR=-31 Transceiver

MIC/Headset

Battery/LIRV - Gould National #230095

Telemetry

UHF Antenna
™ Receivers
A. Nems-Clarke 1401
B. Defense Elect - TMR-2
PCM Decom - Dynmatronics UDS/715 including
A.  Analog outputs '
B. Event outputs

Recorders

Magnetic Tape - Ampex FR=-1814H - Direct
Direct Writing -~ Sanborn 77084 - 8 Ch.¥*
Direct Writing - Brush Mark 200 = 8 Ch.*
Event Recorder Brush 30 Ch.

*Also listed as avionics display

Avionice Conscle

Anslog meters (Thruster duty cycle)
Event lights

Analog strip chart channel

H202 remzining readout

UQb:J{'b

Six holes in panel but cnly twe being used for pitch

and roll, no yaw meters.
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TABIE 1-F(a)-III.- DATA AND VOICE COMMUNICATIONS SYSTEM - Coneluded

Van No. 1 Van No. 2
Quantity
1
26 36
1 1
1 1
38
9 9
12 12
21
9 9
12 12
1 1
22
1
1 1
1
1 1
2 2
1 1
2 2
1 1
1 1
1 1
1 1

Operztions Engineer Console

TV monitor

Event lights
Engine timer
Flight timer

w e Rvsli =

Rockets Bngineer Console

A. Analog meters
B. ZEvent lights

Fngine Console

A. Analog meters
B. Event lights
C. Digital clock

Timing
A. Time code generator
IRIG A-B-C=D, 1 pps
B. Timing buffer

Miscellaneous

A. H,0, fuel flow computer {prototype)

B. Attitude suthority control unit
C. DPower supplies

Test FBouipment

A. Ogcilloscope

B. Counter

C. DVM

D. Oscillator

E. V.0.M.

F. PCM signal simulstor
G. Signal generator
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Figure 1-F(a}-19.- Operations Engineer Console
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TABIE 1-F(a)-IV.- TELEMETRY DATA
INPUT 1
. INEUT 2 0,.COMP
CHANNEL : RCDR-2 : RCDR-4 Hy05
e PARAMETER TM-1 | DAC | AVIONICS| OFS{RCCKETS| ENGINE PRE RCDR-1 ?ilx)gﬁg 30-CH | ATT AUTH
FLIGHT .
1 Veh Pitgh Att 3 3
2 Veh Roll Att & [
) Veh Yaw Att
L Veh Piteh Vel 1 1.
5 | Veh Roll Vel 4 N
5 Veh Yaw Vel 7 7
T AX 8ix Brror :
8 He Source Press L/H [ 10 ]
9 He Source Press R/H |11 M=3
10 Jet Fng Pitch At
11 Jet Eng Roll Att
12 AX
13 AY
14 AZ,
15 Altitude
16 Vertical Vel
17 Drift Vel
18 Horiz Vel
19 Lift Rkt Throt 14 M7
20 Rate Com Piich 2 2
21 Rate Com Rell 5 5
22 Rate Com Yaw a8
23 | Jet Fng Throt
24 CDP 19 M=5
25 1ift Rkt Cham Press | 37 M8 8
L/H
o6 Lift Rkt Cham Press | 38 M9
R/H _
27 | Att Rkt Press BS 26 & 6
28 Att Rkt Press FS 3h [ 1L
29 Att Rkt Press BT 22 2 E
30 Att Rkt Press FT 20 2 10
31 Att Rkt Press GS 35 7 15
32 Att Rkt FPresg CT 23 3 3
35 Att Rkt Press 8 27 7 7
3l Att Rkt Press GT 31 3 11
55 Att Rkt Press AS 25 5 5
56 | Att Rkt Press ES 33 5 13
37 Att Rkt Press ET 29 1 g
=8 Att Rkt Press AT 21 1L 1
39 Att Rkt Press DT 2k i it
bo  § Att Rkt Press HT 32 N 12
1 1 ALt Rkt Press Do o8 i} 3]
RE Att Rkt Press HS 26 8 16
+3 JP-% Tank Press Aft [ 40 M-9
[N JP-4 Tank Press Fwd | 20 M-6
5 Tan RPM 16 M2
Le™ T T/W Comp out
bt +5V Cal
48 -5V Cal
ko Gas Gen RPM 15 M-1
50 H,0, Tenk Press L/E] 12 M-5
51 EGT 18 M it
52 1,0, Tank Press R/H| 13 M-6
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TABIE 1-F{a)-IV.- TELEMETRY DATA — Concluded
INPUT 1 ;
CHAMNEL|  pppaMeTeR mMel | DAC |AVIONICS| OPS|ROCKETS| ENGINE| SCCR-2 RepR-1] gg:fee DR B2%2°0
NUMEER | PRE- PLIGHT 30-CH { ATT AUTH
* | FLIGAT '
23 AY Error Sig
5k Binary-Bvents
55 Binary-Events
56 Binary-Events
57 Binary=-Events
- 58 H202 Ibs Remaining M1
29 Jet Oil Press 17 M-3
60 Airflow Vel
{Anemometer)
61 Airflow Direction
(Yew Vane)
€2 |Hyd Accum Press 39 M-8
63 AZ Error Sig
NA |Att Auth Piteh - M=5
THA Att Awth Roll - M-6
CHANNEL RCDR-4
NUMEER EARAMETER COLOR { AVIONICS |CPERATIONS |RCCKETS | ENGINE 30.CH
54-1 __JP-% Caut (1) Anb 7 1 1
2 Jb-h Low (1) Red 3 13 2
-3 B0, R/H {1} Red 10 3 6
= 2,0, Lja (1) Red 9 2 5
-5 Low Jet Hold (0) Red 12 29 g
=6 Low_Thrust Men (1) Red 11 30 8’
-7 He Press Low (1) Red 15 i '
-8 Toppler (o) Anib
=9 Att Rkt Test {C} Grn 1 10 2
55=1, Jet Stab {0} Grn o 26 9 &
-2 Locgl Vert {0} Amb 4 25 g8 12
-3 T, Gimbal Lock  (0) Red 22 7 5
=h Att Rkt gtd {0) Grn 2 9 il
-5 Stuck Valve {1} Red 24 22 3
-5 P/R Rate B/U {1) Red 16 I
-7 Auto Throt (o} Grn 5 27 10 7
-8 Max Tilt (0) Bed 23 23 ' 4
-9 Gimbal Lock (0) Grn 3 19 & 28 11
56-1 DPitch Directh (0) Red 13 16
-2 Yaw Direct {0) Red 15 i8
-3 CB-7 Trip (1) Red 20 8
-l B/U Rate Gyro (1) Red 21 6
-5 Batt Cont Relay (1) Red 19 20
-6 Hor Vel X 10 (1) Amb 11
-7 Emer. AC FPower (1) Red 18 21
-8 Yaw Rate B/U_ (1) Red 17 5
-0 Qil Press Low (1) Red ’ 1k 3
57=1 Roll Direct {C) Red 1k 17
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Section l-F(a)-B_

Personnel

Figure 1-F(2)-23 is an organizational chart of the LITV program
persornel Tunctions from the Director of Flight Crew Operatiéns down,
including contractor personnel directly invelved or under the control
of the program msnager. The number of personnel availasble {as of

Dec 8, 1968) to perform each function are indicated by (k).
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LLTY PROGRAK MANAGER
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DYNALECTRON ERGINEER 85 AVIOHICS "ACS. PANEL
CUPEAATUR, AND THE NASA OPERATIONS ENGINEER o5
FLIGHT DIRECTOR MAKE A& YAN CREW OF & WHEN THL
VAN IS IN OPERATION

Li PROGR MANAGER

VEHICLE NG 2

SENIOR FLIGHT TEST ENGINEER ]

FLIGHT TEST ENGINEER

i

2

[ERE*I‘.HIEFS| l AVIONIC ERGINEER
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VYEHICLE NO. 2
*_VAN QPERATIONS :1»
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GROUND SUPPORT

I

T

1

CREW CHIEFS

l AYIONIC ENGINEER
1

[ [IHSTRUMEH?ATIENENGW[ERJ l

QUALITY
10

[IMEEHAMCS (D! u AVIONICS TECHS 10} hNSTﬁUMEHTnHON TECHS Eﬂ]

ELECTRICAL SPECIALIST |1

MMHTERAHCE SUPERHTENDENT
STAFF ENGINEER
SENIGR ENGINEER

ENGINEER
DRAF TSMAN
] 1 1 1 1 1 )4 1 | 1 LEAD INSPECTOR
ELECTRONIC ENGINEERING TECHNICIAN
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DESIGH SUPPORT DOCUMENTATION | | senepuing | | superwisor| | supervisor ASSURANCE ENGINEER COMTROL, SUPERVISOR ADWIHISTRATOR D N e Cron
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ELECTRONIC TECHNICIAN
ROCKET TECHS (51 [oata reoucrion 3] Y secreraries (3] bk
MATERIAL
JOTALS AuTH] ACIUAL T FELEMETRY PERSONNEL
BAC 62 50 MEKEEPER TOTAL
CONTRACTED | 14 11 FECHNICAL COORD ROCKET REP

GRAND TOTAL| T& (2]

TOTAL ONBOARG

i1
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STOLK CONTROLLER {3)

OYNALECTRON PERSONNEL

a‘-'lanamuummwm.-uu—u

Figure 1-F(a)-23.- LLTV Personnel Organization Chart
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Section l-F(a)-4
MISSION RULES

The LTV is flown at Ellington AFB, Texas, within the area indicated
in the airfield diagram in Figure 1-F(a)-24. A typical flight profile
over runway 17L/35R is shown in figure 1-F(a)-25. This.pro'file could alsb
be bver runway 22R/LL. Boﬁh of these runways have been deactivated for
| regular airplane traffic. Figure 1-F(a)-26 is an eai‘l& morning photograph

showing the LLIV complex &8 it would have looked during Flight #15.

Extracts from the LITV Missicon Rules are included next. As in the

case of the Flight Manusl, certein sectlons have been marked for emphasis.
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TYPICAL LLTV FLIGHT SHOWING SEQUENCE OF EVENTS

'\HALFWAY TO
\ START POINT

(APPROX) HALFWAY
TO LANDING POINT

CRASH SITE

LANDING

\ POINT ?;-.,
WIND SOCK/

Figure 1-F(a}-25.- Typical Flight Profile
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LUNAR LANDING TRAINING VEHICLE

MISSION RULES

SEPTEMBER 1968

Ronald K. Blilie
LLTV Operations Manager
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Dean F, Grimm
LLTV Program Manager
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0-5-3-2-1 Manusl Override.- The menual jet throttle is hydraulically

coupled to the main jet engine fuel control (refer to Paragraph 2-2-3),
such that the pilot can manually override the automatic throttle system
through the range of 70 to 100 percent rpm wiihout exceeding force limits

at the throttle gradient.

P-5=3-P=2 Disengage Capability.- A SIM REL pushbutton switch located on
the Jet throtile allows disengagement of the automatic throttle at any

time to permit hydraulic throttle control.

2-5-3-2-4 Lift Rocket Thrust Comtrocl.- A closed loop position system

connects the 1lift rocket control (T-handle, fig. 1-F(a)-7) with the
lift rocket throttle valve. Thrust is linearly proportional to stick

deflection.

2-5-3-2=6 Tunar Simulation Instrumentation.- A cockpit and ground moni-

tored thrust=to=weight indicator dispiays normal acceleration in lunaf g's.
The thrust/weight computer output sighals are'also telemetered for ground
station monitoring. A cockplt Auto Throtile green status light indicates
when the automatic throttle has been engaged (light ON) and_wheﬁ the
autofthrottle has been disengaged by the low suto-throttle clutch disen-

gage switeh (light extinguished).

Additional telemetry data recorded by the ground station include jet
engine throttle position (potentiometer output) and low suto-throttle

signal cutoff.
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MISSION RULES

Introduction

This document contains mission rules to be used in conjunction
with the operation of the Lunar Landing Training Vehicle (LLTV),
In the event of conflict between this document and any other
documentation, this document will govern.

Purpose

The purpose of this document is to establish rules for the
operation and flight of the Lunar Landing Treining Vehicles.
Any deviation from these rules will require approval by progran
management.

Applicability

The operational rules set forth in this document shall be complied
with for all LLTV filight operations., A1l LLTV pilots, operations
ven, and maintenance personnel involved in LLTV flight operations
will know, understand, and comply with the contents of this docu-
ment.
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Flight Operations

a.

Respongibilities

The LLTV Qperations will be under the direction of the MSC
LLTV Operations Manager., It will be his responsibility to
make the fiinal determination of the flight readiness of any
LLTV,

The NASA instructor pilot will be respongible for insuring
that the astronaut has been properly briefed and is ready
for the proposed flight. He will monitor the flight from
the operations van and will act in an advisory capacity to
the flight controller. The instructor pilot does have the
authority to direct the termination of the mission if in
his judgment the migsion cannct be safely continued.

The flight controller will have total responsibility from
the operations van during the flight phase, He will ingure
that system status ig reported tc him, and as necessary,
will advise the LLIV pilot of any necessary action required
to comply with the flight plan, or to 1nsure safe recovery
of the pilect and/or the vehicle.

Operationg Van Requirements

In preparation for a £light, the vehicle and operations van
telemetry equipment shall meet the requirements of the
operations van checklist., Any deviation shall require the
approval of the MSC LLTV flight controller. The MSC LLTV
flight controller may waive the requirement for operational
equipment in the operations van other than the following -
minimum eguipment:

(1) Telemetry receivers, processing equipment, and
recorders.,

(2) Communications

(a) At least one primary UHF transmitter-receiver
and an emergency UHF transmitier-receiver.

(b) UHF communications with the fire truck.

(¢) Intercommunications between flight controller
and vehicle crew chief,

(d) Communication with Ellington Air Force Base
control tower.,

(3) The flight controller's control station shall be
complete as degcribed in the LLTV Operations Manual
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shall be completely functional except that the £light
controller may walve the Flight and Jet Engine timers.

NOTE: If Flight and/or Jet Engine timers are not
functional, the £flight time shall be maintained
by the rockets system monitor and the engine
time will be maintained by the jet engine moni-
tor by use of manual stop watches,

{4) Rocket system monitor station shall be complete as de-
gcribed in the LLIV Operations Manual and shall be
completely functional, except that the flight controller
may waive the Local Vertlcal light, Jet Stablllzatlon
light, and the Auto Throttle light,

(5) Jet engine monitor station shall be complete as described
in the LLIV Operations Manual and shall be completely
functicnal except that the flight controller may waive
the Compressor Discharge Pressure indicator and the Jet
Throttle Fosition indicator.

(6) Avionics system momitor station shall be complete as
described in the LLIV Operations Manual and shall be
completely functional except that the flight controller
may waive the third strip chart recorder. This recorder
may be inoperative if yaw rockets are displayed on the
#2 Sanborn recorder during the pilot's preflight.

Operationg Van Staff Requirements

The cperations van will be staffed with certified operators
at each primary control station for all LLTV flights. A
certified cperator is one who has ccmpleted the prescribed
course of training as outlined in the LLTV Flight Control
Training Manual. The primary contrcl stations are the
flight controller's station, rocket systems station, jet
engine station, and the avionlcs station. An operator
trainee will be permitted to man one of the four stations,
under the supervision of a certified cperator, with the
following restrictions:

(1) The trainee must have completed the prescribed course
of training as outlined in the LLTV Flight Control
Training Manual, except for the on-the-job training
(0JT) phase.

{2) A trainee will not man a station during the pilot's
first three checkout flights.
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(3) A trainee will not man & station during & functlonal
check flight (FCF).

(4) A trainee will not man a station during a test fllght
in which vehicle performance limits will be explored.

N ' {5) A maximum of one trainee may be in training (OJT) during
any flight,
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3. NASA Agtronsut Qualifications and Training

a.

LLTV Transition

A pilot, who has previously completed the LLRV pilot checkout
gyllabus and was completely qualified in the LLRV, will, in
ad3ition to being qualified and current in helicopters, accom-
plish the following to become quelified in the LLIV:

(1) Complete the LLTV systems ground school.

(2) Gomplete the appllcable simulator program of about five
hours in the LLTV fixed-base simulator,

{(3) Complete a tie-down combined systems run.
(4) Complete an LLTV C.G. fixture run,

(5) Complete a five-flight transition syllabus under the
supervigion of a staff instructor pilot.

(6) At the completion of the above program, the pilot will
be considered LLTV qualified and will enter the profi-
ciency phase of training, which consists of approximately
12 £lights. BSuccessful completion of the above will
serve as pilot certification and will be accomplished by
USAF Form 8B.

Enitisl Pilot lification and Traini

Prior to the first flight in the LLIV, a pilot will have met
the following minimum requirements:

(1) He will have completed a minimum of 100 hours total
helicopter time, and 5 hours in the 30 days preceding
first flight.

(2) He will have completed a checkout and familiarization -
in the Langley Lunar Research Facility Vehicle. '

(3) He will have completed the LLTV simulator syllabus of
approximetely 10 hours.

{4) He will have attended the LLTV systems ground school.

(5) He will have had an ejection seat swing at Weber

Aircraft Company facilities, Burbank, California,
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He will have completed a live firing of the attitude
control system with the LLTV mounted on the G.G.
fixture.

He will have completed a combined systems run with
the LLTV tied down.

After completion of the sbove, s pilot will complete =
13-flight syllabus as described in the LLIV Flight
Checkout Syllebus under staff ingtructor pilot super-
vision.

At the completion of the sbove program, a pilot will
be considered LLTV qualified and will enter the pro-
ficiency phase of training, which conaists of approx-
mately 12 flights. Successful completion of the above
will serve as pilot certification and wlll be accom-—
plished by USAF Form 8B.

Currency Requirements

After completion of the proficiency phase, a pilot will
maintain currency in the LLIV by flying a minimum of two
full lunar simulations per 30-day period (preferably bi-weekly).

Recurrency Reguirements

If a pilot, qualified in the LLIV, becomes uncurrent, he shall
sccomplish the following to reestabllsh currency:

(1)
(2)

(3)

He shall be helicopter current.

He shall complete applicable simulator program of about
two hours in the LLIV fixed-base srmulator.

He shell complete a minimum of two flights in the LLTV,
the firgt of which will be with the engine gimbals locked.
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Lo Minimum Support Requirements

The following support services and equipment are as lndlcated
for flight operations:

a. A qualified medical doctor will be in attendance prior to
flight (mandatory).

b. A qualified medical attendant/embulance driver will be in
attendance prior to flight (mandatory).

c. - An ambulance will be stationed near the fllght pad prlor ,
to flight (mandatory). .

d. A fire truck (0-1lA or equivalent) and four qualified fire-
- men will be stationed near the flight pad prior to flight.
The fire truck must be equipped with an operational two-way
UHF radio with appropriate frequencies for communlcatlon
- with the operations van (mandatory)

e, Televigion equipment will be operational and capable of
recording UHF audio and visual events of the entire flight.
Color movie film will be used to record flight events. Both -
televigion and color movies are highly desirables however,
it is mandatory that either television or color movies record
flight events for every flight,

£, Equipment identifled in paragraph IT of the "LLTV Emergency
Procedures" (MSC Form 1982), dated November 1968, will be
inspected, operational, and in position prior to flight
(mandatory).

g. Personnel requirements and assignments and equipment posi-
tioning will conform to the requirements of the "LLIV
Emergency Procedures" (mandatory). :
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Minimum Environmental Conditions

a. Surface Winds

Unless lower winds are specified in the LITIV Flight Checkout
Syllabus, LLIV flights will not be permitted if the surface

wind exceeds 15 mph.

b. Precipitation

The LLTV will not be operated, on the ground or in flight,
during periods of felling rain uniless adequate protection is
provided to prevent the vehicle's sensitive components from
becomlng wet.,

" ¢. Hours of Operation

The LITV will be flown only during the hours of daylight
when the pilot is able to maintain visual reference with
the ground.
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Flight Restrictions and Limits

.a.

e,

~abtitude rockets at the same time ig not permitted in order

During LITV flights, pilot initiated use of both sets of

to accomplish mission objectives.  Both sets (standard and
test) will only be used for added control in contlngency
cases. Exception: During some phases of the pilot train-
ing syllabus, the use of both is allowed to acqueint the
Pilot with the feel of the added control asuthority.

