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4. LOCATION O F  M I S H A P  
0729 

2 .  D A T E  OCCURRED 

December 8, 1968 

Manned Spacecraft Center 
Houston, Texas 77058 

s. ORGAWIZATION CONDUCTLNG OPERATION 
(NASA or cantmctor) 

I Vehicle beyond recovery because of impact and f i r e  

O. TlME O C C U R R E 0  

N/A 

l o .  OTUER O R G A N I Z A T I O N S  ~NVOLVED/ASF~CY.  wbl i e  O ~ C O ~ ~ ~ O C U I I )  

NASA Manned Spacecraft Center 
11 .  EST IMATED C O S T  FOR REPI4R/T(EPLACEMENT 

2-million dol lars  

None 
12. E S T I M A T E D  D E L A Y  TIME of WTV Bogram 
90 davs 

13. R E r n V E R "  S T A T Y O  /u*e &tionJ rneecs if n.sen.ry) 



l-C 

AIRCRAFT MTSHAP 

Form 1391 



NATIONAL AERONAUTIC5 AND SPACE ADMINISTRATION 

AIRCRAFT FLIGHT MISHAP REPORT 
(To be filled out for principal oirmafh involved. Appropriate blocks only should be filled out on secondary oircrop] 

-..-- 
I ll) "FR ( 2 )  "*.- L O )  IF= a (4, LOCAL 0 1.1 OTHER q I.> AIR-  a 17, D I R E C T  1.1 ICON- 

ON TOP W A Y S  TWLLES 

LLTV #1 

I Airspeed I 
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IW H ICHEST MSL 
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b. EXPLOSION 
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m(.l N O U E O ~ ]  1N. =C]TROYIO 
FLLCHT 

d. D I S T A N C E O F  TOUCHDOWN FROM 
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D ( Y ]  Y E S  & h  

e. RUNWAV H E A D -  
I N G  /Degrees1 
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METHOD OF INVESTIGATION 



Method of Investigation 

Due to the nature of the LLTV, a fairly complete instrumentation 

system is installed which provided 61 channels of telemetered data. 

All channels were recorded, and 35 channels were displayed in the TM 

7 van for real time monitoring and flight coordination (Section 1-~(a)-2). 

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

-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 vehicle 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. 

All TM data was stripped out and analyzed for anomalies and used 

to reconstmct the flight. Since the TM data is such a detailed and 



accurate record of t he  actual  f l i g h t  compared t o  after-the-fact data  

acquisition, very l i t t l e  e f fo r t  was made t o  reconstruct the accident 

from e i ther  the  wreckage or witness statements other than t o  grossly 

corroborate the  TM data.  The color movie proved helpful t o  the  invest i -  

gators i n  giving them a three-dimensional, r e a l  time concept of the  

dynamics of the  f l i g h t  and therefore a be t t e r  understanding of the 

significance of some of the  TM data .  

Early i n  the  investigation it became apparent tha t  the vehicle had 

exceeded i t s  aerodynamic/attitude-control capabi l i t i es .  Since the \ 
I 

aerodynamic operating envelope of the  vehicle had never been accurately / 

determined, it was decided t o  run a wind tunnel t e s t  on the LLTV vehicle ;. / 

i n  the  Langley low-speed, ful l -scale  wind tunnel. The LLTV did not have 

an accurate and re l iab le  system f o r  measuring the aerodynamic parameters 

for  such an analysis, nor were da ta  reduction and analysis resources 

available as  mentioned above. 

The accuracy and completeness of the  analysis decreases a f t e r  

approximately 07:29:21 because several  channels of data became unre- 
U(wcsidta 

l i ab l e .  Large a t t i t ude t  were experienced a f t e r  t h i s  time, which 
h 

complicated data reduction. The crash was cer ta inly inevitable by 

07:29:21. Rough, spot calculations were made t o  close out a l l  parameters 

a t  07:29:27 (impact time) i n  order t o  val idate  some assumptions made 

about certain parameters during t h i s  period. 
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SYSTEM DESCRIPTION 



DESCRIETION OF TEAT PART OF THE LUNAR LANDING TRAINING VERTCLF SYSTEMS 
PERTINENT TO THE ACCIDENT 

General 

Operation of t h e  Lunar Landing Training Vehicle (LLTV) ( ~ i ~ .  1-F(a)-1) 

during a research  o r  t r a i n i n g  f l i g h t  i s  a highly coordinated e f f o r t .  

This e f f o r t  involves t h e  p i l o t  i n  t h e  f l i g h t  vehic le  and a group of opera- 

t ions  engineers i n  a  ground con t ro l  van (Fig 1-F(a)-15). A descr2ption of 

t h e  veh ic le  system must therefore  include both t h e  vehic le  and con t ro l  

van operat ion.  A t y p i c a l  LLTV f l i g h t  t r a j e c t o r y  i s  shown on Figure 1-F(a)- 25. 

Signif icant  events of such a f l i g h t  a r e  l i f t - o f f  i n  t h e  gimbal locked o r  

VTOL mode, followed by a t r a n s l a t i o n  upwind t o  a  hovering pos i t ion  a t  an 

a l t i t u d e  of approximately 600 f e e t  and a downrange d i s t ance  of about 

2,500 f e e t .  This event is followed by a 180' hovering turn,  p i l o t  actu- 

a t ion  of the  lunar  s imulat ion mode, and p i tching nosedown t o  genera te  

hor izonta l  and v e r t i c a l  v e l o c i t i e s  s imulat ing a lunar  approach t r a j e c t o r y  

p r i o r  t o  enter ing  t h e  lunar s imulat ion.  The p i l o t  then comands a pi tchup 

a t t i t u d e  t o  provide a braking t h r u s t  vector  from t h e  lift rockets  and 

continues t h e  descent t o  a r r i v e  over the  touchdown point  i n  a  hover, and 

makes t h e  touchdown i n  t h e  lunar  simulation mode. Typical f l i g h t  times 

f o r  t h i s  operation a r e  approximately 2 t o  3 minutes of WOL mode operat ion 

p r i o r  t o  enter ing  lunar  simulation mode, and 40 t o  60 seconds i n  lunar  

simulation mode operat ion t o  complete a  landing. 

This desc r ip t ion  i s  presented i n  four  sec t ions  as follows: 

1 - F a -  Vehicle 1-F(a)-3 Personnel 

1 - ~ ( a ) - 2  Van l - ~ ( a ) - k  Mission Rules 



Figure 1 - ~ ( a ) - 1 . -  LLTV I n  Flight 



Section l-F(a)-1 

Vehicle 

The LLTV is neither an air- nor a spacecraft but an a i r c r a f t  

designed t o  simulate a spacecraft while it ( the  LLTV) is operating i n  the 

ear th 's  atmosphere and subject t o  the  ear th ' s  gravi ta t ional  f i e l d .  The 

LLTV i s  designed t o  be operated a t  a l t i tudes  of 0 t o  1,000 f e e t  and 

counteract gravity with the turbofan engine only, o r  with both the turbo- . 
fan engine and the  two 500 pound thrus t  l i f t  rockets. The vehicle is 

l imited i n  f l i g h t  duration t o  approximately 8 minutes of turbofan engine 

time and 80 seconds of l i f t  rocket time, has numerous maintenance and 
__I_.-. ~_-.. - 

design problems, and has severe operational l imits .  The vehicle operation 
_--- 

i s  limited by the turbofan engine, lift and a t t i t ude  control rocket system, 

and f l i g h t  dynamics and aerodynamics of the vehicle. 

The lift and a t t i t ude  control rocket systems have operational l imi t s  

on helium (He) source pressure, hydrogen peroxide ( ~ ~ 0 ~ )  tank pressure, 

and lift rocket chamber pressure. These engine l imitations are  indicated 

by caution or warning l i gh t s  on the p i l o t ' s  instrument panel. 

Depending on the mode of control  (WOL or  Lunar simulation), t he  

vehicle i s  limited t o  various combinations of pi tch and r o l l  a t t i tudes  

t and ra tes .  It is a l so  limited by aerodynamic and descending ve loc i t ies .  

Wind l imitations a r e  established, depending on the degree of t ra ining 

of the  p i lo t ,  t h a t  vary from less  than 5 mph for  the f i r s t  checkout f l i gh t  

f l i g h t  t o  15 mph for  a fu l ly  qualified p i l o t  i n  a t ra ining f l i g h t  (see 

Section 1 - ~ ( a ) - 4 ) .  These wind res t r ic t ions  a r e  based on previous ex- 

perience with control  problems i n  high winds due t o  aerodynamic forces. 



I n  t h e  lunar  s imulat ion mode, t h e  LLTV has a drag compensation 

system t h a t  automatical ly cont ro ls  the  t h r u s t  vector  d i rec t ion  of t h e  

turbofan engine t o  cancel  aerodynamic drag. The vehic le  i s  a f fec ted  by 

gus ts  i n  both  VTOL and Lunar Simulation modes. These wind gus t  d is turb-  

ances must be compensated f o r  by t h e  a t t i t u d e  con t ro l  system. The 

presence of these  two f a c t o r s  r e su l t ed  i n  t h e  establishment of t h e  low 

wind l i m i t s  i n  e a r l y  f l i g h t  t r a i n i n g  operation and maximum permissible 

winds of 1 5  m.p.h. a f t e r  p i l o t s  a r e  f u l l y  t ra ined.  The wind i s  usual ly  

measured on the surface by an anemometer on the van (Figure 1-F(a)-15).  - 
The vehic le  i s  powered by a c e n t r a l l y  located turbo fan  engine and 

two lift rockets  and i s  flown by a s i n g l e  p i l o t .  The vehic le  i s  of 

aluminum a l l o y  tubing and sheet  metal  construct ion and includes a cock- 

p i t  cab (Figs .  1-F(a)-2 through 1-F(a)-7), center  body, a f t  equipment 

platform, and four  l eg  assemblies. There a r e  no f ixed  surfaces  on t h e  

vehic le  t h a t  were designed s o l e l y  t o  c r e a t e  aerodynamic forces .  However, 

t h e  cockpit cab i s  a l a r g e  aerodynamic surface  located wel l  forward of 

and above t h e  center  of g rav i ty .  The cockpit cab has an opening on t h e  * 
f r o n t  and l e f t  s i d e .  Aerodynamically, t h i s  opening is  much l i k e  an 

anemometer cup with t h e  opening point ing approximately 30 degrees t o  t h e  . 
l e f t  (Fig.  1 - ~ ( a ) - 2 ) .  To b e t t e r  simulate t h e  LM p i l o t ' s  v i s u a l  ctipability, 

t h e  opening was designed t o  be p a r t i a l l y  covered by a door and window 

(Fig.  1-F(a)-4) .  The vehic le  had not been flown with t h e  door on a t  t h e  

time of t h i s  accident .  A rocket  type e jec t ion  sea t ,  instrument displays,  

oxygen system, and p i l o t  cont ro ls  a r e  provided f o r  use by t h e  p i l o t .  



Figure 1-F(a)-2.- Closeup of Cab ( ~ o o r  O f f )  Front View 



Figure 1-F(a)-3.-  Closeup of Cab (Door off) Side View 



Figure 1-~(a)-4.- Closeup of Cab (Door On) Front View 

(Simulated LM Window) 



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



Figure 1-~(a)-6.- LLTV Instrument Panel 



Figure l - ~ ( a )  -7 .- LLTV Lef t  Console 



Figure 1-F(a) -7. - LLTV Left Console 



The l i f t  rockets,  a gimbal mounted turbofan engine, and t h e  turbofan 

a t t i t u d e  con t ro l  system a r e  mounted on t h e  center  body. Four c l u s t e r s  of 

four a t t i t u d e  con t ro l  t h r u s t e r s  each provide vehic le  cont ro l  i n  p i tch ,  

yaw, and r o l l  ( ~ i ~ .  1-F(a)-8) .  These s ix teen  rockets  a r e  arranged i n  

3 two independent a t t i t u d e  con t ro l  systems (Fig .  1 - ( a - 1 )  and provide an 

emergency backup system f o r  t h i s  c r i t i c a l  function.  Approximately 

680 pounds of hydrogen peroxide p rope l l an t  f o r  both t h e  lift rockets  and , 

the  a t t i t u d e  con t ro l  system is contained i n  two spher ica l  tanks located 

on each s i d e  of the  vehic le .  Two s p h e r i c a l  tanks located fo re  and a f t  

of t h e  turbofan engine contain JP-4 f u e l  f o r  t h i s  engine. The nominal 

takeoff  gross weight of t h e  veh ic le  i s  3,870 pounds. 

The LLTV may be operated i n  e i t h e r  of two p r i n c i p a l  modes, WOL o r  

lunar  s imulat ion.  The VTOL mode i s  when t h e  turbofan engine is held f ixed 

r e l a t i v e  t o  t h e  vehic le  frame and provides f u l l  support f o r  t h e  vehic le .  

The lunar  simulation mcde i s  when t h e  turbofan engine t h r u s t  is automati- 

c a l l y  cont ro l led  t o  support 516 of t h e  vehic le  weight, t h e  gimbal angle 

of the  turbofan engine i s  automatical ly cont ro l led  t o  provide a t h r u s t  
P 

vector  correct ion fo r  t h e  aerodynamic forces t h a t  t h e  vehic le  experiences, 

and two f ixed  l i f t  rockets  provide va r i ab le  t h r u s t  f o r  t h e  remaining . 
116 of t h e  weight of t h e  vehic le  and provide a t h r u s t  component f o r  t rans-  

l a t i o n  when t h e  veh ic le  i s  t i l t e d  by using t h e  a t t i t u d e  con t ro l  system. 

Gn t h e  r i g h t  console i s  t h e  p i l o t ' s  instrument panel .  The caution 

and warning annunciator l i g h t s  and yaw vane and anemometer meters a r e  

located  near the  top  of t h i s  console. The yaw vane is outs ide  t h e  



1 Figure 1-F?.(a)-8,- Attitude Thrusters Cluster 



p i l o t ' s  primary viewing area.  Below the r i gh t  console i s  a three axis  

a t t i t ude  control ler  t h a t  i s  similar t o  the one t o  be used on the lunar 

module. On the l e f t  console are  the turbofan and l i f t  rocket (engine) 

t h ro t t l e s .  The turbofan engine th ro t t le ,  on which i s  mounted the Lunar 

Simulation Release Switch, i s  controlled e i ther  manually by the p i l o t  i n  

the VTOL mode or  automatically i n  the  lunar simulation mode. L i f t  rocket 

th rus t  i s  controlled by a T-handle, which is similar t o  t h a t  used 

on the LM. The a t t i t ude  control rocket system selector  switch i s  jus t  

below the j e t  t h r o t t l e .  

The following information was extracted from the 

LLTV Flight Eanual, Section 11, Systems Description, 

dated December 5, 1968. Those portions of t h i s  

section tha t  are  germane t o  t h i s  accident hmre been 

indicated by a sol id  l i n e  down the right-hand 

margin. A double l i n e  i s  used and some key words 

have been underlined by the Board t o  fur ther  emphasize 

pertinent points. 



SECTION I1 

SYSTEMS DESCRIPTION 

2-1 GENERAL 

This section cor itains an operational description of the  turbofan 

j e t  engine, gimbal hydraulic, rocket propulsion, e lec t r ica l ,  and 

electronic systems. 

2-2 J e t  Engine System 

The system includes a turbojet  engine, f u e l  system, gimbal hydraulic 

system, and a power control  system. There a r e  two basic  modes of opera- 

t ion.  In  t he  Engine Centered and Gimbal Locked modes the engine aligned 

with the vehicle ve r t i ca l  (z) axis  provides tk rus t  t o  support the  complet, 

vehicle weight. The vehicle i s  maneuvered by t i l t i n g  the vehicle frame 

and vectoring the j e t  engine th rus t  appropriately. I n  the  Local Vertical  

and Lunar Simulation modes the j e t  engine th rus t  vector i s  controlled by 

the electronic and gimbal hydraulic systems and the vehicle is maneuvered 

by use of lift rockets. In  the Local Vertical  mode the engine th rus t  

vector i s  maintained v e r t i c a l  r e l a t i ve  t o  the  Earth. In  the  Lunar Simu- 

la t ion  mode the j e t  engine th rus t  is automalically controlled t o  support 

five-sixths of the  vehicle 's  weight and i n  addition the  th rus t  is vectorec 

appropriately t o  counteract aerodynamic drag forces.  

2-2-1 J e t  Engine.- The j e t  engine i s  a General E lec t r ic  CF 700-1CV a f t  

fan turbojet  engine with a sea leve l  s t a t i c  thrust  of 4200 pounds. 



2-2-1-1 Engine Insta l la t ion.-  The engine i s  provided with bellmouth type 

i n l e t  fa i r ings  for  the  gas generator and a f t  fan i n l e t s .  The engine i s  

mounted i n  a ve r t i ca l  posit ion on gimballing mounts, which permit tipprox- 

imately *Lo0 pi tch and approximately *25" r o l l  movement r e l a t i ve  t o  the 

9 X and Y axes of t he  vehicle respectively.  

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

- engine performance are:  o i l  pressure gauge, low o i l  pressure warning 

l ight ,  exhaust gas temperature gauge, and gas generator rpm gauge. These 

parameters are  a l so  telemetered for  ground s ta t ion  monitoring. The j e t  

t h r o t t l e  position, compressor discharge pressure, and j e t  engine fan 

RPM a re  only telemetered f o r  ground s ta t ion monitoring. Normal f l i g h t  

operating o i l  pressure i s  about 40 psig. The o i l  pressure low warning 

l i g h t  illuminates when the o i l  pressure f a l l s  below 15 psig. When the 

engine o i l  i s  hot, about 80 percent rpm m a y  be required t o  a t t a i n  16 psig. 

CAWION 

Inadequate turbofan engine lubrication can occur 

i f  the vehicle i s  operated longer than 1 minute 

a t  514 degrees from the loca l  ver t ical ,  or  for 

more than 10 seconds a t  greater  angles; these can 

occur i n  the  Gimbal Lock mode. 

2-2-3 J e t  Engine Thrott le Control System.- A combination hydraulic and 

e l ec t r i ca l  manual t h r o t t l e  provides the  p i l o t  with a primary and backup 

control of We j e t  engine main f u e l  control, respectively. An automatic 



electronic t h r o t t l e  control  subsystem controls t he  j e t  t h rus t  during 

lunar simulation. The p i l o t  can manually override or disengage the 

automatic t h r o t t l e  clutch a t  any time. Override forces a r e  usually 

high and disengagement i s  t he  preferable means of coming out of the 

au to thro t t le  mode. 

2-2-3-1 Hgdraulic Thrott le Control.- The primary engine f u e l  control  i s  

- a manual t h r o t t l e  which operates two ident ica l  hydraulic actuators, one 

a t  the  j e t  t h r o t t l e  and one a t  the  engine main fue l  control. This pro- 

vides d i r ec t  control  of engine f u e l  control  for  a l l  f l i g h t  modes except 

when electronic auto t h r o t t l e  is being used for  the  Lunar S imla t ion  

mode. A spring operated temperature compensator absorbs the pressure 

buildup caused by temperature changes of the t h r o t t l e  system. 

Figure 1 - ~ ( a ) - 9  is a schematic of the j e t  engine gimbal hydraulic system. 

2-2-3-3 Automatic J e t  Throttle.- The automatic j e t  t h r o t t l e  is used during 

the lunar simulation. The p i l o t  arms the automatic t h r o t t l e  with the 

Lunar Simulation switch (fig. 1 - ~ ( a ) - 7 )  on the l e f t  console. By increasing 

I l i f t  rocket th rus t  u n t i l  the  chamber pressure is greater  than 100 psia, 

the  system then engages the auto t h r o t t l e  and cormnands the j e t  th rus t  t o  

five-sixths of the  vehicle weight. 
C 

WARNING 

I f  an auto t h r o t t l e  malfunction occurs, the 

p i l o t  should not se lec t  the  emergency e lec t r ic  

t h r o t t l e .  



Figure 1 - ~ ( a ) - 9 . -  J e t  Engine Gimbal Hydraulic System Schematic 



2-2-3-3-1 Override and Disengage Cti~abi1it;y.- The auto t h r o t t l e  system 

i s  provided with a clutch which permits the  p i l o t  (using a force of about 

20 t o  30 pounds i n  the  normal operating range) t o  override the automatic 

system with the hydraulic t h r o t t l e  control  without disengaging the 

h automatic system. A SIM REL pushbutton on the  t h r o t t l e  a lso permits 

disengagement of the  auto t h r o t t l e  a t  any time t o  cancel the  Lunar Simu- 

+ l a t i on  mode, res tore  the  previously selected f l i g h t  mode and permit 

hydraulic t h r o t t l e  control. The SIM REL w i l l  normally throw the Lunar 

Simulation switch t o  OFF. If t h i s  does not occur, however, the  p i l o t  

may t r y  t o  disengage Lunar Simulation mode by placing Lunar S imla t ion  

switch t o  OFF. 

2-2-3-3-3 Thrott le Instrumentation.- A potentiometer i s  in s t a l l ed  on 

the j e t  t h r o t t l e  for  ground monitoring and recording of t h r o t t l e  posit ion.  

2-2-4 Yaw Control Insta l la t ion.-  An a i r  j e t  blowing from a nozzle on the  

a f t  equi'pment platform u t i l i z e s  j e t  engine compressor bleed a i r  t o  

counteract j e t  engine exhaust gas s w i r l  induced yaw moments on the vehicle 

W The system i s  sized t o  reduce yaw moments from about 80 f t - lb  t o  l e s s  

than 20 f t - l b .  

- 
2-2-5 J e t  Engine Gimbal Wdraulic System.- The hydraulic system supplies 

power t o  two electro-hydraulic servo-actuators f o r  pi tch and r o l l  a t t i -  

tude control  of t he  j e t  engine during the Gimbal Lacked, Local Vertical, 

Engine Centered, and J e t  Stabi l izat ion modes of operation. Figure 1 - ~ ( a ) -  

presents a schematic of the gimbal hydraulic system. The gimbal hydraulic 



system posit ions the j e t  engine i n  response t o  commands generated by the 

j e t  engine a t t i t ude  control  system. Refer t o  paragraph 2-5-2 f o r  fur ther  

d e t a i l  on the  modes of operation. The J e t  Stabi l izat ion ( ~ u n a r  Simula- 

t i on  mode) and Gimbal Locked modes (during takeoff) a r e  used normally. 

During normal operation, the  primary hydraulic system provides pressure 

t o  t he  servo actuators.  I n  the  event of loss  of primary hydraulic 

pressure, a reserve hydraulic pressure source (accumulator) automatically 

centers the  engine i n  the Emergency Gimbals Locked mode. The gimbal 

locked posit ion i s  normally selected manually by the p i l o t  any time by 

activating the solenoid control  valve with t he  Gimbal Lock switch on the 

a t t i t ude  control ler  g r ip .  Under these normal conditions the hydraulic 

power i s  directed through the main solenoid control  valve t o  the  actu- 

a tors  which a re  equipped with an in te rna l  valving mechanism for hydrau- 

l i c a l l y  centering and locking the j e t  engine i n  a v e r t i c a l  axis  coinciden. 

with the vehicle axis .  When normdl hydraulic pressure i s  low the accumu- 

l a t o r  provides a separate hydraulic pressure source f o r  centering the 

engine i n  the Emergency Gimbals Locked mode from any displaced position. 

When normal hydraulic pressure i s  l e s s  than 1350* 50 psi ,  the  Emergency 

Gimbals Locked l i g h t  illuminates and the pressure switch act ivates  the  

solenoid valve, causing stored accumulator pressure t o  automatically 

center the  gimbals. This permits automatic emergency operation of t he  

Emergency Gimbals Locked mode i n  the  event of e i ther  of the following: 

1. Pressure loss  i n  main hydraulic system. 

2. Failure of the  j e t  s tab i l iza t ion  system t o  



restore engine angle to within 15" of the 

local vertical within 0.35 to 1.0 (nominally 

0.5) second. (~efer to Electronics Systems, 

Paragraph 2-5). 

v 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 displacement- 

type pump. Check valves at pump outlet and in the accumulator pressure 

line prevent reverse flow. The relief valve prevents (1) system aver- 

pressurization in event of pump compensation malfunction. Self-sealing 

couplings facilitate connecting ground hydraulic power and manual shutoff 

valves allow isolation of the hydraulic system during ground checkout. 

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

pressure gages provide preflight ground checkout capability only. Only 

accumulator pressure is telemetered. A pressure switch set at 

1350 * 50 psi, which senses primary gimbal hydraulic pressure, controls 
the Emergency Gimbals Locked warning light for cockpit and in-flight 

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

Gimbals Locked light illuminates, the system automatically switches to 

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

lator. 

2 -  Rocket Propulsion System 

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

subsystem containing high pressure helium which is regulated down to 



pressurize propellant tanks, 2 a propellant storage subsystem consist- 

ing of two hydrogen peroxide tanks with associated plumbing and valves, 

and ( 3 )  a propellant u t i l i za t ion  subsystem consisting of two var iable  

th rus t  l i f t  rockets and 16 pulse-type fixed (ground adjustable) th rus t  

I a t t i t ude  control  rockets. The a t t i t ude  control  system is designed so 

tha t  f i r i ng  is  generally effected i n  pure couples about t he  vehicle 's  

- axes. I n  t h i s  way the  symmetry of the  4 a t t i t ude  control  rocket c lus te rs  

on the 4 corners of t he  vehicle does not cause t rans la t iona l  movement 

of the vehicle. 

NOTE - 
Negligible t rans la t ion  occurs during combined 

pi tch-rol l  maneuvers when s ingle  rockets f i r e .  

Figure 1 - ~ ( a ) - l 0  presents a schematic of the  rocket propulsion system 

and ident i f ies  the  major components. The rocket system design is redun- 

dant t o  t he  extent necessary t o  prevent a s ing le  anticipated component 

f a i l u re  from affecting the safe  recovery of t he  vehicle from any phase 

of the  f l i g h t  mission. A l l  valves operated by e l ec t r i ca l  solenoids or  
t 

actuators have dropout voltages with adequate margins of safety  t o  permit 

operation under t he  maximum loaded emergency bus voltage condition of 
T 

25 VDC. When e l ec t r i ca l  actuators a r e  mounted t o  the  valve body, redun- 

dant sea l s  a r e  used with overboard drains between the redundant sea l s  

Propellant f i l l ,  drain, and vent valves a r e  capped during f l i g h t  with 

or i f iced caps. 



Figure 1-F(a)-10.- Rocket Propulsion System Schematic 



2 Propellant Uti l izat ion Subsystem 

2-3-3-1 Atti tude Control Rockets.- Two s e t s  of eight a t t i t u d e  control  

rockets (18, f i g .  1-F(a)-10) with separate f u e l  l i ne s  provide redundancy. 

Two motor-operated i so la t ion  valves (14) permit the  pilot t o  se l ec t  the 

standard, t e s t ,  or  both s e t s  of a t t i t u d e  rockets for  f l i g h t  operation 

or t o  i so l a t e  one s e t  of a t t i t u d e  rockets i n  the event of f a i l u re  of e i ther  

system and effect  a sa fe  landing. The valves a r e  controlled through the 

Atti tude Rockets Test-Standard-Both switch i n  cockpit ( f i g .  1-F(a)-7). 

Each rocket chamber has an associated solenoid valve (17, f i g .  1 -~ (a ) -10 )  

t o  control  t he  flow of propellant and a variable o r i f i ce  hand valve (16) 

t o  provide ground adjustment of the  rocket th rus t  between 30 and 90 pounds; 

normal se t t ing  i s  60 pounds. A guarded a t t i t ude  control  system switch 

marked ACS-SAFE ( f ig .  l - ~ ( a ) - 7 )  inh ib i t s  or  arms the  a t t i t ude  control  

rocket system. 

2-3-3-2 L i f t  Rockets.- Two l i f t  rockets provide a variable lift thrus t  

nominally equal t o  one-sixth of the vehicle weight when the remaining 

five-sixths of the weight is supported by the j e t  engine system (simulated 

lunar gravi ty) .  Two motor-operated tank i so la t ion  valves (19, f i g .  1-F(a)-10) 

controlled by the Rocket Propellant switch i n  cockpit, provide isolat ion 

capabil i ty of the l i f t  system should a leak occur, and shutdown redundancy 

i n  event the l i f ' t  rockets (24, f i g .  1-F(a)-10) f a i l  t o  shut down on com- 

mand by the normal control lever (T-handle, f i g .  1-F(a)-7). The t h r o t t l e  

valve (22, f i g .  1-F(a)-10) varies propellant flow such tha t  t he  lift 



th rus t  i s  proportional t o  t h r o t t l e  valve crank angle posit ion.  This 

valve i s  e l ec t r i ca l ly  controlled from the cockpit through the T-handle. 

A f r i c t i on  control  knob a t  the base of t he  l i f t  rocket T-handle may be 

rotated clockwise t o  increase f r i c t i on  on the T-handle shaf t  so  t ha t  the 

lever w i l l  remain i n  any posit ion.  The check valves (23) re ta in  propellant 

i n  l i nes  t o  minimize th rus t  response time and a re  matched t o  minimize 

e th rus t  imbalance. High pressure r e l i e f  valves (15) prevent pressure 

buildup i n  propellant l i ne s  due t o  thermal expansion and decomposition 

of residual hydrogen peroxide i n  fue l  l i ne s .  

2-3-3-3 Rocket Instrumentation.- Pressure transducers monitor a l l  

16 a t t i t ude  control  rocket chamber pressures for :  (1) the stuck valve 

malfunction detection c i r c u i t  (act ivates  stuck valve warning l i g h t  i n  

cockpit and i s  monitored i n  telemetry van) and (2) fo r  in-fl ight ground 

monitoring. Two pressure transducers monitor both l i f t  rocket chamber 

pressures f o r  cockpit display and ground monitoring. A t h i rd  transducer 

supplies signals f o r  the  T/W avionic computer, the  H 0 - remaining com- 2 2 

1 puter, and for  activating the automatic j e t  t h r o t t l e  for  lunar simulation. 