There will be no inflight system troubleshooting. The pilot
will land if a system malfunction occurs.

Due to jet engine restrictions, an altitude of l,OOO feet MSL
wlll not be exceeded.

All routine flights will be conducted over paved surfaces.
All landings will be made on prepared surfaces. The only
exception to the above will be in case of an emergency in
which case & pilot will chocose the most suitable 51te for
the situation.

An operations van controller will not instruct a pilot to
eject during an emergency. The pilot will be kept thoroughly
informed of the vehicle status, but only he will determine if
the requirement to eject exists.

The pilot will inform the flight controller of all switch
changes. When possible, he will inform the flight controller
of his intent to change 2 switch position before he takes
action.

If communications between vehicle and control van are lbst,

the pilot will terminete the mission and lend. Complete loss
of TM ven indications will be cause for mission termination

and landing.

A pilot will not intentionally fly over any facility building -
or ground support equipment.

If the avionics back-up channel is activated during a landing,
the pilot will not attempt to reset that chennel until the

flight controller determines that it is perm1551ble to .reset
and %o contlnue the mission.
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. HISTCRY OF FLIGHT

Section l-;F(b)
General |
For easé of enalysis and cross-reference, the flight has
been divided into nine phases. This divisién is arbitrary'
to some extent because all perameters do not ne.cessari_ly

divide or crossover at exactly the same time. The .phas"es'

are:
Phase T — Tgkeof?f
Phase II —-Climb

Phase TIT -~ Hover
Phase IV — Initial acceleration to set up a trajectory

for luner sim. Systems armed'for_lunar sim.

- Phase V — Acceleration continues and 1lift rockets were
activated.
Phase VI - Vélocity stabiliges and yew thrustefs:
| sgturate.

Phase VIT - Full lunar simulation is'initiated by un=-
locking the gimb;us. Attitude control 1is
lost. .

Fhase VIII — Ginmbals relocked

Phase IX — Vehicle not recoverable.
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- NARRATIVE HISTORY OF FLIGHT

Phase I — Takeoff to 07:25:53

Flight 15 completed a'rouﬁine preflight checkout én the morning.qf
December 8, 1968, and 1ifted off at 07:25:23 CST (local time). A
gradual ascent to 50 fTeet altitudé ﬁas accompiished in approximately
30 seconds while the LITV was ovef the checkout ey During'this time;
“the pilot:was informed by_the.van, "We're showing you slightl# left side
heévy.". During this period, the wind (derived from recorded déta) Qas
ébout 10 ft/sec and varying within £20° of 56o°-(5bout.éo° R relativé'
to the vehicle). | | .

Phase IT — 07:25:53 to :27:10

At 07:25:55, a yaw right was initiated and continued ﬁntil\:Q?:lO;.
At this time the heading® was sbout 110°. The vehicle continued to
climb and passed throﬁgh 500 feet of altitude at :27:10. During this
clinb, the derived wind increased to 40 ft/sec, and the direction
ehifted unsteadily to OkO°. The airflow relative to the vehicle in-
creased to approximately 25 ft/seé from a direction that varied sharply
fram 0° L to 65° L relative and back to approximately zero. During
this period, the vehlecle translated 1,500 feet on a track of'approxif
mately 180° at a peak ground speed of 37 ft/sec (predomiﬁately a right
drift over the ground with respect to bﬁdy exis, figs. 1-F(b)-l and fé).
The airflow during this period was predominantly from the right, but

the direction was not constent. TM van communication informed the pildt

lThe pllot zeroed his heading indicator before takeoff
(approximately aligned with true north). '
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Figure 1-F(b)-2.- Ground Track and Profile Fhotograph
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that the roll rockets were still firing as if the vehicle were left
side heavy (consistent with an airflow from the right).

Phase ITT — O7:27:10 to :28:05

During this period, the altitude peaked at 680 feet before leveling
off at about 500 feet. The southerly translation continued to a point
a@proximately 2,300 feet south of the checkout pad area. During this
time, the translation velocities gradually decreased until the vehicle
was in a hover (X and Y both less than 5 ft/sec) at :28:05. During this
period, the heading was changed to the left to 050°. Wind velocities
during this period were 30 to 35 ft/sec from approximately 030°. At
127:33 the pilot was informed that "roll balance loocks good." At
:27:56 and 550 £t, the pilot reported hovering into a wind of 30 ft/sec.

The JP-4 caution light wes reported on at :28:02 by the TM van.

Phase IV — 07:28:05 to :28:50 (See Table 1-F(b)-I.)

During this period, the LITV initisted a northerly translation
starting from g position Jjust off the western edge of Runway 35 and
2,300 feet from the checkout pad area. The heading was changed by
yawing left from 050°, reaching 010° at :28:40 and holding steady at
that heading. Ground track velocities were increased to about 25 ft/sec
(predominently k); and the wind held generally 030° at 30 ft/sec.

During this period the pilot armed ILunar Simulation (jet stabilization
on) and verified Moment Compensation on. All of these events were
verified by status lights and recordings. The altitude stabilized at

approximately 450 feet at the end of this period.
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Phase V — 07:28:50 to :28:55

At :28:50 the vehicle was holding a steady heading of 010° at an
altitude of 450 feet. Ground velocity was &bout 20 ft/sec (predominantly
X) and incressing. Vehicle attitude was essentielly level except for
L® pitchdown. A4t :28:53 the pilot raised the T-hendle {increased throttle
of simulated LM descent engine) to activate the lift rockets. From
:28:50 to :28:55 the yaw thruster duty cyclel increased from about
30 percent to 50 percent (yaw left) without any yaw commsnds by pilot.
Piteh duty cyele averaged about 25 percent (pitch down) with several
small pitchdown commands. Roll duty cycle averaged sbout 25 percent
(roll right) with several small roll right commands. The airflow
relative to the vehicle during this period was about 45 ft/sec from
10° R.

Phase VI — 07:28:55 to :29:07 (See fig. 1-F(b)-4 and Teble 1-F(b)-I.)

A further pitchdown maneuver from 4° to 8° was completed at :28:57.
The forward ground speed was increased to 44 ft/sec at :29:07 (airflow
velocity increased to 60 ft/sec from directly off the nose (X-axis)).
Control commands were essentially limited to pitch. Thruster duty cycle
gradually increased to 100 percent L in yaw and 40 percent down in piteh
at :29:06.5.

Roll duty cycle reduced to approximately zero. At :28:58, the

pilot confirmed that the auto throttle was working.

lThruster duty eycle information will tend to lag in time (by 1 to
2 seconds) the actual duty cycle used because of the averaging charac-

teristies of the electronic eircuits.
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Phase VII = 07:29:07 to :20:15

At :29:08.5, the gimbal lock light went off indicating the initi=
ation of a full lunar simulation. Almost coincident with this event,
the yaw attitude began a very gradual divergence to the right with no
pilot yaw commands inpute but with 100 percent yaw left duty cyele as
called for by the attitude (heading) hold function of the ACS. At
:29:09.5, a pitchup command was given (momentary peak at 12 deg/sec) of
a l-second duration and then was followed by a second of 10 deg/sec for
1/2 second. The vehicle pitchup rate increased to 9 deg/sec and held
constant gt this rate until :29:11.7. While this pitch command sequence
wag occurring the yaw divergence was accelerating at U deg/sec to the
right (yaw duty cycle 100 percent left). The yaw change of attitude
caused the airflow direction in the vehicle's x-y plane to change from
0° relative to 45° L by :29:12.5 and was continuing in that direction.
By :29:14% the pitch thruster duty cycle meter and the roll thruster
duty cycle meter had stgbilized at 50 percent, indicating a 100 percent
(saturated) single jet (CT) duty cycle (pitechdown/roll left). At
:29:14 (fig. 1=-F(b)-3), the vehicle was diverging in attitude about
all three axis (12 deg/sec yaw R, 8 deg/sec pitchup and 6 deg/sec roll
R) although the maximum available torgue from the Test Rocket System was
being applied to oppose the divergence. A%t about :29:14, the pilot
moved the hand controller to call for meximm roll left rate in addition
to maximum pitchdown rate. At this time, the pitch rate began to decrease
but was gtill in a direction opposite to the command (roll rate continued

tc increase in & direction opposite to the command).
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Fhase VIII — 07:29:15 to :29:20

At spproximately :29:15 the pilot releaged lunar simulation and
the gimbal actuatore started the engine toward the engine centered
position. Almost immediately, the gimbal lock light indicated that
the engine wasg being returned to the gimbal lock position. With the
jet engine in the ginbal locked position (VICL mode) and the vehicle
pitched up and rolled right, the lateral and forward velocities changed
magnitude rapidly. The translation velocities are seen in figure 1-F(b)-5

to pass through zero at :129:17 as the forward velocity reversed, and

the lateral velocity changed direction from left to right. Attitude
rate command of full piitchdown and full roll left was maintained until
about :29:18.7, by which time the vehicle had obtained a pitch rate of
sbout 20 deg/sec down and a roll rate in excess of 22 deg/sec left. The
roll rate command was reversed and the pitch rate commend zeroed

(.2=.3 sec) before the vehicle passed through level attitude at :29:19.

Phase IX — 07:29:20 to :29:27

At :29:21.4, the doppler warning light illuminated, indicating
nonreliable data. The rader altitude data also becomes unreliable at
or before this time. Assuming conditions of 450 feet and altitude rate
equal zero at :20:19, a derivation of veriical acceleration from that
point to impact provided the curves of altitude and altitude rate to
impact shown on figure 1-F(b)-6. At :29:22.5, a maximum bank angle of
102° was reasched; and the pitch angle was 28° down. The pitch and roll

rates reversed to pitchup roll right at this time and increased to
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22 deg/sec or greater at 07:29:24, During the period after the jet
engine (see fig. 1-F(b)-7)} was returned to the ginbal lock position,
the vehicle (and consequently the engine) attitudes in pitch and roll
were mostly greater than that at which the combined vertical component

of the jet and 1ift rocket thrust could counteract gravity. As &

result, the vehicle began descending rapidly. The loss of telemetry
at :29:26 is probably the time of ejection. The ejection seat rocket
blasted the telemetry system znd probably interferred with ites trans-
mission. The derived attitude at :29:26 comes close to agreeing with
that observed from the film record at ejection. The best guess trajec-
tory has ejection cccurring at :29:26 at 100 feet and at & descent
rate of 95 ft/sec. Vehicle impact probably occurred at :29:27, and

pilot on-the-chute touchdown occurred at :29:41.




TABLE 1-F(b)}-I.- A TABLE OF SIGNIFICANT EVENTS IN SEQUENCE

1-F(b}-11

Vehicle Attitude |Yaw 1 Anemometer|
Local Degrees(1 Vane(3)| Reading |Significant
Time Pitch [Bauk Hde(2) |Degrees|Ft/Sec (4)|  Event Comment,
07:28:36 0 0 ) 9R 37 Aligned with 35R
for sim run.
- 138 0 AR 10R 35 Pilot pitched dowm
H further to accel to
% sim velocity.
¥ 139 AP LR 12R 35 Second time pilot |R~L-R roll command|
g moved hand control-|tc correct back to
: ler to a stop. runway centerline.
- $53.3 4 0 ¢] 45 T-handle started Wind shifting to
Y up. 1eft.
156.2 6 2R 0 L8 Lift rockets on.
158.2 7 2R 2L 48 %u}o t?rottle
5/6 g},
; .
il :29:05.5 g {0 2L 60 I4S (anemometer)
= peak at 60 fps.
y
:06.5 g 1o 2L 56 Yaw left thrusters [No pilot yaw
- firing 100% yaw commands.
{ left.

(1} Pitch and bank angles measured relative to the horizon and the vehicle's
we and es axes, respectively.

(2)

(3)

(4)

Heading ig the horizontal angle between the vehicle's +x axis and an earth
local vertical plane that passed through the x axis at the beginning of this
control problem (07:28:07.2),i.e., heading reference rotated 10°R for this chart.

Local airflow direction as measured by the yaw vane (sometimes called wind

The vane is located on the top, right-hand
corner of the cab (about 5 feet above the x-axis which induces an error when
the vehicle is rolling rapidly about the x axis).

vane) in the vehicle's x-y plane.

This is the local airflow velocity in the vehicle's x-y (yaw) plane.




PHASE VII

1-F(b)-12
TABLE 1-F(b)-I1.- A TABLE OF SIGNIFICANT EVENTS IN SEQUENCE - Continued
Vehicle Attitude|Yaw Anemometer
Local Degrees Vane Reading Significant
Time Pitch | Bank | Hig|Degrees]| Ft/Sec Event Comment
:29:07.2 1 7D ol o 6L 58 Vehicle heading |Yaw (heading) con-
f ‘ gtarts drifting R.|trol is lost.
:08.5| 6 I 0:1 S 58 Lunar sim started.|Gimbal locks
: ; ‘ released.
109.0 {6 2 9 58 Engine pitches Wind has shifted
; down 6° for lunar [about 17°L.
sim.
110.0 6 3 14 62 IA8 starts up from|Wind gust. Filot
. 60 fps. comuands piteh up.
i
:11.0] 2U 11 | 19 70 IAS up to 70 fps. |Wind gust still
| building.
111.5 6 P14 25’ 75 Pitch control No pilot inputs,
g lost. attitude hold is
: firing full pitch
; dn, but vehicle con-
: tinues up @ 10°/sec.
:11.9 | 12 1R |16 35! 75 Third saturated
i ! pilot command
? : (pitch down).
Roll control is
lost.
112.5 | 17 3 |21 54 80 IAS peaks @ 80 Wind gust of 20 fps
i fps. and a 400 shift to
I the left.
112.6 ) 18 3 123 60} 80 Single rocket
(CT) logic starts
(piteh dn, roll
left).
112,71 19 4 |25 66 80 T-handle full up.
:13.3 | 25 7 |32 | 95 75 Heading rate max @
1 13%/sec R.
4.8 | 31/ | 23/ |47/ 130! 53 Pilot punched out |[Note large increase
of lunar sim in bank angle.
(engine starts to
center) .
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TABLE 1-F(b)-I.- A TABIE OF SIGNIFICANT EVENTS IN SEQUENCE - Continued

Local
Time

Vehicle Attitude

Degrees

Pitch

Bank

Hd

Yaw
Vane
Degrees

Anemomete
Heading
Ft/Sec

Significant
Event

Comment

129:15.0
:15,2
:15.4
115.5

:15.6

31U
31
31
31

31

303
3
38
39

40,

5

L9
49
49"

50-

130L
120
120,
120

118

51

50

50

48

47

Emer. gimbal lock
starts,

Fourth saturated
comnand (roll left)

Max engine tilt
light.

Pilot starts up
with jet throttle.

Heading rate atops
(500R of starting
point). (Fr and Hp
vaw left rockets
gtop firing for
first time.

Foll rate max at
179/sec R, piteh
rate 0 at 7°/sec
dn.

116.2

30

50

52 .
(4)

93

37

Bngine completes
gimbal lock up.

:17.0

:117.5

:17.8

26

23

20

54

48

42

50

43

82R

90:

20

20

22

Roll right stops.

Relative wind
820R and in-
greasing.

Single rocket
logic stops
(piteh down only,
for 5 see) but
vehicle confinues
to accelerate,
rolling left at
220/gec?.

Relative airflow
drops to 20 fps and
reverses direction.

Translating and
[vertical velocities
helative to ground
labout zero.

Intermittent yaw R
thruster firing.

:18.3

:118.7

13

28

14

i

40

39;

4

90
90"

+

{

34

Roll R rockets
only, for 24 sec
(roll rate 259/
sec L}.

Single rocket

logic, piteh up
roll right (roll
rate 28%/sec L).

Max pitch rate at
20°%/sec dn.

(4) Heading by itself becomes unusable in calculating wind after this point. For a
complete and accurate analysis of wind and the vehicle's dynamic and aerodynsmic
flight after this point, additional data reduction would be required by comparing
doppler velocities of the vehicle relative to the ground and of the vehicle's

attitudes.
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1-F(b)-14
TARLE lﬂF(b)-I.- A TABLE OF SIGNITFICANT EVENTS IN SEQUENCE - Concluded
[Vehicle Attitude | Yaw Anemometer
‘Local Degrees Vane Reading Significant
Time Pitch | Bank | Hig Degrees | Fi/Sec Event Comment
129:19,1 1D 2R | 38R 82R 51 Vehicle level in | Roll rate max at
! pitch and roll, 309/sec L. Pitching
; flying backwards |down at 15%/sec.
i and to the right.
120,01 1o¢ 7L AO% 0 43 Relative airflow | Vehicle angular
f reverses to left | and descent rates sg
{ etill at 5C fps. |high now that crash
; is inevitable.
121,21 20 g5 | a7 76L 22 Relative airflow |Descent vector
(5) ! drope to 20 fps involved here.
i ; 90° from L. '
; |
21,7 28 95 90{ 90! 28 Roll R only ACS
; { firing.
121,91 32 100 | <0+ 9?i__ 35 Piteh rate stops.
:22.1| 35 [100 |[90+| 95 40 Pitch down-roll R | Yaw R thruster
ACS firing. saturated again.
$22.5| 35 |100 |90+ 97 58 Roll left stops.
122,71 24 100 | 90+ 98 68 Roll R only ACS
(6) firing.
123,21 25 90 | 90+ o8 97 Pitch down-roll
R ACS.
:23.5| 22/1 85 {90l | 95 113 Pitch down-roll
I L ACS.
24,0 o | 75 |s2f| o 120+ | Hand controller
; (est 135) | released.
T
125,5| 15U | 10/ [14L ] 72R 120+
i % {(est 135)
126.0| 25 | o [18L| 210y 50 ™™ data stops.  |Ejection
127.0 357 8QR | nW i Vehicle impact. Vehicle translating
northwest rapidly.
(5) Heading is not very reliable when vehicle attitude is greater than about 85° in
either plich or bank.
(6) Attitude TM data unreliable past this point. Color movies used to estimate

attitude.
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MILITARY FLIGHT PLAN
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1-G-2
" 7260 BELL srems b1 of 3
Dare __20 September 1968 Repon _0260-931014
LLTV MISSION PLAXN
1. Pilot J. S. Algranti Oper. No: T1-15-162F Date; 12-6-68
2., Weight and Balance
(a) Clearance (Form 3-1) LLTV No._ ! Issue No. 4  Dated 10-14-6
(b) Leg Ballast Fwd Lt. Fud., Rt. Aft. Lt. Aft, Rt.
6-5# 4'2#
(e) Aft Rack Position X (Datum Full Fwd) 1 hole aft
Y (Datum Centre) 3 holes left
Z (Datum Full Down) 1 hole up’
(d) Centre of Graviiy
' X = Body Station BS 200.00
C.W.E. Plius Ballast --
Y ~ Buttock Line BL 200.00
0.W.E. Plus Ballast minus - Z - Waterline Wi, 199.78
gimballed equipment
(e) Fully Serviced Weight 4178 1bs,
Primary (a) Verificatlon flight after completing GCA #8 changes.
(b) Full LUNAR SIM checkout.
Secondary




1-G-3

Made! 7260 B _ o ms Poge 2 of 3
bere —26_September 1968 Report _7260=931014 B
Pilot: Y- S. Algranti Oper No: T1-15-162F Date: 12-6-68

4., Missiop Checklig}
a. Take-Off: PRIMARY RATE COMMAND/GIMBAL LOCKED,

b. HRelease LOCAL VERTICAL

¢. Translate away from TM Van and climb to Lunasr Sim entry poaition
at approximately 500 feet altitude.

d. Establish hover. (Call wind speed and direction.)
e, Seleect MOMENT COMP. ON.
f. Select LUNAR SIM ON.

g. Pitch down 10 degrees and commence acceleration and descent.
(Gall H,0, remaining and He source pressure. )

h. At approximately 30 fps (5 to 7 seconds) raise T-handle.
(Verify auto throttle.) ,

i. At approximately 45 fps (2 seconds later) select GIMBAL LOCK OFF.

j. Fly to a landing: PRIMARY RATE COMMAND with MODEL/LUNAR SIM.
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- 1~
Model 7260 eeLL :\c:::mv ms Page 3 of 3
‘Dare __26 September 1968 Repont _1260-931014
!
Pilot: 9. S. Algrantil Oper No: T1-15-162F Date; 12-6-68

5. Changes Since Last Flight;
Avionics System

a. Auto throttle relocated to drive fuel econtrol through Cam
agsembly.

b. Override force checked at 28#.

¢. Emergency throtile realigned and checked out satiasfactory
cn engine run,

Electrical and Dats System

a. ?ate gygo and accelerometer running time meters installed
CCA #8).

b. Avionics Backup light functions wired to T (CCa #8).
¢. BEmergency inverter power loss function wired to T (CCA #2).

d. Master werning contrcl box replaced (diode protection for
transistorized switch - DC warning lisht - added.)

e. Anemometers - voltage doubler circult removed -
cockpit instrument recalibrated

- underreads by zbout 6 fps below 3C fps
- asccurate above 30 fps.

Compiled By:
Approved by: =

Approved By:

_Diptribution: Pilot (1) Approved By:
™ Van Crew (6)
File (1)

8. Nassiff (3)
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1-H-1
MATNTENANCE AND INSPECTION REPORT

Vehicle Historical Data

1. Vehicle Identification: Lunar Landing Tralning Vehicle
Serial Number 1

2. Acceptance Date: October 1967

3, Total Flight Hours: 02:08:38

4, Unit was received new and has had no overhauls.
5. Dates and type of last inspection attached,.
Engine Historical Data

1. Engine Model and BSeries: CF-700-2CV

2. Engine Serial Number: 239-007

3, Total Engine Hours: 22:22:00

L, Engine received new from General Electric and has no overhaul
history.

5. Date installed in vehicle: 7 June 1968
6. Time Accrued Since Installation: 22:14:00
7. Date of Last Inspection: Not Applicable

8. Type of Last Inspection: Pressurization Runs and Installation
Only

9, Type of Fuel Utilized: JP-kL
Miscellaneous Chemical Explosion Data

1. Explosion of propellants occurred upon ground impact during
vehicle break-up,

Systems Status After Crash

1. There were numerous laboratory analysis and functional tests
accomplished on components, gases, and fluids from the various
systems which verified the wvehicle operations to have been in
accordance with the specifications under the circumstances at
the time of the vehicle crash,




INSPECTION CRITERTIA FOR LLTV #1

%0-Day Items

Landing Gear Struts Serviced
Rocket System Functional
Stuck Valve Check (Ramp)

Visuval Inspection of
Structure Welds

Lunar Sim. Alignment

ACS Alignment

60-Day Items

Avionics Test Cart Verification

Battery Change (Capacity Check)

90-Day Ttems

HpoOp High Presgsure
Relief Valve Check

IM Calibrations Including Rate
and Attitude Gyros and
Accelerometer Cals.

Seat Inspection
Filters -~ Changed or Cleaned

JP-U Tanks {2) Fuel Control (2)
JP-4 Pressurization (1)

Hyd. Pump (1)

Helium {2)

Engine 0il1 (1)

Last
Comgleted

11-22-68
11-17-68
11-18-68

11-11-68

11-11-68

3-30-68
11-04-68

11-15-68

© 9-30.68

11-15-68

11-0L-68
11-04.68
11-04-68
11-15-68
11-06-68

1-H-2

Due Date

11-25.68
Suggested 12-19-68

Suvggested 12-0L-68

Suggested 1-01-69

Suggested 1-02-69




INSPECTION CRITERIA FOR LLTV #1

90-Day Ttems (Continued)

Hyd. System Press. Relief Valve

Hyd, System Sample & Particle
Count

120.Day Items

Doprler Radar Check
Radar Altimeter Check
Autothrottle Actuator High Speed

Gears Checked and Lubricated

180-Day Items

Eng. Inspection & Functional Test
Eng. 0il Change
0o Bottle & Reg. Checked (Purge)

Dye Penetrant Check of All Weld
Areas

Electrical Plug & Wire Inspection

360-Day Ttems

Proof Load He and Hs0p Tanks
Check Max., Thrust of Lift Rockets
X-Ray and Zyglo Gimbal Ring
X-Ray Trunnions

JP-U4 System Functional Check

Last

11-22-68

11-22.68

11-21-68

11-21-68

11-23-68

6-13-68

- 11-14-68

10-01-68

9-07-68

10-01-68

Approx,
9-30-68

1-H-3

Due Date

Suggested 4-03-69

Suggested 10-03-£9

Suggested 10-03-69

Suggested 10-03-69




1-T

COM, RECORDINGS, TRANSCRIPT




1-I-1

TIME HISTORY OF EVENTS AND AUDIO RECORD
FLIGHT T1-15-162F, DECEMBER 8, 1968

Source Code: Event - From Telemetry Data
UHF -~ Air-Ground Radio

Ic - ™ Van Intercommunications
Time Source Audio or Event
07:25:23% Event Liftof?
:23%.5 Event Doppler light out’
; (doppler operative)
:%0.8 Pilot - UHF Local vertical rélease
: 3l Blilie - IC Balance - Tom?
:35 Pierson - IC Left side heavy
+ 38 Blilie - UHF We're showing you slightly
left side heavy
139 Pilot - UHF 0.K. The wind is slightly
of? my right
142 Blilie - UHF - Roger -
: 48 Pilot - UHF It's a nice cool day. I'm
hovering at 92 percent.
TI'11 do a 180 and start
translating down the runway.
156 Blilie - UHF Roger
:58 Pierson - IC Still left side heavy
: 55 Blilie - IC He's turning around now.
~ Should be cross wind.
:26: 0k Pilot - UHF Radar altimeter appears to
' be working 0.K,.
108 Blilie - UHF Roger
110 Reisert - IC Two minutes to caution
:12 Blilie - IC 0.K.
s Pierson - IC S3t111 showing left side heavy




Time

07:26

127

134
Ho

+38

Source
Biilie - IC

Pierson - IC

Blilie - IC
Blilie - IC
Pilot - UHF
Blilie - UHF
Pilot - UHF
Blilie - UHF
Pilot - UHF
Pilet - UHF
Elilie - UHF

Reigert - IC
Blilie ~ UHF
Pilot - UHF
Pierson - IC

Biilie - UHF

Reisert - IC -

Blilie - UHF

1.I-2

Aundio or Event

Still showing left side heavy ?

25 peréent

Yes, that's it

25 percent? O.K.

I'm letting the wind blow
me. It looks like I've got
a falirly good wind up here.
I'm indicating 400 feet now.
Roger

My time to cauticn please?

Show you one and a half
minutes to caution_

C.K.

~I've got a car that's just

about coming up under my
operating area. I have him
in gight. Don't worry about
him.

0.K. He'll be érossing.
I believe he's G.C.A. man,

One minute to JP-4 caution
One minute to JP-H.céutidn
C.K,

Balance looks better

Your balance looks good
30 geconds to caution
You're drifting off the

runway Joe. You've got
30 geconds to caution.
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Time Source © Audio or Event
07:27:48 Pilot - UHF C.X. I'm reading. 3C feet
' per second at 500/,....
152 Blilie - UHF  Say again -- you cut out
156 Pilot - UHF 30 feet per second, 550 feet.

T'm hovering into the wind <
now I've a 1little wind off

my right.
:28:02 Blilie ~ UHF I show you with a JP-4
. . . .
caution light
105 Pilot - UHF Hovering set up, moment
: comp i1s or, and lunar sim
is on
:05 Pilot - UHF Lunar sim is on
:10.7 Event _ Jet stab on
:10 Blilie - UHF Your jet stab on. Verify
mcement comp on.
:1h Pilot - UHF T said the moment comp is on
146 Piloct - UHF I've got about 25 feet per
second. T-handle coming
Uup now.
152 Blilie - UHF Roger
v
:57.8 Event Auto throttlie on
- 150 Pilot - UHF I have auto throttle
N .
125:0% Pilot - UHF I have 40O feet per second,
not much rate of descent.
: 08 Pilot - UHF Gimbal lock is -off -
108 Blilie - UHF Roger

:10.8 Event Pilct initiates nose-up




1-T-4
Time Source | ~ Audio or Bvent
07:29:13.9 Event ' JF-4 caution on steady
:14.8 Event _ Auto throttle off —.
Jet stab off
:14.9 Event Emergency.gimbal lock on
:15.2 Event Max tilt on
:15.3 Event - Local vertical on
116 Blilie - UHF Joe, Joe, leave
:17.9 Event | Backup rate gyro light on
1214 Event ' Doppler light on
:21.7 Event _ Pitch/roll rate backup.
Backup rate gyro light out.
223 Pierson - IC. Joe, get cut!
126 Event Deppler light off
:26.1 Event Doppler light on.
End of data.
127 Bvent Vehicle Impact
129 Blilie - UHF Elliﬁgton Tower

Frergency in the LITV area

: 3l Tower - UHF Roger, the crash trucks
: are on the way now
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C1-J-1
DAMAGED PARTS

Thé complete vehicle and all components were & total loss. No segment
of the LLTV No. 1 could be used as flight hardware again.
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PARTS TEARDOWN AND LABORATORY REPORTS -

All teardown and laboratory reports are in the Accident Board flles
and available if reguired.

They are not included at this point because they do not contribute

anything to this report. A4ll systems were functional as stated in
the Maintenance Section of this report.
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LABORATORY REPORTS

All laberatory reports are in the files of the Aceident Board and are
available if they are required.

The laboratory reports are not 1ncluded in this. report because they
contribute nothing; all systems were functional.
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TO + Chalrman, LITV Accident Investigation Board

FROM G. F. Humbert, M.D,

.

SUBJECT: Statement concerning the Lunar Landing Tralnlng Vehlcle (LLTV)
accident of B December 1968

At approximately 0700 on 8 December 1968, T was on duty at
the Lunar Landing Training Vehicle (LLTV) site (Ellington AFB)
as support Medical Officer for a LLTV flight. The pilet of
the craft was Mr. Joe Algranti. The morning was "clear and
crisp” with little surface wind. I noted that the steam from
reaction control jets on the LLTV was unusually and persistently
visible. The preparatory events were not remarksble as far as
- T could cobserve. Engine "light off" and preflight events were
not unlike more successful flights. I did note, in retrospect,
that after 1ift-off more thruster activity was evident than lS
usual., Ascent %o approximately 500 feet Wa.s unremarkable.

Shortly after maximum height attainment, at approximstely 0730,
the craft appeared unstable. This became markedly evident when

a large pitchup attitude was noted. Increased evidence of
control instability followed with the craft making unususl
changeg in roll and pitch. Conmcurrently, the craft logt altitude.
It appeared that the pllot ejected very close to the last possible
moment consistent with survival. That ejection occurred at %
time when the seat/man trajectory was approximately 457 - 55

from the vertical. Seat separation and chute deployment were
nominal. The chute was completely full at pilot touchdown, - .
well away from the burning wreckage. He periormed a roll landing.
maneuver without 1n3ury His chute collapsed without dragging
. .

I arrived at the pilot's side approximately two minutes after
touchdown. The pilot was on his back. He was conscious but
minimally stunned. He was coherent and able to relate that he
was not injured. Cursory examination confirmed this to be true.
The pilot related how sorry he was "to have to leave the bird."
After the pilot rested a few moments, I assisted him to the
ambulance., Together we returned ftc the LLTV site trailer for

a more complete examination. No remarkable findings were ncted.

After he debriefed the accident with the rest of the flight

team, he proceeded to the MSC site dispensary for a complete
examination., See the enclosed narrgtive summary.

D ford mid

G. ¥. Humbert, M.D.

Enclosure




1-0-2

Standard Form 502
-Rev. Auguat 1954
Bureau of the Budget
Circular A—32

CLINICAL RECORD NARRATIVE STIMMARY

DATE OF ADMISEION TDATE OF DISCHARGE. NUMBER OF DAYS HOSPITALIZED

12-8-68 B NA A

(Sign and dr;;—a_:’c:ﬁd of narrative )
POST-ACCIDENT PHYSTCAL EXAMINATION
HISTORY :

On 8 December 1968 during a qualification flight of a Lunar Lending Training
Vehicle (LLTV), Mr. Algranti was forced to eject at aporoximately 100 - 150 feet
because of severe attitude control difficulties and concurrent loss of altitude.
The ejection was initiated very late in the accident seguences. The system worked
very well, resulting in a fully deployed and open chute at pilot touchdown,' The
only positive finding at the crash site was pain in the left hamstring muscle.

REVIEW OF SYSTEMS:

CNS: Not remarkable
MUS-SKEL: Post ejection pain in both posterior thighs
OTHER SYSTEMS: Not remarkable

PHYSIGAL EXAMINATION :

GENERAL: Well developed white male in minimal acute éistress with diffuse
pain in both posterlor thighs, greater on the left. Mental alertness not compromised

7= 98 BP= 140/85 P= 105 R= 18
HEAD: Normocephalic

EYES: Pupils - round regular and equal
Light reflex - equal
E.0.M. - intact
Funduscopic exam - negative
EARS: Not remarkable
NOSE: Not remarkable

THROAT: Not remarkable

(Use additional skeets of this form (Stendard Form 502 if more spoce is required)

- "SIGNATURE QF PHYSICIAN DATE IDENTIFICATION NO. | QRGANIZATION
YE BJb no 4_Feo

PATIENT'S _IDEIITIFICATEDN (For typed or written entries give: Name--lasty, [REGISTER NO. ) WARD NO.
first, midile; grade; date; ;m.spimi or medical facility)

Algranti, Joseph §.  NARRATIVE SUMMARY
Standard Form 502
502-108-03

© Page 1 of 3
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Standard Form 502
Rev. August 1954
Bureau of the Budget
Circular A-32

CLINICAL RECORD NARRATIVE SUMMARY

"DATE OF ADMISS(ON " loaTE oF mischARGE HUMBER OF DAYS HOSPITALIZED
12-B-68 NA - f. MA

{Sign and date at end of narrative )

PHYSICAL EXAMINATION (Continued)

NECK: Supple, no tenderness

-
CHEST: Clear to A&P; N,.8.R.; no murmurs; A2 is greater than P2
ABD: Nct remarkable
“ BACK: Kot remarkable, nc spinal tenderness noted
FEXTREMITIES: No deformity noted, R.0.M. not compromised. -Minimal contusions,
abrasions, and ecchymocsis noted tc involve both postericr thighs. Mild tenderness
and hyperemia noted. .
NEURO: Not remarkable
EAB:
Blood carbon monoxide = None'
Blood sugar = 89 mem% (Actusl)
Blood ethyl alcohol = None
Blood urea nitrogen = 18.5 mgmd
Blocd HEB. = 15.5 Grams
Blood HCT. = 45.5%
IMPRESSION :
1. Post-ejection trauma to both thighs (greater on left)
2. YNormal adult male
& RX:
1. Ice packs PRN
N 2, Darvon Ccompound 65 4h PR

12 DECEMBER 1968:

Because of moderate ecchynosis, edems and,fain of posterior left thigh, the
(Uise additional sheets of ihis form (Standard Form 502)%f more space is reguired}

"SIGNATURE OF FHYSICIAN nAi‘E‘"" {IDENTIFICATION NG. | ORGANTZATION -
VY idndad— 9 00 | W Cesd

FATIENT'S IDENTIFICATIGN (Fartyped or written entries give: Nume —lase, [REGISTER NO. WARD NO,
first, middle; grade; date; gospi;a! or medical facilitv ] . ’

lgranti ; NARRATIVE SUMMARY
A grantd, JosePh S Standard Form l502
502-108-03

Page 2 of 3




Standard Form 502
Rev, August 1954
Bureau of the Budget
(‘:rrulaf A-32

1-0-4

R

CLINICAL RECORD ; "JARRATIVF st wvmm

T ]NUMEER OF DAYS HOSPITALIZED

DAY oF apmisgioN” T TOATE oF bisceaRgE

2-8-68 | mA

12 DECEMBER 1968 (Continued):

patient placed on oral emzyme (ORACYME) therapy for four days.

elevation indicated.

19 DECEMBER 1968:

{S;gn and daﬁe at end a[ narmum*)

HA

Rest with leg

Almost complete resolution of soft tissue injury--full duty status.

(Use additional sheets of rhn form (.Smndard Form 502} if more space s required)

k -:Gﬁée OF PHYS[CIfa % r\3® }N. mk‘\

IDENTIFICATION NO. ORGANIZATION

PATIENT'S IDENTIFICATION | or typed or written entries give: Neme-last,

first, middle; grade; date; hospital or medwalfacmzv)

Algrantl, Joseph 8.

" TREGISTER NO,

WARD NO.