2-5 Electronic Systems 

+ The major electronic systems a r e  the Vehicle Atti tude Control 

System, the J e t  Engine Atti tude Control System, and the Lunar Simulation 

System which includes t he  j e t  engine s tab i l iza t ion  control, th rus t /  

weight computer, and automatic j e t  t h r o t t l e  control. 



2-5-1 Vehicle Att i tude Control System (Acs).- The vehicle a t t i t ude  con- 

t r o l  system provides the inte l l igence t o  f i r e  16 a t t i t ude  control  rocket 

t o  produce control  moments i n  response t o  p i l o t  comands and/or vehicle 

motions. The ACS system consists of a primary control system, backup 

control  system, and monitor systems for  detection of fa i lu res  and f o r  

automatically switching the control  system t o  a sa fe  mode of operation. 

* Table 1-F(a)-I l i s t s  t he  basic  a t t i t u d e  control  system character is t ics .  

2-5-1-1 Operation (General).- The vehicle a t t i t ude  control  i s  normally 

performed with t he  primary electronics.  When operating i n  t h i s  mode 

with the AFCS Primary/~ackup switch on l e f t  console t o  PRIMARY 

( f i g .  1-F(a)-7), two primary modes a r e  available - Primary-Rate command 

with a t t i t ude  hold and Primary-Direct command. The two modes of opera- 

t ion  ( r a t e ld i r ec t )  may be manually selected independently i n  pitch, r o l l  

and yaw by three a t t i t u d e  control  mode (ra te-direct)  switches, located 

above the F a x i s  hand control ler .  These two primary control modes may 

be used with or without t he  moment compensation-model ( r e f e r  t o  Fara- 

r grzph 2-5-1-2-3). The p i l o t  has t he  option of engaging or  disengaging 

moment compensation i n  a l l  three  axes simultaneously, with an on/off 

t 
Moment Compensation switch ( f i g .  1 - ~ ( a ) - 7 )  i n  the cockpit. No s ingle  

axis selection is provided. The normal f l i g h t  mode is Primary Rate 

command. Two emergency modes a r e  provided f o r  t h i s  mode. These a r e  

(1) Rate Backup, which uses a completely separate electronic channel, 

and (2 )  Primary Direct-no model (as an emergency mode), which uses the  

Primary channel electronics.  A monitor comparator compares the primary 



1. Primary-Rate cornand Adjustable from *lo'/ 
with Attitude Hold sec to i20'/sec.  Each 
a d  mael*  axis i s  independent. 

Exclusive of Hand 
"Madel i s  por t ion  of Controller.  
moment compensation 
system. 

2. Primary-Rate c o m d  I with At t i tude  Hold- 
no Madel 1- 

4. Primary-Direct w i t h -  
out Model 

5 .  EaCkUp-Rate C o r n "  Same 8. (1) 

m u l a r  R a t e  D r i f t  i n  A t t i t u d e  A"gu1ar 
Threshold At t i tude  Hold Threshold Acceleration 

adjus table  from 0.2 Aversge d r i f t  s h a l l  be 0.5°/ Adjustable f r o m  0.5 Average accelera t ion ad- 
to 2 ° / m e ~ .  Each -is minute for Pi tch  and r o l l  t o  1.5'. j u s t ab l e  from 4 t o  12 
independent. 1 .25~/nin .  yaw Each axis independent *O.5 deg/sec2. See Note 1 
Exclusive of Rate Gyro. These values a r e  maximum. Exclusive of At t i tude  and 2 for  peak accelera t ion 

Includes Gyros Gyros. and Note 3 f o r  conditions 
See Note 4. f a r  2 J e t  and 4 Jet l og i c .  

I I I .- 

same as (1)  same 8 6  (1)  Same as (1) as per Note 1, 2, and 5 

N/A same as (2)  

NOTES: 

1. ~ x i a  ~ e &  ~ c c e l .  (60 i b .  t h m ~ t e ~ e )  

p i tch  25.3 to 26.9 m/aec" (both  set^ of t h rus t e r s  s t d .  and tes t )  
12.6 to 15.5 (one s e t  of t h rus t e r  5td. o r  t e a t )  

no11 35.8 t o  50.5 (both s e t s  of thrus tera  st*. and t e s t )  
18 .0  to 25.2 s e t  of t h rus t e r s  s t d .  o r  t e s t )  

Yaw 15.2 t o  22.7 (both set6 of t h rus t e r s  s t d .  and test) 
5.15 t o  7.72 ( a td .  6e t  of t h rus t e r s )  
10 .0  t o  15.0  ( t e s t  s e t  of t h rus t e r s )  

2.  Peah accelera t ions  ahovn for both sets of 60 l b .  t h rus t e r s .  For other s ized thrus ters ,  T Ibs / thrus ter ,  peaks given by multiplying l i s t e d  values f o r  
both s e t s  by  T i f  bath  sets are used or by 2 i f  one s e t  i s  used. 

G E 0  

3. When madel is  used i n  t h e  r a t e  co- mode the  system simulates 2 Je t  l og i c  when the  Model rate error  is l e s s  than 1 + O . l ' / ~ ~ e .  
Aversge accelera t ions  are then 112 those  l i s t e d  abwe ( 4  t o  12' see2 which are for  simulated 4 J e t  l o g i c ) .  Simulated 4 J e t  l og i c  is 
efreative when the  m a e l  rate error i s  greater than 1 o . ~ ' / ~ ~ c .  ~n t h e  ~ i r e c t    ode only 4 ~ e t  l og i c  1s used. 

4 .  Accuracy t o  be met under; 

a. 70' t o  100- F 

b. 2n0 to 70' F 



electronic channel t o  an equivalent monitor electronics channel and w i l l  

automatically switch the primary-rate system t o  the Rate Backup mode whel 

disagreement ex is t s  between the primary and monitor electronics.  In  

addition, excess r a t e  detection c i r cu i t ry  and hand control ler  malfunctio~ 

detection c i rcu i t ry  a r e  used t o  automatically switch the system t o  the 
7 

Rate Backup mode or  t o  the Primary-Direct (no model) mode depending on 

the type of f a i l u r e  s i tua t ion .  The moment compensation model is not - 
available i n  the Rate Backup mode o r  when the Primary-Direct i s  used as  

an emergency mode. 

2-5-1-2 Primary Attitude Control System.- The primary a t t i t ude  control  

subsystem i s  normally used for  the  en t i r e  mission (including lunar simu- 

la t ion  phase) . The primary a t t i t ude  control  system includes Primary R a t e  

cormnand with a t t i t ude  hold, Primary Direct, moment compensation, at t i tude 

rocket logic, and stuck valve detection c i r cu i t s .  

2-5-1-2-1 Primary-Rate Command with Atti tude Hold.- In t h i s  mode, a 

vehicle angular ra teA i s  commanded proportional t o  s t i ck  deflection when 

the s t i ck  deflection exceeds the hand control ler  deadband of approxi- 

mately *1.5 degrees. Atti tude hold is engaged whenever t he  s t i ck  is i n  

+ the  detent posit ion and the vehicle r a t e  is l e s s  than the r a t e  switching 

value (adjustable from 1 t o  3"/sec, presently s e t  a t  j0/sec).  When 

operating i n  a t t i t ude  hold, t he  vehicle a t t i t ude  i s  maintained with an 

average d r i f t  l e s s  than 1/2'/min i n  pi tch and r o l l  and 8"lmin i n  Yaw. 



Refer t o  Table 1 - ~ ( a ) - I .  There i s  no option given the p i l o t  for  engaging 

or disengaging the  a t t i t ude  hold feature i n  Primary Rate command. When 

above conditions a r e  met the  a t t i t ude  hold feature  i s  always present i n  

the Primary Rate commaad. 

C 
2-5-1-2-2 Primary Direct Command (Gn/Gff Mode).- When t h i s  mode i s  

selected, the a t t i t u d e  rockets f i r e  continuously whenever t he  hand con- 

- t r o l l e r  deflection exceeds approximately 2-112' i n  any direct ion.  The 

vehicle angular accelerations depend upon the number of rockets f i r ed  

and the rocket t h rus t  levels  (ground d j u s t e d ) .  Refer t o  Table 1 - ~ ( a ) - I  

f o r  accelerations available i n  pitch, r o l l ,  and yaw. When the control  

i s  returned t o  the  neutral  position, the vehicle a t t i t u d e  w i l l  continue 

t o  change a t  a fixed r a t e  i n  the  direct ion or iginal ly  commanded. To stop 

the vehicle ra te ,  the  control  must be deflected i n  the opposite direct ion 

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

2 - 1 - 2 -  Moment Compensation.- With t h i s  portion of the system engaged, 

2 
the electronic model c o m d s  an equivalent of 8'/sec nominal angular 

acceleration i n  each axis  i n  response t o  p i l o t  commands. The vehicle 

acceleration capabil i ty i s  independent of rocket th rus te r  set t ings  or  

- the number of rockets f i r i n g .  Therefore, selection of Both s e t s  of - 

rockets, for  example, w i l l  have no effect  on vehicle acceleration capabil i ty.  

External disturbances on the vehicle can limit vehicle acceleration below 

2 
the  8'/sec value even though the  system w i l l  continue attempting t o  

achieve t h i s  value. The accelerations a r e  ground adjustable. When the 



system i s  operating i n  the  Direct mcde, the  preset  angular acceleration 

is commanded when the three-axis control ler  s t i c k  is deployed i n  excess 

of 2-112' of the neutral  posit ion.  After the  control ler  i s  returned t o  

within 2-1/2', the  control system maintains the velocity developed. It 

1 also compensates f o r  all uncommanded angular moments automatically. 

When the system i s  operating i n  t he  Rate cormnand mode, an angular r a t e  i j  

- 
c o m d e d  proportional t o  hand control ler  rota t ion.  The angular acceler. 

a t ion command t o  acquire the desired r a t e  i s  preset  i n to  the mde l .  

The p i l o t  does have the option of engaging or  disengaging moment compen- 

sation.  However, manual separate axis  selection i s  not provided; a l l  

three  axes are  engaged o r  disengaged together. 

WARNING 

Whenever flying with Moment Compensation ON, the 

TEST s e t  of Atti tude Rockets should be selected. 

2-5-1-2-4 Rocket Thruster L o ~ i c . -  The a t t i t ude  rocket engines f i r e  i n  

Y an 0n/0ff manner according t o  the  logic shown i n  f igure  1 - ~ ( a ) - l l .  Two 

s e t s  of 8 control  rockets each (Test and Standard) a r e  provided. 

- Normally those designated as  Test a r e  used during lunar simulation t ra in-  

ing operations. The Standard s e t  i s  used i n  an emergency through the 

backup mode when control  i s  automatically switched t o  Both se t s .  Either 

one or both s e t s  may be selected t o  f i r e  t o  provide redundancy ( r e f e r  t o  

paragraph 2-3-3-1, Attitude Control Rockets). For individual pitch, 

ro l l ,  or  yaw commands, t he  system w i l l  f i r e  two rockets i f  the Standard 

o r  Test s e t  i s  selected, or four rockets if both s e t s  a r e  chosen. 
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Figure l-F(a)-11.- Attitude Control System Rocket Firing Logic 



For combined pitch and r o l l  commands. however, only one rocket w i l l  

f i r e  i f  t he  Standard or  Test s e t  i s  selected, or two rockets if both 

s e t s  a r e  chosen. This selection i s  automatically controlled by the  

opposing rocket inh ib i t  logic,  which prevents opposing rockets from - f i r i ng  a t  the  same time. 

The system i s  a l so  designed so a la rge  command i n  one axis  does Hot . 
resu l t  i n  loss  of control  i n  another axis.  

For example, if, with Test rockets selected a small r o l l  r i gh t  connoand 

i s  added t o  a large pitch up command, only rocket AT sha l l  f i r e  when the 

r o l l  threshold i s  exceeded. A,,-. w i l l  continue t o  f i r e  u n t i l  the  small 

r o l l  error  i s  reduced t o  within the r o l l  threshold. DT w i l l  then f i r e  

along with % u n t i l  the pitch error  i s  within the pi tch threshold. 

Similar s i tuat ions  ex is t  f o r  other combined commands (see f i g .  1 -~ (a ) -11 )  

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

a t t i t ude  rocket chamber pressures, serve as sensors f o r  the  stuck valve 

c i r cu i t .  The c i r cu i t ,  i n  turn, monitors the rockets i n  a ,part icular 

combination of two, t o  determine if opposing rockets a r e  f i r i n g  t h a t  

represent an i l l eg i t imate  ACS command (see f i g .  1-F(a)-13). I n  the  event . 
of a stuck valve indication, the logic  w i l l  hold for  a period of approxi- 

mately 300 milliseconds before illuminating the Valve Stuck red warning 

l i gh t  i n  the cockpit. This allows response time of the rocket f i r i ng  

coils ,  or  rocket th rus t  decay caused by a previous ACS command from 

fa l se ly  indicating a stuck valve. 



When operating with one s e t  of rockets, control  would be automatically 

switched t o  both se t s .  No monitoring i s  provided for  a stuck-closed 

valve condition. Normally the p i l o t  w i l l  s e l ec t  only one s e t  of rockets 

f o r  f l i g h t  t o  maintain capabil i ty t o  counteract unexpected occurrences 

. such as propellant unbalance or  aerodynamic moments. 

2-5-1-3 Rate Backup Atti tude Control System.- The electronic system 

- 
provides a r a t e  backup control  system. I n  t h i s  mode, vehicle angular 

ra tes  a r e  commanded proportional t o  s t i ck  deflection.  The backup system 

i s  a completely separate channel including separate wiring, independent 

power supplies, and r a t e  gyros. The system employs the same rockets used 

by the  primary system. The backup system i s  normally only used i n  the  

event of a malfunction i n  the  primary system. I f  necessary, the  p i l o t  

may se lec t  the  Backup node for  a short  period of time, however, t o  insure 

the Backup mode i s  operating properly. This i s  accomplished by placing 

the M C S  Pitch, Roll  and Yaw switch t o  BACKUP (Guard up). 

WARNING 

If the Rate Backup mode i s  manually selected i n  

f l i g h t  for  t e s t  purposes, the  p i l o t  should be 

prepared t o  manually switch the AFCS Pitch, Rol l  

and Yaw switch t o  PRIMARY. 

This i s  required because if an excess r a t e  i s  detected while i n  Backup, 

the  Gyro Failure warning indicator w i l l  i l luminate but  no automatic 

switching t o  Primary w i l l  occur. An Auto P i lo t  Back Up red warning l i g h t  

illuminates when the ACS i s  e i ther  automatically or  manually switched 

t o  Rate Backup. 



2-5-1-4 Monitor Subsystem.- Monitor comparator, excess ra te ,  and hand 

controller malfunction detection c i r cu i t s  a r e  used t o  monitor operation 

of the Primary-Rate and Primary-Direct a t t i t ude  control modes. 

2-5-1-4-1 Monitor Comparator.- An electronic equivalent of the primary 
r 

mode electronics (a lso referred t o  as  the monitor channel electronics) 

generates equivalent rocket f i r i ng  signals i n  the same manner as  the  

. 
primmy electronics.  When the monitor comparator determines that disa- 

greement exis ts  between the primary ard monitor channels i n  any axis, 

the monitor automatically switches the electronics t o  the Rate Backup 

mode and illuminates the Auto P i lo t  Back Up red warning indicator. 

Switching is accomplished within 0.5 sec. Pitch and r o l l  a re  switched 

together, and yaw i s  switched separately. A f a i lu re  matrix has been 

generated for  the conditions which the  monitor comparator has t o  satisfy.  

From t h i s  f a i lu re  matrix, the logic equation required t o  sa t i s fy  the 

f a i lu re  matrix has been established. The logic  equatiun has been imple- 

mented i n t o  active c i rcu i t ry  in  the monitor comparator. 

r 2-5-1-4-2 Excess Rate Detection Circuitry.- The excess r a t e  detection 

c i rcu i t ry  provides automatic switching and cockpit displays which function 

. as indicated by the primary or backup r a t e  gyro. These functions, ac- 

cording t o  operating condition, include the following: 

L. With the system operating i n  the Rate c o m n d  mode with or 

without model, i f  the primary r a t e  gyro indicates a vehicle r a t e  of 

22'/sec, the system i s  automatically switched t o  Rate Backup and the  

Auto P i lo t  Back Up l i g h t  is illuminated. 



2. With the system operating i n  the Direct mode with model, if 

the primary r a t e  gyro indicates a vehicle r a t e  of 22'/sec, the system is 

automatically switched t o  Rate Backup and the  Auto P i lo t  Back Up l i g h t  

i s  illuminated. 

* 
3.  With the system operating i n  the Direct mode with no model, if 

the primary r a t e  gyro indicates a vehicle r a t e  of 22'/sec the  system 

+ automatically remains i n  the selected mode. No indication t o  the  p i lo t .  

4. With the system operating i n  the Rate c o m r d  mode with or 

without model or i n  the Direct cormnand mode with or without Godel, i f  

the backup r a t e  gyro indicated a vehicle r a t e  of 22"/sec, the  Gyro 

Failure red warning l i g h t  illuminates and the  system i s  inhibited from 

automatically switching t o  the Rate Backup mode. 

If the primary r a t e  gyro indicates a vehicle r a t e  of 22'/sec or greater, 

the system w i l l  automatically be switched t o  Rate Backup. If the backup 

1 r a t e  gyro then provides the same indication, the system w i l l  switch back 

t o  the f l i g h t  selected mode. If the backup r a t e  gyro indicates a 

vehicle r a t e  of 22"/sec simultaneously or subsequent t o  the same indi- 

cation from the primary r a t e  gyro, the automatic switching w i l l  be 

. inhibited and the system w i l l  remain i n  the f l i g h t  selected mode. If 

the  backup r a t e  gyro s ignal  subsequently decreases below 22'/sec, the 

system w i l l  be switched t o  Rate Backup. The primary r a t e  gyro switching 

i s  latching; the backup r a t e  gyro switching is not latching. 

2-5-1-4-3 Hand Controller Kalfunction Detection Circuitry.- The hand 

controller operates a synchro (d i f fe ren t ia l  transformer) and two d i rec t  



switches i n  each axis: (1) logic d i r ec t  switch and (2) function d i r ec t  

switch. The conditions where hand coqtroller malfunctions may be en- 

countered and the associated effects,  switching and indications, are: 

1. Open Synchro.- With the system i n  the Rate connuand mode with 

or without the model, i f  the logic d i rec t  switch i s  actuated and the 

corresponding synchro output is not present, the system automatically 

switches t o  the Primary-Direct mode (no model) i n  the affected axis 

as  an emergency mode snd Auto P i lo t  Back Up warning l i g h t  illuminates. 

The action of the monitor comparator may take precedence over: t h i s  

c i rcui t ry ,  depending upon component tolerances. In  the event of t h i s  

fa i lure ,  the  system would switch t o  Rate Backup or t o  Primary-Direct 

depending upon the tolerances. Switching t o  e i ther  mode i n  an emergency 

would illuminate the  Auto P i lo t  Back Up warning indicator and switching 

would occur within 0.3 sec. Either mode i s  a safe f l i g h t  mode. 

2 .  Hard Over Synchro.- With the  system i n  the Rate command mode 

with o r  without model, if a synchro output exis ts  which is greater  than 

tha t  equivalent t o  the logic d i rec t  switch posit ion and the logic d i rec t  

switch has not been actuated, the system automatically switches t o  the 

Primary-Direct mode (no model) as  an emergency mode and the  Auto P i lo t  

Back Up warning indicator illuminates. As  i n  the open synchro case 

(1) the system would switch within 0.5 sec t o  the Rate Backup or t o  

Primary-Direct depending upon the component tolerances. Either mode 

i s  a sa fe  f l i g h t  mode and i n  e i ther  case the Auto P i lo t  Back Up warning 

indicator would illuminate. 



3 .  Direct Switch Failure.- With the system i n  a Rate mode, if 

e i ther  d i r ec t  switch f a i l s ,  the  automatic switching t o  Primary-Direct 

mode w i l l  be inhibited.  The p i l o t  can s t i l l  manually s e l ec t  the  Primary- 

Direct mode, but if he does, the  system w i l l  automatically switch t o  

* Rate Backup and the Auto P i lo t  Back Up warning indicator w i l l  i lluminate. 

4. Direct Fmction or  Logic Switch Failure.- With the  system i n  

a t he  Direct mode with or without model, if the  d i r ec t  function o r  logic  

switch f a i l s ,  t he  system a u t o m t i c d l y  switches t o  Rate Backup and. the  

Auto P i lo t  Back Up warning indicator illuminates. Switching 'is accom- 

plished within 0.3 seconds. 

The hand control ler  must be deflected 4-1/2O 

minimum t o  enable t h i s  c i r cu i t  t o  detect  t h i s  

f a i l u re .  

2-5-1-5 AFCS P r i m a r y - P r i m  Reset Switch.- This switch i s  spring 

loaded i n  the PRIMARY position. The function of t h i s  switch is t o  

re turn ACS authority from the Rate Backup channel electronics t o  t he  

Frimary electronics.  This i s  accomplished by momentarily holding the 

switch a t  PRIMARY RESET posit ion with the AFCS Primary-Backup switch 

a t  PRIMARY. This switch is intended for  ground use only. During 

pretakeoff checks, a f t e r  operation of t he  Rate Backup mode has been 

verified,  t h i s  control  i s  used t o  return t o  the  Primary electronics.  

Moment Compensation switch should be OFF before reset t ing t o  Primary. 



I f  automatically switched t o  Rate Backup i n  f l igh t ,  

do not attempt t o  r e se t  t o  Primary. Atti tude con- 

t r o l  would be l o s t  while the  switch i s  a t  PRIMARY 

RESET i f  the  Primary electronics were inoperative. 

2-5-1-6 ACS Instrumentation.- A 3-axis b a l l  indicator displays vehicle 

pitch, r o l l ,  and yaw a t t i tudes  during f l i gh t .  An Auto P i lo t  Back Up 

red warning indicator illuminates when the vehicle ACS i s  automatically 

switched t o  a mode not selected by t h e  p i l o t .  A Gyro Failure red 

warning indicator illuminates when the excess r a t e  detector senses a 

r a t e  i n  excess of 22 deg/sec from the backup r a t e  gyro. A Valve Stuck 

warning indicator illuminates i f  an ACS rocket plrermare- 

valve i s  stuck open. 

2-5-2 J e t  Engine Attitude Control System.- The j e t  engine a t t i t u d e  

control  system performs i n  five selected modes of operation: Manual or  

Emergency Gimbal Locked, Local Vertical, Engine Centered, and Lunar 

Simulation mode ( j e t  s t ab i l i za t ion ) .  A simple block diagram of the 

l a t t e r  three modes i s  shown i n  figure 1-F(a)-12. Table 1-F(a)-I1 l i s t s  

a l l  the  modes of operation and respective conditions i n  use. For f l i g h t  

safety, one mode has p r io r i t y  over another. Figure 1 -~ (a ) -13  is  a 

block diagram showing major components of weightlarag, j e t  s tabi l izat ion,  

and auto-thrott le electronics.  
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2-5-2-1 Mode h-iori tx.-  For f l i g h t  safety, the modes have the followin, 

p r io r i t y .  The Gimbal Locked mode, whether p i l o t  or  automatically 

selected, overrides a l l  other modes. When the  vehicle i s  on the  ground 

or when the j e t  engine def lects  more than 15 * lo from the  v e r t i c a l  

C (including i n  the Lunar Simulation mode), the Local Vertical  mode s h a l l  

be automatically actuated and override a l l  modes except the Gimbal 

c Locked mode. I f  the  j e t  engine def lects  more than 15 * lo from local 

. ~ e r t i c a l  and the Local Vertical  modes is not automatically selected 

within 0.35 t o  1.0 second, the  system s h a l l  automatically switch t o  the  

Eslergency Gimbal Locked mode. If no mode has been selected and the 

vehicle i s  airborne, momentarily depressing the  Local Vertical  Release 

button s h a l l  place the system i n  the Engine Centered mode. 

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

normal and emergency and may be selected manually or  automatically. In  

e i t he r  case, t h i s  mode overrides a l l  other modes of t he  j e t  engine 

a t t i t ude  control  system. Manual selection resu l t s  i n  the  normal Gimbal 

Lock mode and i s  effected by placing the hand control ler  Gimbal Lock 

switch t o  ON; t h i s  illuminates the  green Gimbal Locked mode s ta tus  

l i gh t  on the annunciator panel. Automatic select ion resu l t s  i n  the 

Emergency Gimbals Locked mode i n  the  event of e i ther  of t he  following 

malfunctioning conditions. If primary gimbal hydraulic pressure de- 

creases below 1350 * 50 psi, the Emergency Gimbals Locked mode provides 

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

t o  automatically a l ign the j e t  engine with t he  vehicle ve r t i ca l  ax is .  



Then the emergency mode i s  a l so  automatically selected by the electronics 

system whenever the j e t  engine exceeds an angle of 15 * lo fromthe  Local 

Vertical  and the Local Vertical  mode does not res tore  the engine t o  withi 

the 15 * lo i n  0.35 t o  1 .0  seconds. Whenever the  emergency mode i s  

. selected, the Emer. Gimbals Locked red warning indicator illuminates i n  

the  cockpit. 

A 
2-5-2-3 Local Vertical  Mode.- The loca l  ve r t i ca l  mode aligns j e t  engine 

with the l oca l  v e r t i c a l  a s  sensed by the a t t i t ude  gyros, regardless of 

vehicle outer frame motion. The s ignal  from the vehicle a t t i t ude  gyros 

i s  compared with the engine gimbal angles obtained from potentiometers 

on the gimbal actuators.  The resul t ing error  s igna l  i s  used as  an input 

command t o  the gimbal actuator servo valves. The p i l o t  may se l ec t  t h i s  

mode with a switch on the console. This mode i s  automatically selected 

when : 

1. the vehicle i s  on the ground and any one of the  four micro- 

switches located on each of t he  four shock s t r u t s  indicates 

v a compression of more than one-half inch, or  

2 .  The j e t  engine deviates more than 15 * 1 degrees from the loca l  

+ v e r t i c a l  while i n  the Engine Centered or  Lunar Simulation mode. 

To manually disengage t h i s  mode, the p i l o t  must momentarily ac t iva te  

the  Local Vertical  release switch on console, which places the  j e t  

engine a t t i t ude  control i n  the  Engine Centered mode if no other mode is 

selected.  



2-5-2-4 Engine Centered Mode.- This mode is i n  operation when no other 

mode has been selected and the vehicle i s  airborne. This mode slaves 

the engine along the v e r t i c a l  vehicle body axis  using the potentiometer 

signals on the gimbal actuators and the  gimbal actuator servo valves 

used i n  a l l  other modes except Gimbal Locked (see f i g .  1 - ~ ( a ) - l 2 ) .  

2-5-2-5 Lunar Simulation ( ~ e t  Stabi l izat ion)  Mode.- This j e t  engine 

a t t i t ude  control  mode performs as a portion of the  Lunar Simulation 

System ( re fe r  t o  Paragraph 2-5-3). During the Lunar Simulation mode, 

the  drag compensation functions i n  the  X and Y axes by positioning the 

j e t  engine t o  cancel aerodynamic drag. I n  the Z axis, the drag compen- 

sat ion is effected by automatically positioning the j e t  t h r o t t l e  t o  

cancel aerodynamic drag and t o  compensate for  vehicle changes i n  weight 

resul t ing from f u e l  burnoff. Refer t o  h s t / ~ e i g h t  Computer, Wra- 

graph 2-5-3-1 f o r  more detai led description of the Z axes control .  

2-5-2-6 J e t  Engine Attitude Control Instrumentation.- Cockpit s ta tus  

l i gh t s  indicate when h r g e n c y  Gimbals Locked (red) manual Gimbal Lock 

mode (green), Local Vertical  mode (amber), and Stabi l izat ion mode (green) 

during Lunar Simulation mode have been automatically o r  manually selected.  

An Engine Maximum T i l t  warning l i gh t  illuminates when the j e t  engine tilt 

angle exceeds 15 1 degrees i n  pi tch or  r o l l  with respect t o  the loca l  

v e r t i c a l  or  when the  absolute sum (regardless of sign) of pi tch and r o l l  

angles of the  vehicle r e l a t i ve  t o  the  engine exceeds 64 degrees. 

The annunciator warning s ignals  a r e  telemetered t o  the ground s t a t i on  

along with j e t  engine pi tch and r o l l  a t t i t ude  f o r  in-f l ight  ground monitoring. 



2 -  Lunar Simulation System.- The Lunar Simulation System creates a 

psuedo lunar gravi ty  f i e l d  i n  which five-sixths of t he  vehicle weight i s  

automatically supported by the j e t  engine and a pseudo lunar vacuum by 

automatically t i l t i n g  and controlling the j e t  engine th rus t  t o  cancel 

aerodynamic drag on the vehicle. The system establishes a reference 

s ignal  of 5/6 g, which i s  resolved in to  vehicle coordinates using a 

ve r t i ca l  gyro and gimbal resolvers.  To t h i s  signal, acceleration caused 

by lift rockets (computed-based on rocket th rus t  and vehicle weight) a r e  

v e c t o r i d l y  added. The resul t ing acceleration information i s  compared w i t 1  

the  measured vehicle accelerations obtained from body-mounted acceler- 

ometers. The resu l tan t  errors  a r e  used as conimand s ignals  t o  the  auto- 

m t i c  t h r o t t l e  and j e t  engine a t t i t ude  control  (see f i g .  1 -~ (a ) -13 ) .  The 

Lunar S imla t ion  system i s  i n i t i a t e d  when: 

1. The Lunar Simulation switch i s  placed a t  LUNAR SIN. 

(Stabi l izat ion mode l i gh t  s h a l l  illuminate. ) 

2 .  l i f t  rocket T-handle i s  raised and chamber pressure has exceeded 

100 psia (pressure transducer measurement). (Auto Thrott le 

l i g h t  s h a l l  illuminate. ) 

3. Gimbal Lock switch i s  OFF. ( ~ i m b a l  Lock Mode l i g h t  s h a l l  

extinguish) 

4. engine angle i s  l e s s  than 15 * lo from the  loca l  ve r t i ca l .  