NARBRATIVE SUMMARY
Standard Form 302
502-108-03

Page 3 of 3
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)
LIFE SCIENCES REPORT OF AN INDIVIDUAL INVOLVED IN AN AF ACCIDENT/ INCIDENT
. SECTION A. AIRCRAFT ACCIDENT/INCIDENT i
1 GENERAL
. Mome, Grode, Serial Mo, b. Assigned Bose ond Cammand c. Airgraft Typs, Model, Series (o3
Algranti, Joseph §. (Civilian) MSC - Houston cweticablel TITV # 1
d. Primary AF5C [4. Doty Amigoment 1 £ Cumant Roting  |g. Age | h. Height [, Weight | i. Yeors of Edur, [ k. Actmity af fim# of Accident/ ncdent
HA NASA Pilot NA Whio7os| 178 17 Test Flight
2 Chief, Alrcraft Operations MEDLCAL BATL -
o. Dagres of Injury: b. Days Hospitalized ¢, Dayi in Quarters 1 d. Tetad Doys to be Lost
Mone Minoe X _Major ____Fatal . Missing ____ =C- 2%’ %
o, Woiver WA 1. IF Fotol: Was Autopsy Form Submimed 1o AFIF?  Yas Mo . NA
Yo _No______Specify Ware Spocimants Submitted to AFIP? Y& Mo Frozen Fined
9. Diagnaris: Dercribe Fatalities, Injurits end Causes {Use Basic Diognostic Mamanclaturs, APR 160-13)  Spcify Primary Wnjury in nan-iatal of prmary cause 57 deoth in Toral,
Contusions, compression trauma, abrasiong postericr, both lower extremities.
3 . PHYSIOLOGICAL INCIBENT (Complate hams 1, 2, 3, 4, 5, 8, 7, ond 10 as applicabh
o Tyow Mimion . To ot b Duraton ot flight 3,5 {0 YULEE [o SiogivShp (5] Tormoton | 1|9, tnb. Alor wvw F e SO0
o, Cobin All ot #me of inc. 500 'If. Time at alt, T[A  trs. Aircra Pressurization ground checked on A
9. Did you yre O, Prefight? h. Regulotor Setting LU lost Chock on VAL i. Cxygen Syvem Pressure of toweol; | 1000
Chock Yes [ 10 [] Type Reguloror thed _SCOLE System ot time of incdt 1500 Cagacity. 1800
i- Lokt Chack oF ©, Spstom | . Trow of Meak PLE0 2 siaquere P Yes ] Mo 1. Time Lapse batween incklent and examination
o Takeoff Chocked within 15doys ] 30days []  owr30 Approximetely 2 minubes
. Specify Tasts {Spucify Type and Rosults): thyl Alcohol - None
| co - None Moodswgor - 89 mgm % e BUN 18,5 mgm 4 coy Hb=15.5 Hct=45,5
. tach a diagrom of the flight grofile involved, use additional sheelfr) .
n PSYCHOPHYSIOLOGICAL FACTORS
Check anly Frchors prasent,  Explain the baus for your detensinalion in fem 10. Cite olf clinical and lob svidence _r
Net | CONTRIBUTED 7O ACCIDENT Not CONTRIBUTED TO ACCIDENT
FACTCR $g Dafinite | Proboble | Possbie FACTOR Sy Defiite | Proboble |  Sosslite
prms WW
Alcohol Othar
A Sickness Fotigue
Avditory lnterference G-Forom
Body Build Hypervenlilation
Soradom Hyposia
Cardiovaseulor Mness.
Discipline Longunrge Barrisey
Diatrachion Missed Meals
Drugs ond/or $alf-Madication Mativalion/Merale
Dhbarism [Specify) Spatiol Disorientotion
Emotional Disturbances Task Owar-saturction
Anxisty Uncamciousness
Fear Vertigo
Get-Hameitis Visugl Restriclion
krational Sehavior Othr Ruloted Fottons {Explain
Ovar Canfidence Hg Facturs Prasant. X
Panic
5 ENVIRONMENTAL FACTORS {Chack only factors presant. Explain the basis for your determincrtion in bym 10, Cie ol clinécl ond lob evidence}
CONTRIBUTED TO ACCIDENT CONTRIBUTED TO ACCIDENT
FACTOR :i: Dafinite | Probable | Poasible FACTOR .:l: Definite | Proboble |  Penuible
i wepure, i.e. Ropid
«  .mphinsion, Pressure Lots, Smoke, fumes
Bre., Spacity
Cold Vibsotion
Ducileration Forces . Wecther X
Haok Windblast
Light Inbenyity Cthver Related Factors, Spacify
Noise Ne Faclors Present
6 TRAINING RELATED TO THIS ACCIDENT/INCIDENT (Give Dotws
a. Ejuction Sect Training: Sent siw[a!gu___ly l%sg?umn Sact 'I'u«m'_,....._:L9b:S Pravious Ejection -—-——.—.—...._..__None = - HOUIS -
Totol Flying Time L1, 500 DT
Lactures/Bamonatations JILY 1968 ecotaing Tohodel TV =T Ty
b. Survival Training: LLEV = £ hr
USAF Schaod; G-wi Ewlm?? 5 ARIE e NG e Lectures/| July 1968 Other
N P:;mmﬁo e Provions Jumo =0~ Lectores D July 1968 oney__PBTEEAIL 1963_ - 1968
otog " . ber ., Type Hi
T TR e BanGOIph AW “ADTIL 866 po Bandolph ads " ma
9. AFSC or Other Training b, Nome of Course or OIT L, Denes Atiendec - Aptinude Scores Applicable
WA

> FORm.
AF 2% F1lg  PREVIOUS EDITION OF THIS FORM I5. CBSOLETE.
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7 PERSONAL, PROTECTIVE AND SURVIVAL SQUIPMENT
Specify all opplicable itams of equi on appropriate fine and spacifically Indicote oll types of cluthing woen oad NOT AVAILABLE
any ot equipmans that fivanced ; AVAILABLE ot [
TEM EXAMPLE TYPE Used Functioned Failed
Head Protechon P-dB, HGAI-2/P, HGU=0/¢ Protect, Inc. Molfled Helmetl] X
Eyn Protection Yisor, Glosses Visor x
Eor Prodection £or Plugs, Muff Helmet ®
Oxygen Mask MBU-5/P MBU-3/P M.BU-5/P
Clothing Wom K-28, A/P-225-2 Beta=cloth Flyingl Suit
Clothing, Survival Slesping Bog, Down-Filled Suit <
Gloves £-3A, MGE-1 Standard X
Foutgear Alert Boots, Cowbest Buots Denher Custom Boots X
Body Restminty Saat Balt, Shouider Hamest Navy Integrated X
e Venr 1Py-2/P X
Uik Raft -2, E-28 X
Sorvivel Kit, Container Global, MD-1 X
Communications URC-11, SARAH X
Other Signoling Cevices Flares, Mimmors, Whistle X
Robions Food /Water, Provided /Forged X
Sorvival Equipment Rifl, Fithing Gear X
Saat Fwd/Rear Facing, Sidw, Fized, B Weber LLTV Ejectién X
| Eauipment Flashiight, ee. (Specity] X
8 ESCAPE
4. Ganaral: (Chack or fill in o8 opproprinte]
Eiectien 3] onding Suraces 37000 et mims—_tco/500w Hilly— e e Ewamp —_ Cthar (Erp] O BB EY
Saitowr [_] Water L] Colm, Shotlow 3 "
b, Surtoce Winds, Knots . G2 {ratimate i unk] [ orogged: ves [ ] wo[X] [ ety reieasing Chute Conopys Yes ] Mo E]
€. Regron dor Jump [if more thon one indicote):
Fuel Exhovuttion ___ Fire ___ Engine Failuwe____ Mid-Air Calliion ____tous of Comteal = Othr (Exp]
4. Attitude of Airorafts . E} :
Level_tovrted i Bk S Spire_____Clnb——_ by L LENL & TPLL - U5 Escape Traject
8. Alfiude cbove Surfuce 5007 s 30 KM (i nat known, appeox.) Seat Cataput: Ballistic okt X
1. Diffculties Inlticting Escopa; Minimal, postericr lower extremities
Cantrifugal Forcs Canopy/Halch Failure Injury w25 Actualing Controls {Specify Other (Exp)
o Difficuliins Dwing and Afisr Ecopes
Clothing/Equipment Intark Soat ted in Shroud Lines Legs/Arms entangled in Shrowd lines________ Adtamatic Lop Belt Mol
Held onte Seat Actoting Controls . Did sat Sepante No Dif X Other (Exp)
h. Seut Sepurction Davice Insiclied: Yes ™ Mo [2 A Propetiyr Yas X ™
Failed: Wabbing Initiator Qther ([Exp}
i. Typa Parochute: Seat bl Back Pamchuir aquipped with Zero Delay Connected fa D-ring: Avtomotic Eaayand Connscted .
Canopy relecw: Single []  Double [_HONIE | bemvord '
Canopys 20 X 30 O T FU Y R Yoo No. X

NOTE: A narative Satement will be prepared by soch sieches and/or survivor 16 include oil informaiion pertinent i etcaps and survival. The stotement will be atioched o Biit form.  In

It wvent of a falolity, i statemant will ke propaid by the Hight Svgson Dt 10t 's Official Statement

¢ RESCUE AND/OR SURVIVAL

No K __

Yas.

a. Survival involved (Survival impliss any woker londing ond arytime aver 1| houe before rescus on Jand)

Tramamittad ditress signal: Yos o Mo —

.. Oictonce naarest Rescus (mititary hove) o Hw | Time befors Rescus 2 LIS o ke Trommitied pasition fix:  Yes—_ Mo "
<. Effoch of Exposars;  frosibite  Immersion Soa Sicknes Inwect Sites Sunbum Dutiydration Othar {Enghain) NA
d. Primary Foctor In Rescus: Radic/Baccon (Spatify o el Flares i HesMight
S0 Marker Dya Position Fix Choff ———— docol F Other {Specity)
. Typa Rescoa: None Required Ground Porty, Mititary Laent Populat licaptas/othes Alecratt {Spacity)
foct Soff Rascos (Watied Owi) Qthar (Spaciy) Ambulance and crash crew on duty
1[+] MEDICAL OFFICER'S’ RATIONALE, COMMENTS

Thic sattian is W include commaent on medical, personod, social, family, indusirial hygiens and allied fackers in incident causation, and o deseription and amlpi‘l of the factors in injury
<aviation. lnjuries should be fated with the i of personal aquip maltunctions and failures of sruciures, sysiem, oic.  Pertinent contribuiing foctors in Hems 3
twough ¢ should be comwented upon, Includs X-ray and lcboratory findings, Pertinent secommendations ase encouraged.

Personal interview has revealed no significant physiclogical factors involved in this
accident. Tt is the impression of this Observer that the LLTV was being flown outside
of its Inherent air velocity envelope and that alfitude control was lost resulting in
the crash, The ejection occurred at nearly the last possible moment for pilot survival
The injuries received were consistent with ejection starting when the pllot was not in
Tirm contact with the seat pan. See attached clinical record.

RECOMMENDATTIONS: Tt is recommended that ea.cl:l pilot be custom fitted to the ejection
seat with respect to leg height to decrease posterior leg injury during ejection.

Dote Typed Nams, m{"d_gl. of Modl:nl Cificer Signature
9
15 Jan. 1969 Dg i%‘“b:rt M.D, -373 H"“-’k‘g_ hP
PAGE 2
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BOARD FPROCEEDINGS

December 8, 1968

The accident occurred at 0730 c.s.t. Sunday morning. By 1130 hours a
tentative board had been selected. The Flight Safety Office made a
telephonic report to NASA Headquarters. The Director of Flight Crew
Operations gave the initial briefing to the tentative board, who then
reviewed the TV tape. LLTV # was impounded by the board. A 1émm

color film was reviewed. A news relesgse was also made.

December 9, 1968

Mr. Calvin Jarvis, Research Division, Flight Research Center, Edwards,
Californla, was assigned to the board as the systems engineering rep-
resentative. The Program Manager and Bell Aerosystems engineers were
asgigned the task of reducing data frbm T™ Van #1. Lapse rate chﬁrts
from Lake Charles and Victoria were requested from the Houston Weather

Burean and were to be mailed to MSC.

December 10, 1968

Written orders confirming the Board of Investigation were published.
Data reduection was being continued. OStorage space was prepared for
the wreckage. Written stateﬁents were received from the pilot, in-
spectors, mechanics, eyewitnesses, etc. Most of these statements.were

written the day of the accident or the following day.

December 11, 1968

Al1]1 members were present for the first formal board meeting. The board
members were brought up to date on LLRV/LLTV histdry. The Program

Manager presented differences between LLTV #1 and #2 with the aim of
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December 11, 1968 (continued)

having the béard release #2 for modification to latest configuration,
thereby continuing the program. The board agreed unanimouslylto releasse
LLTV #2 for these EO's and TP's as presented. The Flight Plan and movie
were reviewed. The battery modification on LLTV #2 was approved. After
lunch, the board reconvened for its first closed session. Fxhibit 7.1
(color print - 1émm) was given to a NASA Headquarters representative.

A discussion concerning the time table and work distributioﬁ ensued.

Mr. Roberts was given the responsibility of obtaining a secretary and

Mr. Lucas was to obtain the wvehicle status.

December 12, 1968

Informal meeting attended by Messrs. Jarvis, Cheatham, Lucas, Roberts
and Ream. An LLTV systems briefing was given by Bell Aerosystems and

NASA LLTV Operations.

December 13, 1968

Ground school for the board. Miss Carol J. Dykes assigned to the board

as secretary.

December 14, 1968

Board interviewed the pilot. The pilot noted a lack of roll authority
upon unlocking the gimbal.  The board decided to test the vehicle in a

wind tunnel.

December 16, 1968

Further discussion on wind tunnel test--board unanimously agreed wind
tunnel test necessary. Board released Mr. Jarvis to return to FRC,

Edwards, California.




1-p-3

December 17, 1968

Board drafted a letter to the MSC Director from the Board Chairman,
concerning preliminary board findings and recommendations te date. The
letter was subsequently finalized and handcarried to the Director by

Mr, Ream, who briefed him on its content.

December 18, 1968

An informal discussion of report format was held. Board viewed flight
film, Mr. Richard U. Lea of the Legal Office staff assigned to support
board activities. The "Lundin Report" was discussed. A TWX to NASA

Headquarters was drafted.

December 19-22, 1968

Board did not convene.

December 23, 1968

Captain Schirra read the constitution of the board. Status of wind
tunnel test was given by the LLTV Program Manager. Presentations were
given by Bell Aerosystems. Comments and progress thus far on the five

preliminary board recommendations were made by the Program Mansger.

December 24-26, 1968

Board did not convene. (Meeting with the MSC Director.)

December 27, 1968

Board convened at 1330 hours and discussed the meeting with the MSC

Director. Then a general discussion took place.

December 28-29, 1968

Board did not convene.
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December 30, 1968

Board convened at 1330 hours. TM Van visited by board to witness rerun
of Flight #15 in T™ Van #l. Board requested a thirty-day extension of

the report due date.

December 31, 1968

Board did not convene., Data reduction and analysis continued.

January 13, 196
Received thirty-day extension of report due date. Received NASA
Headguarters clarification on report format (Draft of NASA Safety

Manual, Part IX, to be used.)

January 28, 1969

Board convened to exchange information.

January 29-February 17, 1969

Data reduction and analysis continued.

February 18, 1969

Mr. Roberts presented the current status of the LLTV #1 Accident Board
Investigation to the NASA Headquarters LLTV #1 Review Board. The major
portion of the briefing covered the "Flight History" and the reasons
why the vehicle performed as it d@id. Since there were no official
board findings or recommendations as of February 18, 1969, the Review
Board was referred to the Accident Board's preliminary findings, dated
December 17, 1968. Mr. Roberts also stated that, in his opinion, the

investigation had not uncovered any significantly new information that
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February 18, 1969 (continued

would change the preliminary findings and recommendations. The
investigation since December 17, 1968, has only confirmed and expanded

this preliminary report.

February 19, 1969

Sections of the report being prepared in final draf't form.

February 24, 1969

Another extension of the report due date requested {(March 14, 1969).

February 25, 1969

The board convened at 1330 and discussed the analysis section which is

essentially complete., Mr. Roberts was directed to make a draft of the

findings and Recommendations and submit these to the individual members
for review prior to the next meeting (0900, March 3, 1969).

February 28, 1969

Messrs. Ream, Cheatham, and Rcberts briefed Dr. Gilruth on the current
status of the investigation. The briefing was essentially the same as
that given to the Hg. Review Board on February 18, 1969.

March 3, 1969

Request for extension of Report due date received. New date: March 14, 1969.

March 5, 1969

Full Boerd meeting. PFindings, Conclusions, and Recommendations finalized.

Repart released for printing.
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TO
FROM

SUBJECT:
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OPTIONAL FORM O, 10 s016-107
MAY 56 EQiTION.
GSA GLEN. Ref, NO. 27

UNITED STATES GOVERNMENT

Memorandum

: WHOM IT MAY CONCERN DATE: prg 1§ 1582

: AA/Director

Appointment of & Board of investigation

in accordance with MSCM 1700 dated October 1965, a Board of lavestigation
is appointed to determine the cause and circumstances surrounding an
accident which resulted in loss of Lunar Landing Training Vehicle No, 1.
The accident occurred at Ellington Air Force Base, Texas, on December 8,
1868, at approximately 7:30 a.m., €8T, The Chairman of the Board of
investigation is authorized to take all action necessary to:

a. lnvestigate the facts.

b, Determine the probable cause of the accident.

c. Accomplish or recommend corrective or remedial measures,

d. Within 30 days, prepare original and seven copies of compieted
report of findings and recommendations with photographs and statements
attached, Forward original and one copy for approval by the Director
through the Legal 0ffice and Safety Office, in turn, Forward remaining
copies direct to the Safety Gfficer,

The members of the Board are;
Chairman - Captain Walter M. Schirra, Jr., Astronaut.
Quaiified Pilot ~ Mr. Haroid E. Ream, Aircraft Operations.

Alrcraft investigation Officer - Mr, Conway H, Roberts, Ajrcraft
Operations.

Aircraft Maintenance - Mr, Dick M, lucas, Aircraft Quality Assurance,
Safety = Mr, John C, French, Fiight SafTety 0ffice.
Systems Engineering - Mr, Donald C. Cheatham, Guidance and Control.

Systems Engineering - Mr. Calvin Jarvis, Research Division, Flight
Research Center, fdwards, California,

in addition, the MSC Chief Counsel, the MSC Safety Officer, and any other
MSC element as deemed necessary by the Board Chairman, will act as con-

suitants to the [nvestigating Boi:g;_’,,__
1 &1 —-;h
cﬁm
Robert R, &1 lruth

vy U.S. Savin, . / ngs Pl
CA:DT regorgz'% bﬁr S. Savings Bonds Regularly on the Payroll Savings Plan
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The following is the weather s received from the Ellington AFB

Weather Station:

08 DEC 1ses
TIME  SKY CONDITION VIS TEMP DWPT
0656 /o 15 32 25
* 0730 /@ 15 34 25
0756 /@ i3

38 26

WIND
TRUE  SPEED
DRCTN  (KNOTS)
04 02
04 03

05 05

ALSTG.

050
051
052
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2-A-1
DEFINITIONS

The LLTV i1s neither an airplane nor a spacecraft but an aircraft
designed to simulate a spacecraft while it (the ILTV) is operating in
the earth's atmosphere and subject to the earth's gravitaticnal field.
Therefore, its mode of operation is rather unique and discussing its
operation becomeg difficult if certaln terminoclogy is ncot well defined.
Although most of the following terms are basically standard aero-
dynamic termg, there are some slight differences and/or restricted
meanings. As is customary, all directions are relative to the pilot
unless otherwise stated. Also, some definitions have been expanded
to explain peculiar LLTV system operations relative to the term being

defined.
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11,
12,
13.
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15.
16.

17.

L N

LIST CF DEFINITIONS

Engine Centerline

Vehicle C,G,

Vehicle Axis (X, ¥, and Z)

Attitude (Pitch, Roll, and Heading)
Wind

Airflow

Measured Airflow

a. Aerodynamic Pitch

b. Aerodynamic Roll

c. Aérodynémic Yaw

Inertial Flight Path Velocity and Attitude
a. Inertial Flight Path

b. Inertial Velocity

¢. Inertial Attitude (Piteh, Yaw, and Roll)

Aerodynamic Flight Envelope

ACS

Thruster Duty Cycle
Control Authority
TAS

Limit Cycling

Aerodynamic Instability

Single Rocket Logic (See Paragraph 2-5-1-2-b4 of Tab 1-F(a)-1

2-A-2
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DEFINITIONS AND SYSTEMS EXPLANATIONS

Engine Centerline

The axis which the fan-jet engine's fan, compresgor and

turbine rotate about (the engine is mounted in the ELIV pointed

up so that its thrust counteracts gravity). (Figure_E-A-l)
The thrust line is coincident.with.the engine's centerline.  The
engine is gimbaled so that the engine centerline can bé_ﬁiited
about the vehicle's C;G. within certain limits.

Vehicle C.G.

The vehicle has a design center of gravity that is on the
engine's thrustline and at waterplane 200. The actual vehicle
C.G. varies a little, but_only a very little because of severe

restrictions caused by the limited amcunt of attitude control

forces available. In other words, if the actual C.G. is much

displaced from the engine's thrustline, the resuliing momént_
willl exceed the moment generating capability of the Atiitude
Control System (ACS). The pilot sits in the vehiéle'with'the
C.G. behind him and slightly below him. |

Vehicle Axes

The vehicle has conventional aircraft axes (X, Y, and Z)
that pass through the design C.G. (Figure 2-A-1).
a, X-Axig - The vehicle's X-Axis 1s the fore and aft axis

relative to the pilots +X forward, -X aft (also called the roll

axis).




Figure 2-A-1.- X, Y, Z Axes, C.G., and Engine

t-v-2
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b. Y-Axis - The vehicle's Y-Axis is the lateral axis, +Y_is.
to the pilot's right and -Y is tc his left (also called the pitch
axis}. | |

c. Z-Axis - The vehicle’'s Z-Axis is its vertical axis
relative to the pilot, +Z is down relative to the pilot (élsb
called the yaw axis).

L. Attitude

The attitude of the vehicle relative to the earth’é léCQl
surface. These are the parameters recorded by TM. These
rarameters gre only directly useful for aralyzing aerodynamic
effects when the vehicle is moving heorizontally and to the
north, and the wind is either zero or out of the north aﬁd
horizontal. Otherwise, the "inertial" pitch and roll should be -
used. But these parameters were not calculated except for spot
checks. Therefore, asercdynamic analysis of pitch and rbll |
effects are egtimates made from spot calculationé_and are
limited by the flight path being horizontal and to the north.
Aerodynamic yaw effects are easier to analyze since the.éero-v
dynamic yaw angle was measured by a yaw vané, and the airflow
velocity was measured in the yaw (X-Y) plane by the anemometer,

a. Pitch-Attitude¥ - That angle hetween the +X axig and

the horizon (+ is nose up).

b. Roll-Attitude¥* - That angle between the +Y axis and the

horigon (+ is roll right) (also called bank).

* Note the hyphen because there is a distinct difference between
pitech-attitude and aerodynamic pitch angle and between roll.
attitude and aerodynamic roll angle.
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c. Heading - The vehicle's heading is measuréd in the hori-
zontal plane. It is that horizontal angle between the +X-axis
and a vertical plane that passed through the vehicle's X-axis
when the pilot set the directional gyro to zerc before takeoff.
On this Tlight (No. 15), the LLTV #1 was parked pointed appfoxi-
mately north down the runway (358 degrees true or 350 degrees
magnetic). For simplicity, this report measures heading left

or right of the takeoff heading and assumes this was true north.

‘NOTE: Do not confuse heading with inertial yaw or aerodynamic

yaw.

Wind

The magnitude and direction of the flow of the local air
mass relative to earth. The direction is generally hcrizontal
but can have a vertical component, particularly when there ig
turbulence. The horizontal component of the wind for this
flight was measured by an anemometer and wind vane on top of-

TM Van #1. The vehicle alsc measured hori;ontal wind while it
was sitting on the ground or while in g hover. There was also
a wind sock nearby. Except for the one hover reading at 500
feet, all direct wind information during this flight was surface

wind. The pilct had to rely on mental calculations for wind af

all other times (estimated from doppler and anemometer readings).

Airflow

The free stream velocity and direction of the airflow

Ao
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relative to the vehicle. The airflow has not been célculated
for this report, but the airflow can be assumed approximately
equal t0 the "measured airflow'" as long as the aerodynamic

pitch and roll angles are small {less than about 15 degrees).

Measured Airflow

The airflow in the vehicle's X-Y (yaw) plane as measured
Ey the anemometer (magnitude) and the yaw vane (directionj.
Direction is measured left or right of the +X axis (the anemo-
meter and wind vane can only rotate in the X-Y¥ plane). In
addition to local effects of - the cab, there is another error
induced here hbecause these instruments are located about five
feet from the X-axis and roll rates have an effect,

a. Aercdynamic Pitch

The angle between the airflow and the X-axis asg measured
in the X-Z plane.

b. Aerodynamic Yaw

The angle between the alrflcw and the X-axis as measured
in the X-Y plane (as recorded by the yaw vane).

c. Aerodynamic Roll

There is no aerodynamic roll angle when both zerodynamic
pitch and yaw are zerc. However, 1if either has a finite magni-
tude, then some of this is transferred to rolli. The gerodynamic
roll angle is measured between the airflow and the Y-axis in

the Y-Z plane.




2-A-8

Inertial Flight Path Velccity and Attitude

These terms would not be necessary for an aerodynamic
analysis if the aerodynamic pitch, roll, and yaw angles had
been measured and there had been no wind gusts. However, since
only the aserodynamic yaw angle was measured and the airflow
velocity was only measured in the yaw (X-Y) plane and there
was considerable turbulence; these terms must be used if the
doppler velocities and radar altitude are to be used to deter-
mine aercdynamic pitch, roll, and yaw.

For simplicity, this report neglects the earth's motion.
With this assumption then, fthe vehicle's inertial flight path
is relative to earth and wWas measured by doppler radar for
translation and a radar altimeter for vertical displacement.

Except for wind, the inertiail flight path would be equal
and opposite to the airflow. The inertial flight path has not
been accurately calculated; therefore, a detailed aerodynanic
study is difficult, except for the period of time when the
vehicle was moving north and horizontal, and the wind was ocut
of the north go that attitude as recorded can be equated to
aercdynamic pitch, roll, and yaw.

&. Inertial Flight Path - The direction of motion of the

vehicle .G, relative to the earth's local surface.

b. Inertial Veloccity -~ The velocity of the vehicle C.G,.

alcng the inertisl flight path.
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¢. Inertial Attitude - The attitude of the vehicle relative

to the inertial flight path.

(1) Pitch - The vehicle's "inertial" pitch is that
angle between the (inertial) flight path and the +X axis
measyred in the X-7Z plane.

(2) Yaw - The vehicle's "inertial" yaw is that angle
between the fiight path and the +X axis measured in the X-Y
plane.

(3) Roll - There is no "inertial" roll angle unless
the X-axis is displaced from the inertial flight path. If it
ig, then the roll angle is measured between the flight path
and Y axis in the Y-.Z plane.

Static Aercdynamic Flight Envelope

That three-dimensicnal, imaginary "volume” generated by the
aerodynamic flight vector in any direction wherein control of
the vehicle can be maintained, This is a "static"” envelope

in that the vehicle is assumed to have zero rotation. Alsb,

- unlesg otherwise stated, this assumes only one syastem of

attitude thrusters are used. If "both" sets are used, then. the
magnitude of the envelope in any directiocn is increased accord-
ingily. Alsc, the thrust setting of the ACS thrusters must be
stated.

ACS
Attitude Control System (see Section 1-F{a)-1).
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Thruster (ACS Rockets) Duty Cycle

The average firing time of the ACS thruster(s)} in question
(vaw, pitch, or roll) over the last two minutes.

Contrcl Authority

Quite often used synonymcusly with thruster duty cycle
(No. 12 avove). The average {in percent) ACS control capability
used during the last twe minutes. One hundred percent yaw
authority means the ACS thruster(s) in question is firing
continuously; therefore, there is no additional contrcl
authority available from that thruster(s).
IAS

Indicated air speed. The vehicle anemcmeter reading is
the "indicated air speed.”

Limit Cycling

Limit cyecling is the phenomenon where the control authority
is so high that the system does not dampen out the reacticn of
the vehicle toc the ACS thrusters. This means that the vehicle
will continuougly oscillate 1n the ACS deadband areas and
use excessive fuel.

Static Aercdynamic Instability

As used in this report, static asercdynamic instability for
the conditiong in question means that the aerodynamic moments
do not tend to return the vehicle to 1its original position, but

tend tc rotate it about one or more of its major axes.
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17. BSingle Rocket Logic

See paragraph 2-5-1-2-4 of Tab 1-F{a)-1.
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Figure 2-A-2.- Vector Diagram

Yaw vane angle is the angle measured by the airflow vane on top of the
ceb. (It rotates in the vehicle's x-y plane.)

Relative Airflow Direction {(in x-y plane) = yaw vane angle.
(=) is airflow from left.
(+) is airflow from right.
Anemometer (reading) = Relative Airflow Magnitude (in the vehicle's x~-y plene).

Relative Airflow Vector (in x~y plane) = Relative Airflow Direction
and Anemcmeter reading.

If the vehicle is level and moving level relative to the earth's surface
and the wind hes no vertical component, then:

Wind Vector (relative to vehicle) = Relative Airflow Vector + Doppler
Vector

Wind Vector (relative to earth) = Wind Vector (relative to vehicle)
+ Vehicle Hesding.

NOTE: To calculate the alrflow in other than the vehicle's x~y plane:
The altitude rate vector must be added to the doppler vector
(this gives the inertial vector), and the wind vector must be
assumed or extrapolated.
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ANATYSTS

General

The investigation was centered about Phases VIT and VIII
because the flight was basically normal up to Phase VII, and the
accident was inevitable after Phase VIII.
Phase I

The preflight (Tab 2-D) and takeoff were routine. However,
there are two factors that should be discussed here. First,
although it was not unusual to be making a flight at seven c'clock
Sundéy morning (because this program has been operating on a- high
priority basis for some time), it does indicate the program urgency.
Early morning flights have been an operational neceggity to avoid
high wind conditions. Close investigation failed to reveal any
perscnnel fatigue problems that could have contributed directly
to the accident. For instance, the pilot had a good night's rest,
ete. The second factor is weather {Tab 1-R). Ellington AFB was
in an area dominated by a large high-pressure system. At this
time of the morning (about sunrise), there was a very strong
temperature inversion (BHOF at'the surface and approximately LO°F
at 1,000 feet). Coincident with this inversion was a very strong
surface wind shear, i.e., the surface winds were relatively calm;
but scomewhere between 200 and 500 feet, the wind increased to about

30 to 35 f.p.s. out of the ncrtheast. A strong wind shear creates
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very sharp wind gusts or turbulence. Alsc, the LLTV had never
been flown when the temperature was this low. The "slightly left
side heavy" mentioned right after liftoff was attributed to the
right crosswind developing a tendency tco roll left or appear left
side heavy. This tendency is counteracted by the appropriate
thruster firing and ig indicated tc the van crew by the roll
authority meter.
Phase TI

Phase II consisted primarily of the climbout and positioning
downwind for the lunar simulation. The usual procedure is to
make the sim run downwind; but due to the positicn of LLTV #2 on
the other runway and the lack of wind informaticn above the
surface, runway 55R was selected. The calm surface wind was
misleading. The large increase of wind velocity with altitude
did not become apparent unitil climbout and hover.
Phage III

Phase IIT appeared normal except that & good wind check in
the hover showed a stronger and a more northerly wind than was
expected {northeast at 30 to 35 f.p.s.). In retrogpect, this
could have been the first clue that a problem could develop.
Normaily, the vehicle would bte flown downwind during the lunar
simalation porticn of the flight to decrease the aerodynamic
effects on the vehicle; but the LLIV #2 was being prepared on the

other runway for an 0830 flight (Tab 2-D-2 and Figure 1-F(a)-25),
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and one of the mission rules is not to fly over anything except
concrete (Section 1-F(a)-4). At this point the pilot had only
two choices: <continue the profile as planned but at & reduced
velocity or abort the mission because he did not have the fuel
to reposition himself for a run in any other direction. The
pilot made a mental calculation (Tab 2-D-1) of the effective
neadwind component (21 to 15 f.p.s.) and made the decision to
continue with the flight profile as planned, except for shooting
for 35 f.p.s. ground speed instead of 45 f.p.s. (Tab 2-D-1) (this
headwind component, when added to the desired doppler ground speed
of 35 f.p.s., gives a true airspeed of 56 to 60 f.p.s.). However,
the "™ data indicates that the ground velocity did in fact reach
40 to L5 f.p.s. |

At this point in the program, no one thought 60 f.p.s. was
cut of the flight envelope of the vehicle in forward flight. The

degign specification does not limit the use of both sets of ACS

o

thrusters simultaneously, d the thr are d 1gned for @@=
FRC auJJfS‘“rléi is’ qu1mci§rn |cg- lef‘ !’G
pounds. Iqa-t.hae-—eaa-ﬁ:-mwa‘r 1om Q“—ﬁ?ﬂ_ﬂwm

Pouud setings -
_ . However, this much control authority s

generated "limit cycling" problems in the past. This problem is

the main reason the thrusters were set at 60 pounds. The use of
both sets of thrusters has not been standard practice in the past

because of the "limit cycling" problem. Alsc, it was felt that
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the second set of ACS thrusters should only be used asg a backup
system and selected only when needed. Roll control problems had
been experienced in the past with large lateral relative airflow
components, but the pilot had no intention of yawing the vehicle
drastically while at a high airspeed.
Phase IV

During this phase, the pilot attempted to establish a tra-
Jectory matching the trajectory planned for the IM at 500 feet
above the moon's surface on its landing approach. Since the
velocities to be matched are ground velocities (not airspeed),
the pilot must devote most of his attention to the deppler ground
speed, vertical velocity, and acceleration instruments. In this
case, the pilot did not pay much attention to the indicated air-
speed or yaw vane indicator (aerodynamic yaw angle) after this
point for several reasons. First, he was busy trying to establish
the trajectory, using the doppler and radar altimeter instruments
as well as arming the systems for lunar sim. Second, he 4id not
have confidence in the anemcmeter (indicated airspeed) due to its

hougl
past unreliability., Ironically itkaewss, for the first time this
system worked ressonably well on thig flight within its iimited
cgpabilities. Third, the cockpit anemometer indicator is a 0 to
posse ble

60 f.p.s. meter, so it is swes—emesewwes to have 1t saturated during

the entry intc the lunar sim trajectory. Fourth, these cockpit
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displays (particularly the yaw vane display) are not in the field
of view where the pilot has his attention devoted at this time.
Fifth, the pilct was not concerned with vehicle heading once it
was aligned with the runway because the AFCS holds the vehicle
neading constant unless a pilot command is received. (It is not
necessary to change the vehicle heading to effect a lateral
acceleration. )
Phase V

As the indicated airspeed increased to about 45 feet/second
(and relative air flow 10°R), the yaw thruster duty cycle incressed
from 30 percent to 50 percent. (APCS was holding the vehicle
heading constant by firing the yaw left thrusters to counteract.
the aerodynamic torque to the right.) This is in retrospect
because neither the pilct nor the ground crew had any real time
instrumentation or any other way of knowing what the yaw thruster
duty cycle was. This information was recorded, however, and was
ugable in the pogtflight analysis., Pitch and roll parameters
were nominal during this phase. These aerodynamic moments are
evidently generated by the relatively large surfaceg of the pilot's
cab which isg located well in front of and above the vehicle's
center of gravity. The vehicle is inherently aerodynamically
unstable. As gserodynamic forces increase, the resulting moments

must be counterbalanced by the attitude thrusters. If these

aercdynamic moments and other moments exceed the counterbalancing
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thruster moments, control of the wvehicle is lost. In the case of
forward flight, the cab is not symmetrical about the X-Z plahe.
The front opening is canted about 30° left., This means the vehicle
has an appreciabie yaw right serodynamic moment on it in forward
flight (X-Axis aligned with airflow). In fact, the data indicates
that the relative airflow must be about 20°R before the aero-
dynamic yawing mcment is zero. Also, once the vehicle starts
rotating from the balanced (but unstable) forward flight conditicn,
these aercdynamic torgues increase rapidly because the effective
moment arm of the cab increases. (Reference Figure 2-A-3),

The pilot activated the two 1ift rockets by raising the
""" handle at 07:28:53. This was all normal, and as far as the
pilot and van crew could determine, everything was go and only
the engine gimbals needed to be urlocked to complete entry into
lunar sim.
Phase VI

As the pilot continued his forward acceleration, the yaw
thruster duty cycle ineresged to 100 percent at T7:29:06.5 and
thé pitch duty cyclie increased to about 50 percent at :29:08,
There was gtill no practical way available to the pilot tec detect
the situation, and the TM Van had not detected and reported the
increage in pitch thruster duty cycle. The TM Van 4id not have

the TAS (anemometer) or yaw vane parameters.displayed'in real
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AIRFLOW
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Figure 2-A-3.- Cockpit Cab Moment Arm
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time, so they did not know how much the airspeed was increasing.
Phase VII

Almost coincidental to the pilot unlocking the gimbal
(:29:08.7) to start a full lunar simulation, the aerodynamic
moments exceeded the yaw compensation capability of the Test
Rocket System and the vehicle began to yaw right, causing an
increasing left sideslip angle. There is no in&ication in ﬁhe
recordings or in the pilot's statement that this yaw divergence
was detected. When the pilot called for pitch up (at :29:09;5)
to start flying the desired landing approach, the vehicle
responded normally; i.e., it satisfied the pilot commagd'as
would be limited by an acceleration capability of 8 fee£/sécond2
(model), When the pilot reversed the command to stop the pitch
~up (:29:11.5), the aerodynamic moment in pitch essentially
equaled the control moment in pitch and the pitch rate did net
change significantly. This loss of pitch control was the result
of an increase in the airflow which increased the aerodynamic .
pitch up moment. The divergence in yaw created a sideslip angie _
which in turn caused a considerable roll moment to the right.
The combired pitch and roll accelerations resulted in a single
ACH thruster (CT) being fired for both pitch and roil control,
The resulting control torgue in pitch.was able to keep-the ﬁitch
.rate from further increasing, but the control torque iﬁ roll was'

less than the disturbance and the roll rate increased to about
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18 degrees/second at :29:15.5. During this period, the aero-
‘dynamic yaw angle had continued to diverge, further aggravéting
the roll control deficiency. (Reference Table 1§F-(b)-1)
Phase VIII

The pilot released lunar simulation at sbout the time (:29:15)
that some measure of control was returning in pitch and yaw (the
rates were then changing to the direction.of command). The pitch
and roll attitudes had, however, reached rather extreme values
(32 degrees in pitch and 53 degrees in roll), and the pilot held
constant maximum roll left and pitch down command rates until
:29:18.5, The airflow during this time was changing rapidly in
both speed and direction such that the aercdynamic moment was
suddenly (at :29:17) in the same direction as the roll command,
and the roll rate rapidly reached and then exceeded 20 degrees/
second left. (Figure 1-F(b)-3) (Figure 2-A-1L). Although the
pilot reversed his command before the roll and pitch angles
rassed through zero, the highlangular rates coupled with aero-
dynamic moments in roll in the same directicn caused the foll
attitude to increase to gbout 100 degrees left. Thé vehicle was
well beyond recovery after 07:29:19.

The use of "both" attitude control thruster systems (Standard
plus Test) prior to develcping a control authority probiem would
have provided adeqguate control and the attitude divergences would

not have started. It is also clear that the selection of both at
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some later point (after about :29:18 or 129:19) would ﬁdt have
allowed recovery because the vertical descent could not have been
halted prior to ground contact (Figure 2-A-4). Of interest, and
of importance in understanding how rapidly the problem developed,
iz the latest time at which switching to "both" would have.allowed
recovery. A rough analysis indicates that use of "both" after

about 19 seconds would have delayed the impact but WOuld not

have prevented it. UFigure 2-A-L shows the déad man boundaries
applicable to the LLTV recoverability from combinations of alti-
tude, altitude rate and vehicle attitude. (The roll rate was only
28°/second left at :29:18, but although the vehicle was level at
:29:19, the roll rate was 38°/second left (Figure 2-A-14). TE!
D 011538 SR i et e op o T SRS S e - e,
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ing to "both" at :29:18 would have led to a rather exciting tra-

Jjectory, but possible recovery. It is gignificant that there was
only 3 te 5 seconds after the pilot released lunar simulation
that the flight was recoverable.
Phase IX

Other than a transmission of "Joe, Joe, leave it!'" (Tab 1-I-4)
about cne second after the pilot released lunar simﬁl&tion, there
were no communications during the critical period. This trans-

miggion probably had no influence upon the pilot decision and
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timing of the ejection. However, since the pilot indicated a
reliance (post-accident interview)} upon the van to inform him

of control authority status, the absence of this status informa-
tion coupled with the transmission that was made could have
strengthened the pilot's belief (although wrong) that the problem
source was not the conftrol system, but rather something of the

nature of a runaway Jjet engine gimbal.
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SUPPLEMENTAL ANALYSIS

This supplemental analysis information was separated from the

preceeding section to improve the presentation. The following sub-

jects are covered:

LLTV Deadman's Curve

Aerodynamic Moments About the Three Major Vehicle Axes
Conversion of Aerodyﬁamic Moments into LLTV.Operating Limits
Determinaticn of Ejection and Impacﬁ Times and Ejection

Seat Performance

Pilot Survival (Crash/Rescue)
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LLTV DEADMAN'S CURVE

Figure 2-A-4 depicts the deadman boundaries causéd by altitude
and sink rate versus available thrust from the fan-Jet engine only
or from the fan-jet engine ﬁlus the two 1lift rockets. Assumptions
are:
y 1. Vehicle weight = 3,800 pounds
2. Maximum fan-jet thrust - 4,400 pounds
3. Maximum left rocket thrust = 1,000 ﬁounds
4. Vehicle attitude remains constant
Flight No. 15 is plotted on the chart, showing the resultant (pitch
and roll) attitude (angle between the Z axis and 1océ,1 vertical) at
one-gecond intervals from 07:29:11 to impact at 07:29:27. This
depiction ig slightly misleading becguse it does not account for high
pitech and/or roil rates that require time to control. This aggravates
the situaticn. However, assumption No. 4 above is conservative if the
vehicle could be returned to level; so they offset each other to some

extent.
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AFERODYNAMIC MOMENTS ABOUT THE THREE MAJCOR VEHICLE AXES

Figures 2-A-5, 6, and 7.depict the aerodynamic momenté about the
three major axes as indicated by datva from Flight Nos. 13 and 15. OF
particular interest ig the mgment generated by the airflow through the
engine. This is broken out only in the pitching moment chart, but it
is also a big portion of the rolling momenﬁ. The engine effect on
yvawing moment is probably quite small since the engine gimbal limits
are relatively restrictive. |

The large scatter of the data points is due primerily to the

poor aerodynamic instrumentation of the LLTV, Another factor is the

aerodynamic complexity of the vehicle. A third factor is the low

velocities flown. This allows wind distrubances to have a major

influence.
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CONVERSICN OF AFRODYNAMTC MOMENTS INTO LLTV OPERATING LEMITS
(AERODYNAMIC FLIGHT ENVELOFE)

The fcllowing section is a limited study made té determine ﬁhe '
nature of the LLTV Aerodynamic Flight Envelope as it existed on this
flight (No. 15). There have been many assumptions, extrapolations,
estimations, etc., made in crder to define the nature of this Flight
Envelope. The Board feels confident that the nature of the envelope
ig feirly accurate, but the magnitudes may have large errors. Also,
the envelope that is presented in the following pages 1s not the
complete envelope, but only a two-dimensicnal presentation of a more
complex three-dimensicnal envelope.