The Lunar Simulation mode i s  disengaged by: 

1. momentarily pressing the SIM REL button on the j e t  t h r o t t l e .  

2 .  advancing the j e t  t h ro t t l e .  

3. placing the Gimbal Lock switch t o  ON. 



2-5-31 ~ h r u s t / ~ e i ~ h t  Computer.- The thrust/weight computer is shown 

on f igure  1-F(a)-14. The computer calculates the  vehicle acceleration 

along the  body z-axis when the p i l o t  actuates the  l i f t  rocket t h r o t t l e  

t o  engage the automatic j e t  t h r o t t l e  for  the  Lunar Simulation mode. The 

f value of thrust/weight i s  continuously updated based on the integration 

of an assumed j e t  f u e l  flow rate ,  and the  integration of the  electronic 

4 rocket f i r i ng  signals performed by the rocket f u e l  consumption detector 

c i r cu i t ry  (includes l i f t  rocket f u e l  consumption). The two integrated 

signals a r e  subtracted from the i n i t i a l  weight potentiometer s ignal  

(ground adjustable).  This s ignal  is then combined with one l i f t  rocket 

pressure transducer s ignal  (measure of l i f t  rocket th rus t )  t o  obtain an 

instantaneous value of thrust/weight . 
2 -  Automatic J e t  Throttle.- The automatic j e t  t h r o t t l e  continuously 

controls j e t  engine th rus t  so t h a t  the  l oca l  v e r t i c a l  component of force 

equals five-sixths of the instanteous vehicle weight plus or  minus the 

v e r t i c a l  drag force. Figure 1-F(a)-13 i s  a block diagram of the  Automatic 

I J e t  Thrott le Control System. The t h r o t t l e  control  loop, which employs a 

l inear  acceleration feedback is capable of adjusting the j e t  engine main 

- f u e l  control  angle a t  the r a t e  of 6 deg/sec. The same automatic j e t  

t h r o t t l e  serves a s  the  emergency system for  the  primary hydraulic t h r o t t l e .  

When used as  the emergency thro t t le ,  a synchro feedback i s  used for  j e t  

engine f u e l  control. 

WARNING 

If an auto t h r o t t l e  malfunction occurs, t he  p i l o t  

should not s e l ec t  t he  emergency e l ec t r i c  t h ro t t l e .  
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TABLE 1-F (a) -11. - JET ENGINE MODES OF OPERATION 

Title - Conditions of Use 

EMERGENCY GIMBALS 1. Avionics will automatically select this mode if 

LOCKED the engine angle exceeds 15 degrees from local 
vertical for greater than 0.5 seconds, nominally. 

Indication to the pilot is illumination of the 

Emer. Gimbals Locked red warning light. 

2. L- 

(1350 i 50 psig) sensed by the hydraulic pressure 

switch will open the emergency solenoid valve 

allowing accumulator pressure to flow to the 

gimbal actuators, thus centering the engine. 

Indication to the pilot is illumination of the 

red Emer. Gimbals Locked warning light. 

3. Primary AC failure 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 

4. Primary cC failure will cause the avionics to 

switch to Rate Backup and switch engine attitude 

control to this mode. Pilot indications 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. 



TABLE 1-~(a)-11.- JET ENGINE MODES OF OPERATION - Continued 

Title - Conditions of Use 

GIMBAL LEK 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 switch (fig. 1-F(a)-6) on 3-axis 

hand controller; this illuminates the Gimbal 

a Lock Mode green status light. 

This mode is normally used for takeoff. It 

locks the gimbal actuators hydraulically, 

aligning the jet engine with the Z axis. 

LEAL -TICAL 

To disengage the pilot will place the Gimbal 

Lock switch to OFF. 

This mode is activated when any of the following 

conditions occur: 

1. The pilot turns the LOCAL VERTICAL switch ON 

and Manual or Emergency Gimbal Lock is not 

selected. 

2. Any of the 4 leg microswitches register 

greater than 112 inch compression and manual 

or emergency Gimbal Lock not selected. 

3. The jet engine angle is greater than 15' 

from the local vertical while in engine 

centered or lunar simulation mode. 

To disengage this mode: 

1. If manually selected the pilot must place 

Local Vertical switch OFF and depress Local 

Vertical Release button. 

2. If automatically selected (conditions 2 or 

3 above), the pilot will momentarily depress 

the Local Vertical Release button. 



TABLE 1-~(8)-11.- JET ENGINE MODES OF OPERATION - Continued 

T i t l e  - Conditions of Use 

LUNAR SIMULATION Characterist ics of t h i s  mode are:  
( ~ e t  s tab i l iza t ion)  a.  J e t  engine auto t h r o t t l e  supports 516th 

vehicle weight. 

b. Je t  engine automatically gimballed t o  pro- 

vide equal and opposite force t o  counteract 

horizontal  vehicle drag. 

c. L i f t  rockets a r e  used t o  control a l t i t ude  

and horizontal  t ransla t ions .  

Active when a l l  of the  following occur: 

1. Lunar Simulation switch is placed a t  

LUNAR SIM: 

2. L i f t  Rocket T-handle is raised t o  command 

a f i r i n g  where chamber pressure is greater  

than 100 psia. 

3. Gimbal Lock and Local Vertical  switches 

are  OFF. 

4. J e t  engine angle is l e s s  than 16 degrees 

from loca l  ver t ica l .  

Deactivated Normally By: 

1. Depressing SIM REL button on J e t  Throttle. 

2. Advancing J e t  Throttle. 

3. Placing Li f t  Rocket T-handle down t o  OFF. 

, 4. Placing Gimbal Lock switch t o  ON. 

ENGINE CNTERED This mode is i n  operation when no other mode has 

been selected and the vehicle i s  airborne. 
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Section 1-F(a)-2 

Control Van 

To monitor vehicle systems performance and t o  communicate with the 

p i lo t ,  a control  van, shown i n  figure 1-~(a) -15 ,  i s  required during a l l  

f l i g h t s  and ground runs. The van in t e r io r  ( f i g .  1 -~ (a ) -16 )  contains two 

telemetry receivers, telemetry processing and recording equipment, and 

display instruments. A glassed enclosure a t  the end of the  van contains 

a control  booth from which the f l i gh t  i s  directed.  The van i s  s taffed 

for  each f l i g h t  by a team of four engineers who a re  famil iar  with systems 

operations and f l i gh t  operations. An operations engineer (Fl ight  

~ i r e c t o r )  heads t h i s  team and is responsible for  coordinating a l l  ope- 

rations i n  t he  van and communications with the p i l o t  and with other 

ground personnel. A j e t  engine engineer monitors the  turbofan engine 

performance and maintains a log of j e t  (turbofan engine) f u e l  remaining 

throughout t he  f l i gh t .  An a t t i t ude  control  systems engineer monitors 

the  a t t i t ude  control  system operation by observing pitch and r o l l  a t t i t ude  

rocket f i r ings ,  r a t e  gyro outputs, and s ide  arm control ler  ac t iv i ty  
1 

( f i g .  1 - ( a - 1 )  These a t t i t ude  parameters a r e  recorded and displayed 

i n  r e a l  time on Sanborn s t r i p  recorders. I n  addition t o  these data . 
displays, 25 warning/status l i gh t s  a r e  displayed f o r  the  simultaneous use 

by the  a t t i t ude  control systems engineer and a rocket systems engineer. 

The rocket systems engineer monitors t he  operation of t he  helium 

pressurant system and the hydrogen peroxide propellant system by ob- 

serving s i x  meters t ha t  display helium source and hydrogen peroxide 

tank pressures and l i f t  rocket chamber pressures. 



Figure 1-~(a)-15.- LLTV Control Van, Exter ior  View. 



Figure 1 - ~ ( a )  -16. - LLTV Control Van, Van In te r ior .  



Figure 1-~(a)-17.- RCS Panel 



A l l  members of the team advise the  Flight Director of the  s ta tus  of 

t h e i r  systems pr ior  to,  during, and a f t e r  each f l i g h t .  In  essence, the  

Flight Director operates as  copilot  and f l i g h t  engineer. The control  - 
van team continuously monitor a l a rge  number of vehicle 'parameters i n  

addition t o  those displayed t o  the  p i l o t .  This operational procedure 

was worked out p r ior  t o  and during the  research operations a t  the  Flight 

x Research Center. 

The following is a report  of the  van configuration a t  the time of 

the accident. 

LLTV TELEMETRY (TM) VANS 

This report  b r i e f ly  describes the  LLTV telemetry ground support 

vans, l i s t s  the  operational equ2pment, and describes the  difference i n  

configuration between TM Van No. 1 and TM Van No. 2. TM Van No. 1 was 

manned f o r  Flight 15. 

The purpose of the  TM van is t o  provide the ground support team 

comunication with the p i lo t ,  v i sua l  r e a l  time displays of vehicle 

\ 
systems data, and permanent data records. Table 1-~(a)-111 l i s t s  the  

display capabil i ty of the four operational positions and the major com- 

* 
ponents of t he  data system and voice communications system. Table 1-F(a)-IV 

l i s t s  the  LLTV telemetered data and location of each parameter on the dis- 

play consoles. A sketch of each display panel and block diagram of the  

data system is shown on figures 1-F(a)-18 through 1-~(a) -22 .  A l l  van 

operators t a l k  on intercom and the conversation i s  recorded on magnetic 

tape.  The operations engineer transmits on W. 



The configuration of TM Van No. 1 deviates from TM Van No. 2 a s  

follows : 

TM No. 1 TM No. 2 

40 60 D.A.C. - Decom analog outputs 

36 27 Decom event outputs (warning l i g h t  dr ivers)  

2 3 St r ip  chart recorder (8 Ch.) 

0 1 Event recorder ( 3 0  Ch.) 

6 9 "Avionics display meters (ACS) 

0 1 TQ monitor 

0 1 *%Pime code generator 

0 1 H 0 flow computer 
2 2 

"Only 2 meters are  used on TM No. 1 avionics panel a t  t h i s  time. 
(No yaw authority meter) 

$'*Timing is routed from TM No. 2 t o  TM No. 1. 

~ One s t r i p  chart recorder i n  TM No. 1 has a switch for  each channel 

which allows selection of an a l te rna te  data input. The parameters which 

a re  patched t o  the switches a r e  l i s t e d  i n  Table 1-F(a)-111. 

J e t  engine t h r o t t l e  posit ion and yaw thrus te r  ac t iv i ty  i s  not dis-  

played i n  TM No. 1 due t o  l imita t ion t o  40 analog decom outputs. 
T 

The event recorder is used for  postf l ight  evaluation only. This 

record can be produced from tape playback. - 
The LLTV No. 1 was recently modified t o  expand the event format from 

j d i g i t a l  words of 9 b i t s  each t o  4 d i g i t a l  words of 9 b i t s  each. The 

present data format u t i l i ze s  28 of the  36 b i t s .  TM Van No. 1 was modi- 

f i ed  t o  enable processing of 4 d i g i t a l  words. This modification i s  not 

presently ins ta l led  i n  'I'M Van No. 2; therefore, it i s  limited t o  3 d i g i t a l  

words or  27 events. 



This vehicle modification, which was associated with CCA-8, provided 

additional event data and changed the function of some existing data 

bits. TM Van No. 2 is presently configured for the event format which 

existed prior to the vehicle modification (for support of LLTV No. 2). 

The event monitor panel layout for TM Van No. 2 is included for reference. 

The additional event functions which were made available by the vehicle 

modification are: Emergency Gimbal Lock, ~itch/~oll Rate Backup, Pitch 

Direct Latch, Yaw Direct Latch, Emergency AC Power, Yaw Rate Backup, 

and Roll Direct Latch. 
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TABLE 1-~(a)-111.-  DATA AND VOICE CO~ICATIONS SYSTEM 

Van No. 1 Van No. 2 
Quantity 

Comunication System - ARC ~ ~ / A I C  10  

UHF Antenna 
RT-178 Transceiver 
Control Unit C-19Ch 
Control Unit C-8241~1~ 10 
P. A. Amplifier - AM 944 A I C  13 or  McIntosh 

Emergency Comunication System 

UIiF Antenna 
Cubic TR-31 Transceiver 
M I ~ / ~ e a d s  e t  
~a t te ry /~LEiv  - Gould National #23095 

Telemetry 

UHF Antenna 
TM Receivers 

A .  Nems-Clarke 1401 
B. Defense Elect - TMR-2 

PCM Decom - Dynatronics U D S / ' ( ~ ~  including 
A. Analog outputs 
B. Event outputs 

Recorders 

Magnetic Tape - Ampex FR-1814H - Direct 
Direct Writing - Sanborn 7708A - 8 Ch.* 
Direct Writing - Brush Mark 200 - 8 Ch.* 
Event Recorder Brush 30 Ch. 

"Also l i s t e d  as avionics display 

Avionics Console 

A. Analog meters (Thruster duty cycle) 
B. Event l i gh t s  
C.  Analog s t r i p  chart channel 
D. H202 remaining readout 

Six holes i n  panel but only two being used for  pitch 
and r o l l ,  no yaw meters. 
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TABLE 1-~(a)-111. - DATA AND VOICE COMMUNICATIONS SYSTEM - Concluded 

Van No. 1 Van No. 2 

Quantity 
Operations Engineer Console 

A. TV monitor 
B. Event l i gh t s  
C .  Engine timer 
D. Flight timer 

Rockets Engineer Console 

A. Analog meters 
B. Event l i gh t s  

Engine Console 

A. Analog meters 
B. Event l i gh t s  
C.  Digi ta l  clock 

Timing 

A. Time code generator 
I R I G  A-B-C-D, 1 pps 

B. Timing buffer 

Miscellaneous 

A. H202 fue l  flow computer (prototype) 

B. Atti tude authority control uni t  
C. Power supplies 

Test Equipment 

A. Oscilloscope 
B. Counter 
C.  DVM 
D. Oscil lator 
E. V.O.M. 
F. PCM signal  simulator 
G. Signal generator 
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Figure 1-F(a)-18.- Avionics Engineer Console 
Figure 1-F(a)-19.- Operations Engineer Console 
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Figure 1-F(a)-22.- LLTV Telemetry Ground Station 



Veh Yaw A t t  

Veh R o l l  Vel 

AX Six Er ror  

AY 
AZ 
Alt i tude 

R a t e  Corn P i t ch  
R a t e  Corn R o l l  
R a t e  Com Yaw 

C D P  
L i f t  R k t  Cham Press 

L/H 
26 Lift mt cham Press 

R/H 
2 7  A t t  R k t  Press B S  
28 A t t  R k t  Press FS 
29 A t t  Rkt Press BT 
30 A t t  R k t  Press FT 
31 A t t  R k t  Press GS 
2 A t t  R k t  Press CT 
33 A t t  Rkt Press C S  
34 A t t  R k t  Press GT 
35 A t t  R k t  Press AS 
36 A t t  R k t  Press ES 
37 A t t  R k t  Press ET 

3 8  A t t  R k t  Press AT 
39 A t t  R k t  Press IYI 
40 A t t  R k t  Press BP 
4 1  A t t  R k t  Press DS 
2 A t t  R k t  Press HS - 
3 JP-4 Tank Press A f t  
44 JP-4 Tan!= Press Fud 
45 Fan RPM 
46 T/W c o m n  o u t  

-5V C a l  
Gas Gen RPM 

E G T 

1 INPUT 1 
INPUT 

RCDR-4 H2°2COMP DAC AVIONICS OPS ROCKEI'S ENGINE E-2 RCDR-1 RCDR-2 
FLIGm 3 G C H  

FLIGHT 
I 



54-1 1 JP-4 ~ a u t  (1) 1 Amb 1 7 I 1 I 1 1 1  
-2 1 JP-4Low (1) I Red I 13  1 2 1  

(1) 10 I 3 I I 

CHANNEL 
m w  PARPMCPER / COLOR ( AVIONICS 1 OPERATIONS \ROCKETS I mm I y-4 

0-CH 



Section 1-F(a)-3 

Personnel 

Figure 1-F(a)-23 i s  an organizational chart of t he  LLTV program 

personnel functions from the Director of Flight Crew Operations down, 

including contractor personnel d i rec t ly  involved or  under the  control  

of the  program manager. The number of personnel available (as of 

Dec 8, 1968) t o  perform each function a re  indicated by ( x ) .  



Figure 1-~(a)-23.- LLTV Personnel Organization Chart 
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Section 1 - ~ ( a ) - 4  

MISSION RULES 

The LLTV i s  flown a t  Ellington AFB, Texas, within the area indicated 

. i n  the a i r f i e ld  diagram i n  Figure 1-F(a) -24. A typical  f l i g h t  p ro f i l e  

over runway 1 7 ~ / 3 5 ~  i s  shown i n  f igure 1-F(a)-25. This prof i le  could a l so  

be w e r  runway 22~/4L.  Both of these runways have beeq deactivated for  

regular airplane t r a f f i c .  Figure 1-F(a)-26 i s  an early morning photograph 

showing the LLTV complex as  it would have looked during Flight #15. 

Extracts from the LZTV Mission Rules a r e  included next. A s  i n  the 

case of the Flight Manual, cer ta in  sections have been marked for  emphasis. 



Figure 1 - ~ ( a )  -24 .- El l ing ton  AFB 



TYPICAL LLTV FLIGHT SHOWING SEQUENCE OF EVENTS 

Figure 1-~(a)-25.-  Typical Flight Profi le  
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2-5-3-2-1 Manual Override.- The m u d  j e t  t h r o t t l e  i s  hydraulically 

coupled t o  the main j e t  engine fue l  control ( r e fe r  t o  Paragraph 2-2-3), 

such tha t  the p i l o t  can manually override the automatic t h r o t t l e  system 

through the range of 70 t o  100 percent rpm without exceeding force limits 

* 
a t  the t h r o t t l e  gradient. 

2-5-3-2-2 Disengage Capability.- A SIM REL pushbutton switch located on . 
the  j e t  t h r o t t l e  allows disengagement of the automatic t h r o t t l e  a t  any 

time t o  permit hydraulic t h r o t t l e  control. I 
2-5-3-2-4 L i f t  Rocket Thrust Control.- A closed loop posit ion system I 
connects the l i f t  rocket control (T-handle, f ig .  1-F(a)-7) with the 

lift rocket t h r o t t l e  valve. Thrust i s  l inear ly  proportional t o  s t i c k  

deflection. 

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

tored thrust-to-weight indicator displays normal acceleration i n  lunar g ' s .  

The thrust/weight computer output signals a r e ,  a l so  telemetered for  ground 

s ta t ion  monitoring. A cockpit Auto Throttle green s ta tus  l i g h t  indicates 
v 

when the automatic t h r o t t l e  has been engaged ( l i gh t  ON) and when the 

auto-thrott le has been disengaged by the low auto-thrott le clutch disen- 

gage switch ( l i gh t  extinguished) 

Additional telemetry data recorded by the  ground s ta t ion  include j e t  

engine t h r o t t l e  position (potentiometer output) and low auto-thrott le 

s ignal  cutoff .  
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MISSION FUJLES 

1. Introduction 

This document contains mission rules  t o  be used i n  conjunction 
with the operation of the Lunar Landing Training Vehicle (LLTV). 
In  the event of conf l ic t  between t h i s  document and any other 
documentation, t h i s  document w i l l  govern. 

Purvose 

The purpose of t h i s  document is t o  es tabl ish rules  f o r  the 
operation and f l i g h t  of the Lunar Landing Training Vehicles. 
Any deviation from these rules  w i l l  require approval by program 
management. 

The operational rules  s e t  fo r th  i n  t h i s  document s h a l l  be complied 
with f o r  a l l  LLTV f l i g h t  operations. A l l  LLTV pi lo t s ,  operations 
van, and maintenance personnel involved i n  LLTV f l i g h t  operations 
w i l l  know, understand, and comply with the contents of t h i s  docu- 
ment. 



2. Fl ight  merat ions  

Responsibil i t ies 

The LLTV Operations w i l l  be under t he  direct ion of t he  MSC 
LLTV Operations Manager. It w i l l  be his  responsibi l i ty  t o  
make the f i n a l  determination of the f l i g h t  readiness of any 
LLTV. 

The NASA ins t ruc tor  p i l o t  w i l l  be responsible f o r  insuring 
tha t  the astronaut has been properly briefed and i s  ready 
f o r  the  proposed f l i gh t .  He w i l l  monitor t he  f l i g h t  from 
the operations van and w i l l  a c t  i n  an advisory capacity t o  
the f l i g h t  controller. The ins t ruc tor  p i l o t  does have the 
authori ty  t o  d i rec t  the termination of the  mission i f  i n  
his  judgment t he  mission cannot be safely  continued. 

The f l i g h t  control ler  w i l l  have t o t a l  responsibi l i ty  from 
the operations van during the f l i g h t  phase. He w i l l  insure 
t ha t  system s ta tus  i s  reported t o  him, and as necessary, 
w i l l  advise the  LLTV p i l o t  of any necessary action required 
t o  comply with the f l i g h t  plan, o r  t o  insure sa fe  recovery 
of the  p i l o t  and/or the vehicle. 

Operations Van Reauirements 

I n  preparation f o r  a f l i g h t ,  the  vehicle and operations van 
telemetry equipment s h a l l  meet the  requirements of the  
operations van checklist. Any deviation sha l l  require the 
approval of the MSC LLTV f l i g h t  controller. The MSC LLTV 
f l i gh t  control ler  may waive the rqquiremqnt f o r  operational 
equipment i n  the  operations van other than the following 
minimum equipment: 

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

(a) A t  l e a s t  one primary UHF transmitter-receiver 
and an emergency UHF transmitter-receiver. 

(b )  UHF comunications with the f i r e  truck. 

( c )  Intercomunications between f l i g h t  controller 
and vehicle crew chief. 

( d )  Communication with Ellington A i r  Force Base 
control tower. 

( 3 )  The f l i g h t  control ler ' s  control s ta t ion  shall be 
complete as  described i n  the LLTV Operations Manual 



sha l l  be completely functional except t ha t  the  f l i g h t  
controller may waive the Fl ight  and Jet Engine timers, 

NOTE: If Fl ight  and/or J e t  Engine timers a r e  not 
functional,  t he  f l i g h t  time sha l l  be maintained 
by the rockets system monitor and the engine 
time w i l l  be maintained by the j e t  engine moni- 
t o r  by use of manual stop watches. 

Rocket system monitor s t a t i on  s h a l l  be complete a s  de- 
scribed i n  the LLTV Operations Manual and s h a l l  be 
completely functional, except t ha t  the f l i g h t  controller 
may waive the Local Vertical  l i g h t ,  Jet Stabi l izat ion 
l i gh t ,  and the Auto Thrott le l igh t .  

J e t  engine monitor s ta t ion  s h a l l  be complete a s  described 
i n  the LLTV Operations Manual and sha l l  be completely 
functional except t ha t  the  f l i g h t  controller may waive 
the Compressor Discharge Pressure indicator and the Je t  
Throttle Posit ion indicator. 

Avionics system monitor s t a t i on  shall be complete a s  
described i n  the  LLTV Operations Manual and s h a l l  be 
completely functional except that the f l i g h t  control ler  
may waive the t h i rd  s t r i p  chart recorder. This recorder 
may be inoperative if yaw rockets are  displayed on the 
#2 Sanborn recorder during the p i l o t ' s  prefl ight.  

c. Operations Van Staff  Requirements 

The operations van w i l l  be s taffed with cer t i f ied  operators 
a t  each primary control s ta t ion  f o r  a l l  LLTV f l igh ts .  A 
ce r t i f ied  operator i s  one who has completed the prescribed 

* course of t ra in ing  as  outlined i n  the LLTV Flight Control 
Training Manual. The primary control s ta t ions  a r e  the 
f l i g h t  control ler ' s  s ta t ion,  rocket systems s ta t ion,  j e t  
engine s ta t ion,  and the avionics s ta t ion.  An operator 

> t ra inee w i l l  be permitted t o  man one of the four s ta t ions ,  
un3er the supervision of a  cer t i f ied  operator, with the 
following res t r ic t ions :  

(1) The t ra inee must have completed the prescribed course 
of t ra ining as  outlined i n  the  LLTV Flight Control 
Training Manual, except f o r  the  on-the-job t ra in ing  
(OJT) phase. 

(2) A t ra inee w i l l  not man a  s t a t i on  during the p i l o t ' s  
first three checkout f l igh ts .  



3 A t r a i n e e  w i l l  not man a s t a t i o n  during a func t iona l  
check f l i g h t  (FCF). 

( 4 )  A t r a i n e e  w i l l  not man a s t a t i o n  during a test f l i g h t  
i n  which veh ic l e  performance limits w i l l  be explored. 

( OJT ) during (5 )  A maximum of one t r a i n e e  may be i n  t r a i n i n g  
any f l i g h t .  



3. NASA Astronaut Qualifications and Traininq 

a ,  LLTV Transition 

A p i lo t ,  who has previously completed the  LLRV p i l o t  checkout 
syllabus and was completely qual i f ied i n  the LLRV, w i l l ,  i n  
a l l i t i o n  t o  being qualif ied and current i n  helicopters, accom- 
p l i sh  the following t o  become qual i f ied i n  the LLTV: 

(1) Complete the  LLTV systems ground school. 

(2)  Complete t he  applicable simulator program of about f i ve  
hours i n  the  LLTV fixed-base simulator. 

( 3 )  Complete a tie-down combined systems run. 

(L+) Complete an LLTV C.G. f i x tu re  run. 

(5 )  Complete a f ive-fl ight t r ans i t i on  syllabus under the 
supervision of a s taff  ins t ruc tor  pi lot .  

(6) A t  the  completion of the above program, t he  p i l o t  w i l l  
be considered LLTV qualif ied and w i l l  enter the  profi- 
ciency phase of training,  which consists of approximately 
12 f l igh ts .  Successful completion of the above w i l l  
serve as  p i l o t  ce r t i f ica t ion  and w i l l  be accomplished by 
USAF Form 8B. 

b. I-nit ial  P i lo t  Ckmlification and Traininq 

Pr ior  t o  the  first f l i g h t  i n  the LLTV, a p i l o t  w i l l  have met 
the  following minimum requirements: 

(1) He w i l l  have completed a m i n i m  of 100 hours t o t a l  
helicopter time, and 5 hours i n  the 30 days preceding 
first f l i gh t .  

(2)  He w i l l  have completed a checkout and famil iar izat ion 
i n  the  Langley Lunar Research Fac i l i ty  Vehicle. 

(3 )  He w i l l  have completed the LLTV simulator syllabus of 
approximately 10 hours. 

( L )  He w i l l  have attended the LLTV systems ground school. 

( 5 )  He w i l l  have had an eject ion sea t  swing a t  Weber 
Aircraft  Company f a c i l i t i e s ,  Burbank, California, 



He w i l l  have completed a l i v e  f i r i n g  of the  a t t i t ude  
control  system with the LLTV mounted on the  C.G. 
f i x tu re  . 
He w i l l  have completed a combined systems run with 
the LLTV t i e d  down. 

After completion of the above, a p i l o t  w i l l  complete a 
13-flight syllabus a s  described i n  the LL'IIT Flight 
Checkout Syllabus under s t a f f  ins t ruc tor  p i l o t  super- 
vision. 

A t  the completion of the above program, a p i l o t  w i l l  
be considered LLTV qualif ied and w i l l  en te r  the pro- 
f iciency phase of training, which consists of approx- 
mately 12 f l i gh t s .  Successful completion of the above 
w i l l  serve a s  p i l o t  ce r t i f ica t ion  and w i l l  be accom- 
plished by USAF Form 8B. 

Currency Reauirements 

After completion of the proficiency phase, a p i l o t  w i l l  
maintain currency i n  the  LLTV by f lying a minimum of two 
f u l l  lunar simulations per 30-day period (preferably bi-weekly) . 
Recurrencv Reauirements 

I f  a p i lo t ,  qualif ied i n  the LLTV, becomes uncurrent, he s h a l l  
accomplish the following t o  reestabl ish currency: 

(1) He sha l l  be helicopter current. 

(2) He sha l l  complete applicable simulator program of about 
two hours i n  the LLTV fixed-base simulator. 

( 3 )  He sha l l  complete a minimum of two f l i g h t s  i n  the LLTV, 
the first of which w i l l  be with the engine gimbals locked. 



Minimum Support Reauirements 

The following support services and equipment a r e  as  indicated 
f o r  f l i g h t  operations: 

A qualif ied medical doctor w i l l  be i n  attendance p r i o r  t o  
f l i g h t  (mandatory). 

A qualif ied medical attendant/ambulance dr iver  w i l l  be i n  
attendance p r io r  t o  f l i g h t  (mandatory). 

An ambulance w i l l  be stationed near the f l i g h t  pad pr ior  
t o  f l i g h t  (mandatory). 

A f i r e  t m c k  (0-llA or equivalent) and four q m l i f i e d  f i r e -  
men w i l l  be stationed near the  f l i g h t  pad pr ior  t o  f l i gh t .  
The f i r e  truck must be equipped with an operational two-way 
UHF radio with appropriate frequencies f o r  comunication 
with the operations van (mandatory). 

Television equipment w i l l  be operational and capable of 
recording UHF audio and visual  events of the en t i r e  f l i gh t .  
Color movie f i l m  w i l l  be used t o  record f l i g h t  events. Both 
te levis ion and color movies a r e  highly desirable; however, 
it i s  mandatory t h a t  e i ther  t e l e ~ i s i o n  o r  color movies record 
f l i g h t  events f o r  every f l igh t .  