Figure 2-A-8 is a polar plot in the vehicle's X-Y (yaw) plane.
The relative airflow as measured by the anemometer and y&w vane during

Flight No. 15 is plotted on this figure at one-second intervals.

The recorded yaw vane reading establishes the radial and the anemometer
reading determineg the magnitude. Therefore, if a line is drawn from
this plotted point to the center of the chart, it represents the local
airflow vector as sensed gt that time by the yaw vane znd anemometer
which are located on the top, right hand corner of the cab (Figure
1-F(a)-2). Except for local cab effects, this is a fair estimate of
the airflow in the vehicle's X-Y plane. During the time period from
Q7:29:17 until the airflow plot goes off the chart, the vehicie was
rolling left. The roll left rate was particularly high between

:2G:18 and 29:21.5, Figure 2-A-9 has the Roll Authority Limits
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plotted over Figure 2-A-8. The 100 Percent Authority Limit means that
if one set (2) roll thrusters are firing 100 percent of the time, then
this roll moment (360 feet/pounds for 60-pound thrusters) is just
balancing the aerodynamic rolling moment at this point. The 50 per-
cent line represents cne thruster firing continuously or twe thrusters
firing 50 percent of the time. The 100 percent line is only lfhlh or
V2 greater than the 50 percent line because of the squared welocity
factor of the serodynamic moment equation.

The -X (or rearward flight) portion of these charts was not
calculated. Therefore, the limits ag shown in the lower half of the
polar plots are only "eyeball" estimabes put in to show that the
vehicle has some kind of flight envelope when the alrflow is from
the rear.

Figures 2-A-10 and 2-A-11 are the same as Figure 2-A-9, except
pitch and yaw authority limits are plotted. Note that the yaw limit
pattern is not symmetrical about the X-axis. It is rotated about
20°R because of the canted door cn the front of the cab. One set (2)
of 60-pound pitch thrusters generate 700 feet/pounds of moment about
the Y-axis, and the test set of yaw thrusters generate 700 feet/pounds
of moment about the Z-axis. In Figures 2-A-9, 10, and 11 another get
of limit lines could be drawn further out to show the liﬁit when using
both sets of attitude control thrusters.

Figure 2-A-12 is Figures 2-A-8, 9, an& 10 combined., This figure

depicts the combined moments about the X and Y axes. This figure
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graphically illustrates the effects of "single~rocket-logic." The
attitude control thrusters are so designed that if a combined pitch e
and\roll is commanded, two of these three rockets will be créating
opposing moments and therefore ineffective. In order to save fuel,
there is a "single-rocket-logic" function in the ACS that prevents
opposing rockets from firing. This then means that when in "single-

rocket-logic,” the pitch and roll authority is reduced by 50 percent.

The heavy shaded area outside both the pitch and roll 100 percent
lines is a "single-rocket-logic" limit with both ACS thruster systems
operating. Between the point where the two 100 percent lines cross
and the two 50 percent lines cross is an area where one set of
thrusters will not control the vehicle. Both of these "single-focket-
logic” areas extend to the X and Y axes. This extension fepresents
areas where the ACS is switching back and forth between "single-
rocket-logic" and just cne set (either pitch or roll). When in this
intermittent sgingle-rocket-logic area, control is being lost about
that axis which is closest toc the area in gquestion.

In summary then, if the "corners" are rounded off the flight
envelope to simplify it, one could say that roughly, the LLIV flight
envelope for cne set of ACS 60-pound thrusters is a sphere with a
radius equal to the point where the two 50 percent lines cross (about
60 f.p.s.). The Flight Envelope for both sets of ACS thrusters (set
at equal levels of thrust) would be a sphere with a radius.equal'to
the point where the two 100 percent lines cross (about 80 f.p.s.).
KOTE: The standard yaw thrusters do qot have as much moment arm as

the test set does.
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Figure 2-A-13 is Figures 2-A-11 and 12 combined. The yaw
thrusters are independent of pitch and roll and therefore are not
subject to single-rocket-logic. Ag Figure 2-A-13 illustrates, the
LLTV experiences control prbblems in pitch and roll before it runs
out of yaw control authority, except for cne small "window" located
between 0 and 20° left at about 60 f.p.s. Evidently, Flight No. 15
was the first time the LILTV had been flown up against.this_window.

In this case, the gust of wind was sufficient to put the vehicle
through this window with the resulting divergence and loss of

control about all three axes. In the past, the vehicle had been
operated to the one-get control ilimit in pitch or roll and recovered
either by selecting both sets of ACS thrusters by slowing down br
maybe the limit was exceeded momentarily by a gust of wind and

was therefore momentary. In any case, the existance of this yaw
window was not known to anyone in the LLTV program at MSC, Everyone
(LLTV) was of the opinion that the LLTV had roll arnd pitch control
limits but that yew control was not & problem because pitch or roll..
control would be lost first and yaw control limits were academic.

This accounts in part for the Yaw Thruster Duty Cycle (YaW'Aﬁthority)
meter not being in Van #1. The yaw authority meter was scheduled to
be installed in Van #1, but it was felt that there were more important
parameters to be monitered and other urgent problems were given

pricrity over this installatiomn.
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DETERMINATION OF EJECTION AND IMPACT TIME

-

Several TM parameters including alfitude and altitudé.rate
became unreliable priocr to ejection due to the extreme vehicle
attitudes. In order to invéstigate ejection seat performance, the
ejection and impact times had to be détermined accurately.

Correlation of the 16mm color film with the TM data.shoﬁed that
the ™ did not stop at impact as was first thought. It-stdppéd about
one second pricr to impact which was just about the time the ejecticn
took place. It is surmised that the ejection seat rocket blast
probably interferred with the TM transmissicn is some way. Correla-
tion of the 16mm film with the TM data was made by usiﬁg-the engine
gimbal lock-up and ACS thruster firings which were all quite easily
detected in the film. (ACS thruster chamber pressure TM data was |
good until ™M failuve at 07:29:26.)

In summary then, loss of TM and ejection was at :29:26 and
impact was at :129:27.

' Figure 2-A-14 shows the derived time histories of the vehicie
attitude, thrust/weight ratio and the vertical acceleration from
:29:16 to :29:27 (impact). This information was needed before the
altitude and altitude rate cculd be calculated and depicted in
Figure 2-A-15. DNote that the ejection was at about 100 feet above
the ground with approximately 97 feet/secopd sink réte. The ejeétion
seat réﬁersed fhis sink rate to approximately 150 feet/second rate of
climb. Thais then allowed the chute to deploy at about 200 feet above
the ground. The pilot made three gentle oscillations in his chute

before landing at 07:29:40,
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PILOT SURVIVAL

The egress system has worked extremely well in the two accidenﬁs
that the LIRV/LLTV program pas suffered. However, there is always
the possibility that during some future emergency, the pilot may not
eject elther by his own choice or because the ejection seat failed.
Such a possibility raises the question: Is there anything:to be
learned from these two craghes in this regard?

A cursory examination of beth of these'rather Severé crashes
has revealed surprisingly little fire and impact damage to the
cockplt area relative to the condition of the rest of the vehicle
(Figures 2-A-16 and 2-A-17). This is due in part because both
vehicles contacted the ground in a tail-low attitude, ard the
structure of the vehicle is an excellent shock absorbing structure.
There have been many survivors of aircraft crashes whére the cockpit
appeared in a much worse state. Congidering the protective equip-
ment worn by the pilot, it is conceivable that either or both of
these piliots might have survived their initial crash impact and
certainly a pilet would have a good chance of surviving a lesser
crash.

A close study of the color movies from both of these crashes
has ghown an initial fireball after impact that lasted about one
second. Due to the protection afforded by the cab and the protective

clothing worn, a one-seccnd flagh fire would probably not burn the




Figure 2-A-16.- Cockpit Crash Photograph
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Figure 2-A-17.- Instrument Panel Crash Photograph
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Pilot too geverely. However, in both cases there was residual burn-
ing after the initial fireball. This burning ceontinued at a slowly
decreasing rate until extinguished by the fire and rescue team.

The fire and rescue equipment consistes of an 0l1-A crash truck
(1,000 gallons water) {manned by three firemen), a 250 g.p.m. pumper
(500 gallons water) (200 pounds dry chemical) ( one firemsn), and an
ambulance with a flight surgeon and medic that are standing by during
all flights. After both crashes, the heavy fire truck could cnly
progress so far from the pavement before soft ground stopped it,
although it had not rained in days in either case, HNote the ruts
and standing water in Figure 2-A-18.

When the pilot is still in the vehicle, very ragpid extraction
of the pilot from the burning wreckage could make the difference
between life and death. The residual burning should not prevent
two properly clothed firemen from extracting an unconsgcious pilot
from the wreckage, but the speed of rescue appears to be of the
utmost importance here, However, there is a hazard toc rescue or
firefiéhting personnel caused by the presence of both JP-4 and hydro-
gen peroxlide, a very bad combination. In both crasgshes there was
both JP-4 and hydrogen peroxide remaining in the vehicle after the
fire was extinguished. In some cases these fluids were in a tank
that had not ruptured on impact. If these tanks had ruptured due to
heat and/or pressure during the firefighting period, the firemen
could have been injured. In both of these crashes, extinguishing
the fire did not accomplish much gince the pilot was clear of the
fire, the vehicle was a total loss due to impact, and the wreckage

was not needed for investigation because of the availsbility of TM

data.




Figure 2-A-18.- Fire Truck Ruts

2-A-43




3

2-B

FINDINGS, CONCLUSIONS, AND RECOMMENDATICNS




2-B-1

FPINDINGS, CONCLUSIONS, AND RECOMMENDATICNS

The following is a l1list of the casual factors as found by the

Beard. They are rated and listed in the order of thelr importance

in the opirion of the Board. mibdddeemsmmsimiirtboitamtsia et
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FINDINGS OF THE BCARD

A careful examination of all the telemetry reccrdings and
other factual data has indicated that no LLTV systems anomaliés
existed during Flight No, 15. The flight operations followed an
integrated-system approach, whereby the LLTV is supported by a TM
Van with the monitoring stations manned by systems'experts. This
concept embodies the TM Van acting as the "flight director" to the
extent that systems status are monitored and significant information
regarding status is communicated to the pilet. This intégréted
system operation and the flight planning operation of Flight No. 15
wag found to have a number of factors which contributed to the
accident. These factorsg have been clasgsified as main factors and
then expanded to include gubfactors. The five main factors are as
follows:

1. There was a lack of knowledge of the aerodynamic opérating
limitations.

2. The Standard Rocket System was not utilized to supplement |
the ceontrol suthority of the Test Rocket System when aerodynamic
moments exceeded the capability of the Test Rocket System.

3. The operating environment included wind conditicns for
which normal cperating margins d4id not accomodate.

\]$
Y
4. Recommendations of the previous accident board for LLRV %i;:] Wf}

were not totally implemented.




2-B-3

5. Recommenddtions of the previous accident review voard for
LLRV #1 were not fully disseminated. |

The first four main factors include additicnal subfactors and
they are listed with comments as follows:

1. (a) There did not exist sufficient quantitative.aero-
dynamic data from which the operatihg envelope of the LLTV could be
defined and cbhgerved.

Comment: This is nct a newly recognized factor, but
one that had been previously accepted as a result of the demonstrated
flight velocities of the LLEV.

(b} There was a lack of sufficient appreciation for the
existing wind conditions.

Comment: Neither the TM Van nor the pilot'reqognized
that the reported wind at operating altitude when added to the
intended ground track velccities exceeded the previous maximum
airspeed of LLTV #1 by over 10 feet/second.

(c) There was a lack of sufficient concern about yaw
attitude during flight,

Comment: The pilot did not attempt to control yaw
during the Flight No. 15 emergency, although 1t deviated by more
than 50 degrees. Digcussions indicated that yaw angle was not
considered control critical prior tec Flight Ne. 15, as evidenced
by lack of a yaw thruster duty cycle display in.the ™ Van. It
algso appears that the pilot hag a poor &aw visual reference from ﬁhe

cockpit unlessg. the FDAT is monitored.
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(d) There were inadequate displays and procedﬁres in the
TM Van. |

Comment: Air flow velocity and direction were not
displayed in the TM Van. Without these parameters displayed, the
aerodynamic operating limits could not héve been monitored had they
been known. A yaw control authority meter was not instailed. The
overall arrangement of displayed paraﬁeters rrecluded a timely
analysls by the systems observer of the control ugage due to either
disturbance torques or control commands. |

2, (a) The pilot did not identify that a contrcl problem .
existed that could be alleviated by the use of "both" systems
because he misinterpreted the source of the control_probiem.-

Comment: The coincidence of the first apparent loss
of control aunthority with the start of lunar simulation led the
pilot to the errcneous conclusion that he had an engine gimbal
malfunction. |

{b) The ™ Van did not identify a control authority
problem to the pilot.

Comment: This is due in part to the lack of a yaw
authority display. No control authority status was communicated
even through pitch and roll caused a "full on" thruster firing
12 seconds prior to impact.

3. (a) There is evidence (see derived wind data, Figure

1-F(b}-5) that coincident with the initial pitch-up maneuver the
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wind gusted from 20 feet/second to 55 feet/second and shifted
approximately 20 degrees left in about 3 seconds.

(b) The procedure of utilizing surface wind only for
flight planning and chlaining an estimate of wind at a hover ﬁoint
in flight was ingsufficient to verify that the intended gimulation
flight plan was gafe.

Comment: If an operating limit is to be observed,-'
8 wind profile should be available prior to flight. |
4, {(a) The Mission Rules ag defined and approved for astro-
naut training were utilized as guidelines for test flights.
(b) Crash/rescue trucks became mired in soft ground when

attempting to proceed to the crash site.
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CONCLUSICNS

Based upon the foregoing findings, the following conclusions
were made by the Board:

1. That the primary cause of the accident was that the
vehicle entered a region of flight where aerodynamic momenté over-
powered the control system in use such that attitude control_wés
lost. The scurce of the control problem was not identified by
either the pileot or the TM Van Iin time to adéf:géecond cpntrOl
system which could have restored centrol capability.

2. That the adverse region of flight was entered because:

(a) The aerodynamic limitations of the LLTV were not
completely known by anyone.

(t) 7he existing wind conditions were insufficiently
accounted for in preflight and real time flight planning.

(¢) The configuration of displays in both the LLTV and
the supporting TM Van inadequately defined the existing flight
conditions.

3. That corrective actions sghould be taken relative to
defining the asrodynamic characteristics of the LLTV &nd improving
the LLTV and/or TM Van system operations before the LLTV is used

for astronaut training,
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RECCMMENDATTCONS COF THE BOARD

As & result of the findings by the Board, the following recommendations
are made:

1. Conduct wind tunnel tests to provide sufficient aerodynemic
dats from which the aerodynamic operating limits of the LILTV can be
established. Verification of this date should be accomplished during
flight tests.

2. Reconfigure control systems such that deflecting the attitude
controller against the hard stope will cause the system to sw1tch to
"both" sets of attitude thrusters. :

3. Provide the pilot with a cockpit display of (1) airflow speed
and direction, and (2) control authority indicastions in sll axes.

4. Reconfigure the TM Van monitor station locations and displeys
at each station to effectively implement the “Fflight director" concept.
This should include the displays of yaw rocket authority and an X;Y
plotter presentation of airspeed and direction.

5. Provide an effective yaw reference that is within the pilot's
normal field of view while flying the LITV.

6. Inecrease the thrust output of the attitude rocket systems as
much ag is feasible.

7. Revise the LLTV Operations Manual so that it provides specific
descriptions of the flight profiles to be used. All profiles ghall
depict allowable wind conditions.

8. Implement & means of measuring the existing wind profile from
the surface through an altitude of 700 feet.

9. Provide adequate crash/rescue protection.
10. TInvestigate means of alleviating leg injury on ejection.

11l. Implement a system of data review to investigate detected or
suspected anomalies.
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STATEMENT OF JOSEPH S, ALGRANTI
CONCERNING LLTV #1 ACCIDENT ON 8 DECEMBER 1968

On December 8, 1968, I entered the cockpit of LLTV #1 at 0703 for a
scheduled repeat of Test Flight No. 14 of the LLTV Flight Test Plan,
which was to have been the final demonstration flight prior to NASA
acceptance of the No. 1 vehicle. All preflight and engine checks
were normal, except for a warning tone upon finally engaging the
gimbal lock which was reported on radio. This has been an inter-
mittent problem in the past and was of no particular significance.

Takeoff was at about the normal 15 minutes after jet engine start.