Equipment ident i f ied i n  paragraph I1 of the "LLTV Emergency 
Procedures" (MSC Form 19821, dated November 1968, w i l l  be 
inspected, operational, and i n  posit ion pr ior  t o  f l i g h t  
(mandatory). 

Personnel requirements and assignments and equipment posi- 
tioning w i l l  conform t o  the requirements of the  "LLTV 
Emergency Procedures" (mandatory). 



5. Minimum Environmental Conditions 

a. Surface Winds l i 
Unless lower winds are specified in the LLTV Flight Checkout 
Syllabus, LLTV flights will not be permitted if the Zurface 
wind exceeds 15 mph. 

b. Precipitation 

The UTV will not be operated, on the ground or in flight, 
during periods of falling rain unless adequate protection is 
provided to prevent the vehicle's sensitive components from 
becoming wet. 

c. Hours of Operation 

The LLTV will be flown only during the hours of' daylight 
when the pilot is able to maintain visual reference with 
the ground. 



7.  Flight Restrictions and Limits 

During LLTV f l igh ts ,  p i l o t  i n i t i a t ed  use of both s e t s  of 
a t t i t ude  rockets a t  the  same time is not permitted i n  order 
t o  accomplish mission ob,iectives. Both se t s  (standard and 
t e s t )  w i l l  only be used fo r  added control i n  contingency 
cases. Exception: During some ~ h a s e s  of the o i l o t  train- - 
ing syllabus: the use of both is-allowed t o  acauaint the 
p i l o t  with t h e  f e e l  of t h e  added control authority. 

There w i l l  be no inf l ight  system troubleshooting. The p i l o t  
w i l l  land if a system malfunction occurs. 

Due t o  j e t  engine restr ic t ions,  an a l t i tude  of 1,000 f e e t  MSL 
w i l l  not be exceeded. 

All routine f l i gh t s  w i l l  be conducted over paved surfaces. 
A l l  landings w i l l  be msde on prepared. surfaces. The only 
exception t o  the above w i l l  be in  case of an emergency i n  
which case a p i l o t  w i l l  choose the  most sui table  s i t e  fo r  
the s i tuat ion.  

An operations van controller w i l l  not ins t ruc t  a p i l o t  t o  
e ject  during an emergency. The p i l o t  w i l l  be kept thoroughly 
informed of the vehicle status,  but only he w i l l  determine i f  
the requirement t o  e j ec t  exis ts .  

The p i lo t  w i l l  inform the f l i gh t  controller of a l l  switch 
changes. When possible, he w i l l  inform the f l i gh t  controller 
of h i s  in ten t  t o  change a switch position before he takes 
action. 

If comunications between vehicle and control van a r e  los t ,  
the  p i lo t  w i l l  terminate the mission and land. Complete loss  
of TM van indications w i l l  be cause for  mission termination 
and landing. 

A p i l o t  w i l l  not intent ional ly  fly over any f a c i l i t y  building 
or ground support equipment. 

If the avionics back-up channel i s  activated during a landing, 
the p i l o t  w i l l  not attempt t o  rese t  t ha t  channel u n t i l  the  
f l i g h t  controller determines tha t  it i s  permissible t o  r e se t  
and t o  continue the mission. 





Section 1 - ~ ( b )  

General 

For ease of analysis and crow-reference, t t  le f l i g h t  has 

been divided in to  nine phases. This division is arbi t rary 

t o  some extent because a l l  parameters do not necessarily 

divide or crossover a t  exactly the same time. The phases 

a r e  : 

Phase I - Takeoff 

Phase I1 - Climb 

F'hase I11 - Hover 

Phase I V  - I n i t i a l  acceleration t o  s e t  up a trajectory 

for  lunar s i m .  System armed f o r  lunar s i m .  

Phase V - Acceleration continues and l i f t  rockets were 

activated. 

Phase V I  -Velocity s tab i l izes  and yaw thrusters  

saturate .  

Phase V I I  - Full lunar simulation i s  i n i t i a t ed  by un- 

locking the gimbals. Attitude control i s  

l o s t .  

Phase VIII -Gimbals relocked 

Phase I X  - Vehicle not recoverable. 



1-F(b)-2 

NARRATIVE HISTORY OF FIJGIIT 

Phase I - Takeoff t o  07:25:53 

Flight 15 completed a routine pref l ight  checkout on the morning of 

December 8, 1968, and l i f t e d  off at  07:25:23 CST ( loca l  t ime).  A 

gradual ascent t o  50 f ee t  a l t i t ude  was accomplished i n  approximately 

30 seconds while the  LLTV was over t he  checkout area. During t h i s  time, 

t he  p i l o t  was informed by the van, "We're showing you s l i gh t ly  l e f t  s i de  

heavy." During t h i s  period, the wind (derived from recorded data) was 

about 10  f t / s ec  and varying within *20° of 360' (about 20' R r e l a t i ve  

t o  the  vehicle) 

Phase 11 - 07:25:53 t o  :27:lO 

A t  07:25:55, a yaw r igh t  was in i t i a t ed  and continued u n t i l  :27:lO. 

A t  t h i s  time the heading1 was about 110'. The vehicle continued t o  

climb and passed through 500 f e e t  of a l t i t ude  a t  :27:lO. During t h i s  

climb, the derived wind increased t o  40 ft /sec,  and the direct ion 

shif ted unsteadily t o  040". The airflow re la t ive  t o  the  vehicle in- 

creased t o  approximately 25 f t / sec  from a direction that  varied sharply 

from 0' & t o  65' & r e l a t i ve  and back t o  approximately zero. i%ring 

t h i s  period, the  vehicle t ransla ted 1,500 fee t  on a track of approxi- 

mately 180° a t  a peak ground speed of 37 ft /sec (predominately a r igh t  

d r i f t  over the  ground with respect t o  body axis, f igs .  1-F(b)-1 and - 2 ) .  

The airflow during t h i s  period was predominantly from the right, but 

the  direct ion was not constant. TM van communication informed the p i l o t  

'The p i l o t  zeroed h i s  heading indicator before takeoff 

(approximately aligned with t rue  north).  



Figure 1 - ~ ( b )  -1. - Ground Track and Prof i le  Schematic 



Figure 1 - ~ ( b ) - 2 . -  Ground Track and Prof i l e  Photograph 



t h a t  the  r o l l  rockets were s t i l l  f i r ing  as  if the vehicle were l e f t  

s ide  heavy (consistent with an airflow from the  r igh t ) .  

Phase 111 - 07:27:10 t o  :28:05 

Dur iq  t h i s  period, the a l t i t ude  peaked a t  680 fee t  before leveling 

off a t  about 500 f e e t .  The southerly t ranslat ion continued t o  a point 

approximately 2,300 f e e t  south of the checkout pad area.  During t h i s  

time, the t ranslat ion veloci t ies  gradually decreased u n t i l  the  vehicle 

was in  a hover (X and ? both l e s s  than 5 f t /sec)  a t  :28:05. During t h i s  

period., the  heading was changed t o  the  l e f t  t o  050'. Wind veloci t ies  

during t h i s  period. were 30 t o  35 f t / sec  from approximately 030'. A t  

:27:33 the p i lo t  was informed tha t  " r o l l  balance looks good." A t  

:27:56 and 550 ft, the p i l o t  reported hovering in to  a wind of 30 f t /sec.  

The JP-4 caution l i g h t  was reported on a t  :28:02 by the  TM van. 

Phase I V  - 07:28: 05 t o  :28:50 (see Table 1 - ~ ( b ) - I  .) 

During t h i s  period, the LLTV in i t i a t ed  a northerly t ranslat ion 

s ta r t ing  from a position jus t  off the  western edge of Runway 35 and 

. 2,300 f ee t  from the  checkout pad area. The heading was changed by 

yawing l e f t  from @On, reaching 010' a t  :28:40 and holding steady a t  

- t ha t  heading. Ground track veloci t ies  were increased t o  about 25 f t /sec 

(predominantly ;(); and the wind held generally 030' a t  30 f t /sec.  

During t h i s  period the p i lo t  armed Lunar Simulation ( j e t  s tab i l iza t ion  

on) and ver i f ied Moment Compensation on. All of these events were 

ver i f ied  by s ta tus  l i g h t s  and recordings. The a l t i t ude  s tabi l ized a t  

approximately 450 f ee t  a t  the end of t h i s  period. 



Phase V - q:28:50 t o  :28:55 

A t  :28:50 the vehicle was holding a steady heading of 010' a t  an 

a l t i t ude  of 450 f e e t .  Ground veloci ty  was about 20 f t / sec  (predominantly 

K) and increasing. Vehicle a t t i t ude  was essent ia l ly  l eve l  except for  

6 4" pitchdown. A t  :28:53 the p i l o t  ra ised the  T-handle (increased t h r o t t l e  

of simulated LM descent engine) t o  ac t iva te  the  l i f t  rockets. From 

* 1 
:28:50 t o  :28:55 the yaw thrus te r  duty cycle increased from about 

30 percent t o  50 percent (yaw l e f t )  without any yaw commands by p i l o t .  

Pitch duty cycle averaged about 25 percent (pi tch down) with several  

small pitchdown commands. Roll  duty cycle averaged about 25 percent 

( r o l l  r igh t )  with several  small r o l l  r i gh t  commands. The airflow 

re l a t i ve  t o  the  vehicle during t h i s  period was about 45 f t / sec  from 

l o 0  R. 

Phase V I  - q:28:55 t o  :29: OZ (see f i g .  1 - ~ ( b ) - 4  and Table 1-F(b)-I.) 

A fur ther  pitchdown mneuver from 4' t o  8' was completed a t  :28:57. 

The forward ground speed was increased t o  44 f t /sec  a t  :29:O7 (airflow 

- veloci ty  increased t o  60 f t / sec  from d i rec t ly  off the  nose (X-axis)). 

Control commands were essent ia l ly  limited t o  pi tch.  Thruster duty cycle 

* gradually increased t o  100 percent L i n  yaw and 40 percent down i n  pi tch 

a t  :29:06.5. 

Roll  duty cycle reduced t o  tipproximately zero. A t  :28:58, the  

p i l o t  confirmed tha t  the  auto t h r o t t l e  was working. 

h h r u s t e r  duty cycle information w i l l  tend t o  lag i n  time (by 1 t o  

2 seconds) the  ac tua l  duty cycle used because of the averaging charac- 

t e r i s t i c s  of the  electronic c i rcu i t s .  



Phase VII - 07:29:07 t o  :29:15 

A t  :29: 08.5, the  gimbal lock l i g h t  went off  indicating the i n i t i -  

a t ion of a f u l l  lunar simulation. Almost coincident with t h i s  event, 

the  y a w  a t t i t ude  began a very gradual divergence t o  the  r igh t  with no 

p i l o t  yaw commands inputs but with 100 percent yaw l e f t  duty cycle as  

cal led for  by the  a t t i t ude  (heading) hold function of the  ACS. A t  

:29:9.5 ,  a pitchup command was given (momentary peak a t  I 2  deg/sec) of 

a 1-second duration and then was followed by a second of 10 deg/sec f o r  

112 second. The vehicle pitchup r a t e  increased t o  9 deg/sec and held 

constant a t  t h i s  r a t e  u n t i l  :29:11.7. While t h i s  pitch command sequence 

was occurring the yaw divergence was accelerating a t  4 deg/sec t o  the  

r igh t  (yaw duty cycle 100 percent l e f t ) .  The yaw change of a t t i t ude  

caused the airflow direction i n  the  vehicle 's  x-y plane t o  change from 

0' re la t ive  t o  45" L by :29:12.5 and was continuing i n  t ha t  direction.  

By : 29:lh the pi tch th rus te r  duty cycle meter and the  r o l l  th rus te r  

duty cycle meter had s tabi l ized a t  50 percent, indicating a 100 percent 

(saturated) s ingle  j e t  (cT) duty cycle (pitchdown/roll l e f t ) .  A t  

:29:14 (fig. 1 - ~ ( b ) - J ) ,  the  vehicle was diverging i n  a t t i t ude  about 

a l l  three  ax is  (12 deg/sec yaw R, 8 deg/sec pitchup and 6 deg/sec r o l l  

R )  although the maximum available torque from the Test Rocket System was 

being applied t o  oppose the divergence. A t  about :29:l4, the p i l o t  

moved the hand control ler  t o  c a l l  f o r  maximum r o l l  l e f t  r a t e  i n  addition 

t o  maximum pitchdown ra te .  A t  t h i s  time, the  pitch r a t e  began t o  decrease 

but was s t i l l  i n  a direct ion opposite t o  the command ( r o l l  r a t e  continued 

t o  increase i n  a direct ion opposite t o  the  command). 



Figure l-F(b)-3.- I n i t i a l  Pitchup and Roll Right Photograph 

(LLTV #1 @ 07:29:14 c . s . t . )  



Phase VIII - 07:29:15 t o  :29:2O 

A t  approximately :29:15 the p i l o t  released lunar simulation and 

the gimbal actuators s ta r ted  the engine toward the engine centered 

posit ion.  Almost imediate ly ,  the gimbal lock l i gh t  indicated t h a t  

the  engine was being returned t o  the gimbal lock position. With the 

j e t  engine i n  the  gimbal locked position (WOL mode) and the vehicle 

pitched up and rol led right,  t h e  l a t e r a l  and forward ve loc i t ies  changed 

magnitude rapidly. The t ranslat ion veloci t ies  a r e  seen i n  f igure  1 - ~ ( b ) - 5  

t o  pass through zero a t  :29:17 as the  forward velocity reversed, and 

the l a t e r a l  veloci ty  changed direct ion from l e f t  t o  r igh t .  Atti tude 

r a t e  conrmand of f u l l  pitchdown and f u l l  r o l l  l e f t  was maintained u n t i l  

about :29:18.7, by which time the vehicle had obtained a pi tch r a t e  of 

about 20 deg/sec down and a r o l l  r a t e  i n  excess of 22 deg/sec l e f t .  The 

r o l l  r a t e  command was reversed and the pi tch r a t e  command zeroed 

( .2- .3 sec) b e f o ~ e  the vehicle passed through leve l  a t t i t ude  a t  :29:19. 

Phase I X  - 07:29:20 t o  :29:21 

A t  : 29: 21.4, the  doppler warning l i g h t  illuminated, indicating 

nonreliable data.  The radar a l t i t ude  data a l so  becomes unreliable a t  

or  before t h i s  time. Assuming conditions of 450 f e e t  and a l t i t ude  r a t e  

equal zero a t  :29:19, a derivation of v e r t i c a l  acceleration f romtha t  

point t o  impact provided the curves of a l t i t ude  and a l t i t ude  r a t e  t o  

impact shown on f igure  1 - ~ ( b ) - 6 .  A t  : 29: 22.5, a maximum bank angle of 

102' was reached; and the  pi tch angle was 28' down. The pi tch and r o l l  

ra tes  reversed t o  pitchup r o l l  r igh t  a t  t h i s  time and increased t o  



22 deg/sec or  greater  a t  07:29:24. During the period a f t e r  the j e t  

engine (see f i g .  1 -~ (b ) -7 )  was returned t o  t he  gimbal lock position, 

the  vehicle (and consequently t he  engine) a t t i tudes  i n  pitch and r o l l  

were mostly greater  than tha t  a t  which the combined v e r t i c a l  component 
4 

of the j e t  and l i f t  rocket th rus t  could counteract gravity. A s  a 

resul t ,  the vehicle began descending rapidly. The loss  of telemetry 

t a t  :29:26 i s  probably the time of ejection.  The ejection sea t  rocket 

blasted the telemetry system and probably interferred with i ts  trans- 

mission. The derived a t t i t ude  a t  :29:26 cones close t o  agreeing with 

t ha t  observed from the f i lm record a t  ejection.  The best  guess t ra jec-  

to ry  has ejection occurring a t  :29:26 a t  100 f e e t  and a t  a descent 

r a t e  of 95 f t /sec .  Vehicle impact probably occurred a t  :29: 27, and 

p i l o t  on-the-chute touchdown occurred a t  : 29:41. 



Vehic 
Local - 

PitCi 

0 

0 
R 

: Atti tude 
p - e e s ( l )  
lank I ~ d a ( 2 )  

T-handle s t a r t e d  Wind s h i f t i n g  t o  
O I I O I 45 IUP. l l e f t .  I 

0 

Yaw 
Vane(3 
Demee Comment 

9R 

10R 

12R 

I I I I - I 

2R 

2R 

(1) Pi tch  and bank angles measured r e l a t i v e  t o  the  horizon and the  veh ic le ' s  
7 and * axes, respectively.  

- " Y .  
(2) Heading 1 s  the  horizontal  angle between the  vehic le ' s  +x axis and an ea r th  

l o c a l  v e r t i c a l  plane t h a t  passed through the  x ards  a t  the  beginning of t h i s  
control  problem (07:28:07.2),i.e., heading reference ro ta ted  10% f o r  t h i s  char t .  

37 

35 

35 

0 

0 

. ( 3 )  Local a i r f low di rec t ion  a s  measured by the  yaw vane (sometimes ca l l ed  wind 
vane) i n  t h e  vehicle 's  x-y plane. The vane i s  located on the  top, right-hand 
corner of the  cab (about 5 f e e t  above the  x-axis which induces an e r ro r  when 
the  vehicle i s  r o l l i n g  rapidly  about the  x ax i s ) .  

0 

2L 

( 4 )  T h i s  i s  the  l o c a l  airflow veloci ty  in  the  vehic le ' s  x-y (yaw) plane. 

Aligned with 35R 
f o r  sim run. 

P i l o t  pitched down 
fu r the r  t o  accel  t o  
s i m  velocity.  

Second time p i l o t  
moved hand control- 
l e r  t o  a stop. 

2L 

2L 

R-L-R r o l l  command 
t o  correc t  back t o  
runway center l ine .  

48 

48 

L i f t  rockets  on. 

Auto t h r o t t l e  
(5/6 g). 

60 

56 

IAS (anemometer) 
peak a t  60 fps .  

Yaw l e f t  t h m s t e r s  
f i r i n g  100% yaw 
l e f t .  

No p i l o t  yaw 
comands . 

< 



TABLE 1-F(b)-I .- A TABLE OF SIGNIFICANT EVENTS I N  SEQUENCE - Continued 

- Vane Reading Signif icant  
Hdn Demees Ft/Sec Event Comment 

I I 

I 6: l I8 I Vehicle heading Yaw (heading) con- 
s t a r t s  d r i f t i n g  R. I t r o l  i s  l o s t .  

8; 1 58 
l ~ u n a r  sim s tar ted .  Ghba l  locks I released. 

58 Engine pitches Wind has shi f ted  
down 60 f o r  lunar  about 170L. 
sim. 

62 I IAS s t a r t s  up from Wind gust. P i l o t  
60 ~ D S .  I colTdUands  itch UD. 

IAS up t o  70 fps.  Wind gust  s t i l l  I building. 
Pitch control  No p i l o t  inputs,  
l o s t .  a t t i t u d e  hold i s  

f i r i n g  f u l l  p i tch  
dn, but  vehicle con 
t inues  up @ 10°/sec 

Third saturated 
p i l o t  command 
(pi tch  down). 
Roll control  i s  
l o s t .  

80 IAS peaks @ 80 Wind gust  of 20 f p s  
fps .  and a 400 s h i f t  t o  

the  l e f t .  

80 Sin l e  rocket 
(CT$ log ic  s t a r t s  
(p i t ch  dn, r o l l  
l e f t ) .  

80 T-handle f u l l  up. 

75 Heading r a t e  max @ 
130/sec R. 

53 P i l o t  punched out Note l a rge  increase 
of lunar  sim i n  bank angle. 
(engine s t a r t s  t o  
center) .  



1 - ~ ( b ) - 1 3  

TABLE 1 - ~ ( b )  -I. - A TABLE OF SIGNIFICANT EVENTS IN SEQUENCE - Continued 

Local 
Time 

:29:15.0 

:15.2 

:15.4 

:15.5 

:15.6 

Att i tude 
Signi f icant  

b e r .  gimbal lock 
s t a r t s .  

Fourth saturated 
command ( r o l l  l e f t  

k engine tilt 
l i g h t .  

P i l o t  s t a r t s  up 
with j e t  t h r o t t l e .  

Heading r a t e  stops 
( 5 0 0 ~  of s t a r t i n g  
point) .  (FT and HT 
yaw l e f t  rockets  
s top  f i r i n g  f o r  
f i r s t  time. 

Engine completes 
gimbal lock up. 

Roll r i g h t  stops. 

Relative wind 
820R and in-  
creasing. 

Single rocket 
logic ,  p i t ch  up 
r o l l  r i g h t  ( r o l l  
r a t e  280/sec L). 

Roll  r a t e  max a t  
170/sec R, p i t ch  
r a t e  0 a t  70/sec 2 
dn. 

Relat ive a i r f low 
drops t o  20 f p s  and 
reverses d i rec t ion .  

Translat ing and 
v e r t i c a l  ve loc i t i e s  
r e l a t i v e  t o  ground 
about zero. 

Single rocket 
logic  stops 
(p i tch  down only, 
f o r  5 sec) but  
vehicle continues 
t o  accelera te ,  
r o l l i n g  l e f t  a t  
220/sec2. 

Roll R rockets 
only, f o r  $ s sc  
( r o l l  r a t e  250/ 
sec L ) .  

4) Heading by i t s e l f  becomes unusable i n  ca lcula t ing  wind a f t e r  t h i s  point. For a 
complete and accurate analys is  of wind and the  veh ic le ' s  dynamic and aerodynamic 
f l i g h t  a f t e r  t h i s  point, addi t ional  da ta  reduction would be required by cmparing 
doppler ve loc i t i e s  of the  vehicle r e l a t i v e  t o  the  gmund and of the  vehic le ' s  
a t t i t udes .  

In termi t tent  yaw R 
t h r u s t e r  f i r ing .  

?ax pi tch  r a t e  a t  
20°/sec dn. 



l - ~ ( b ) - 1 4  

TAEGE 1-~(b) -1 . -  A TABLE OF S I G N I F I W  EVENTS I N  SEQUENCE - Concluded 

nemomete~ 
Reading 
Ft/Sec 

51 

43 

Significant  
Event Comment 

Vehicle l e v e l  i n  Roll r a t e  max a t  
p i tch  and r o l l ,  300/sec L. Pitching 
f ly ing backwards down a t  15O/sec. 
and t o  the  r igh t .  

Relative airflow Vehicle angular 
reverses t o  l e f t  and descent r a t e s  so 
st i l l  a t  50 fps .  high now t h a t  crash 

is inevitable.  

Relative airf low 1 Descent vector I 
drops t o  20 f p s  involved here. 
90° from L. I I 
Roll R only ACS 
f i r ing .  

Pi tch  down-roll R 
ACS f i r ing .  

Roll le f t  stops. 

Roll R only ACS 
f i r ing .  

Yaw R th rus te r  
saturated again. 

Pi tch  down-roll 
R ACS. 

Pi tch  d m - r o l l  
L ACS. 

Hand control ler  
released. 

northwest rapidly. 

Attitude TM data  unreliable pas t  t h i s  point. Color movies used t o  estimate 
a t t i tude .  



-10 

PITCH W W I  
AM0 ROLL LEFT 

-60 
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LLTV N O  1 - ACCIDENT DATA 

-- .. . .. . ., 
rim,, hr:min:,~,lRlOC, 

Figure 1-~(b)-5.- Doppler, Airflow, Derived Wind, Altitude and Heading 



LLTV NO1 ACCIDENT DATA 

Figure 1-~(b)-6.- Angular Rate, Attitude, Communications, 
Duty Cycle, etc. 



Figure 1-~(b) -7 .- Fan Jet Engine Parameters 
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FLIGHT 8' OPERATIONS PLAN 



MILITARY FLIGHT PLAN 



,,, 26 September 1968 I , 7260-931014 

wodd 7260 

L L T V  M I S S I O N  P L A N  

1. p i l o t  J. S. Algranti opsr. NO: T1-15-162F nate: 12-6-68 

2. Weight and Balance 

(a) Clearance (Form 3-1) LLTV No. 1 Issue ~ 0 . 4  Dated O-' 6' 

s e u  AeRosvLMMS 
*-- 

(b) Leg Ballast N!d Lt. Fvd. R t .  Aft. Lt. Af t .  R t .  

Pow 1 of 3 

6.5# 4-28 
(c) A f t  Rack Position X (Datum Full FM) 1 hole a f t  

Y (Datum Centre) 3 holes l e f t  

Z (Datum Full noun) 1 hole up 

(d) Centre of Gravity 

X - Body Station BS 200.00 

O.W.E. Plus Ballast -- 
Y - Buttock Line BL 200.00 

O.W.E. Plus Ballast minus - Z - Waterline WL 199.78 
gimhrlled equipnent 

(8) Fully Serviced Weight 4178 lbs. 

3. Ob2ectives: 

(a) Verification flight a f t e r  completing CCA #8 changes. 

(b) Full LUNAR SIM checkout. 



L. Mission Checklist 

a. Take-Off : PRlMARY RATE COMMAND/GIMBAL LOCKED . 
b. Release LOCAL VERTICAL 

c. Translate away from TM Van and climb t o  Lunar Sim entry poaition 
a t  approximately 500 feet  alt i tude. 

d. Establish hover. (Call wind speed and direction.) 

e. Select MOMTVT COMP. ON. 

f. Select LUNAR SIM ON. 

g. Pitch down 10 degrees and commence acceleration and descent. 
(Call H 0 remaining and He source pressure.) 2 2 

h. A t  approximately 30 fps (5 t o  7 seconds) raise T-handle. 
(Verify auto throt t le .  ) 

i. A t  approximately 45 fps (2 seconds l a t e r )  select GIMBAL LOCK OFF. 

j. Fly to  a landing: PRIMARY RATE COMMAND with MODEL/LUNAR SIM. 

d l  7260 

DO.  26 Se~tsnbsr 19h8 

pilot:  J. S. Algranti wr No: TI-1 5-162F 
Dste: 12-6-68 

B E U  AEROSYSTEMS 
1- SOY..** P.s. 

R.PO., _zabe93101L 



I 
~ l ~ t :  J. S. Algranti I wr N ~ :  TI-15-162F nate: 12-6-68 

. 26 September 1968 1 

5 .  Chams Since Last Flight; 

Avionics %tern 

a. Auto throttle relocated to drive fuel control through Cam 
assembly. 

b. Override force checked at 2%. 

R.,.., 7260-931 01 4 

c. Ruergency throttle realigned and checked out satisfactory 
on engine run. 

Electrical and Data Svstem 

a. Rate gyro and accelerometer running time meters installed 
(CCA #s). 

b. Avionics Backup light hctions wired to TM (CCA #8). 

c. hergency inverter power loss function wired to TM (CCA #s). 

d .  M s t e r  warning control  box replaced (diode protection fo r  
t ransis tor ized switch - DC warning l i g h t  - added.) 

e. Anemometers - voltage doubler c i r c u i t  removed - 
cockpit instrument recalibrated 

- underreads by about 6 f'ps below 30 fps 
- accurate above 30 fps .  

Distribution: 

Compiled By: 

Approved by: 

Approved By: 

Pilot (1) Approved By: 
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MAIIWENANCE & INSPECTION RECORDS 



MAINTENANCE AND INSPECTION REPORT 

A .  Vehicle His tor ical  Data 

1. Vehicle Identification: Lunar Landing Training Vehicle 
Se r i a l  Number 1 

2. Acceptance Date: October 1967 

j. Total Fl ight  Hours: 02: 08: 38 

4. Unit was received new and has had no overhauls. 

5.  Dates and type of l a s t  inspection attached. 

B. Engine Histor ical  Data 

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

2. Engine Se r i a l  Number: 239-007 

j. Total Engine Hours: 22:22:00 

4. Engine received new from General E lec t r ic  and has no overhaul 
history.  

5. Date ins ta l led  i n  vehicle: 7 June 1968 

6. Time Accrued Since Insta l la t ion:  22:14:00 

7. Date of Last Inspection: Not Applicable 

8. Type of Last Inspection: Pressurization Runs and Ins ta l la t ion  
Only 

9. Type of Fuel Utilized: JP-4 

C .  Miscellaneous Chemical Explosion Data 

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

D. Systems Status After Crash 

1. There were numerous laboratory analysis and hnc t iona l  t e s t s  
accomplished on components, gases, and f lu ids  from the various 
systems which ver i f ied the vehicle operations t o  have been i n  
accordance with the specifications under the  circumstances a t  
the time of the  vehicle crash. 



INSPECTION CRITERIA FOR LLTV #1 

Last 
Completed Due Date 

30-Day Items 

Landing Gear S t ru t s  Serviced 

Rocket System Functional 

Stuck Valve Check (Ramp) 

Visual Inspection of 
Structure Welds 

Lunar Sim. Alignment 

ACS Alignment 

60-Day Items 

Avionics Test Cart Verification 

Battery Change (Capacity Check) 

90-Day Items 

Hz02 High Pressure 

Relief Valve Check 

TM Calibrations Including Rate 
and Atti tude Gyros and 
Accelerometer Cals. 

Seat Inspection 

F i l t e r s  - Changed or Cleaned 

JP-4 Tanks (2) Fuel Control (2) 
JP-4 Pressurization (1) 
H Y ~ .  Pump (1) 
Helium (2) 
Engine O i l  (1) 

11-25-68 

11-11-68 Suggested 12-19-68 

11-11-68 Suggested 12-04-68 

9-30-68 Suggested 1-01-69 

11-04-68 

9-30-68 Suggested 1-02-69 

11-15-68 



1-H-3 

INSPECTION CRITERIA FOR LLTV #1 

Last 
Completed Due Date 

90-Day Items (Continued) 

- Hyd. System Press. Relief Valve 

Hyd. System Sample & Par t ic le  
Count 

120-Day Items 

Doppler Radar Check 

Radar Altimeter Check 

Autothrottle Actuator High Speed 
Gears Checked and Lubricated 

180-Day Items 

Eng. Inspection & Functional Test 

Eng. O i l  Change 

02 Bottle & Reg. Checked (purge) 

Dye Penetrant Check of A l l  Weld .. Areas 

Elec t r ica l  Plug & Wire Inspection 

4 

360-Day Items 

Proof Load He and H202 Tanks 

Check Max. Thrust of L i f t  Rockets 

X-Ray and Zyglo Gimbal Ring 

X-Ray Trunnions 

JP-4 System Functional Check 

Suggested 4-03-69 

Suggested 10-03-69 

10-01-68 

Suggested 10-03-69 

Suggested 10-03-69 

Approx. 
9-30-68 
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COM, RECCBDINGS, TRANSCRIFT 



TIME HISTORY OF EVENTS AND AUDIO RECORD 
FLIGHT TI-15-162~, DECEMBER 8, 1968 

Source Code: Event - From Telemetry Data 
UHF - Air-Ground Radio 
I C  - TM Van Intercommunications 

- Time - 
07: 25: 23 

:23.5 

Source 

Event 

Event 

P i lo t  - UHF 

B l i l i e  - I C  

Pierson - I C  

B l i l i e  - UHF 

P i lo t  - UHF 

B l i l i e  - UHF 

P i lo t  - UHF 

B l i l i e  - UHF 

Pierson - I C  

B l i l i e  - I C  

P i lo t  - UKF 

B l i l i e  - UHF 

Reisert  - I C  

B l i l i e  - I C  

Pierson - I C  

Audio or Event 

Lif toff  

Doppler l i gh t  ou% 
(doppler operative) 

Local ve r t i ca l  release 

Balance - Tom? 

Left  s ide heavy 

We're showing you s l i gh t ly  
l e f t  s ide heavy 

O.K.  The wind i s  s l i gh t ly  
off my r i gh t  

Roger 

I t ' s  a nice cool day. I ' m  
hovering a t  92 percent. 
I ' l l  do a 180 and s t a r t  
t ransla t ing down the runway. 

Roger 

S t i l l  l e f t  s ide heavy 

He ' s turning around now. 
Should be cross wind. 

Radar alt imeter appears t o  
be working O.K. 

Roger 

Two minutes t o  caution 

O.K. 

S t i l l  showing l e f t  side heavy 



Time - 
07:26:34 

: 37 

: 38 

: 40 

: 42 

Source - 
B l i l i e  - I C  

Pierson - I C  

B l i l i e  - I C  

B l i l i e  - I C  

P i l o t  - UHF 

B l i l i e  - UHF 

P i l o t  - UHF 

B l i l i e  - UHF 

P i l o t  - UHF 

P i l o t  - UHF 

B l i l i e  - UHF 

Reiser t  - I C  

B l i l i e  - UHF 

P i l o t  - UHF 

Pierson - I C  

B l i l i e  - UHF 

Reiser t  - I C  

B l i l i e  - UHF 

Audio o r  Event 

S t i l l  showing l e f t  s ide  heavy? 

25 percent 

Yea, t h a t ' s  it 

25 percent? O.K. 

I ' m  l e t t i n g  the wind blow 
me. It looks l i k e  I ' v e  got  
a f a i r l y  good wind up here.  
I ' m  i nd ica t ing  400 f e e t  now. 

Roger 

My time t o  caution please? 

Show you one and a half 
minutes t o  caution 

I ' v e  got  a  c a r  t h a t ' s  j u s t  
about coming up under my 
operat ing area .  I have him 
i n  s igh t .  Don't worry about 
him. 

O . K .  H e ' l l  be crossing.  
I believe h e ' s  G.C.A. man. 

One minute t o  J'P-4 caution 

One minute t o  JP-4 caution 

O.K.  

Balance looks b e t t e r  

Your balance looks good 

30 seconds t o  caution 

You're d r i f t i n g  off the 
runway Joe. You've got  
30 seconds t o  caution. 



Time - 

07:27:48 

Source 

P i l o t  - UHF 

B l i l i e  - UHF 

P i l o t  - UHF 

B l i l i e  - UHF 

P i l o t  - UHF 

P i l o t  - UHF 

Event 

B l i l i e  - UHF 

P i l o t  - UHF 

P i l o t  - UHF 

B l i l i e  - UHF 

Event 

P i l o t  - UHF 

P i l o t  - UHF 

P i l o t  - UHF 

B l i l i e  - UHF 

Event 

Audio o r  E v e  

O.K. I ' m  reading 30 f e e t  
per  second a t  $00/. . . . . 
Say again -- you cut  out 

30 f e e t  per  second, 550 f e e t .  
I ' m  hovering i n t o  the wind - 
now I 've  a l i t t l e  wind o f f  
my r i g h t .  

I show you with a JP-4 
caution l i g h t  

Hovering s e t  up, moment 
comp i s  on, and lunar  s i m  
i s  on 

Lunar s i m  i s  on 

J e t  s t a b  on 

Your j e t  s t a b  on. Verify 
moment comp on. 

I s a i d  the moment comp i s  on 

I ' v e  g o t  about 25 f e e t  per  
second. T-handle coming 
up now. 

Roger 

Auto t h r o t t l e  on 

I have auto t h r o t t l e  

I have 40 f e e t  per  second, 
not  much r a t e  of descent .  

Gimbal lock i s  off 

Roger 

P i l o t  i n i t i a t e s  nose-up 



Time - 
07:29:13.9 

:14.8 

Source 

Event 

Event 

Event 

Event 

Event 

B l i l i e  - UHF 

Event 

Event 

Event 

Pierson - I C  

Event 

Event 

Event 

B l i l i e  - UHF 

Tower - UHF 

Audio o r  Event 

JP-4 caution on s teady 

Auto t h r o t t l e  o f f  - 
J e t  s t a b  o f f  

Emergency gimbal lock  on 

Max tilt on 

Local v e r t i c a l  on 

Joe,  Joe ,  leave  

Backup r a t e  gyro l i g h t  on 

Doppler l i g h t  on 

P i t c h / r o l l  r a t e  backup. 
Backup r a t e  gyro l i g h t  out .  

Joe,  g e t  out! 

Doppler l i g h t  o f f  

Doppler l i g h t  on. 
End of data.  

Vehicle Impact 

El l ington  Tower 
Emergency i n  t h e  LLTV a r e a  

Roger, t he  crash  t rucks  
a r e  on t h e  way now 



LIST OF W E D  PARTS 



DAMAGED PARTS 

The complete vehicle and a l l  components were a t o t a l  loss .  No segment 

of the LLTV No. 1 could be used as  f l i g h t  hardware again. 



PARTS TEARDOWN REPORTS 



PARTS TEARDOWN AND LABORATORY REPORTS 

A l l  teardown and laboratory reports are  i n  the Accident Board f i l e s  
and available if required. 

They are  not included a t  t h i s  point because they do not contribute 
anything t o  t h i s  report .  A l l  systems were functional as s ta ted  i n  - the Maintenance Section of t h i s  report .  
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LABORATORY REPORTS 

A l l  l abora tory  r epor t s  a r e  i n  the f i l e s  of the  Accident Board and a r e  
ava i l ab le  i f  they a r e  required.  

The l abora to ry  r epor t s  a r e  not included i n  t h i s  r epor t  because they  
cont r ibute  nothing; a l l  systems were funct ional .  
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MEDICAL REPORT 



TO : Chairman, LLTV Accident Investigation Board 

FROM : G. F. Humbert, M.D. 

SUBJECT: Statement concerning the Lunar Landing Training Vehicle (LLTV) 
accident of 8 December lgb8 

At approximately 0700 on 8 December 1%8, I was on duty at 
the Lunar Landing Training Vehicle (LLTV) site (Ellington AFB) 

v 
as support Medical Officer for a LLTV flight. The pilot 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 qot remarkable as far as . I could observe. Engine "light off" and preflight events were 
not qnlike more successful flights. I did note, in retrospect, 
that after lift-off more thruster activity was evident than is 
usual. Ascent to approximately 500 feet was unremarbble. 

Shortly after maximum height attainment, at approximately 0730, 
the craft appeared unstable. Thls became markedly evident when 
a large pitchup attitude was noted. Increased evidence of 
control instability followed with the craft W i n g  unusual 
changes in roll and pitch. Concurrently, the craft zo6t altitude. 
It appeared that the pilot ejected very close to the last possible 
moment consistent with survival. That ejection oecurr&d at 8 
time when the seat/man trajectory was approximately 45 - 55 
fr6m the vertical. Seat separation and chute deployment were 
nominal. The chute was completely full at pilot touchdown, 
well away from the burning wreckage. He performed a roll landing 
maneuver without injury. His chute collapsed without dragging 
him. 

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 h4n to the 
ambulance. Together we returned to the LLTV site trailer for 
a more complete examination. No remarkable findings were noted. 

After he debriefed the accident with the rest of the flight 
team, he proceeded to the Mac site dispensary for a camplete 
examination. See the enclosed narrqtive sunuuary. 

LN \Lb% b.0 
G. F. Humbert, M.D. 



CL.LNICAL RECORD NARRATIVE STlMMARY 
R I T E  OF ADMISSOU NUMBER OF D A I S  HDSPITAL1ZEO 

l2-8-68 NA A. -. . - 
(.Sign and dote 0 ,  end O/ norrnr ivr )  

POST-ACCIDEVT PHYSICAL EXAMINATION 

w 
HISTORY : 

On 8 December 1'368 during a qua l i f i ca t ion  f l i g h t  of a  Lunar Landing Training 
Vehicle (w), M r .  Algrant i  was forced t o  e j e c t  a t  approximately 100 - 150 f e e t  
because of severe a t t i t u d a  cont ro l  d i f f i c u l t i e s  and concurrent l o s s  of a l t i t u d e .  
The e j e c t i o n  was i n i t i a t e d  very l a t e  i n  t h e  a ~ c i d e n t  sequences. The system worked 
very we l l ,  r e s u l t i n g  i n  a f u l l y  deployed and open chute at  p i l o t  touchdown. The 
only pos i t i ve  f inding  at  t h e  crash s i t e  was pa in  in t h e  l e f t  hamstring muscle. 

M E W  OF SYSTEMS : 

CNS: Not remarkable - 
MUS-SKEL: Post e j ec t ion  pa in  i n  both pos t e r io r  th ighs  

OTHER SYSTEMS: Not remarkable 

PHYSICAL EXMENATION: 

GTBERAL: Well developed white male i n  minimal acute  d i s t r e s s  with d i f fuse  
pain i n  both pos t e r io r  th ighs ,  g rea t e r  on t h e  l e f t .  Mental a l e r t n e s s  not  compromised 

EXES: Pupi l s  - round regular  and equal - 
Light r e f l e x  - equal 
E.O.M. - i n t a c t  
Funduscopic exam - negative 

WRS: Not remarkable - 
Y m: Not remarkable 

THROAT: Not remarkable 

(L'se addit ional s h e e t s  af this form (Standard Form 5 0 2 ) i f  more apace i s  required) . .. -. - -- r-- -. 
IOENTlFlClTlON NO. OR(IANIZIITI0N 

-. 
PATIENT'S ~ D E ~ ~ T I F ~ F ~ T ~ O N  F o r  cyrd or u r i l t e n  e h r i e s  s i l w  Namo.~/o,$t, ilEG1STEP NO. W A R D  110. 

f i r i r ,  middle: grade: dote; aspitnl or medii .ol  f a c i l i t y )  

Algran t i ,  Joseph S . h ARRATIVE SUMMARY 
Standard Form 502 

502-108-03 

Page 1 of 3 



PHYSICAL EXAMINATIGN (Continued) 

NECK: Supple, no tenderness . 
CHEST: Clear t o  A@; N.S.R.; no murmurs; A2 i s  g rea t e r  than P2 

A&: Not remarkable 

L 
BACK: Not remarkable, no sp ina l  tenderness noted - 
MTREMITIES: No deformity noted, R.O.M. not compromised. Minimal contusions, 

abras ions ,  and ecchymosis noted t o  involve both pos t e r io r  th ighs .  M i l d  tenderness 
and hyperemia noted. 

N B :  Not remarkable 

IAB : 

Blood carbon monoxide = None 
~ l o o d  sugar = 89 mgn% ( ~ c t u a l )  
Blood e t h y l  a lcohol  = None 
Blood urea n i t rogen = 18.5  rn@% 
Blood HEB. = 15.5 Grams 
Blood HCT . = 45.5% 

IMPRESSION : 

1. Post-eject ion trauma t o  both th ighs  (grea ter  on l e f t )  

2 .  Normal adu l t  male 

4 RX: - 
1. I c e  packs PRi 

P 2 .  Darvon Compound 65 4h PRN 

12 DECEMBER 19%: 

Because of moderate ecch os is ,edema and a i n  of pos t e r io r  l e f t  t h igh ,  t h e  
(rise oddirionoi ~ s%eis ~~ n j  h a  firm (.Slondor?~orrn 502, if more space is required) 

EIGNATURE,OF PHYSICIAN 

9 
F 4 T l i N T ' 5  IDENI8FICATIC.N ( . l ' ~ ~ % ? ~ d  y ri"itie;i cnlrier git C :  N a m - i u r ~ ,  R E G I S T E R  NG. WARD NO. 

first,  middle; gri~dr: date: ~ s ~ ~ i a !  ,,i r w d z c o l  fucilitr) 

Algran t i ,  Joseph S. YAHRATIVE SUMMARY 
Standard Form 502 

502-108-03 

Page 2 of 3 



I CLINICAL RECORD I NARRATIYF: 'TIMMAR\' 
. . . . . - . . . . . . . . . . . .  .- ............................... ---- ~ 

"47': OF AChl 'S51PU / ~ i i ~  ~ A > i s i i i ~ ~ c ~  NUMBER OF 0 & Y 5  HOSPITALIZED 

12-8-68 
....--.. ....... .-. -~ ... ......... .... -Nn .. _ 

/ S I ~  and date or m d  of noi io i rvr ]  

12 DECEDBER 1968 (Continued): 

patient placed on oral emzyme (OWCYME) therapy for four days. Rest with leg 
elevation indicated. 

Almost complete resolution of sof t  tissue injury--full duty status. 

-- (Use odditionoi aiieeis of t h i s  form (Sicadoid Farm ,502) if more s p e e  is requiredl - 
OATE 

P A ~ ; E N T ' s  l o ~ a i i r l c a r i o a  or tr rd  ~ ~ i i t ~ n  entries gir l?;  N m - l n s r ,  RErrlSTER N O .  ,: ,.rrt: nirddle: gm;e;ztel fiospiroi or medirol  foc i l i iYJ  

- - 
W A R 0  NO. 

Algranti, Joseph S . U A R R A T I V E  SUMMARY 
Standard Form 902 

SO?-108-03 

%e 3 of 3 



1-0-5 

Contusions, compression trauma, abrasions posterior, bath lower extremities. 



8 WIT . -n,i lChd lx "4th a S S r n m . l  

9.;1*10 Lo34Luk., f l f ~ ~ ~ - - b / h a - t l l * _ ~ * n - w - - r - ~ ~ - a r ~ ~ ~  
*w 0 W...n&~..yl.ll~-Dq-lush yl.ll..-Dr*-U*oanO 
b ~ n h a ~ , d . ~ .  Calm idnd. , f U w  I w.d ""0 N. I ~-w~*a, .  a,..-l v..I I "e P 1 
r e.or.C*l",Iltnunh.laM-li 
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Personal  in terview has revealed  no s i g n i f i c a n t  physio logica l  f a c t o r s  involved i n  t h i s  
acc ident .  It i s  the  impression of t h i s  Observer t h a t  t h e  LLTV was being flown outs ide  
of i t s  inherent  sir v e l o c i t y  envelope and t h a t  aLt i tude  c o n t r o l  was l o s t  r e s u l t i n g  i n  
t h e  crash.  The e j e c t i o n  occurred a t  nea r ly  t h e  l a s t  poss ib le  moment f a r  p i l o t  surviva: 
The i n j u r i e s  r e c e i v e d  were cons i s t en t  w i t h  e j e c t i o n  s t a r t i n g  when t h e  p i l o t  was no t  i n  
firm contac t  with the  s e a t  pan. See a t t ached  c l i n i c a l  record.  

RECOmATIONS: It i s  recommended t h a t  each p i l o t  be custom f i t t e d  t o  t h e  e j e c t i o n  
s e a t  with respect  t o  l e g  height  t o  decrease p o s t e r i o r  l e g  in ju ry  du r ing  e j ec t ion .  
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I 
BOARD PROCEEDINGS 

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 

I 
Operations gave the initial briefing to the tentative board, who then 

reviewed the TV tape. LLTV #2 was impounded by the board. A lbmm 

color film was reviewed. A news release was also made. . 
December 9. 1968 

Mr. Calvin Jarvis, Research Division, Flight Research Center, Edwards, 

California, was assigned to the board as the systems engineering rep- 

resentative. The Program Manager and Bell Aerosystems engineers were 

assigned the task of reducing data from TM Van #l. Lapse rate charts 

from Lake Charles and Victoria were requested from the Houston Weather 

Bureau and were to be mailed to MSC. 

December 10. 1968 

Written orders confirming the Board of Investigation were published. 

1 Data reduction was being continued. Storage space was prepared for 

the wreckage. Written statements 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 

All members were present for the first formal board meeting. The board 

members were brought up to date on LLRV/LLTV history. The Program 

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

having the board release #2 for modification to latest configuration, 

thereby continuing the program. The board agreed unanimously to release 

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 

7 
lunch, the board reconvened for its first closed session. Exhibit 7.1 

(color print - 16mm) was given to a NASA Headquarters representative. 
% A discussion concerning the time table and work distribution ensued. 

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

Mr. Lucas was to obtain the vehicle 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 lb, 1968 

* aoard 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. 
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December 17, 1968 

Board drafted a letter to the MSC Director from the Board Chairman, 

concerning preliminary board findings and recommendations to date. The 

letter was subsequently finalized and handcarried to the Director by 

Mr. Ream, who briefed him on its content. 
T 

December 18. 1968 

A 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 

4 preliminary board recommendations were made by the Program Manager. 

December 2L-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 ktl5 in TM Van ktl. Board requested a thirty-day extension of 

the report due date. 

December 31. 1968 

Board did not convene. Data reduction and analysis continued. 

Januarv 13. 1969 

Received thirty-day extension of report due date. Received NASA 

Headquarters clarification on report format (Draft of NASA Safety 

Manual, Part IX, to be used. ) 

January 28, 1963 

Board convened to exchange information. 

Januarv 29-Februarv 17. 1962 

Data reduction and analysis continued. 

Februarv 18, 1969 

Mr. Roberts presented the current status of the LLTV ktl Accident Board 

Investigation to the NASA Headquarters LLTV ktl Review Board. The major 

portion of the briefing covered the "Flight hYstoryl' and the reasons 

why the vehicle performed as it did. 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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Februarv 18. 1969 (continued) 

would change the preliminary findings and recommendations. The 

investigation since December 17, 1968, has only confirmed and expanded 

this preliminary report. 

r Februar? 19. 1969 

Sections of the report being prepared in final draft form. 

1 Februaw 2L. 1962 

Another extension of the report due date requested kn arch 11, 1969). 

February 25. 1962 

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 Roberts briefed Dr. Gilruth on the current 

status of the investigation. The briefing was essentially the same as 

? 
that given to the Hq. Review Board on February 18, 1969. 

March 3, 1969 

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

m- c h  5, 1962 

Full Board meeting. Findings, Conclusions, and Recommendations finalized. 

Report released for printing. 
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DIRECTIVES APPOIWING BOARE 



TO : WHOM iT MAY CONCERN 

FXOM : AA/Di rector 

SUBJECT: Appointment of a Board of lnvestigation 

In accordance with ZYSCM 1700 dated October 1965, a Board of Investigation 
is appointed to determine the cause and circumstances surrounding an 
accident which resulted in loss of Lunar Landing Training Vehicle No. I. 
The accident occurred at Ell ington Air Force Base, Texas, on December 8, 
1968, at approximately 7:30 a.m., CST. The Chairman of the Board of  
Investigation is authorized to take all action necessary to: 

a. Investigate 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 completed 
report of findings and recommendations with photographs and statements 
attached. Forward original and one copy for approval by the Director 
through the Legal Office and Safety Office, in turn. Forward remaining 
copies direct to the Safety Officer. 

The members of the Board are: 

Chairman - Captain Walter M. Schirra, Jr., Astronaut. 

Quaiified Pilot - Mr. Harold E. Ream, Aircraft Operations. 

kircraft investigation Officer - Mr. Conway H. Roberts, Aircraft 
Operations. 

hircraft Maintenance - Mr. Dick M. Lucas, Aircraft Quality Assurance. 

Sefezy - Mr. John C. French, Flight Safety Office. 

Sysrems Engineering - Mr. Donald C. Cheatham, Guidance and Control. 

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

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

, suirants co the Investigating 
6% 
<$, !, 

Exy MS. Sdvin& Bonds Regulurly on the Payroll Savings Pian 
CA:OTGregory Tgbn 





WEATHER 

The following i s  the weather as  received from the Ellington AFB 

Weather Station: 

08 DEC 1968 

W I N D  
TIME SKY CONDITION VIS TEMP DWPT TRUE SPEED ALSTG , 

DRCTN (KNOTS ) 





DEFINITIONS 

The LLTV i s  ne i the r  an a i rp lane  nor a spacecraf t  but  an a i r c r a f t  - - - 
designed t o  simulate a spacecraf t  while i t  ( the  LLTV) i s  operat ing i n  

the e a r t h ' s  atmosphere and subjec t  t o  the e a r t h ' s  g r a v i t a t i o n a l  f i e l d .  

Therefore, i t s  mode of operat ion i s  r a t h e r  unique and discussing i t s  

operat ion becomes d i f f i c u l t  i f  c e r t a i n  terminology i s  not well defined. 

Although most of the following terms a r e  b a s i c a l l y  standard aero- 

dynamic terms, there  a r e  some s l i g h t  d i f ferences  and/or r e s t r i c t e d  

meanings. A s  i s  customary, a l l  d i r ec t ions  are  r e l a t i v e  t o  the p i l o t  

unless otherwise s t a t e d .  Also, some d e f i n i t i o n s  have been expanded 

t o  explain pecu l i a r  LLTV system operat ions r e l a t i v e  t o  t h e  term being 

defined. 



LIST OF DEFINITIONS 

1. Engine Center l ine 

2 .  Vehicle C.G. 

3. Vehicle Axis (X, Y, and Z)  

4.  A t t i t ude  ( p i t c h ,  Rol l ,  and ~ e a d i n g )  

5. Wind 

6. Airflow 

7. Measured Airflow 

8. a .  Aerodynamic P i t c h  

b .  Aerodynamic Ro l l  

c .  Aerodynamic Yaw 

9. I n e r t i a l  F l i g h t  Path Veloci ty and At t i t ude  

a .  I n e r t i a l  F l i g h t  Path 

b. I n e r t i a l  Veloci ty 

c. I n e r t i a l  A t t i t ude  (Pi tch ,  Yaw, and ~ 0 1 1 )  

10. Aerodynamic F l igh t  Envelope 

11. ACS 

12. Thruster  Duty Cycle 

1 .  Control  Authori ty 

14.  IAS 

15. Limit Cycling 

16. Aerodynamic I n s t a b i l i t y  

17. Single Rocket Logic (see Paragraph 2-7-1-2-4 of Tab 1 - ~ ( a ) - 1  



DEFINITIONS AND SYSTEMS EXPLANATIONS 

1. Engine Centerline 

The a x i s  which the fan- je t  engine's Tan, compressor and 

turbine r o t a t e  about ( the engine i s  mounted i n  the  LLTV pointed 
i 

up so t h a t  i t s  t h r u s t  counteracts  g rav i ty ) .  (Figure 2-A-1) 

The t h r u s t  l i n e  i s  coincident with the  engine's center l ine .  The 
I 

engine i s  gimbaled so  t h a t  the engine center l ine  can be t i l t e d  

about the veh ic le ' s  C.G. within ce r t a in  limits. 

2. Vehicle C.G. 

The vehicle has a design center  of g rav i ty  t h a t  i s  on the  

engine ' s  t h m s t l i n e  and a t  waterplane 200. The a c t u a l  vehicle 

C.G. va r i es  a l i t t l e ,  but  only a very l i t t l e  because of severe 

r e s t r i c t i o n s  caused by the  l imi ted  amount of a t t i t u d e  control  

forces avai lable .  I n  o ther  words, if the  a c t u a l  C.G. i s  much 

displaced from the engine's t h r u s t l i n e ,  the r e s u l t i n g  moment 

w i l l  exceed the moment generating capab i l i ty  of the Att i tude 

Control System (ACS). The p i l o t  s i t s  i n  the  vehicle with the 

C.G. behind him and s l i g h t l y  below him. 

3. Vehicle Axes 

The vehicle has conventional a i r c r a f t  axes (x, Y, and 2) 

t h a t  pass through the  design C.G. (Figure 2-A-1). 

a.  X-Axis - The veh ic le ' s  X-Axis i s  the fo re  and a f t  axis 

r e l a t i v e  t o  the p i l o t ;  +X forward, -X aft (a lso  c a l l e d  the  r o l l  

a x i s ) .  



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



b .  Y-Axis - The vehicle 's  Y-Axis i s  the l a t e r a l  axis, +Y i s  

t o  the p i l o t ' s  r igh t  and -Y i s  t o  h i s  l e f t  (also cal led the pitch 

ax i s ) .  

c. Z-Axis - The vehicle 's  Z-Axis i s  i t s  v e r t i c a l  axis 

re la t ive  to  the p i l o t ,  +Z i s  down re la t ive  t o  the p i l o t  (also 

cal led the yaw axis ) .  

4. Attitude 

The a t t i tude  of the vehicle re la t ive  t o  the e a r t h ' s  l oca l  

surface. These are the parameters recorded by TM. These 

parameters are only d i rec t ly  useful for  analyzing aerodynamic 

effects  when the vehicle i s  moving horizontally and t o  the 

north, and the wind i s  e i ther  zero or out of the north and 

horizontal. Otherwise, the " iner t ia l "  pi tch and r o l l  should be 

used. But these parameters were not calculated except for  spot 

checks. Therefore, aerodynamic analysis of pi tch and r o l l  

e f f ec t s  are estimates made from spot calculations and are 

l imited by the f l i gh t  path being horizontal and t o  the north. 

Aerodynamic yaw effects  are eas ie r  to  analyze since the aero- 

dynamic yaw angle was measured by a  yaw vane, and the airflow 

velocity was measured i n  the yaw (X-Y) plane by the anemometer. 

a .  Pitch-Attitude* - That angle between the +X axis  and 

the horizon (+ i s  nose up). 

b .  Roll-Attitude* - That angle between the +Y ax is  and the 

horizon (+  i s  r o l l  r i g h t )  (also called bank). 

* Note the hyphen because there i s  a  d i s t i nc t  difference between 
pi tch-at t i tude and aerodynamic pitch angle and between ro l l -  
a t t i t ude  and aerodynamic r o l l  angle. 



c. Heading - The veh ic le ' s  heading i s  measured i n  the  hor i -  

zon ta l  plane.  It i s  t h a t  hor i zon ta l  angle between the  +X-axis 

and a  v e r t i c a l  plane t h a t  passed through the  v e h i c l e ' s  X-axis 

when the p i l o t  s e t  the d i r e c t i o n a l  gyro t o  zero before takeoff .  

On t h i s  f l i g h t  (NO. 1 5 ) ,  the LLTV #1 was parked pointed approxi- 

mately nor th  down the runway (358 degrees t r u e  o r  350 degrees 

magnetic). For s impl ic i ty ,  t h i s  repor t  measures heading l e f t  

o r  r i g h t  of the takeoff  heading and assumes t h i s  was t r u e  north.  

NOTE: Do no t  confuse heading with i n e r t i a l  yaw o r  aerodynamic - 
yaw. 

Wind 5. - 
The magnitude and d i rec t ion  of the flow of the l o c a l  a i r  

mass r e l a t i v e  t o  e a r t h .  The d i r e c t i o n  i s  genera l ly  hor izon ta l  

b u t  can have a  v e r t i c a l  component, p a r t i c u l a r l y  when the re  i s  

turbulence. The hor izonta l  component of the  wind f o r  t h i s  

f l i g h t  was measured by an anemometer and wind vane on top of 

TM Van #I. The vehicle a l s o  measured hor izon ta l  wind while i t  

was s i t t i n g  on the  ground o r  while i n  a  hover. There was a l s o  

a  wind sock nearby. Except f o r  the  one hover reading a t  500 

f e e t ,  a l l  d i r e c t  wind information during t h i s  f l i g h t  was surface 

wind. The p i l o t  had t o  r e l y  on mental ca lcu la t ions  f o r  wind a t  

a l l  o ther  times (estimated from doppler and anemometer readings ) . 
6. Airflow 

The f r e e  stream ve loc i ty  and d i rec t ion  of the  a i r f low 



re la t ive  t o  the vehicle. The airflow has not been calculated 

for  t h i s  report ,  but the airflow can be assumed approximately 

equal t o  the "measured airflow" as  long a s  the aerodynamic 

pi tch and r o l l  angles are small ( l ess  than about 15 degrees). 

7. Measured Airflow 

The airflow i n  the vehicle 's  X-Y (yaw) plane as measured 

by the anemometer (magnitude) and the yaw vane (direction).  