It was a very cool day and liftoff was at 94 percent, the lowest

we've seen so far; and I was hovering at only 92 percent at 50 feet
shortly after takeoff. All coatrol functions appeared normal, and

T proceeded down runway 17 left to the intersection of the southeast
runway, which was our briefed starting point. We had discussed using
ruaway 22K if the wind appeared too high at 500 feet for a lunar simu-
lation to the north., I let the wind translate me south while climbing
and called out the wind at 550 feet as belng 30 f.p.s. on the anemometer,
This was on a northeast heading, so I figured that on a due north head-
ing over the runway, the wind component should not be too high for a
lunaer simulation attempt. I got the call of JP-4 caution and this
surprised me a littls as I thought I still had a little time left. I
confirmed the JP-4 caution, armed lunar sim, moment comp, and yawed
the vehiczle about 30 degrees to the left and assumed a pltch attitude
of about 8 degrees nose down. I used the doppler indicator and called
out 25 f,p.s. when I raised the "T" handle to begin the trajectory. I
got what appeared to be normal auto-throttle and continued to hold 3
degrees nose down until I read 35 f.p.s. on the doppler. At this time,
I unlocked the gimbal and the vehicle appeared to pitch up slightly and
began a right roll. I felt almost level in pitch, but noticed at once
that I appeared to have no roll authority. I have felt this before at
times, but only for very short times while in strong crosswinds.
Although I continued to hold full left roll, I rolled to an estimated
right bank of about 30 to 40 degrees. Then I rapidly appeared to pitch
down and roll left to an equally high, or maybe a little higher, left
bank attitude. During the roll back to the left, I punched lunar sim
release and advanced the jet throttle, The pitch and roll attitudes
were so extreme that I decided to get out, as I figured I had lost
control. I ejected on the third roll excursion when I thought I was
going through an upright position. The seat sequence appeared mild
and all systems worked exactly as advertised. I heard the firing of
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the seat, etec., but was not able to follow the seat motions; and in

a very short time, I was on a good chute. I was only on the chute
for about 7 to 10 seconds and made a very easy landing in the grass.
I experienced no injury at all, except slight soreness in the back of
the thighs where the seat edge canght my legs upon ejection. To the
best of my remembrance, this was the sequence of events that preceded
the accident,

N Ur <‘~L

Josyph S. Algranti i
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STATEMENT OF HAROLD E. REAM CONCERNING LLTV #L ACCIDENT ON 8 DECEMBER 1968

The following is a statement of the events prior to, during and subsequent
to the LLTV accident that occurred Sunday, & December 1968:

I reported to the Building 2000 area at approximately 0615 for the briefing
prior to the scheduled LLTV flight. LLTV-1 and LLTV-2 were scheduled to
fly in that order, and I was scheduled to fly test-flight number three on
IV-2. Mr Algranti was scheduled to fly TV-1 on a repeat flight of test
flight 14, a lunar sim in model., When I arrived, Joe (Mr., Algranti) had
not arrived; so the briefing proceeded with the operatlng crew and myself
for my flight. We discussed the flight plan and the component changes

that had been made to TV-2 since the last flight. We had briefed my flight
at an earlier date for the same flight plan; so it was a recap of the main-
tenance that had been performed in the interim. We had concluded the brief-
ing for my flight when Joe arrived; so we immediately went into the brief
for his flight. Since the flight was a repeat of a familiar flight plan,
most discussion centered upon the changes that had been made to TV-l, the
major change being the auto-throttle mechanization. The briefing was con-
cluded to everyone's satisfaction, and we proceeded to the TM Van #l pre-
paratory to the flight, I filed two local flight plans by telephone with
estimated takeoff time for TV-1 as 1330Z (0730 CST) and TV-2 as 14302

(0830 CST). My position in the TM Van is advisory, observing the operation
from e pilot's viewpoint, and manning the emergency UHF radio adjacent to
the operation engineer's console position. With me in the van was Mr. Jere
Cobb, who was observing the whole operation as orientation since he was
scheduled to begin pilot transition when NASA accepted the vehicle. The
pilot entry, communications check and pre-flight procedures were normal

and with no anomalies. The surface wind at takeoff was essentially calm
with an occasional ripple of the wind sock, which is located several hundred
feet south of the ™ Van #.. The takeoff and translation portion of the
flight appeared normal in all respects with Joe commenting about a stronger
wind at altitude drifting him down the runway. We expected this as the
smoke from the stacks of the Webster power plant, about 8 miles south of
EAFB, indicated that a good breeze from the east did exist about 100-150
feet. The wind shear was discussed as part of the pre-flight briefing,

and Joe indicated he would look at the wind at altitude and decide which
direction to proceed with the sim run. He did report the wind at about

500 feet as being 30 feet per second when he checked the velocity while

in a hover. At this point the vehicle appeared to be drifting down wind off
the immediate vicinity of the runway; so I asked Mr. Blilie to have him
bring it back over the runway. This request was transmitted, and Joe did
start back as well as taking the initial steps to set up for the lunar sim.,
The van radio receiver apparently was not too good since Mr. Blilie asked
for repeats of switch position which I had heard clearly transmitted by
Joe over my emergency radio receiver. The entry into the sim run appeared
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normal, with the vehicle essentially aligned with and over the runway
heading north. Joe called out velocities as he picked up forward speed..

I clearly heard 25 fps, and then I heard another transmission which sounded
like either 30 or 40; it wasn't clear. Joe reported 1ift rockets and this
was observed. Then he reported gimbal lock coming off. I believe Mr. Blilie
verified this sequence. I was watching the vehicle; and from the time
gimbal lock off was reported, the vehicle started a slow yaw to the right.
This yaw continued and at shout the same time, the vehicle started to pitech
up and roll to the right. TFrom my position in the van, it looked as though
the yaw angle was about 30 or 40 degrees and the pitch about 20 or 25 degrees
and the roll about 20 degrees when the roll started to reverse. When the
roll left started, it continued at a fairly high rate and the wvehicle
started to rapidiy translate. At this time the left roll continued until
the vehicle attitude was at least 60 degrees. It was apparent that we were
out of control; and I think I yelled to Mr. Blilie to get him out or some
such phrase; but I think that we all felt that it was apparent to the pilot
that he was in trouble and didn't need to be told., The vehicle came out

of the roll in a left yaw pitch up motion but had, as a result of the

large angles, developed a high sink rate and was descending repidly. I
observed the ejection when the vehicle was about level in the pitch up
portion of the gyration. The ejection sequence looked good, and I saw the
chute, Out of the corner of my eye, I had seen the vehicle impact; and it
looked like the ejection occurred about one second before the vehicle hit
the ground. The emergency equipment responded as they saw the crash with
the ambulance and f1ight surgeon heading for the piiot and the crash truck
and pumper heading for the burning wreckage. Mr, Blilie had immediately
called EAFB tower at the time of crash, and additional fire equipment
responded to help. As soon as I saw that all the emergency procedures

were effected, I left the TM Van to go to the office to call Mr. Slayton's
residence. I also attempted to get to the telecom office; but they were
busy, apparently with the crash alert. I was unsuccessful in contacting
anyone by telephone; so I went back out and greeted Joe, who had been
driven back to the office area in the ambulance. After talking with Joe
for a few minutes, I was able to confirm with telecommunications that our
management had been advised of the accident., After the flight surgeon

had examined Joe, we started to debrief on the accident.

Thig statement is a narrative of the events up to the debriefing as T
best remember. :

4% R 4 . W\/

Harold E. Ream
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December 9, 1968

Statement of Ronald K, Blilie, flight controller during the flight
and accident of the LLIV, vehicle #1, Joe Algranti pilot, flight
#T1-15-162F, December 8, 1968,

The pilot {J., S, Algranti) was briefed tc fly a full lunar simulation
mission tc check out a vehicle modification relocating the auto-throttle
assembly. The pilot was briefed on the Mission Plan (Report 7260~
931014 - Operation T1-15-162F - dated 12-6-68) by Mr. Alan King, BAC,
The flight was to be flown over Runway 35R, Following the briefing,
the pilot proceeded to the vehicle, I went to TM Van #1 and joined
the flight contrcol team to begin the pre-takeoff checkout, Pre-~takeoff
van checkg by the control team were completed prior to the initial
pilot communication check-in, Pre-takeoff checks by the pilot were .
completed without discrepancy. The jet engine was started st approxi-
mately 0724 c.s.t. Prior to takeoff, Don Reisert {jet engine monitor)
confirmed adequate JP-/ tank pressure (greater than 5 psi) and hydrau-
lic accumulator pressure (2200 psi). Tom Pierson (avionics system
monitor) confirmed proper attitude control system cperation but he
reported that the C, rocket appeared fuzzy. Attitude rocket thrust
levels were normel and the fuszzy appearance of the rocket trace was
not detrimental to system performance., Rocket system parameters were
normal with 738 1b of HpOp remaining and 3850 psi helium pressure at
takeoff, The surface wind was noted on the van anemometer at less
than 5 mph and this was relayed to the pilot. The pilot called the
Low Thrust Manual light out at 75% engine rpm and called the JP-4 tank
presgures "in the green." After tskeoff the pilot called his takeoff
rpm at 94%. Pierson indicated the vehicle was slightly left gide
heavy which was relayed to the pilot. The left side heaviness was
attributed to the wind which was coming from the vehicle's right side.
The pilot established a hover and reported engine rpm was 92% and that
the radar altimeter appeared to be operating properly. During the
translation scuth on Runway 35R at about 400 feet the pilot commented
that the wind was drifting the vehicle and seemed tc be strong, The
pilot established a hover at about 550 feet and reported the vehicle
was 1ntc the wind and the wind speed was 30 feel per second. I noted
the Hp02 remaining to be approximately 630 1lb. The pilot reported
turning the Lunar Simulation switch "on," I noted the proper light
(Jet Stab) come on in the van. Shortly thereafter the pilct called

25 fpa, which I interpreted to mean doppler translational weloecity,
and that he was raising the T-handle. The Auto-throttle light came

or in the van indicating the pilot was in the lunar simulation mode,
The pilct hesitated for a few seconds before turning the Gimbal Lock
switch off then called his velocity (again interpreted as doppler
velocity) to be 40 fps and then switched gimbal lock off, I looked
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at the Gimbal Lock light in the van and noted the light was off,
When I looked at the vehicle again it had begun & yaw to the right
and appeared to be almost 90° to the runway heading., The vehicle
pitched up to an excessive angle (estimated at greater than 30°) and
began to roll right., I was unable to determine the amount of roll,
At this time I involuntarily transmitted "Ch, Joe, leave it suesess"
The vehicle continued to change attitude to approximately a 90° roll
laft and began falling out of the sky. The pilot ejected at a very.
Llow eltitude, T obgerved the chute blossom at what I would estimate
to be 200-300 feet. I called Ellington AFB tower and declared an.

emergency, The cragh truck and emergency equipment proceeded to the -

cragh site and pilot. Communication was maintained with the crash
truck on UHF radio, I left the van when I saw the pilot returning
in the wagon.

Ronald K, Blilie

Tl 0.0
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December &, 1968
12:30 p.in. '

statement of Thomas E., Pierson, avionics monitor during the flight
and accident of the LLTV, vehicle #1, Joe Algranti pilot, flight
#Tl 15-162F, December 8, 1968,

I reported to the LLTV operations site, Bldg. 2000, Ellington Air
Force Base, at 0600, December 8, 1968,

Two operations were planned, a full simulaticn flight with Ship #1
and a gimbal-locked flight with Ship #2. Mr, J, Algranti was pilot
for #1 and Mr, H. Ream was to be pilot on Ship #2. Both pilots were
briefed between 0600 and 0700, I was in attendance at the pilot
briefings.

Following the briefing, I moved to the operations control van #1
with the cther members of the contrcl van crew, I took my assigned
position at the avionics monitor panel and completed the control van
preflight checks., All checks were normal.

Mr, Algranti entered the cockpit of Ship #1, established communica--
tion with the van, and proceeded with the pilot's preflight checklists.
A1l checks appeared normal., The only item of note was the fact that

the chamber pressure trace of attitude rocket Cy had some high-frequency
fluctuations, as digplayed on the Sanborn sirip recorder, The thrust
level of the rocket was satisfactory and this type of "neise" is not
unusual, however, it was commented upon during the control checks,

At 1ift-off I reported the vehicle balance as "left side heavy." This
is a conventional phrase to indicate attitude rocket firings to oppose
a roll left moment on the vehicle. Such a moment might be a result of
weight unbalance, but is more commonly a result of & crosswind, The
pilot confirmed a crogsswind component from the right., This condition
persisted as the vehicle translated down the runway to a posltlon for
entering lunar simulation,

As the vehicle came tc a hover, and was brought inte the wind, the
rocket firings shifted to a "tail heavy" pattern as expected., The
frequency of firings and duration of pulses indicated conslderably
mere wind at altitude than was being indicated on the ground., Approx-
imately one-half of the control authority available from one set of
rockets was being used by the attitude control aystem at this time,

The entry tc lunar simulation was normasl with ne transients on any
paremeters displayed at my panel. As usual, attitude rocket activity
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decreased, indicating a stable condition., The pilot commanded a.
pitch up as is normal to reduce forward velocity, My first indica~
ticn of trouble was when the pitch command went to full nose down
and remained there, A1 about this time I alsc heard Mr, Blilie's
exclamation. From this peint events occcurred rapidly and my memory
of the sequence may nct be borne out by telemetered data, but I
remember & hard-cver roll commend, a MAX-TILT light, an emergency
gimbal lock light, and an autopilct rate backup light, I heard a
comment of "he's out! or "get out" and all data ceased.

T had no real-time indications of & malfunction that could have
accounted for the extreme attitudes of the wvehicle.

/ (r/ 7

et Ls % (& 4 ogii™
Thomag T, Pierson
Dynalectron Staff Engineer
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December 11, 1968

Statement of Donald Reisert, jet engine monitor during the flight
and accident of the LLIV, vehicle #1, Joe Algranti pilot, flight
#T1~15-162F, December 8, 1968,

Prior to engine start accumulator pressures and JP-4 tank pressures
were on the low end of the required pressures and thls was probably
diue to the LLTV being on the pad a long time before flight. All
jet engine panel lights were normal. Oil pressure low, emergency
gimbal lock, max tilt, low thrust manual, pilot's girbal lock and
local vertical were illuminated, JP-4 caution, JP-4 low, jet stab,
auto-throttle and low jet hold were out,

At 0715 c.s.t., the jet throttle was moved from fuel cut-off to the
idle position and the start was normal with 500°C EGT at 46% RPM
af'ter 2 minutes stabilization.

The pre-takeoff check list vas normal and flight time to JP-4 ceution
light. was given as over 3 minutes vhen requested. At about 9 minutes
and 40 seconds after engine start the pilot advanced the throttle to
about 75% RPM to bring the JP-4 tank pressures up above 5 psi. At

10 minutes 328 seceonds after engine start the throttle wag further
advanced and takeoff was at approximately 10 minutes 43 seconds after
engine start,

After takeoff, all jet engine parameters appeared in the green and
normal., Two minutes, 1 minute, and 30 seconds tc JP-4 caution light
were given and all parameters appeared normal. The JP-4 caution light
blinked about ten times and stayed on at 13 minutes 20 seconds after
engine start., The light came on approximately & seconds before the
marnual integration indicated (this is normel accuracy). The fuel
curve wags redrawn from the 1light fixed position, About this time the
green Jet stab light came on and at 14 minutes 1) seconds after jet
engine start the auto-throttle green light came on., The gas generator
RPM was noted to drop back to about 86% indicator equal to about

88% RPM. The fuel curve was redrawn ai this time to about 30#/minute
for the lunar simulation mode and all parameters were normal. At

this time, the flight controller made statements abnormal to the
gituvation and in locking up, I noted the max tilt and emergency gimbal
lock red lights illuminate., 4 quick glance cui the window ghowed the
vehicle falling rapidly. The red lights were not called out due to
others talking in the van and the obvious trcuble was known to all
present, I then checked the accumulator pressure and it had decreased
to about 1600 psi verifying the engine in emergency gimbal Ilock, next
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I scanned the jet engine RPM and this appeared to be.about 90%. A
glance out the window to see if the vertical velocity had decreased
showed the ejection. The time of ejection was marked as 14 minmutes
40 seconds after jet engine start, - ' '

Donald Reisert
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December 8, 1968

Statement of Paul R. Belair, rocket panel monitor during the
flight and accident of the LLTV, wehicle #1, Joe Algrantl pllot
flight #T1-15-162F, December 8, 1968,

My panel displays from pilot entry to vehicle impact were normal.
A11 consumables were well within the normal operating range for a
lunar simulation flight., Beginning at vehicle 1lift-off, I main-
~tained a close observation of all my displays. I became alerted
to the problem when Ron Blilie, the NASA operations engineer and
flight controller, said "Joe! Joe!"y T looked up from my panel
and saw that the vehicle was pitched up approximately 30 to 40
degrees and rolled approximately 10 to 15 degrees right, I then
‘quickly scanned all my displays, but they were normal and there
was no detectable 1ift rocket thrust unbalance. T loocked up
again and saw the vehicle then pitched dowm and rolled to the
left., The roll left continued until the vehicle was almost .

90 degrees and had a high descent rate, Just before impact the
vehicle was rolling back to the right but still had a piteh down
angle. At this point the pilot ejected from the vehicle which -
appeared to be approximately 50 to 75 feet above the ground. I
vas primarily watehing the pilot and only saw the vehicle 1mpact
and burst into flames out of the corner of my eye.

<::;:Erzlkdfé? /<fj ,//,:féz;uvL,/.

Paul R, Belair
Bell Aerosystems Company -
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STATEMENT OF MELVERD E. COPLIN CONCERNING LLTV #l ACCIDENT ON 8 DECEMBER 1968

I was the NASA Quality Assurance Representatlve during the prefllght
inspection of LLTV #1L on 8 December 1968,

Power was applied to the vehicle and the avionics preflight was started
at 0300 hours. All vehicle systems were normal in accordance with the
applicable checklist. :

Systems preflights were completed at 0650 hours, with pilot entry at 0700
hours. I was on ground communications during the engine start and through-
out the pilot's power failure and rocket system tests, All systems werse,
to the best of my knowledge, normsal. : :

I was located in front of TM Van #l, watching the vehicle. I observed a
piteh-up maneuver; and the vehicle appeared to yaw and roll right, then
roll left, remaining left side down and losing altitude at a high rate.
At approxlmately fifty feet prior. to ground inpact, the vehicla partially
righted 1tself and the pilot ejected successfully.

Drtetund € (Vs Zw

Melverd E; Gopl
LLTV Quality Assurance
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STATEMENT OF ALAN O. KING CONCERNING LLTV #1 ACCIDENT ON 8 DECEMBER 1968

I was in the control area of ™ Van #1 at the time of the accident. My
station was in the center of the van behind the Controller, Rocket Engineer
and Jet Engine Panel Monitor. My function wes to monitor systems behavior
and advise the controller if requested.

The pretske—off checks proceeded in a routine manner with no anomalies.
The take-off was normal with lift-off occurring at about 92 percent RFM
(consistent with the low ambient temperature of about 33°F). The wind
at ground level was virtually negligable, but a wind shear was evident as
the climb up to the lunar sim eniry point progressed.

The pilot reported established in a hover into wind at 550 feet altitude
and quoted the wind speed at 30 feet per second. _

I observed the vehicle start a translation in the direction of the intended
"sim" but with some right crab angle. I heard the pilot call moment com-
pensation on over the radio, I observed the Jet Stab light on the con-
troller's panel come on, indicating lunar sim had been selected. This
panel looked normal at this time. The vehicle was yawed left to correct
the crab angle. I observed the 1ift rockets fire and checked the control-
ler's and engine panels for auto-throttle operation. The auto-throttle
light was on and engine RPM was stable at about 86 percent. I observed
the gimbal lock mode light go out on the controller's panel where the
gimbals were released to set up the full lunar sim mode. At this point,
all systems indications were satisfactory. Subsequent to this time, my
attention was fixed on the vehicle until impact,

Ao (. /Lh./
Alan 0O, Kingﬂ/’7ﬁ7

‘Senior Fligh Mest Engineer
Bell Aerosystems Company
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UNITED STATES GOVERNMENT
Memorandum

Chairman, LLTV Accident Investigation Board DATE: Jemuary 6, 1943

CC/LLTV Quality Assurance

Clarification of Item "I", Step 1, Page 10, of the LLIV Preflight
Checklist 7260-931005, Revigion "B", dated April 12, 1968

During the preflight of LLTV #1 the morning of December 8, 1968, the
audic tone requirement and operation was verified by BAC contracter
technician, BAC Quality Control Ingpector, and myself for three
gseparate functiocnal checks,

The reasoning of the repeated ‘tone check was the BAC Quality Control
Inspector read the watch and timed the tone duration, his statement
wag that the time duration was 2.5 geconds on the first test.