Direction i s  measured l e f t  or r i gh t  of the +X axis  (the anemo- 

meter and wind vane can only ro ta te  i n  the X-Y plane). In  

addition t o  loca l  e f fec t s  a? the cab, there i s  another e r ro r  

induced here because these instruments are located about f ive  

fee t  from the X-axis and r o l l  r a t e s  have an e f fec t .  / 
8. a .  Aerodynamic Pitch 

The angle between the airflow and the X-axis as  measured 

i n  the X-Z plane. 

b .  Aerodynamic Yaw 

The angle between the airflow and the X-axis as measured 

i n  the X-Y plane (as recorded by the yaw vane). 

c. Aerodynamic Roll 

There i s  no aerodynamic r o l l  angle when both aerodynamic 

pitch and yaw are zero. However, i f  e i ther  has a f i n i t e  magni- 

tude, then some of t h i s  i s  transferred t o  r o l l .  The aerodynamic 

r o l l  angle i s  measured between the airflow and the Y-axis i n  

the Y-Z plane. 



9. I n e r t i a l  Flight Path Velocity and Attitude 

These terms would not be necessary f o r  an aerodynamic 

analysis if the aerodynamic pi tch,  r o l l ,  and yaw angles had 

been measured and there had been no wind gusts.  However, since 

only the aerodynamic yaw angle was measured and the airflow 

velocity was only measured i n  the yaw (x-Y) plane and there 

was considerable turbulence; these terms must be used i f  the 

doppler veloci t ies  and radar a l t i t ude  are t o  be used t o  deter- 

mine aerodynamic pi tch,  r o l l ,  and yaw. 

For simplicity, t h i s  report  neglects the ear th ' s  motion. 

With t h i s  assumption then, the vehicle 's  i n e r t i a l  f l i gh t  path 

i s  re la t ive  t o  ear th  and was measured by doppler radar for  

t ransla t ion and a radar a l t imeter  for  ve r t i ca l  displacement. 

Except f o r  wind, the i n e r t i a l  f l i gh t  path would be equal 

and opposite t o  the airflow. The i n e r t i a l  f l i gh t  path has not 

been accurately calculated; therefore,  a detai led aerodynamic 

study i s  d i f f i c u l t ,  except for  the period of time when the 

vehicle was moving north and horizontal, and the wind was out 

of the north so tha t  a t t i t ude  as  recorded can be equated t o  

aerodynamic pi tch,  r o l l ,  and yaw. 

a .  I n e r t i a l  Flight P a 2  - The direction of motion of the 

vehicle C.G. r e la t ive  t o  the ea r th ' s  loca l  surface. 

b .  I n e r t i a l  Velocity - The velocity of the vehicle C.G. 

along the i n e r t i a l  f l i g h t  path. 



c .  I n e r t i a l  At t i tude  - The a t t i t u d e  of the  vehicle r e l a t i v e  

t o  the  i n e r t i a l  f l i g h t  path.  

(1)  P i t ch  - The v e h i c l e ' s  " i n e r t i a l "  p i t c h  is t h a t  

angle between the  ( i n e r t i a l )  f l i g h t  path and the  i-X ax i s  

meawred i n  the X-Z plane.  

( 2 )  Yaw - The veh ic le ' s  " i n e r t i a l "  yaw i s  t h a t  angle - 
between the  f l i g h t  path and the +X ax i s  measured i n  the X-Y 

plane.  

( 3 )  Roll  - There i s  no " i n e r t i a l "  r o l l  angle unless - 
the X-axis i s  displaced from the  i n e r t i a l  f l i g h t  path.  If it 

i s ,  then the r o l l  angle i s  measured between the f l i g h t  pa th  

and Y ax i s  i n  the Y-Z plane. 

10. S t a t i c  Aerodynamic F l igh t  Envelope 

That three-dimensional, imaginary "volume" generated by the 

aerodynamic f l i g h t  vector  i n  any d i rec t ion  wherein con t ro l  of 

the vehicle can be maintained. This i s  a " s t a t i c "  envelope 

i n  t h a t  the vehicle i s  assumed t o  have zero ro ta t ion .  Also, 

unless otherwise s t a t e d ,  t h i s  assumes only one system of 

a t t i t u d e  t h r u s t e r s  a r e  used. If "both" s e t s  a r e  used, then the  

magnitude of the envelope i n  any d i r e c t i o n  i s  increased accord- 

ingly.  Also, the t h r u s t  s e t t i n g  of the ACS t h r u s t e r s  must be 

s t a t e d .  

11. ACS - 
Att i tude  Control System (see Section 1 - ~ ( a ) - 1 ) .  



12. Thruster (ACS ~ockets) Duty Cycle 

The average firing time of the ACS thruster(s) in question 

(yaw, pitch, or roll) over the last two minutes. 

13. Control Authority 

Wite often used synonymously with thruster duty cycle 

(NO. 12 above). The average (in percent) ACS control capability 

used during the last two minutes. One hundred percent yaw 

authority means the ACS thruster(s) in question is firing 

continuously; therefore, there is no additional control 

authority available from that thruster(s). 

14. IAS - 
Indicated air speed. The vehicle anemometer reading is 

the "indicated air speed. " 

1 .  Limit Cycling 

Limit cycling is the phenomenon where the control authority 

is so high that the system does not dampen out the reaction of 

the vehicle to the ACS thrusters. This means that the vehicle 

will continuously oscillate in the ACS deadband areas and 

use excessive fuel. 

16. Static Aerodynamic Instability 

As used in this report, static aerodynamic instability for 

the conditions in question means that the aerodynamic moments 

do not tend to return the vehicle to its original position, but 

tend to rotate it about one or more of its major axes. 



17. Single Rocket Logic 

See paragraph 2-5-1-2-4 of Tab l-~(a)-1. 



YAW VANE 

V A N E  ANGLE 

Figure 2-A-2.- Vector Diagram 

Yaw vane angle i s  t he  angle measured by the airflow vane on top of the 
cab. (It rotates  i n  the  vehicle 's  x-y plane.) 

Relative Airflow Direction ( i n  x-y plane) = yaw vane angle. 

(-) is airflow from l e f t  

(+) i s  airflow from r igh t .  

Anemometer (reading) = Relative Airflow Msgnitude ( i n  the  vehicle 's  x-y plane) .  

Relative Airflow Vector ( i n  x-y plane) = Relative Airflow Direction 
and Anemometer reading. 

If the vehicle i s  l eve l  and moving leve l  r e l a t i ve  t o  the  ear th 's  surface 
and the wind has no ve r t i ca l  component, then: 

Wind Vector ( re la t ive  t o  vehicle) = Relative Airflow Vector + Doppler 
Vector 

Wind Vector ( re la t ive  t o  ear th)  = Wind Vector ( re la t ive  t o  vehicle) 
+ Vehicle Heading. 

NOTE: To calculate the  airflow i n  other than the vehicle 's  x-y plane: 
The a l t i t u d e  r a t e  vector must be added t o  the  doppler vector 
( t h i s  gives the  i n e r t i a l  vector), and the wind vector must be 
assumed or extrapolated. 



ANALYSIS 

General 

The inves t iga t ion  was centered about Phases V I I  and V I I I  

because the f l i g h t  was b a s i c a l l y  normal up t o  Phase V I I ,  and t h e  

accident  was inev i t ab le  a f t e r  Phase V I I I .  

Phase I 

The p r e f l i g h t  (Tab 2-D) and takeoff  were rout ine .  However, 

the re  a r e  two f a c t o r s  t h a t  should be discussed here. F i r s t ,  

although i t  was not unusual t o  be making a  f l i g h t  a t  seven o 'c lock 

Sunday morning (because t h i s  program has been operat ing on a high 

p r i o r i t y  bas i s  f o r  some t ime),  i t  does ind ica te  the program urgency. 

Ear ly  morning f l i g h t s  have been an opera t ional  necess i ty  t o  avoid 

high wind condit ions.  Close inves t iga t ion  f a i l e d  t o  reveal  any 

personnel fa t igue  problems t h a t  could have contr ibuted d i r e c t l y  

t o  the accident .  For ins tance ,  the  p i l o t  had a  good n i g h t ' s  r e s t ,  

e t c .  The second f a c t o r  i s  weather (Tab 1-R). El l ington AFB was 

i n  an area  dominated by a  l a r g e  high-pressure system. A t  t h i s  

time of the morning (about s u n r i s e ) ,  there  was a  very strong 
0 

temperature inversion (34 F at  the surface and approximately 40°F 

a t  1,000 f e e t ) .  Coincident with t h i s  inversion was a  very strong 

surface  wind shear ,  i . e . ,  the surface winds were r e l a t i v e l y  calm; 

but  somewhere between 200 and 500 f e e t ,  the wind increased t o  about 

30 t o  35 f . p . s .  out of the  nor theas t .  A s trong wind shear  c rea tes  



very sharp wind gusts  o r  turbulence.  Also, the LLTV had never 

been flown when the temperature was t h i s  low. The " s l i g h t l y  l e f t  

s ide  heavy" mentioned r i g h t  a f t e r  l i f t o f f  was a t t r i b u t e d  t o  the  

r i g h t  crosswind developing a tendency t o  r o l l  l e f t  o r  appear l e f t  

s ide  heavy. This tendency i s  counteracted by the  appropriate 

t h r u s t e r  f i r i n g  and i s  indica ted  t o  the  van crew by the  r o l l  

au thor i ty  meter. 

Phase I1 

Phase I1 consisted pr imar i ly  of the climbout and pos i t ioning 

downwind f o r  the  lunar  simulation. The usual  procedure i s  t o  

make the sim run downwind; but  due t o  the pos i t ion  of LLTV #2 on 

the  o ther  runway and the  l a c k  of wind information above the  

surface,  runway 35R was se lec ted .  The calm surface wind was 

misleading. The l a rge  increase of wind ve loc i ty  with a l t i t u d e  

d id  not become apparent u n t i l  climbout and hover. 

Phase I11 

Phase 111 appeared normal except t h a t  a good wind check i n  

the  hover showed a s tronger and a more nor the r ly  wind than was 

expected (northeast  a t  30 t o  35 f .p . s .  ). In  r e t rospec t ,  t h i s  

could have been the f i r s t  clue t h a t  a problem could develop. 

Normally, the vehicle would be flown downwind during the  lunar  

simulation por t ion  of the f l i g h t  t o  decrease the aerodynamic 

e f f e c t s  on the vehic le ;  but  the LLTV #2 was being prepared on the 

o ther  runway f o r  an 0830 f l i g h t  ( ~ a b  2-D-2 and Figure 1 - ~ ( a ) - 2 5 ) ,  



and one of the mission r u l e s  i s  not t o  f l y  over anything except - 
concrete (sec t ion  1 - ~ ( a ) - 4 ) .  A t  t h i s  point  the p i l o t  had only 

two choices: continue the p r o f i l e  a s  planned but a t  a  reduced 

ve loc i ty  o r  abor t  the mission because he d id  not have the f u e l  

t o  r epos i t ion  himself f o r  a  run i n  any o ther  d i rec t ion .  The 

p i l o t  made a mental ca lcu la t ion  (Tab 2-D-1) of the e f fec t ive  

headwind component (21 t o  1 5  f . p . s . )  and made the decis ion  t o  

continue with the  f l i g h t  p r o f i l e  a s  planned, except f o r  shooting 

f o r  35 f  .p . s .  ground speed ins tead  of 45 f .p . s .  (Tab 2-D-1) ( t h i s  

headwind component, when added t o  the  des i red  doppler ground speed 

of 35 f  . p . s . ,  gives a  t r u e  a i rspeed of 56 t o  60 f . p . s .  ) .  However, 

the 'I'M da ta  ind ica tes  t h a t  the ground ve loc i ty  d i d  i n  f a c t  reach 

40 t o  45 f . p . s .  

A t  t h i s  point  i n  the  program, no one thought.60 f . p . s .  was 

out of the  f l i g h t  envelope of the vehicle i n  forward f l i g h t .  The 

design spec i f i ca t ion  does not l i m i t  the use of both s e t s  of ACS 
IZQ 

pounds. 

. However, t h i s  much con t ro l  au thor i ty  h 

generated " l i m i t  cycling" problems i n  the  pas t .  This problem is 

the main reason the  t h r u s t e r s  were s e t  a t  60 pounds. The use of 

both s e t s  of t h r u s t e r s  has not been standard p rac t i ce  i n  the pas t  

because of the " l i m i t  cycling" problem. Also, i t  was f e l t  t h a t  



the second s e t  of ACS t h r u s t e r s  should only be used a s  a backup 

system and se lec ted  only when needed. Roll  con t ro l  problems had 

been experienced i n  the pas t  with l a rge  l a t e r a l  r e l a t i v e  a i r f low 

components, hut  the p i l o t  had no in ten t ion  of yawing the vehicle 

d r a s t i c a l l y  while a t  a high airspeed.  

Phase IY 

During t h i s  phase, the p i l o t  attempted t o  e s t a b l i s h  a t r a -  

j ec to ry  matching the t r a j e c t o r y  planned f o r  the  LM a t  500 f e e t  

above the moon's surface on i t s  landing approach. Since the 

v e l o c i t i e s  t o  he matched a r e  ground v e l o c i t i e s  (not a i r speed) ,  

the  p i l o t  must devote most of h i s  a t t e n t i o n  t o  the doppler ground 

speed, v e r t i c a l  ve loc i ty ,  and accelera t ion  instruments. In  t h i s  

case, the p i l o t  d id  not  pay much a t t e n t i o n  t o  the indica ted  a i r -  

speed o r  yaw vane ind ica to r  (aerodynamic yaw angle)  a f t e r  t h i s  

p o i n t  f o r  seve ra l  reasons. F i r s t ,  he was busy t r y i n g  t o  e s t a b l i s h  

the t r a j e c t o r y ,  using the doppler and radar  a l t ime te r  instruments 

a s  well  a s  arming the systems f o r  lunar  s i m .  Second, he d i d  not  

have confidence i n  the anemometer ( ind ica ted  a i rspeed)  due t o  i t s  
4 . u +  

p a s t  u n r e l i a b i l i t y .  I r o n i c a l l y  t b m & ,  f o r  the f i r s t  time t h i s  

system worked reasonably well on t h i s  f l i g h t  within i t s  l imi ted  

c a p a b i l i t i e s .  Third, the cockpit anemometer ind ica to r  i s  a 0 t o  
p-ibk 

60 f . p . s .  meter, so it i s  t o  have i t  sa tu ra ted  during 

the e n t r y  i n t o  the lunar  sim t r a j e c t o r y .  Fourth, these  cockpit 



displays  ( p a r t i c u l a r l y  the  yaw vane d i sp lay)  are  not  i n  the f i e l d  

of view where the p i l o t  has h i s  a t t e n t i o n  devoted at  t h i s  time. 

F i f t h ,  the p i l o t  was not concerned with vehicle heading once i t  

was al igned with the  runway because the AFCS holds the vehicle 

heading constant  unless a p i l o t  command i s  received. (1 t  i s  not  

necessary t o  change the vehicle heading t o  e f f e c t  a l a t e r a l  

accelera t ion .  ) 

Phase V 

As the indica ted  a i rspeed increased t o  about 45 feet/second 

(and r e l a t i v e  a i r  flow 10°R), the yaw t h r u s t e r  duty cycle increased 

from 50 percent  t o  50 percent .  (AFCS was holding the vehic le  

heading constant by f i r i n g  the yaw l e f t  t h r u s t e r s  t o  counteract  

the aerodynamic torque t o  the  r i g h t .  ) This i s  i n  r e t rospec t  

because n e i t h e r  the p i l o t  nor the ground crew had any r e a l  time 

instrumentation o r  any o the r  way of knowing what the  yaw t h r u s t e r  

duty cycle was. This information was recorded, however, and was 

usable i n  the pos t f l igh t  ana lys i s .  P i t ch  and r o l l  parameters 

were nominal during t h i s  phase. These aerodynamic moments a r e  

evident ly  generated by the r e l a t i v e l y  l a rge  surfaces of the  p i l o t ' s  

cab which i s  located  well i n  f ron t  of and above the  v e h i c l e ' s  

center  of g rav i ty .  The vehic le  i s  inherent ly  aerodynamically 

unstable.  As aerodynamic forces  increase,  the r e s u l t i n g  moments 

must be counterbalanced by t h e  a t t i t u d e  th rus te r s .  If these 

aerodynamic moments and o ther  moments exceed the counterbalancing 



t h r u s t e r  moments, con t ro l  of the  vehicle i s  l o s t .  I n  the case of 

forward f l i g h t ,  the cab i s  not symmetrical about the X-Z plane.  

The f ron t  opening i s  canted about 30" l e f t .  This means the vehicle 

has an appreciable yaw r i g h t  aerodynamic moment on i t  i n  forward 

f l i g h t  (x- xis al igned with a i r f low) .  In  f a c t ,  the  da ta  ind ica tes  

t h a t  the r e l a t i v e  a i r f low must be about 20°R before the  aero- 

dynamic yawing moment i s  zero. Also, once the vehicle s t a r t s  

r o t a t i n g  from the balanced (but uns table)  forward f l i g h t  condit ion,  

these aerodynamic torques increase r ap id ly  because the e f fec t ive  

moment arm of the cab increases .  ( ~ e f e r e n c e  Figure 2-A-3). 

The p i l o t  ac t iva ted  the two l i f t  rockets  by r a i s i n g  t h e  

"T" handle a t  07:28:53. This was a l l  normal, and a s  f a r  a s  the 

p i l o t  and van crew could determine, everything was go and only 

the engine gimbals needed t o  be unlocked t o  complete e n t r y  i n t o  

lunar  s i m .  

Phase V I  

A s  the  p i l o t  continued h i s  forward accelera t ion ,  the yaw 

t h r u s t e r  duty cycle increased t o  100 percent  a t  7:29:06.5 and 

the p i t c h  duty cycle increased t o  about 50 percent  a t  :29:08. 

There was s t i l l  no p r a c t i c a l  way avai lable  t o  the p i l o t  t o  de tec t  

the s i t u a t i o n ,  and the TM Van had not detected and reported the 

increase i n  p i t c h  t h r u s t e r  duty cycle. The TM Van did  not have 

the IAS (anemometer) o r  yaw vane parameters displayed i n  r e a l  
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Figure 2-A-3.- Cockpit Cab Moment Arm 



time, so  they d i d  not know how much the a i rspeed was increasing.  

Phase V I I  

Almost coincidenta l  t o  the  p i l o t  unlocking the gimbal 

(:29:08.7) t o  s t a r t  a f u l l  lunar  simulation, the  aerodynamic 

moments exceeded t h e  yaw compensation capab i l i ty  of t h e  Test 

Rocket System and the vehicle began t o  yaw r i g h t ,  causing an 

increas ing l e f t  s i d e s l i p  angle. There i s  no indica t ion  i n  the  

recordings o r  i n  the p i l o t ' s  statement t h a t  t h i s  yaw divergence 

was detected.  When the p i l o t  c a l l e d  f o r  p i t c h  up ( a t  :29:09.5) 

t o  s t a r t  f ly ing  the  des i red  landing approach, the vehicle 

responded normally; i . e . ,  it s a t i s f i e d  the p i l o t  comuand a s  

would be l i m i t e d  by an  acce le ra t ion  capab i l i ty  of 8 feet/second 2 

(model). When the p i l o t  reversed the command t o  s top  the  p i t c h  

up (:29:11.5), the aerodynamic moment i n  p i t c h  e s s e n t i a l l y  

equaled the con t ro l  moment i n  p i t c h  and the  p i t c h  r a t e  d i d  not 

change s i g n i f i c a n t l y .  This l o s s  of p i t c h  con t ro l  was the  r e s u l t  

+ of an increase i n  the a i r f low which increased the aerodynamic 

p i t c h  up moment. The divergence i n  yaw crea ted  a s i d e s l i p  angle 

* which i n  tu rn  caused a considerable r o l l  moment t o  the  r i g h t .  

The combined p i t c h  and r o l l  accelera t ions  r e s u l t e d  i n  a s ing le  

ACS t h r u s t e r  (CT) being f i r e d  f o r  both p i t c h  and r o l l  cont ro l .  

The r e s u l t i n g  cont ro l  torque i n  p i t c h  was able  t o  keep the  p i t c h  

r a t e  from f u r t h e r  increasing,  but  the con t ro l  torque i n  r o l l  was 

l e s s  than the disturbance and the  r o l l  r a t e  increased t o  about 



18 degrees/second a t  :29:15.5. During th i s  period, the aero- 

dynamic yaw angle had continued t o  diverge, fur ther  aggravating 

the r o l l  control deficiency. (~e fe rence  Table 1-F-(b)-1) 

Phase V I I I  -- 
The p i l o t  released lunar simulation a t  about the time (:29:15) 

tha t  some measure of control was returning i n  pi tch and yaw (the 

ra tes  were then changing t o  the direct ion of command). The pi tch 

and r o l l  a t t i tudes  had, however, reached rather  extreme values 

(32 degrees i n  pitch and 53 degrees i n  r o l l ) ,  and the p i l o t  held 

constant maximum r o l l  l e f t  and pi tch down command ra tes  u n t i l  

:29:18.5. The airflow during t h i s  time was changing rapidly i n  

both speed and direction such tha t  the aerodynamic moment was 

suddenly (a t  :29:17) i n  the same direction as  the r o l l  command, 

and the r o l l  ra te  rapidly reached and then exceeded 20 degrees/ 

second l e f t .  (Figure 1-F(b)-3) (Figure 2-A-14). Although the 

p i l o t  reversed h i s  command before the r o l l  and pitch angles 

passed through zero, the high angular ra tes  coupled with aero- 

dynamic moments i n  r o l l  i n  the same direction caused the r o l l  

a t t i tude  t o  increase t o  about 100 degrees l e f t .  The vehicle was 

well beyond recovery a f t e r  07:29:19. 

The use of "both" a t t i tude  control thruster  systems (standard 

plus ~ e s t )  p r ior  t o  developing a control authority problem would 

have provided adequate control and the a t t i tude  divergences would 

not have s tar ted.  It i s  a l so  c lear  t ha t  the selection of both a t  



some l a t e r  point (a f te r  about :29:18 or  :29:19) would not have 

allowed recovery because the ve r t i ca l  descent could not have been 

halted pr ior  t o  ground contact ( ~ i ~ u r e  2-A&). Of i n t e r e s t ,  and 

of importance i n  understanding how rapidly the problem developed, 

i s  the l a t e s t  time a t  which switching t o  'both" would have allowed 

recovery. A rough analysis indicates tha t  use of ''both'' a f t e r  

about 19 seconds would have delayed the impact but would not 

have prevented it. Figure 2 4 - 4  shows the dead man boundaries 

applicable t o  the LLTV recoverabil i ty from combinations of a l t i -  

tude, a l t i tude  ra te  and vehicle a t t i tude .  (The r o l l  r a t e  was only 

2aa/second l e f t  a t  :29:18, but although the vehicle was leve l  a t  

:29:19, the r o l l  ra te  was 38'/second l e f t  (Figure 2-A-14). 'Pkc 

u, " "-r "'LA- A A A,,- 

4ie --', .~- " ,... >:., - Switch- 

ing t o  "both" a t  :29:18 would have l e d  t o  a ra ther  excit ing t r a -  

jectory, but possible recovery. It i s  significant tha t  there was 

only 3 t o  5 seconds a f t e r  the p i lo t  released lunar simulation 

that  the f l i gh t  was recoverable. 

Phase IX 

Other than a transmission of "Joe, Joe,  leave it! " (Tab 1-14) 

about one second a f t e r  the p i lo t  released lunar simulation, there 

were no communications during the c r i t i c a l  period. This trans- 

mission probably had no influence upon the p i lo t  decision and 



t iming of the e j e c t i o n .  However, s ince  the  p i l o t  indica ted  a 

r e l i a n c e  (post-accident  in terv iew)  upon the  van t o  inform him 

of con t ro l  a u t h o r i t y  s t a t u s ,  t he  absence of t h i s  s t a t u s  informa- 

t i o n  coupled with the  t ransmission t h a t  was made could have 

strengthened the  p i l o t ' s  b e l i e f  (although wrong) t h a t  the  problem 

source was not the  con t ro l  system, but  r a t h e r  something of the  

na ture  of a runaway j e t  engine gimbal. 



SUPPLEMENTAL ANALYSIS 

This supplemental analysis information was separated from the 

preceeding section to improve the presentation. The following sub- 

., jects are covered: 

1. LLTV Deadman's Curve 

iL 
2. Aerodynamic Moments About the Three Major Vehicle Axes 

3. Conversion of Aerodynamic Moments into LLTV Operating Limits 

4. Determination of Ejection and Impact Times and Ejection 

Seat Performance 

5. Pilot Survival (~rash/~escue) 



LLTV DEADMAN'S CURVE 

Figure 2-A-4 depicts the deadman boundaries caused by altitude 

and sink rate versus available thrust from the fan-jet engine only 

or from the fan-jet engine plus the two lift rockets. Assumptions 

are : 

1. Vehicle weight = 3,800 pounds 

2. Maximum fan-jet thrust - 4,400 pounds 

3 .  Maximum left rocket thrust = 1,000 pounds 

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 local vertical) at 

one-second intervals from 07:29:11 to impact at 07:29:27. This 

depiction is slightly misleading because it does not account for high 

pitch and/or roll rates that require time to control. This aggravates 

the situation. However, assumption No. 4 above is conservative if the 

vehicle could be returned to level; so they offset each other to some 

extent. 



LLTV DEAD M A N ' S  CURVE 

FAN-JET IN GIMBAL LOCK OR CENTERED MODE 

ALTITUDE RATE, FT/SEC 

I Figure 2-A-4. - LLTV Deadman's Curve 



AERODYNAMIC MOMENTS ABOUT THE THREE MAJOR VEHICLE AXES 

Figures 2-A-5, 6, and 7 depict the aerodynamic moments about the 

three major axes as indicated by data from Flight Nos. 13 and 15. Of 

., particular interest is the moment generated by the airflow through the 

engine. This is broken out only in the pitching moment chart, but it 

I is also a big portion of the rolling moment. The engine effect on 

yawing moment is probably quite small since the engine gimbal limits 

are relatively restrictive. 

The large scatter of the data points is due primarily 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. 

C 

L 



Figure 2-A-5.- Yaw Moment Versus Sidesl ip  Angle 

A".,? orattilri. dm 

Figure 2-A-6.- Pitching Moment Versus Angle of Attack 

Figure 2-A-7.- Rolling Moment Versus Sidesl ip  Angle 



CONVERSION OF AFRODYNAMIC MOMENTS INTO LLTV OPERATING LIMITS 
(AERODYNAMIC FLIGHT ENVELOPE) 

The following section i s  a l imited study made t o  determine the 

nature of the LLTV Aerodynamic Fl ight  Envelope as  it exis ted on t h i s  

f l i g h t  (No. 1 5  ) . There have been many assumptions, extrapolations, 

estimations, e t c . ,  made i n  order t o  define the nature of t h i s  Flight 

Envelope. The Board f ee l s  confident tha t  the nature of the envelope 

i s  f a i r l y  accurate, but the magnitudes may have large errors .  Also, 

the envelope tha t  i s  presented i n  the following pages i s  not the 

complete envelope, but only a two-dimensional presentation of a more 

complex three-dimensional envelope. 

Figure 2-A-8 i s  a polar p l o t  i n  the vehicle 's  X-Y (yaw) plane. 

The re la t ive  airflow as measured by the anemometer and yaw vane during 

Flight No. 15 i s  plot ted on t h i s  figure a t  one-second intervals .  

The recorded yaw vane reading es tabl ishes  the r ad i a l  and the anemometer 

reading determines the magnitude. Therefore, if a l i n e  i s  drawn from 

t h i s  plot ted point t o  the center of the chart ,  i t  represents the l oca l  . 
airflow vector as sensed a t  tha t  time by the yaw vane and anemometer 

x which are located on the top, r igh t  hand corner of the cab ( ~ i g u r e  

1 - ~ ( a ) - 2 ) .  Except for  l oca l  cab e f fec t s ,  t h i s  i s  a f a i r  estimate of 

the airflow i n  the vehicle 's  X-Y plane. During the time period from 

07:29:17 u n t i l  the airflow p lo t  goes off the chart ,  the vehicle was 

ro l l ing  l e f t .  The r o l l  l e f t  r a t e  was par t icular ly  high between 

:29:18 and 29:21.5. Figure 2-A-9 has the Roll Authority Limits 



Figure 2-A-8 .- Rela t ive  Airflow 
i n  X-Y Plane 

Figure 2-A-10.- P i t c h  Author i ty  
Limits 

Figure 2-A-9.- R o l l  Author i ty  
&$= L;n;+s 

Figure  2-A-11.- Yaw Authori ty 
Limits 



plo t ted  over Figure 2-A-8. The 100 Percent Authority L i m i t  means tha t  

if one s e t  (2) r o l l  thrusters  are f i r i n g  100 percent of the time, then 

t h i s  r o l l  moment (360 feetIpounds for  60-pound thrus te rs )  i s  jus t  

balancing the aerodynamic ro l l ing  moment a t  t h i s  point. The 50 per- 

cent l i n e  represents one thruster  f i r i n g  continuously or  two thrusters  

f i r i n g  50 percent of the time. Tne 100 percent l i ne  i s  only 1.414 or  

fi greater  than the 50 percent l i ne  because of the squared velocity 

factor of the aerodynamic moment equation. . 

The -X (or rearward f l i g h t )  portion of these charts was not 

calculated. Therefore, the l imi t s  as  shown i n  the lower half of the 

polar p lo t s  are only "eyeball" estimates put i n  to  show that  the 

vehicle has some kind of f l i g h t  envelope when the airflow i s  from 

the rear .  

Figures 2-A-10 and 2-A-11 are the sane as Figure 2-A-9, except 

pitch and yaw authority l imi t s  are plotted.  Note tha t  the yaw l i m i t  

pat tern i s  not symmetrical about the X-axis. It i s  rotated about 

20°R because of the canted door on the f ront  of the cab. One se t  (2) 

of 60-pound pitch thrusters  generate 700 feet/pounds of moment about 

the Y-axis, and the t e s t  s e t  of yaw thrusters  generate 700 feet/pounds 

of moment about the Z-axis. In  Figures 2-A-9, 10, and 11 another s e t  

of l i m i t  l ines  could be drawn fur ther  out to  show the l i m i t  when using 

both s e t s  of a t t i tude  control thrusters .  

Figure 2-A-12 i s  Figures 2-A-8, 9, and 10 combined. This f igure  

depicts the combined moments about the X and Y axes. This figure 
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graph ica l ly  i l l u s t r a t e s  the e f f e c t s  of "single-rocket- logic."  The 

a t t i t u d e  con t ro l  t h r u s t e r s  a r e  so  designed t h a t  i f  a  combined p i t c h -  

and r o l l  i s  commanded, two of these th ree  rockets  w i l l  be c rea t ing  

opposing moments and therefore  ine f fec t ive .  In order  t o  save f u e l ,  

t he re  i s  a  "single-rocket-logic" funct ion  i n  the  ACS t h a t  prevents 

opposing rockets  from f i r i n g .  This then means t h a t  when i n  "single- 

rocket- logic,"  the  p i t c h  - and r o l l  a u t h o r i t y  i s  reduced by 50 percent .  

The heavy shaded area  outside both the  p i t c h  and r o l l  100 percent 

l i n e s  i s  a  "single-rocket-logic" l i m i t  with both ACS t h r u s t e r  systems 

operat ing.  Between the  point  where the  two 100 percent l i n e s  cross 

and the two 50 percent l i n e s  cross i s  an area  where one s e t  of 

t h r u s t e r s  w i l l  not cont ro l  the  vehicle.  Both of these "single-rocket- 

log ic"  areas  extend t o  the X and Y axes. This extension represents  

areas  where the ACS i s  switching back and f o r t h  between "single-  

rocket- logic" and jus' one s e t  ( e i t h e r  p i t c h  o r  r o l l ) .  When i n  t h i s  

in te rmi t t en t  s ingle-rocket- logic a rea ,  con t ro l  i s  being l o s t  about 

t h a t  ax i s  which i s  c loses t  t o  the area  i n  question. 

I n  summary then,  i f  the "corners" a r e  rounded off the f l i g h t  

envelope t o  s impl i fy  it ,  one could say t h a t  roughly, the LLTV f l i g h t  

envelope f o r  one s e t  of ACS 60-pound t h r u s t e r s  i s  a sphere with a 

radius  equal  t o  the point  where the  two 50 percent l i n e s  cross (about 

60 f . p . s . ) .  The Fl ight  Envelope f o r  both s e t s  of ACS t h r u s t e r s  ( s e t  

a t  equal  l e v e l s  of t h r u s t )  would be a sphere with a radius equal  t o  

the  point  where the two 100 percent  l i n e s  cross (about 80 f .p. s. ). 

NOTE: The standard yaw t h r u s t e r s  do not have a s  much moment arm a s  - 
the t e s t  s e t  does. 



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. As Figure 2-A-13 illustrates, the 

LLTV experiences control problems in pitch and roll before it runs 

out of yaw control authority, except for one small "window" located 

between 0 and 20' left at about 60 f.p.s. Evidently, Flight No. 15 

was the first time the LLTV 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-set control limit in pitch or roll and recovered 

either by selecting both sets of ACS thrusters by slowing down or 

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 and pitch control 

limits but that yaw control was not a problem because pitch or roll 

control would be lost first and yaw cantrol limits were academic. 

This accounts in part for the Yaw Thruster Duty Cycle (yaw ~uthority) 

meter not being in Van #l. The yaw authority meter was scheduled to 

be installed in Van #1, but it was felt that there were more important 

parameters to be monitored and other urgent problems were given 

priority over this installation. 





2-A-36 

DETERMINATION OF EJECTION AND IMPACT T D E  

Several TM parameters including a l t i tude  and a l t i tude  r a t e  

became unreliable pr ior  t o  e ject ion due to  the extreme vehicle 

a t t i tudes .  In order t o  investigate e ject ion seat  performance, the 

e ject ion and impact times had t o  be determined accurately. 

Correlation of the 16mm color film with the TM data showed tha t  
# 

the TM did not stop a t  impact as was f i r s t  thought. It stopped about 

one second pr ior  t o  impact which was just  about the time the e ject ion 

took place. It i s  surmised that  the e ject ion seat  rocket b l a s t  

probably interferred with the TM transmission i s  some way. Correla- 

t ion of the 16mm f i l m  with the TM data was made by using the engine 

gimbal lock-up and ACS thruster  f i r ings  which were a l l  quite easily 

detected i n  the f i l m .  (ACS thruster  chamber pressure TM data was 

guod u n t i l  TM fa i lure  a t  07:29:26.) 

In summary then, loss  of TM and eject ion was a t  :29:26 and 

impact was a t  :29:27. 

Figure 2-A-14 shows the derived time h is tor ies  of the vehicle 

a t t i tude ,  thrust/weight r a t i o  and the ve r t i ca l  acceleration from 

:29:16 t o  :29:27 (impact). This information was needed before the 

a l t i tude  and a l t i tude  ra te  could be calculated and depicted i n  

Figure 2-A-15. Note tha t  the e ject ion was a t  about 100 fee t  above 

the ground with approximately 97 feet/second sink ra te .  The eject ion 

seat  reversed t h i s  sink r a t e  t o  approximately 150 feet/second ra te  of 

climb. This then allowed the chute t o  deploy a t  about 200 fee t  above 

the ground. The p i l o t  made three gentle osci l la t ions  i n  h i s  chute 

before landing a t  07:29:40. 



TIME, SECONDS 

CALCULATED TIME HISTORIES OF PITCH, ROLL, TIW AND VERTICAL 
ACCELERATION OF LLTV FLIGHT W15 

Figure 2-A-14.- Time History of Accelerations 



CALCULATED VARIATION OF LLTV 1 FLIGHT W15 
ALTITUDE AND ALTITUDE RATE 

Figure 2-A-15.- Altitude and Altitude Rate 



PILOT SURVIVAL 

The egress system has worked extremely well i n  the two accidents 

that  the LLRV/LLW program has suffered. However, there i s  always 

the poss ib i l i ty  that  during some future emergency, the p i l o t  may not 

e j ec t  e i t he r  by h i s  own choice or  because the e ject ion seat  fa i led .  

Such a poss ib i l i t y  ra i ses  the question: I s  there anything t o  be 

learned from these two crashes i n  t h i s  regard? 

A cursory examination of both of these ra ther  severe crashes 

has revealed surprisingly l i t t l e  f i r e  and impact damage t o  the 

cockpit area re la t ive  to  the condition of the r e s t  of the vehicle 

( ~ i ~ u r e s  2-A-16 and 2-A-17). This i s  due i n  par t  because both 

vehicles contacted the ground i n  a tail-low a t t i t ude ,  and the 

structure of the vehicle i s  an excellent shock absorbing s t ructure .  

There have been many survivors of a i r c r a f t  crashes where the cockpit 

appeared i n  a much worse s t a t e .  Considering the protective equip- 

ment worn by the p i l o t ,  i t  i s  conceivable tha t  e i t he r  or both of 

these p i lo t s  might have survived the i r  i n i t i a l  crash impact and 

cer ta inly a p i lo t  would have a good chance of surviving a l e s se r  

crash. 

A close study of the color movies from both of these crashes 

has shown an i n i t i a l  f i r e b a l l  a f t e r  impact that  l as ted  about one 

second. Due t o  the protection afforded by the cab and the protective 

clothing worn, a one-second f lash  f i r e  would probably not burn the 



Figure 2-A-16. - Cockpit Crash Photograph 



Figure 2-A-17.- Instrument Panel Crash Photograph 



p i l o t  too severely.  However, i n  both cases the re  was r e s i d u a l  burn- 

ing  a f t e r  the  i n i t i a l  f i r e b a l l .  This burning continued a t  a slowly 

decreasing r a t e  u n t i l  ext inguished by the f i r e  and rescue team. 

The f i r e  and rescue equipment cons i s t s  of an 011-A crash t ruck  

(1,000 gal lons  water) (manned by th ree  firemen), a 250 g.p.m. pumper 

(500 gal lons  water) (200 pounds d ry  chemical) ( one fireman), and an 

ambulance with a f l i g h t  surgeon and medic t h a t  a re  standing by during 

a l l  f l i g h t s .  After both crashes,  the  heavy f i r e  t ruck  could only 

progress so far from the pavement before s o f t  ground stopped i t ,  

although i t  had not rained i n  days i n  e i t h e r  case.  Note the  r u t s  

and standing water i n  Figure 2-A-18. 

When t h e  p i l o t  i s  s t i l l  i n  t h e  vehicle,  very rapid  ex t rac t ion  

of the  p i l o t  from the burning wreckage could make the  d i f ference  

between l i f e  and death. The r e s i d u a l  burnmg should not prevent 

two proper ly  clothed firemen from ex t rac t ing  an unconscious p i l o t  

from the  wreckage, but  the  speed of rescue appears t o  be of the 

utmost importance here.  However, there  i s  a hazard t o  rescue o r  

f i r e f i g h t i n g  personnel caused by the  presence of both JP-4 and hydro- 

gen peroxide, a very bad combination. In  both crashes the re  was 

both JP-4 and hydrogen peroxide remaining i n  the  vehicle a f t e r  the  

f i r e  was extinguished. I n  some cases these f l u i d s  were i n  a tank 

t h a t  had not ruptured on impact. I f  these tanks had ruptured due t o  

heat  and/or pressure during the  f i r e f i g h t i n g  period,  the firemen 

could have been in jured .  In  both of these crashes, ext inguishing 

the  f i r e  d i d  not accomplish much s ince  the  p i l o t  was c l e a r  of the  

f i r e ,  the vehic le  was a t o t a l  l o s s  due t o  impact, and the wreckage 

was not  needed f o r  inves t iga t ion  because of the a v a i l a b i l i t y  of TM 

data .  



Figure 2-A-18.- F i r e  Truck Ruts 
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FINDINGS,  CONCLUSIONS, AND RECOMMENDATIONS 

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

Board. They are rated and listed in the order of their importance 

in the opinion of the Board. *--+ + W d  
8 

the pract ' managem- 

-L.... -- u " y r c r c l l b  a L U U  c -~ 
r 

-the ratlng or cr l r  I m-w e recommendat1 



FINDINGS OF THE BOARD 

A careful examination of all the telemetry recordings and 

other factual data has indicated that no LLTV systems anomalies 

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 pilot. This integrated 

system operation and the flight planning operation of Flight No. 15 

was found to have a number of factors which contributed to the 

accident. These factors have been classified as main factors and 

then expanded to include subfactors. The five main factors are as 

follows : 

1. There was a lack of knowledge of the aerodynamic operating 

limitations. 

~ 
* 

2. The Standard Rocket System was not utilized to supplement 

the control authority of the Test Rocket System when aerodynamic 

moments exceeded the capability of the Test Rocket System. 

3. The operating environment included wind conditions for 

which normal operating margins did not accomodate. 

4. Recommendations of the previous accident board for LLRV #l. 

were not totally implemented. 



5. ~ecommen&ions of the previous accident  review board f o r  

LLRV #1 were not  f u l l y  disseminated. 

The f i r s t  four main f a c t o r s  include add i t iona l  subfactors  and 

they a r e  l i s t e d  with comments a s  follows: 

1. ( a )  There d i d  not e x i s t  su f f i c i en t  quan t i t a t ive  aero- 

dynamic data  from which the  operat ing envelope of the LLTV could be 

defined and observed. 

Comment: This i s  not  a newly recognized f a c t o r ,  but  

one t h a t  had been previously accepted a s  a r e s u l t  of the  demonstrated 

f l i g h t  v e l o c i t i e s  of the  LLRV. 

(b)  There was a l ack  of s u f f i c i e n t  apprecia t ion  f o r  the 

e x i s t i n g  wind conditions. 

Comment: Neither the TM Van nor the p i l o t  recognized 

t h a t  the  reported wind a t  operat ing a l t i t u d e  when added t o  the  

intended ground t r ack  v e l o c i t i e s  exceeded the previous maximum 

airspeed of LLTV #1 by over 10  feet/second. 

( c )  There was a l ack  of s u f f i c i e n t  concern about yaw 

a t t i t u d e  during f l i g h t .  

Comment: The p i l o t  d id  no t  attempt t o  con t ro l  yaw 

during the F l igh t  No. 1 5  emergency, although i t  deviated by more 

than 50 degrees. Discussions indica ted  t h a t  yaw angle was not  

considered contro l  c r i t i c a l  p r i o r  t o  F l i g h t  No. 15, as evidenced 

by l a c k  of a yaw t h r u s t e r  duty cycle d isplay  i n  the TM Van. It 

a l s o  appears t h a t  the p i l o t  has a poor yaw v i s u a l  reference from the 

cockpit unless  the  FDA1 i s  monitored. 



(d)  There were inadequate d isplays  and procedures i n  the  

TM Van. 

Comment: A i r  flow ve loc i ty  and d i r e c t i o n  were not  

displayed i n  the TM Van. Without these parameters displayed,  the 

aerodynamic operat ing l i m i t s  could not have been monitored had they 

been known. A yaw contro l  au thor i ty  meter was not  i n s t a l l e d .  The 

o v e r a l l  arrangement of displayed parameters precluded a t imely 

ana lys i s  by the systems observer of the con t ro l  usage due t o  e i t h e r  

disturbance torques o r  con t ro l  commands. 

2 ( a )  The p i l o t  d i d  not  i d e n t i f y  t h a t  a con t ro l  problem 

e x i s t e d  t h a t  could be a l l e v i a t e d  by the use of "both" systems 

because he mis in terpre ted  the  source of the con t ro l  problem. 

Comment: The coincidence of the  f i r s t  apparent l o s s  

of con t ro l  au thor i ty  with the s t a r t  of lunar  s imulat ion l e d  the 

p i l o t  t o  the erroneous conclusion t h a t  he had an engine gimbal 

malfunction. 

(b) The TM Van d i d  not i d e n t i f y  a con t ro l  a u t h o r i t y  

problem t o  the p i l o t .  

Comment: This i s  due i n  p a r t  t o  the l a c k  of a yaw 

a u t h o r i t y  d isplay .  No con t ro l  au thor i ty  s t a t u s  was communicated 

even through p i t c h  and r o l l  caused a " f u l l  on" t h r u s t e r  f i r i n g  

12  seconds p r i o r  t o  impact. 

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

1 - ~ ( b ) - 5 )  t h a t  coincident with the  i n i t i a l  pitch-up maneuver the  



wind gusted from 20 feet lsecond t o  55 feet/second and s h i f t e d  

approximately 20 degrees l e f t  i n  about 3 seconds. 

(b)  The procedure of  u t i l i z i n g  surface wind only f o r  

f l i g h t  planning and obtaining an est imate of wind a t  a hover point  

i n  f l i g h t  was insuf f i c ien t  t o  ver i fy  t h a t  the intended simulation 

f l i g h t  plan was safe .  

Comment: I f  an operating l i m i t  i s  t o  be observed, 

a wind p rof i l e  should be avai lable  p r i o r  t o  f l i g h t .  

4. ( a )  The Mission Rules a s  defined and approved f o r  a s t r o -  

naut t r a in ing  were u t i l i z e d  as  guidelines f o r  t e s t  f l i g h t s .  

(b) Crash/rescue t rucks  became mired i n  s o f t  ground when 

attempting t o  proceed t o  the  crash s i t e .  



CONCLUSIONS 

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 moments over- 

powered the control system in use such that attitude control was 

lost. The source of the control problem was not identified by 
-+e 

either the pilot or the TM Van in time to adddsecond control 

system which could have restored control capability. 

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

(a) The aerodynamic limitations of the LLTV were not 

completely known by anyone. 

( b )  The existing wind conditions were insufficiently 

accounted for in preflight and real time flight planning. 

(c) The configuration of displays in both the LLTV and 

the supporting TM Van inadequately defined the existing flight 

conditions. 

3. That corrective actions should be taken relative to 

defining the aerodynamic characteristics of the &TV and improving 

the LLTV and/or TM Van system operations before the LLTV is used 

for astronaut training. 



RECONMEWMTIONS OF THE BOARD 

A s  a resu l t  of the findings by the Board, the  following recommendations 
a r e  made: 

1. Conduct wind tunnel t e s t s  t o  provide suf f ic ien t  aerodynamic 
data from which the aerodynamic operating l imi t s  of the LLTV can be 
established. Verification of t h i s  data should be accomplished during 
f l i g h t  t e s t s .  

2 .  Reconfigure control systems such tha t  deflecting the a t t i t ude  
control ler  against  the  hard stops w i l l  cause the  system t o  switch t o  - "both" s e t s  of a t t i t ude  th rus te rs .  

3 .  Provide the  p i l o t  with a cockpit display of (1) airflow speed 
and direction,  and (2) control  authority indications i n  a l l  axes. 

4. Reconfigure t he  TM Van monitor s t a t i on  locations and displays 
a t  each s ta t ion  t o  effect ively implement the  " f l igh t  director" concept. 
This should include the displays of yaw rocket authority and an X-Y 
p lo t t e r  presentation of airspeed and direct ion.  

5 .  Provide an effective yaw reference tha t  i s  within t he  p i l o t ' s  
normal f i e ld  of view while f lying the LLTV. 

6. Increase the th rus t  output of the a t t i t ude  rocket systems as  
much as  i s  feasible .  

7. Revise the  LLTV Operations Manual so t ha t  it provides specif ic  
descriptions of the f l i g h t  p rof i les  t o  be used. A l l  p rof i les  sha l l  
depict  allowable wind conditions. 

8.  Implement a means of measuring the exist ing wind prof i le  from 
? the  surface through an a l t i t ude  of 700 f e e t .  

9 .  Provide adequate crash/rescue protection. 

10. Investigate means of a l leviat ing leg injury on ejection.  

11. Implement a system of data  review t o  investigate detected or  
suspected anomalies. 





STATEMENT OF JOSEPH S. ALGRANTI 
CONCERXNG LLTV #l ACCIDENT SN 8 DECEMBER 1968 

On December 8, 1968, I entered the  cockpit of LLTV #I. a t  0703 f o r  a 
scheduled repeat of Test Fl ight  No. l4 of the LLTV Fl ight  Test Plan, 
which was t o  have been the f i n a l  demonstration f l i g h t  p r ior  t o  NASA 
acceptance of the  No. 1 vehicle. A l l  pref l ight  and engine checks 
were normal, except f o r  a warning tone upon f i n a l l y  engaging the 
eimbal lock which was reported on radio. T h i s  has been an inter-  
mittent problem i n  the past  and was of no par t icu la r  significance. 

Takeoff was a t  about the  normal 15  minutes a f t e r  j e t  engine s t a r t .  
It was a very cool day and l i f t o f f  wa3 a t  94 percent, the  lowest 
we've seen so f a r ;  and I was hovering a t  only 92 percent a t  50 f e e t  
short ly  a f t e r  takeoff. A11 control  functions appeared normal, and 
I proceeded down runway 17 l e f t  t o  the  intersect ion of the  southeast 
runway, -dhich was our briefed s t a r t i n g  point. We had discussed using 
runway 2% if the wind appeared too high a t  500 f e e t  f o r  a lunar e im-  
l a t i on  t o  the north. I l e t  the  wind t rans la te  me south while climbing 
and cal led out the wind a t  550 f e e t  a s  being 30 f.p.5. on the anemometer. 
This was on a northeast heading, so I figured t h a t  on a due north head- 
ing over the runway, the wind component should not be too high f o r  a 
lunar simulation attempt. I got t he  c a l l  of JP-4 caution and this 
surprised me a l i t t l s  a s  I thought I s t i l l  had a l i t t l e  time l e f t .  I 
confirmed the JP-L cmtion,  armed lunar s i m ,  moment comp, and yawed 
the vehi-le about 30 degrees t o  t he  l e f t  and assumed a pi tch a t t i t ude  
of about 8 degrees nose down. I used the doppler indicator  and cal led 
out 25 f .p. s. when I raised the V' handle t o  begin the trajectory.  I 
got what appeared t o  be normal auto-thrott le and continued t o  hold 8 
degrees nose down u n t i l  I read 35 f.p.s. on the doppler. A t  t h i s  time, 
I unlocked the gimbal and the vehicle appeared t o  pi tch up s l i gh t ly  and 
began a r i gh t  ro l l .  I f e l t  almost l eve l  i n  pitch, but noticed a t  once 
that I appeared t o  have no -011 authority. I have f e l t  t h i s  before a t  
times, but only f o r  very short  times while i n  strong crosswinds. 
Although I continued t o  hold f u l l  l e f t  r o l l ,  I ro l led  t o  an estimated 
r igh t  b i d  of about 30 t o  40 degrees. Then I rapidly appeared t 3  p i tch  
down and r o l l  l e f t  t o  an equally high, o r  maybe a l i t t l e  higher, l e f t  
bank a t t i tude .  During the r o l l  back t o  the  l e f t ,  I punched lunar s i m  
re lease  and advanced the j e t  t h ro t t l e .  The pitch and r o l l  a t t i t udes  
were so extreme tha t  I decided t o  ge t  out, a s  I figured I had l o s t  
control. I ejected on the t h i r d  roll. excursion when I thought I was 
going through an upright position. The sea t  sequence appeared mild 
and a l l  systems worked exactly a s  advertised. I heard the f i r i n g  of 



the  seat ,  etc. ,  but was not able  t o  follow the sea t  motions; and i n  
a very short time, I was on a good chute. I was only on the chute 
f o r  about 7 t o  10  secmda and made a very easy landing i n  the grass. 
I experienced no in jury  a t  a l l ,  except s l i gh t  soreness i n  the  back of 
t he  thighs where t h s  saat edge oslight my legs  upon ejection. To the 
best  of my remembranze, t i j .3  ~ 2 3  the  sequence of events t h a t  preceded 
the accident. 



STATEMENT OF HAROLD E. REAM CONCERNING LLTV #l ACCIDENT ON 8 DECEMBER 1968 

The following i s  a statement of the events pr ior  to ,  during and subsequent 
t o  the LLTV accident t ha t  occurred Sunday, 8 December 1968: 

I reported t o  the  Building 2000 area a t  approximately 0615 f o r  the  br ief ing 
pr ior  t o  the scheduled LLTV f l i g h t .  LLTV-1 and LLTV-2 were scheduled t o  
f l y  i n  t h a t  order, and I was scheduled t o  f l y  tes t - f l igh t  number three on 
TV-2. Mr Algranti was scheduled t o  f l y  TV-1 on a repeat f l i g h t  of t e s t  
f l i g h t  14, a lunar sim i n  model. When I arrived, Joe (Mr. Algranti) had 
not arrived; so the br ief ing proceeded with the operating crew and myself 
f o r  my f l i g h t .  We discussed the f l i g h t  plan and the component changes 
t h a t  had been made t o  TV-2 since the l a s t  f l i g h t .  We had briefed my f l i g h t  
a t  an e a r l i e r  date f o r  the same f l i g h t  plan; so it was a recap of the  main- 
tenance t h a t  had been performed i n  the interim. We had concluded the brief-  
ing f o r  my f l i g h t  when Joe arrived; so we immediately went i n to  the br ief  
f o r  h i s  f l i gh t .  Since the f l i g h t  was a repeat of a familiar f l i g h t  plan, 
most discussion centered upon the changes t h a t  had been made t o  TV-1, the  
major change being the auto-thrott le mechanization. The br ief ing was con- 
cluded t o  everyone's sa t isfact ion,  and we proceeded t o  the TM Van & pre- 
paratory t o  the f l i g h t .  I f i l e d  two loca l  f l i g h t  l ans  by telephone with 
estimated takeoff time f o r  TV-1 as  13302 (0730 CST 7 and TV-2 as 14302 
(0830 CST). My posit ion i n  the TM Van i s  advisory, obsenring the operation 
from a p i l o t ' s  viewpoint, and manning the emergency U H F  radio adjacent t o  
the operation engineer's console position. With me i n  the  van was Mr. Jere  
Cobb, who was obsenring the whole operation a s  orientation since he was 
scheduled t o  begin p i l o t  t rans i t ion  when NASA accepted the vehicle. The 
p i l o t  entry, communications check and pre-flight procedures were normal 
and with no anomalies. The surface wind a t  takeoff was essen t ia l ly  calm 
with an occasional r ipple  of the  wind sock, which i s  located several hundred 
f e e t  south of the  TM Van #l. The takeoff and t ranslat ion portion of the 
f l i g h t  appeared normal i n  all respects with Joe commenting about a stronger 
wind a t  a l t i t ude  d r i f t i ng  him down the runway. We expected t h i s  a s  the 
smoke from the stacks of the Webster power plant,  about 8 miles south of 
EAFB, indicated tha t  a good breeze from the eas t  did ex i s t  about 100-1M 
fee t .  The wind shear was discussed as  pa r t  of the pre-flight briefing,  
and Joe indicated he would look a t  the  wind a t  a l t i t ude  and decide which 
direct ion t o  proceed with the sim run. He did report  the  wind a t  about 
500 f e e t  a s  being 30 f e e t  per second when he checked the velocity while 
i n  a hover. A t  t h i s  point  the vehicle appeared t o  be d r i f t i ng  down wind off 
the  immediate v i c in i ty  of the  runway; so I asked M r .  B l i l i e  t o  have him 
bring it back over the  runway. This request was transmitted, and Joe did 
s t a r t  back a s  well a s  taking the i n i t i a l  steps t o  s e t  up f o r  the lunar sim. 
The van radio receiver apparently was not too good since M r .  B l i l i e  asked 
f o r  repeats of switch posit ion which I had heard c lear ly  transmitted by 
Joe over my emergency radio receiver. The entry i n to  the sim run appeared 



n o d ,  with the vehicle essen t ia l ly  aligned with and over the nmway 
heading north. Joe called out ve loc i t ies  a s  he picked up forward speed. 
I clear ly  heard 25 fps ,  and then I heard another transmission which sounded 
l i k e  e i t he r  30 o r  40; i t  wasn't c lear .  Joe reported l i f t  rockets and t h i s  
was observed. Then he reported gimbal lock coming off.  I believe Mr. B l i l i e  
ver i f ied t h i s  sequence. I was watching the vehicle; and from the time 
gimbal lock off was reported, the vehicle s ta r ted  a slow yaw t o  the r ight .  
T h i s  yaw continued and a t  about the  same time, the  vehicle s ta r ted  t o  pi tch 
up and r o l l  t o  the r igh t .  From my posit ion i n  the  van, it looked a s  though 
the yaw angle was about 30 o r  degrees and the pi tch about 20 o r  25 degrees 
and the r o l l  about 20 degrees when the r o l l  s ta r ted  t o  reverse. When the 
r o l l  l e f t  s tar ted,  it continued a t  a f a i r l y  high r a t e  and the vehicle 
s ta r ted  t o  rapidly t ransla te .  A t  this time the l e f t  r o l l  continued u n t i l  
the  vehicle a t t i t ude  was a t  l e a s t  60 degrees. It was apparent t h a t  we were 
out of control; and I think I yelled t o  Mr. B l i l i e  t o  get  him out o r  some 
such phrase; but I think tha t  we a l l  f e l t  t h a t  it was apparent t o  the  p i l o t  
t ha t  he was i n  trouble and didn ' t  need t o  be told .  The vehicle came out 
of the  r o l l  i n  a l e f t  yaw p i tch  up motion but had, a s  a r e s u l t  of t he  
la rge  angles, developed a high sink r a t e  and was descending rapidly. I 
observed the e ject ion when the vehicle was about leve l  i n  the  pi tch up 
portion of the gyration. The eject ion sequence looked good, and I saw the 
chute. Out  of the  corner of my eye, I had seen the vehicle impact; and it 
looked l i k e  the e ject ion occurred about one second before the vehicle h i t  
the ground. The emergency equipment responded as  they saw the crash with 
the ambulance and f l i g h t  surgeon heading f o r  the p i l o t  and the crash truck 
and pumper heading f o r  the burning wreckage. Mr. B l i l i e  had immediately 
called EAF'B tower a t  the  time of crash, and addit ional f i r e  equipment 
responded t o  help. A s  soon a s  I saw t h a t  all the emergency procedures 
were effected, I l e f t  the TM Van t o  go t o  the of f ice  t o  c a l l  Mr. Slayton's 
residence. I also attempted t o  get t o  the telecom office;  but they were 
busy, apparently with the crash a l e r t .  I was unsuccessful i n  contacting 
anyone by telephone; so I went back out and greeted Joe, who had been 
driven back t o  the of f ice  area  i n  the ambulance. After ta lking with Joe 
f o r  a few minutes, I was able t o  confirm with telecommunications t h a t  our 
management had been advised of the  accident. After the  f l i g h t  surgeon 
had examined Joe, we s ta r ted  t o  debrief on the accident. 

T h i s  statement i s  a narrat ive of the  events up t o  the  debriefing a s  I 
best  remember. I 



December 9, 1968 

Statement of Ronald K. B l i l i e ,  f l i g h t  con t ro l l e r  during t h e  f l i g h t  
an3 accident  of t h e  LLTV, vehic le  #1, Joe Algranti  p i l o t ,  f l i g h t  
#TI-15-162F, December 8, 1968. 