Since a previcus test indicated the tone time duration was 1.5 seconds,
the test was repeated a second and third time to assure the time dura-
ticn., The two watches were monitored by the BAC Quality Control
Inspector and myeelf, The time duration of the audio tone both times
wag 1.5 seconds,

The audic level of sound was high enough during the sbove test that I
could hear the tone while standing near the cockpit of the vehicle on
the entrance ladder, I could listen at the same time as the BAC
Quality Control Inspector actuated the test switch,

i, L € (rermr
Melverd E. Coplin
LLTV Quality Assurance Section
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WIND TUNNEL TESTS

The analysis of the wind tunnel tests were not complete at
the time this accident report was printed. The following memorandum
and attached data are submitted with the report as preliminary

information.
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UNITED STATES GOVERNMENT
Memorandum

T T Ul rector, Plight Croew Operations . DATE: beB 26 19bd

3 1969
MAR In reply refer to:
FROM : CTF131/Project Bupport Office CF131-9M-29

James P, Bigham

suBJEcT: TITV wind tuwinel test program

This is to swmarize the principal results of tests conducted in the
full scale tumnel at Langley Research Center (LaRC) to determine

LITV zerodynamic characteristics., Testing was performed in the periad
from Junuary 7, 1969, to February 7, 1969, .

Procaedure

LLIV NMmber % wos used, The vehicle was supported in the tunnel's
0w B0 I, Lest section by three strubs. Two of these struts were
atbached to an auxiliary cross beam between the shock struts of the
vehicle'!'s two aft legs, and the third tunnel strut fastened to an
A-Trome between the shock struts of the two front legs.

General procedurc was to set the vehicle at a particular angle of
sttack (ex ) snd vary sideslip angle in the range freom O to + 45 desrees
during each run at a constant tunnel velocity, usually 59 feet per
second. Vehicle forces and moments were measured both with the engine
operating and not opersting at sideslip angles of O, + 5, + 10, + 15,

4 2P0, + 30, + 45 degrees, Vehicle structural and tunnel constraints
Timited the maximom e to + 15 degrees. These constraints also required
that the engine be maintained in the vertical mode for all conditions,
and that cideslip angles of + 45 degrees not be exceeded at tunnel
speads prester than 4O feet per second. Date were cbtained engine off
at mideslip angles from 45 to 90 degrees at 39 feet per second.

Threc basic vehicle configurations were evaluated:
4. Configuration as it was at the time of the IITV Wo. 1 accldent.
b. Conflyuration as sbove with cockpit top removed.

¢, Conligpuration "a" with cockplt enclosure side window and aft

curtain oub.

fr uddition to the ubove, some data were taken for configuration "e' with
the simulated LM window attached to evaluate its efrects,

.

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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Abb voree i menienl il weee roducod Lo cocUPLedond Porm sl piabten
dgiiinnt shdusiip unpgic Uor o plven anele of attack,  Moment auta for
conlipurations "o "o Tor o¢ = + 1% degeees are piven in enclosures

voand ¢
L through 4, Similar duta were obtained for configuration "b" and for
configurations "", "b", and "e¢" at e« = 0, + 5, and + 10 degrees, but
are not enclosed. A conventlonal body axis system is used with rolling
moment (L), pitching moment (M), and yawing moment (M) positive roll
right, pitch up, and yaw right respectively.

Both power {engine) off and on data zre presented in enclosures 1 through
b, For ease of presentation, all momenits have been divided by q. The
vehirle torques due to englne operation are the difference between the
power ofl and power on curves, Engine moments for a particular vehicle
attitude are preoportional not to q as ure the power off data, but rather
vary dlircetly with nirspeed for a given engine thrust und atmospheric
density. Bngine data presented in enclosures 1 through 4 are for an
airspeed o' 54 feet per second (g = 3.4%). Separute cngine moment duta
Tor confignration "e" us a Tunction of veloecity and sideslip angle are
given In enclogure 5,

AlL engine data were cbtained throuph strain gauges mounted on the
engine piteh and roll actuators, For this reason, the power on duta is
not totally uccurate since the effects of the induced airflow over the
vehicle caused by engine operation are not ineluded. However, these
effects arc probubly of secondary importance.

Generally, the tunnel data confirmed the presence of large yaw right
and piteh up moments ui Lhe lower angles of attack and sideslip as
avidenced in the LLTV accident., Removal of the side window and aft
curtain reduced the yawing moment and correspondingly affected rolling
and piteching moments to a lesser extent. I{ also markedly improved the
vehicle stability characteristics. Vehlele yawing and rolling moments
are belleved to be acceptable in configuraticn "e"; however, pitching
moment appesars to be higher than is desirable. I these results are
confirmed by flight test, top off data indicates that the pitching
moment can be reduced towards the trim point by venting of the cockpit
roof'.

lipght #nvejopes

A preliminary limiting Ilirht envelope for configurations "a" and "e"

ig glven in enclosure . Maximum attitude thruster moments were tazken

ag WO g 270 1t 1bs, in roll, 350 und 525 £t. 1lbs. in pitch, and

FOG and 1000 £, lbe. in yaw lor conligurations "a" and Ye" respectively.
An is notea on enclosura 6, pitching moment Jdetermines the envelopes at
sideslip angles from O te + 45 degrees, and rolling moment controls

hayond thal point. Becauge of the possibility of single thruster operation
in piteh and roll, yawing moment 1s not critical for sither envelope., Boun




envelopes hold for all angles of attack from - 15 to + 15 deprees. For
configuration "a", - 195 is the most cxitical, For configuration "b",
the critical & varies with sideslip angle.

It should be noted that the envelopes represent vehicle disturbance
torques equal to 100% of a single thruster output. A margin must, of
course, be allowed for contreol, and the actual operational envelope
would be correspondingly reduced from that shown,

Although configuration "¢ offers some lmprovement over "a", an expansion
of the envelope for sideslip angles in the range from - U5 to + LS degrees
may be possible, Piteching moment controls in this range, and the tests

at LaRC indicated that pitching moment can, in turn, be contrelled through
changes to the cockplt enclosure roof. Enclosure 7 presents pitching
moment as a function of angle of attack for configurations "a", "b", and
Me".  As can be seen, a complete removal of the top would result in
excessive piteh dovn moment. However, if these numbers are confirmed by
flight test, it should be possible to reduce the pitching moment to &
value close to the trim point through limited venting of the roof. This
is to be examined during the LLTV Number 2 flight test program,

Data Accuracy

Because the-magnitude of LLTV aerodynamic moments in relation to those

of an alrcraft are small and are extremely difficult to measure accurately
in the wind tunnel, the data should be taken with reservations. It is
believed the general trends shown are correct. However, absoclute mag-
nitudes should be accepted with caution pending confirmation by flight
test. The accuracy of the limiting airspeeds presented in enclosure 6,
for example, is no better than + 20%. TFor this reason, these envelopes
must be consldered preliminary, and a reasonably thorough flight test
program should be conducted before a final operational envelope is defined.
This should not be difficult because of the large amount of information
telemetered from the wvehicle and the fact that aerodynamic forces at
higher airspeeds can be predicted from data taken at airspeeds of 40 feet
per second or less,

Compariscen with LLTV No, 1 Accident Data

A direct comparison of wind tunnel data with aercdynamlc moment data
obtaired from the itelemetry records of the LLLV accident is generally

- not feasible since the wvehicle was not flown in a stabilized flight
condition. lowever, three points were found where the angular acceleru-
tions were zero and which offer a check of funnel roll, yaw, and piich
data.
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At 7:26:25, the roll thrusters indicated a vehiecle roll left disturbance
torque of 180 feet ibs, (or 100% single thruster control authority).
This occurred at an airspeed of 19 Tt. per second and a sideslip angle
of 75 degrees wind from the right. The envelope for configuration "a"
in enclosure 6 checks this point.

At 7:29:06 the yaw left thrusters saturated at a sideslip angle of

5 degrees wind from the right, an angle of attack of - 15 degrees, and
an airspeed of 60 feet per second (q - 4.3). Enclosure 1 shows an N/q
of 165 per this condition or a moment of 710 ft. lbs. This is equivalent
to the output (700 ft. 1lbs.) of the saturated thrusters.

At 7:29:08 the firing of the pitch thrusters indicated a pitech up moment
of 300 ft., 1bs. This occurred at a sideslip angle of 5 degrees wind
from the right, an angle of attack of - 10 degrees, and an airspeed of
£3 feet per second.

Enclosure 7 shows an M/q of approximately 80 at this cordition, This
is almost entirely engine moment and converts to a torque of 320 ft. 1lbs.
at 63 feet per second which checks the flight point.

P il coah o
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Enclosure

ce:

CA/T. McElmurry
CC/R. Blilie
CF131/S. Nassiff
EG2/D. Cheatham
CC/J. Algranti
CC/H. Ream
CC/R. Glover
CC3/J. Cobb
CB/W. Schirra
CC/C. Roberts
8aA/J. French
CC/D. Reisert
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INTERIM REPORT ON FLIGHT EVALUATIONS OF LUNAR LANDING VEHICLE ATTITUDE CONTROL SYSTEMS

Donald E. Hewes
NASA Langley Research Center
Tangley Station, Hampton, Va.

Abstract

An interim report is presented to summarize
some of the results of a continuing flight-test
investigation using the NASA Langley Research Center
Lunar Landing Research Facility to study flight%
control problems of manned lunar landing vehicles.
This report is concerned with the attitude control
system only, and emphasis is placed on the pitch
contrel system. The research vehicle employed in
this investigation is designed so that many of the
control system parameters can be varied over wide
ranges of values which include those of the Apollo
Inmar Module. About one hundred and fifty filights
in similated lunar gravity have been made to date
by a group of ten research pllots including three
astronauts and three pilots who alsc have had flight
experience in the NASA Flight Research Center Lumar
Landing Research Vehicle (LLRV). These flights
were made using rate command and acceleration
command type control systems and the primary vari-
sbles were attitude control power, maximum command
rate, and system dead band. The results, which are
presented in terms of pilot ratings of the vehicle's
handling qualities and related comments, show that

there is a relatively large range of system control

paramebers which produce acceptable handling quali-
ties when using a rate command system and indicate
tentatively that optimum values for control power
and maximum command rate are about 12.5 degrees per
second per second and 12.5 degrees per second,
respectively. Alsc, the results showed that accept-
able handling qualities were not provided when using
an acceleraticn command system for the range of
paremeters covered.

I. IKTRODUCTION

For nearly the past 2 years, the Lunar Landing
Research Facility located at NASA Langley Research
Center, see figure 1, has been in operation; fur-
thermore, for a similar period of time the Iumar
Landirg Research Vehicle, see figure 2, has been
flying at NASA Flight Research Center. The purpose
of both of these two relatéd flight-test operations
has been to evaluste the pilot handling qualities
of lunar landing vehicles similar to the Apolle
Lunar Module during the terminal approach and
touchdown phase of the Apollo lunar mission. The
intent of this paper is to disclese some hitherto
unpublished results of the Lengley research program
pertaining to attitude control systems and to show
the correlation of these data with information
derived from the LIRV flight tests and also with
information concerning relsted fixed-base simulstor
studies obtained from other sources. Inasmuch as
the Langley data were obtained from the initial
portions of a continuing program, these data are
preliminary in nature and consequently are discussed
only in terms of general trends in handling gquali-
ties produced by varying combinations of some of
the control-system parameters. Hmphesis is placed
on a rate command type of control system although
some comments are concerned with an acceleration-
command system.

L-5242

Figure l.- Photograsph of research vehicle flying in
ihe Lunar Landing Research Facility at Lengley
Regearch Center.

Figure 2.- Photograph of the Lunar Landing
Research Vehicle at Flight Research Center.

In general, this discussion leads to estab-
lishing a tentative boundary for combinations of
the basie system variasbles; "control power® and
"maximum available rate,” whieh yield acceplable
handling qualities as determined by pilot ratings
and subjective comments. Consideration of this
boundary in conjunction with observations of the
pilot's performance provides some insight relative
to an optimum control system.

II. ~DISCUSSION OF LLRF RESEARCH PROGRAM

There has been general uncertainty relative to
the pilot handling qualities of lunar landing
vehicles, not necessarily concerning the pilot’s
ability to perform the landing, but more so with
respect to the most eppropriate combination of



the test point symbol denote the rate dead-band
values covered at each test point. (Note that the
so0lid lines radisting from the origin represent the
test parameter combinations which produce response
times for meximum comtrol imputs of 1/%, 1, and

4 seconds, respectively.) Inasmuch as this is
merely a status report on a continuing program, the
number of flights for each test point varies
greatly; for some points only one flight has been
made with one pilot, but for others several flights
have been made with several pilots.

The results shown in figure 3 are in the form
of averaged values of the pilot rating numbers
(table I) assigned by each of the pilots after
flying the vehicle with the specific test combina-
tions. The numbers appearing above and below some
of the symbols denote the highest and lowest of the
rating values assigned to each particular combina-
tion of dead band, control power, and maximum com-
mand rate. The numbers appearing within the symbols
represent either the rating assigned to & single
flight or the average of all ratings assigned to
the several flights for a particuler test combina-
tion. Because of the incomplete status of this
flight program these results do not represent a
true sampling process, but are useful at this time
to help denote some trends.

A brief survey of the test points in which
multiple flights were made shows that the spread in
pilet ratings for a given dead-band value was as
large as 3.0. This is an unusually large variation
of pilot ratings inasmuch as the pilct rating
spread is customarily considered to be more in the
order of 0.5 for more familiar flight investigatlons
of aircraft. There are several faciors, however,
which may account for this unusual dispersion, the
first being that the ratings for all flights
ineluding those assigned during the initial training
period of each of the pilots have been included.
Secondly, no distinetion has been made in the test
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Figure 3.- Plet of pitch control system test points
and pilot ratings for the Lunar Landing Research
Facility Vehicle.

points for the differences in flight trajectories
or for the changes made in the vehicle systems as
previocusly mentioned. Consequently, some of this
spread may be due {c the rather crude approach
taken here of lumping all the test points together.
Obvicusly, the results of the subsequent test
flights will help to clear up this point; however,
it is believed some legitimate trends can be
observed on the basiz of the averaged data used

in this review.

In the light of this significant spread, and
the relatively few number of independent changes
in rate dead band, there is little opportunity at
this stage to evaluate the effects of rate dead

PABLE I.- COQOFER PILOT-OPINION RATING SYSTEM

5 . . Primary
Operating Adjective Fumerical 3 L Can be
conditions rating rating Description wission landed
accomplished
Normal Sgtisfactory 1 Excellent, includes optimum Yes Yes
operation 2 Good, pleasant to fly Yes Yes
3 Satisfactory, but with some Yes ) Yes
mildly unpleassnt characteristics
Emergency Unsatisfactory 4 Acceptable, but with unpleasant Yes Yes
operation characteristics
5 Unacceptable for normal operation Doubtful Yes
[ Acceptable for emergency condition Doubtful Yes
onlyl
No operation|Unacceptable 7 Unacceptable even for emergency o Doubtful
condition
8 Unacceptable - dangerous No No
9 Uhacceptable - uncontrollable No No
Catastrophic 10 Motions possibly violent enough to o No
prevent pilot escape

lFailure of a stability sugmenter.




readilj apparent on the basis of available infor-
mation as to why flight-test and fixed-base gimn~
lation studies should differ in this respect.

Rate Dead Band, deg/sec
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Pigure 8.- Comparison of acceptable pilot rating
boundaries established by use of the LLRF and the
LIRV piteh control systems.

The results of a recent flight-test Investiga-
tion using a varisble stability helicopter to study
the use of 0n-of§ or bang-bang type controls for
V/STOL aircraft,” show a somevhat similar type of
ciosed boundsry as indicated in figure 11 of ref-
erence 8. This boundary has been replotted in fig-
ure 9 of this report by using the relationship

Maximum control rate = Conirol power (1)

Angular velocity damping

Tnasmuch &s the vehicle of reference 8 had linear
damping rather than the nonlinear damping as pro-
vided by the lunar-landing-type vehicle, there is
bagic difference in the dynamics of the vehicle
responses. Furthermore, the V/STOL test helicopter
was Tlown, of course, in earth gravity where the
horizontal response to sngular displacement of the
vehicle is much greater than for lunar gravity.
These differences may account for the reduced area
of the V/STOL boundary relative to the lunar-
landing-vehiele boundary. The reduced area is pri-
marily the result of a smaller range of acceptable
control power values for the V/STOL condition. The
boundaries are in close agreement for the upper and
lower limits for maximum control rate and the opti-
mum combination for control rate and comtrol power
discussed previously is enclosed within the V/8TOL
boundary.

On the basis of the comparison of the results
of the Lengley preliminary research program and
various other studies of lunar-landing-vehicle atti-
tude control systems, it is tentatively concluded
that combinations of the following range of system
parameters will generally provide acceptable
handling qualities for performing a lunar landing
task during the touchdown phase:

Control power, deg/sec® . . . . . . . . . 5 to 30
Maximum control rate, degfsec . . . . . 5 to 30
Rate dead band, degfsec + « -+ .+ . . . . . Q05 to2

An optimum combination of handling gqualities
appears to be dbtained with a control power of
12.5 deg/sec? and maximum command rate of
12.5 deg/sec which provide a response time of 1 sec-
ond to reach maximum rate.
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Figure 9.- Comparison of the acceptable pilot rating
boundaries derived from flight evalustions of the
lunar landing research vehicles and a helicopter
using a bang-bang type control system.

VIII. ATTITUDE CONTROL MODES

Up to this point there has been no attempt to
differentiate between the two basic modes of abtti-
tude control, namely, acceleration command snd rate
command, which were utilized in this investigation.
The acceleration command mode has been freated as a
rate command system with infinite maximum available
rate and dead band. The form of acceleraticn con-
trol employed is, of course, an open-loop system in
which only the direction of angular acceleration is
commanded; the magnitude of acceleration is estab-
lished by the relation of the fixed attitude rocket
thrust level to the moment of inertia about the
respective axis. Control power, therefore, is the
primary system variable for the acceleration mode
under consideration.

A review of figure 3 reveals that for the
values of control power tested, no acceptable pilot
ratings were obtained for the acceleration mode in
contrast to the large range of control power values
which resulted in accepteble ratings for the rate
command mode. . The primary objection to the accel-
eration mode expressed by the pilots is that their
primary piloting workload was increased markedly by
the lack of system damping and the need for the
pilot to provide rate limiting. Although the pilots
found objectionable characteristics with the accel-
eration mode, they expressed the view that flight
control was not as difficult in this mode as they
had expected. Furthermore, some pilots made the
coment that they would consider this mode accept-
sble as long as the pilot's workload was concerned
only with the flying task. From the observer's view-
point, the basic difference between the two modes of
control was evidenced by frequent small-scale
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motions of the vehicle when the acceleration mede
was utilized.

Although not investigated in any detail, the
attitude controller dead band and physical charac-
teristics appear to be more significant factors for
the acceleration mode than for the rate command
mode. Several comments or complaints were made
concerning the controller after the vehicle had
been flown in acceleration mode even though many
flights had previously been made in rate command
mode by each of the pilots using the same con-
troller. Concern was expressed about the con-
troller position, actuation motion (that is, loca-
tion of pivot point), and dead band. Cenerally, a
wider dead bhand than that provided was reguested so
as to eliminate the inadvertent input about an axis
other than the one being commanded. The controller
dead band used for most of these flights was
equivalent to *1° out of a total +10° stick travel.
These problems scem to sten from the fact that the
pilot work load was much greater in acceleration
mode than rate mode. As a consequence, controller
deficiencies which the pilot overlooked in rate
command were more readily apparent in acceleration
comnand because the deficiencies interfered with
the pilot's ability to make more freguent and pre-
cige control imputs.

IX. CONCLUDING REMARKS

In cloging it can be stated that a rather
broad review of preliminary data from the LLRF
research program and comparison with related data
from other sources indicates some general Lrends
which should prove useful in considerations of
handling qualities of lunar landing vehicle. These
trends imply that there is an optimum range of
values for pitch attitute control power and maximum
command rate in which acceptable handling qualities
can be attained.

Resultzs of the continuwing research program
will be required to define more clesrly the boundary
values for acceptable handling qualities and to
establish effects of control system rate dead band
on these values.
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