The p i l o t  (J. S. Algrant i )  was br iefed  t o  f l y  a f u l l  l una r  simulation 
mission t o  check out a vehic le  modificat ion re loca t ing  t h e  au to - th ro t t l e  
assembly. The p i l o t  was briefed on t h e  Mission Plan (Report 7260- 
931014 - Operation T1-15-162F - dated 12-6-68) by M r .  Alan King, BAC. 
The f l i g h t  was t o  be flown over bnway 35R. Following t h e  br ief ing ,  
t h e  p i l o t  proceeded t o  t h e  vehicle. I went t o  TM Van #I and joined 
t h e  f l i g h t  con t ro l  team t o  begin t h e  pre-takeoff checkout. Pre-takeoff 
van checks by t h e  cont ro l  team were completed p r i o r  t o  t h e  i n i t i a l  
p i l o t  comunicat ion check-in. Pre-takeoff checks by t h e  p i l o t  were 
completed without discrepancy. The j e t  engine was s t a r t e d  at  approxi- 
mately 0724 c.s.t .  P r i o r  t o  takeoff ,  Don Reiser t  ( j e t  engine monitor) 
confirmed adequate JP-4 tank pressure  (g rea te r  than 5 psi) and hydrau- 
l i c  accumulator pressure  (2200 p s i ) .  Tom Pierson (avionics system 
monitor) confirmed proper a t t i t u d e  cont ro l  system operat ion but  he 
reported t h a t  t h e  Ct rocket appeared fuzzy. At t i tude  rocket  t h r u s t  
l e v e l s  were normal and t h e  fuzzy appearance of t h e  rocket  t r a c e  was 
not detr imental  t o  system performance. Rocket system parameters were 
normal v i t h  738 l b  of Hz02 remaining and 3850 p s i  helium pressure a t  
takeoff .  The surface  vind was noted on t h e  van anemometer a t  l e s s  
than 5 mph and t h i s  vas relayed t o  t h e  p i l o t .  The p i l o t  cal led t h e  
Low Thrust Manual l i g h t  out a t  75% engine rpm and ca l l ed  t h e  JP-4 tank 
pressures "in t h e  green." After  takeoff t h e  p i l o t  ca l led  his takeoff  
rpm a t  94%. Pierson indica ted  t h e  vehic le  w a s  s l i g h t l y  l e f t  s i d e  
heavy which was relayed t o  t h e  p i l o t .  The l e f t  s i d e  heaviness was 
a t t r i b u t e d  t o  t h e  wind which was coming from t h e  veh ic le ' s  r i g h t  s ide .  
The p i l o t  e s t ab l i shed  a hover and reported engine rpm was 92% and t h a t  
t h e  radar  a l t i m e t e r  appeared t o  be operat ing properly. During t h e  
t r a n s l a t i o n  south on Runway 3% a t  about LOO f e e t  t h e  p i l o t  commented 
t h a t  t h e  wind was d r i f t i n g  t h e  veh ic le  and seemed t o  be strong. The 
p i l o t  es tabl i shed a hover a t  about 550 f e e t  and reported t h e  vehic le  
was i n t o  t h e  wind and t h e  wind speed was 30 f e e t  pe r  second. I noted 
t h e  Hz02 remaining t o  be approximately 630 lb. The p i l o t  reported 
turning t h e  Lunar Simulation switch "on." I noted t h e  proper l i g h t  
( J e t  S tab)  come on i n  t h e  van. Shor t ly  t h e r e a f t e r  t h e  p i l o t  ca l led  
25 f p s ,  which I in te rp re ted  t o  mean doppler t r a n s l a t i o n a l  ve loci ty ,  
and t h a t  he was r a i s i n g  t h e  T-handle. The Auto-throt t le  l i g h t  came 
on i n  t h e  van i n d i c a t i n g  t h e  p i l o t  was i n  t h e  lunar  s imulat ion mode. 
The p i l o t  hes i t a t ed  f o r  a few seconds before turning t h e  Gimbal Lock 
switch off then ca l led  his v e l o c i t y  (again in te rp re ted  as doppler 
ve loc i ty )  t o  be 40 fps  and then switched gimbal lock off.  I looked 



a t  the Gimbal Lock l i g h t  i n  the van and noted the l i g h t  was off.  
When I looked a t  the  vehicle again it had begun a yaw t o  the r igh t  
and appeared t o  be almost 90' t o  the  runway heading. The vehicle 
pitched up t o  an excessive angle (estimated a t  greater  than 30') and 
hegan t o  r o l l  r ight .  I was unable t o  determine the amount of r o l l .  
A t  t h i s  time I involuntari ly transmitted "Oh, Joe, leave it ....... 11 

The vehicle continued t o  change a t t i t u d e  t o  approximately a 90° r o l l  
hft and began f a l l i n g  out of the sky. The p i lo t  ejected a t  a very 
low al t i tude.  I observed the  chute blossom a t  what I would estimate 
t o  be 200-300 f ee t .  I called Ellington AFB tower and declared an 
emergency. The crash truck and emergency equipment proceeded t o  the 
crash s i t e  and p i lo t .  Communication was maintained with the crash 
truck on UHF radio. I l e f t  the van when I saw the p i l o t  returning 
i n  the wagon. 

Ronald K. BliTie. 



December 8, 1968 
12:30 p.m. 

Statement of Thomas E. Pierson, av ionics  monitor dur ing  t h e  f l i g h t  
and accident  of t h e  LLTV, vehic le  #l, Joe Algrant i  p i l o t ,  f l i g h t  
#T1-15-162F, December 8, 1968. 

\ I reported t o  t h e  LLTV operat ions s i t e ,  Bldg. 2000, E l l ing ton  Air  
Force Base, a t  0600, December 8, 1968. 

Two operat ions were planned, a f u l l  s imulat ion f l i g h t  with Ship #l 
4 and a gimbal-locked f l i g h t  with Ship #2. M r .  J. Algrant i  was p i l o t  

f o r  #1 and M r .  H. Ream was t o  be p i l o t  on Ship #2. Both p i l o t s  were 
b r i e fed  between 0600 and 0700. I was i n  attendance a t  t h e  p i l o t  
br ie f ings .  

Following t h e  b r i e f ing ,  I moved t o  t h e  operat ions con t ro l  van #1 
with the  o the r  members of t h e  c o n t r o l  van crew. I took my assigned 
pos i t ion  a t  t h e  avionics  monitor panel  and completed t h e  cont ro l  van 
p r e f l i g h t  checks. A l l  checks were normal. 

M r .  Algranti  entered t h e  cockpit of Ship #1, es tab l i shed  communica- 
t i o n  v i t h  the  van, and proceeded with the  p i l o t ' s  p r e f l i g h t  checkl i s t s .  
A l l  checks appeared normal. The only i tem of note was t h e  f a c t  t h a t  
t h e  chamber p res su re  t r a c e  of a t t i t u d e  rocket  C t  had some high-frequency 
f luc tua t ions ,  a s  displayed on the  Sanborn s t r i p  recorder .  The t h r u s t  
l e v e l  of t h e  rocket  was s a t i s f a c t o r y  and t h i s  type of "noise" i s  not  
unusual, ho.wever, i t  was commented upon during t h e  con t ro l  checks. 

A t  l i f t - o f f  I repor ted  t h e  veh ic l e  balance a s  " l e f t  s i d e  heavy." This 
i s  a conventional phrase t o  i n d i c a t e  a t t i t u d e  rocket  f i r i n g s  t o  oppose 
a r o l l  l e f t  moment on the  vehicle .  Such a moment might be a r e s u l t  of 

v weight unbalance, but i s  more commonly a r e s u l t  of a crosswind. The 
p i l o t  confirmed a crosswind component from the  r i g h t .  This condit ion 
p e r s i s t e d  a s  t h e  veh ic l e  t r a n s l a t e d  down t h e  runway t o  a pos i t ion  f o r  

\ en te r ing  l u n a r  simulation. 

A s  t h e  vehic le  came t o  a hover, and was brought i n t o  t h e  wind, t h e  
rocket  f i r i n g s  s h i f t e d  t o  a " t a i l  heavy" p a t t e r n  as expected. The 
frequency of f i r i n g s  and dura t ion  of pulses indica ted  considerably 
more wind a t  a l t i t u d e  than was being indica ted  on t h e  ground. Approx- 
imately one-half of t h e  cont ro l  a u t h o r i t y  ava i l ab le  from one set of 
rockets  was being used by t h e  a t t i t u d e  cont ro l  system a t  this time. 

The en t ry  t o  l u n a r  s imulat ion was normal with no t r a n s i e n t s  on any 
parameters displayed a t  my panel.  A s  usual ,  a t t i t u d e  rocket  a c t i v i t y  



decreased, i n d i c a t i n g  a s t a b l e  condition. The p i l o t  commanded a 
p i t c h  up as i s  normal t o  reduce forward ve loc i ty .  My first indica-  
t i o n  of t roub le  was when t h e  p i t c h  command went t o  f u l l  nose down 
and remained there .  A t  about t h i s  t ime I a l s o  heard M r .  Blilie 's 
exclamation. From this poin t  events  occurred r ap id ly  and my memory 
of t h e  sequence may not  be borne out by telemetered da ta ,  but I 
remember a hard-over r o l l  command, a MAX-TILT l i g h t ,  an  emergency 
gimbal lock  l i g h t ,  and an a u t o p i l o t  r a t e  backup l i g h t .  I heard a 
comment of "he ' s  out"  o r  "get out"  and a l l  da ta  ceased. 

I had no real- t ime ind ica t ions  of a malfunction t h a t  could have 
accounted f o r  t h e  extreme a t t i t u d e s  of t h e  vehicle .  

Dynalectron Staf f  Engineer 



December 11, 1968 

Statement of Donald Reiser t ,  j e t  engine monitor dur ing  t h e  f l i g h t  
and acc ident  of t h e  LLTV, vehic le  #I, Joe Algrant i  p i l o t ,  f l i g h t  
#T1-15-162F, December 8, 1968. 

P r i o r  t o  engine s t a r t  accumulator pressures  and J'P-4 t ank  pressures 
were on t h e  low end of t h e  requi red  pressures  and t h i s  was probably 
dile t o  t h e  LLTV being on the  pad a long time before f l i g h t .  A l l  
jet engine panel  l i g h t s  were normal. O i l  p ressure  low, emergency 
gimbal lock ,  max tilt, low t h r u s t  manual, p i l o t ' s  gimbal lock  and 
l o c a l  v e r t i c a l  were i l luminated.  JP-4 caution, JP-4 low, j e t  s t ab ,  
au to - th ro t t l e  and low j e t  hold were out.  

A t  0715 c.s.t . ,  t h e  j e t  t h r o t t l e  was moved from fuel cut-off t o  t h e  
i d l e  pos i t ion  and t h e  s t a r t  was normal with 500°C EGT a t  46% RPM 
a f t e r  2 minutes s t a b i l i z a t i o n .  

The pre-takeoff check l i s t  bas normal and f l i g h t  t ime t o  JP-4 caution 
l i g h t  was given a s  over 3 minutes vhen requested. A t  about 9 minutes 
and 40 seconds a f t e r  engine s t a r t  t h e  p i l o t  advanced t h e  t h r o t t l e  t o  
about 75% RPM t o  bring t h e  JP-4 tank pressures up above 5 ps i .  A t  
1 0  minutes 38 seconds a f t e r  engine s t a r t  t h e  t h r o t t l e  was f u r t h e r  
advanced and takeoff  was a t  approximately 10  minutes L3 seconds a f t e r  
engine s t a r t .  

After  takeoff ,  a l l  j e t  engine parameters appeared i n  t h e  green and 
normal. Two minutes, 1 minute, and 30 seconds t o  JP-4 caution l i g h t  
were given and a l l  parameters appeared normal. The JP-4 caution l i g h t  
blinked about t e n  times and stayed on a t  1 3  minutes 20 seconds after 
engine s t a r t .  The l i g h t  came on approximately 6 seconds before t h e  
manual i n t e g r a t i o n  indica ted  ( t h i s  is normal accuracy). The f u e l  
curve was redrawn from the  l i g h t  f i x e d  pos i t ion .  About t h i s  time t h e  
green j e t  s t a b  l i g h t  came on and a t  14 minutes 14 seconds a f t e r  j e t  
engine s t a r t  t h e  au to - th ro t t l e  green l i g h t  came on. The gas generator  
RF'M was noted t o  drop back t o  about 86% i n d i c a t o r  equal  t o  about 
88% RPM. The f u e l  curve was redrawn a t  t h i s  time t o  about 3C#/minute 
f o r  t h e  lunar  s imula t ion  mode and a l l  parameters were normal. A t  
t h i s  time, t h e  f l i g h t  con t ro l l e r  made statements abnormal t o  t h e  
s i t u a t i o n  and i n  looking up, I noted t h e  max tilt and emergency gimbal 
lock  red l i g h t s  i l luminate .  A quick glance out  t h e  window showed t h e  
vehic le  f a l l i n g  rapid ly .  The red l i g h t s  were not c a l l e d  out  due t o  
o thers  t a l k i n g  i n  t h e  van and t h e  obvious t roub le  w a s  known t o  a l l  
present.  I then  checked t h e  accumulator pressure and it had decreased 
t o  about 1600 p s i  ve r i fy ing  t h e  engine i n  emergency gimbal lock, next 



I scanned the j e t  engine RPM and t h i s  appeared t o  be about 90%. A 
glance out the  window t o  see i f  t h e  v e r t i c a l  veloci ty  had decreased 
showed the ejection. The time of e ject ion was marked a s  14 minutes 
GO seconds a f t e r  j e t  engine s t a r t .  



December 8, 1968 

Statement of Paul R. Belair, rocket panel monitor during the 
f l i g h t  and accident of the  LLTV, vehicle #1, Joe Algranti p i l o t ,  
f l i g h t  #TI-15-162F, December 8, 1968. 

My panel displays from p l l o t  en t ry  t o  vehicle impact were n o m l .  
A l l  consumahles were well within t he  n o m l  operating range f o r  a 
lunar simulation f l i gh t .  Beginning a t  vehicle l i f t - o f f ,  I main- 
tained a close observation of a l l  my displays. I became aler ted 
t o  the problem when Ron B l i l i e ,  t he  NASA operations engineer and 
f l i g h t  controller,  sa id  ''Joe! Joe!') I looked up from my panel 
and saw tha t  the  vehicle was pitched up approximately 30 t o  40 
degrees and ro l led  approximately 10 t o  15 degrees r ight .  I then 
quickly scanned a l l  my displays, but they were normal and there 
was no detectable l i f t  rocket th rus t  unbalance. I looked up 
again and saw the  vehicle then pitched down and rol led t o  the  
l e f t .  The r o l l  l e f t  continued u n t i l  the  vehicle was almost 
90 degrees and had a high descent rate.  Just  before impact the  
vehicle was ro l l i ng  back t o  the r igh t  but s t i l l  had a pi tch down 
angle. A t  t h i s  point the p i l o t  ejected from the vehicle which 
appeared t o  be approximately 50 t o  75 f e e t  above the ground. I 
vas primarily watching the p i l o t  and only saw the vehicle impact 
and burst  i n to  flames out of the  corner of my eye. 

Bell Aerosystems Company 



STATEMENT OF MELVERD E. COPLIN CONCERNING LLTV fi ACCIDENT ON 8 DECEMBER 1968 

I was the NASA Guality Assurance Representative during the preflight 
inspection of U T V  #1 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 were, 
to the best of my knowledge, normal. 

I was located in front of TM Van fi, watching the vehicle. 1 observed a 
pitch-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 approxhately fifty feet prior to ground inpact, the vehicle partially 
righted itself; and the pilot ejected successfully. 



STATEMENT OF ALAN 0. KING CONCERNING LLTV #I. ACCIDENT ON 8 DECEMBER 1968 

I was i n  the control area of TM Van ifl a t  the  time of the  accident. My 
s ta t ion  was in the center of the  van behind the Controller, Rocket Engineer 
and J e t  Engine Panel Monitor. My function was t o  monitor systems behavior 
and advise the control ler  i f  requested. 

The pretake-off checks proceeded i n  a routine manner with no anomalies. 
The take-off was normal with l i f t -o f f  occurring a t  about 92 percent RE'M 
(consistent with the low ambient temperature of about 330F). The wind 
a t  ground leve l  was v i r tua l ly  negligable, but a wind shear was evident a s  
the climb up t o  the lunar sim en t ry  point progressed. 

The p i l o t  reported established in a hover i n to  wind a t  550 f e e t  a l t i t ude  
and quoted the wind speed a t  30 f e e t  per  second. 

I observed the vehicle start a t ransla t ion i n  the direct ion of the  intended 
"sim" but with some r igh t  crab angle. I heard the p i l o t  c a l l  moment com- 
pensation on over the radio. I observed the J e t  Stab l i g h t  on the con- 
t r o l l e r t s  panel come on, indicat ing lunar sim had b e w  selected. This 
panel looked normal a t  this time. The vehicle was yawed l e f t  t o  correct  
the crab angle. I observed the l i f t  rockets f i r e  and checked the control- 
l e r t s  and engine panels f o r  auto-throttle operation. The auto-thrott le 
l i g h t  was on and engine RPM was s table  a t  about 86 percent. I observed 
the gimbal lock mode l i g h t  go out on the cont ro l le r ' s  papel where the 
gimbals were released t o  s e t  up the full  lunar sim mode. A t  t h i s  point, 
dl systems indications were satisfactory.  Subsequent t o  this time, my 
a t tent ion was f ixed on the vehicle u n t i l  impact. 

P -  Alan O. King 
Senior Fligh ,dest  Engineer 
Bell  Aerosystems Company 



Memorandum 
TO : Chairman, LLTV Accident Inves t iga t ion  Board DATE: January 6, 1969 

FROM : CC/LLTV Q u a l i t y  Assurance 

SUBJECT: Clar i f i ca t ion  of Item "I", Step 1, Page 10, of t h e  LLTV Pre f l igh t  
Checklist 7260-931005, Revision "B", dated Apri l  12, 1968 

During t h e  p r e f l i g h t  of LLTV #1 t h e  morning of December 8, 1968, t h e  
audio tone requirement and operation was v e r i f i e d  by BAC contractor  
technician,  BAC Quality Control Inspector,  and myself f o r  th ree  
separa te  funct ional  checks. 

The reasoning of t h e  repeated tone check was t h e  BAC W l i t y  Control 
Inspector read the watch and timed t h e  tone duration,  h i s  statement 
was t h a t  t h e  time duration was 2.5 seconds on t h e  f i r s t  t e s t .  

Since a previous t e s t  indicated t h e  tone time durat ion was 1.5 seconds, 
the  t e s t  was repeated a second and t h i r d  time t o  assure  t h e  time dura- 
t ion.  The two watches were monitored by the  BAC Q m l i t y  Control 
Inspector and myself. The t ime duration of t h e  audio tone both times 
was 1.5 seconds. 

The audio l e v e l  of sound was high enough during the  above t e s t  t h a t  I 
could hear t h e  tone while s tanding near the  cockpit of t h e  vehic le  on 
the  entrance ladder. I could l i s t e n  a t  the  same time a s  t h e  BAC 
Quality Control Inspector ac tuated t h e  t e s t  switch. 

&L< 4 -.A- 
Melverd E. Cop1 n 
LLTV Q u a l i t y  Assurance Section 



ADDITIONAL DATA 

(WIND TUNNEL TESTS) 



WIND TUNNEL TESTS  

The ana lys i s  of the  wind tunnel  t e s t s  were not  complete a t  

the time t h i s  accident; r epor t  was p r in ted .  The following memorandum 

and a t tached data  are  submitted with the repor t  a s  prel iminary 

information. 



MRR 3- 
FROM : ~ ~ l j ' l / l ' r o ; i e c t  Support Office 

J m e s  P. Bizham 

I n  reply  r e f e r  to:  
CF131-9M -29 

SUBJECT: TILTV wind tunnel t e s t  program 

This i s  t o  smmarsze the  pr incipal  r e s u l t s  of t e s t s  conducted i n  t h e  
~LLL; x j l e  tunnel a t  Langley Research Center ( L ~ R C )  t o  determine 
LLTV aerodynamic character is t ics .  Testing was performed i n  t h e  period 
from J m u l r y  7, 1969, t o  February 7, 1969. 

Frwulure  

LEPV N ~ I N : Y  '3 ir:i:: used. The vehicle was sup]m.terl, i n  the  timnel':: 
'io Y. 00 i'i.. t c s t  :section by three  s t r u t s .  Two 01' t l i e s ~  s t r u t s  werc 
:ittachcfl t o  :An auxi l iary  cross b e m  hetween the shock s t r u t s  of the 
vehic le ' s  two a f i  legs ,  and t h e  t h i r d  tunnel s t r u t  fastened t o  an 
A-Triune hc?tween the  shock s t r u t s  of the  two f ront  legs.  

General pr.o,!eduri. was t o  se t  the  vehicle a t  a pa r t i cu la r  angle 01.' 

i t t a c k  ( w )  :,nd v:ny s i d e s l i p  angle i n  t h e  range from 0 t o  2 45 decrees 
,!urin,g each r1,n a'i, a constant tunnel velocity,  usually 59 f e e t  per 
.;econd. Vchiclc  forces and moments were measured both with the  en6:ine 
operai;ing :in& not operating a t  s i d e s l i p  angles of 0, 2 5, + 10, 2 15,  
+ 20, 2 31, + 45 aegrees. Vehicle s t ruc tu ra l  and tunnel  const ra in ts  - 
1.imi.twl t ho  nlarjmun w t o  + 15 degrees. These const ra in ts  a l s o  required 
thai:  the  cn8:ine be maintained i n  the  v e r t i c a l  mode fo r  a l l  conditions, 
:md t h a t  c ides l ip  angles of 2 45 degrees not be exceeded a t  tunnel  
specis ~ r e a t e r  than 40 fee t  per second. Data were obtained engine ofl- 
:it ::.iiicslip angles from 45 t o  90 degrees a t  39 f e e t  per second. 

T i r e i  ciasic vehlcle configurations were evaluated: 

3 .  Configuration as it was a t  the time of the  LLTV No. 1 :>,-cicknt. 

b. CO!,I'L,'-uration 3s above with cockpir, top  removed. 

i:. Colil'i,:urrition "a" with cockpit enclosure side window and aft 
cur ta in  out. 

In amlition t o  the  sbove, some ciata were taken f o r  conliiguratioll "c" wit'h 

the simulated LM window attache6 t o  evaluate i t s  ef fec ts .  

Bey U . S .  Suvings Bonds Regularly on thc Pdyroll Suvings Plan 



. , ,  , : , , , , , , , , I ,  ,~:,I:L W 8 . I . I .  , ~ i ' , l i , t ~ < d  , , l ' I i , ,  I , , ,  ,,(I/ ,>'lh,Li,t.,. 
' i ,  I i I t L n : I  : t l  Mcimvii:. r r : i t : i  l 'or 
,.L\ltl 'i(:nr:lt,i.m ":i" :and ''i," I'or o< .- + I ~ S  drg!,ees a r e  tr,ivi:n in enclosurer,  
i througtt !I. Similar  da t a  were ohtarned f o r  conf iguru t ion  "b" and for  
i.r,nfir:uratitmr "a", "b", and "c" a t  ff = 0 ,  2 5 ,  and + 1 0  degrees ,  but  
a r e  not  enclosed.  A convent ional  body a x i s  system i s  used wi th  r o l l i n g  
moment ( L ) ,  p i tchinf :  moment (M), and yawing moment ( N )  p o s i t i v e  r o l l  
r i g h t ,  p i t c h  up, and yaw r i g h t  r e s p e c t i v e l y .  

130th power (engine)  o f f  and on d a t a  a r e  p resen ted  i n  enc losures  1 through 
I+. For wise of p r e sen t a t i on ,  a l l  moments have been divided by q. The 
veh ic le  Lorqtics due t o  enyinf: operaticm a r e  t h e  d i f f e r ence  between t h e  
power of l '  am1 power on rxrve::. Engine moments f o r  a p a r t i c u l a r  veh i c l e  
; r t t <  tude  :in? p ropo r t i ona l  not  t o  q as tire t,he power ol'f d a t a ,  but r a t h e r  
vary ~ i i r i . c l . ly  with :iir::pced f o r  u g i v m  eni:ine t h r u s t  and stmosphcric 
d e r ~ s i t y .  iKr~fiinn ri:rta presented i n  enclosure;  1 t h r o u ~ h  4 a r e  f o r  an 
s i r spec i l  (11' 54 i c e t  pe r  second (q  - 1.115). Separate  cneine moment, da t a  
i'or coni ' i : ; t~ration "c" a s  a func t ion  ct' v e l o c i t y  and s i d e s l i p  ang1.r. a r e  
;:ivr:n i n  t nclocure 5. 

A i i  en(;inr, da t a  were obtained throut:h s t r a i n  gautyes mounte(1 on t he  
ena ine  pjt..ii and r o l l  a c tua to r s .  Fo r  t h i s  reason,  t h e  power on d a t a  is 
not  tota1:l.y s ccu rc~ t e  s i nce  t h e  e f f e c t s  of t h e  induced a i r f l o w  over. t h e  
vehic1.e caused by en[:ine opera t ion  a r e  not  included.  However, t h e s e  
effec1.s a r c  probabiy of secondary importance. 

General ly ,  t h e  t unne l  d a t a  confirmed t h e  presence of l a r g e  yaw r i g h t  
and p i t c l  1 q  momrnti: li Lne lower ang l e s  of a t t a c k  and s i d e s l i p  a s  
iviui?nced i n  t h e  LLTV acc iden t .  Removal of t h e  s i de  window and a f t  
c u r t a i n  reduced t h e  yawing moment and correspondingly a f f ec t ed  r o l l i n g  
i n d  p i t ch ing  moments t o  a l e s s e r  e x t e n t .  It a l s o  markedly improved t h e  
veh ic le  s t , a h i l i t y  c h a r a c t e r i s t i c s .  Vehicle  yawing and r o l l i n g  moments 
:ire bel ieved i;o he accep tab le  i n  configurat ion "c"; however, p i t ch ing  
mornimt appears  t o  he h igher  than  is de s i r ab l e .  I: t h e s e  r e s u l t s  a r e  
confirmerl b y  i'li[:ht t e s t ,  t o p  of f  d a t a  i n d i c a t e s  t h a t  t h e  p i t c h i n e  
momcrit can be reducer1 towards t h e  tri.m po in t  by ven t ing  of t h e  cockpi t  
roof .  

A i m . .  l i m n : :  s ' l i( :ht e n v c l o ~ x  l'or csnf i ( .urat ions "a" and "c" 
i s  : , , lv i !n in i!nclosure 0 .  Maximum a t t , i tude  t n r u s t e r  moments were taken  
as 1% ah1 ''70 i't,. I ~ h s .  i n  r o l l ,  :350 and 525 f t .  l b s .  i n  p i t c h ,  aml 
0 1 I O W  f t .  l b s .  .ill ytrw 1-01- coni ' igurat ions "a" and "c "  r e spec t i vc ly .  
1 i I :  1 l o s  6, pi tch inf :  moment determines t he  envelo2es a t  
s i r c i l i ~ i  :~.n;:los f'rom 0 t o  + 45 degrees ,  and r o l l i n g  moment c o n t r o l s  
i)i:yond t l i i i i  po in t .  ~ec : i u se  of t h e  p o s s i b i l i t y  of sin@? t!lrustzr ope?:?ri.,:. 
i n  p i t c h  u ~ i  r o l l ,  yawing moment i s  no t  c r i t i c a l  f o r  s i t h z r  enve:ope. 9din 



cnvclopes rmld f o r  : i l l  angles of ntt:lck from - 15  t o  + 15 cie;.;rces. F r r  
confi,gurution "at7,  - 13 i s  th(: most c r i t i c a l .  For confii.ur;ition "b", 
t he  c r i t i c a l  % var i e s  with s i d e s l i p  angle. 

It shoulc be noted t h a t  t h e  envelopes represent  vehic le  disturbance 
torques equal t o  100% of a s ing le  t h r u s t e r  output .  A muri:in must, of 
course, be allowed fo r  cont ro l ,  and t h e  a c t u a l  opera t ional  envelope 
Would be correspondingly reduced from t h a t  shown. 

Although configurat ion "c" o f f e r s  some improvement over "a", an expansion 
of t h e  envelope f o r  s i d e s l i p  angles i n  t h e  range from - 45 t o  + 45 degrees 
may be possible.  Pi tching moment cont ro ls  i n  t h i s  range, and the  t e s t s  
a t  LaRC ind ica ted  t h a t  p i tch ing  moment can, i n  t u rn ,  he cont ro l led  through 
changes t o  t h e  cockpit enclosure roof.  Enclosure 7 presents  p i tch ing  
moment a s  a funct ion  of angle of a t t a c k  fo r  configurat ions "a", "b" , and 
I, ,, c . As can be seen, a complete removal of t h e  t o p  would r e s u l t  i n  
excessive p i t c h  down moment. However, if these  numbers a r e  confirmed by 
f l i g h t  t e s t ,  it should be poss ib le  t o  reduce the  p i tch ing  moment t o  a 
value c lose  t o  t he  t r i m  point  t h roup ,  l imi ted  venting of t he  roof. This  
i s  t o  be examined during the  LLTV Number 2 f l i g h t  t e s t  program. 

Data Accuracy 

Because the-magnitude of LLTV aerodynnmic moments i n  r e l a t i o n  t o  those 
of an a i r c r a f t  :we small ;ind are  extremely d i f f i c u l t  t o  measure accura te ly  
i n  t he  w i n 1  t unne l ,  t,he da ta  should be taken wi th  reserva t ions .  It i s  
believed t h e  general  t r ends  shown a r e  cor rec t .  I-Iowever, absolute mag- 
nitudes should be accepted wi th  caution pending confirmation by f l i g h t  
t e s t .  The accuracy of t h e  l i m i t i n g  a i rspeeds  presented i n  enclosure 6, 
f o r  example, i s  no h e t t e r  t han  + 2@. For t h i s  reason,  t hese  envelopes 
must be considered prel iminary,  and a reasonably thorough f l i g h t  t e s t  
program should be conducted before a f i n a l  opera t ional  envelope i s  defined. 
This  should not be d i f f i c u l t  because of t h e  l a r g e  amount of information 
telcmeterrd from t h e  vehic le  and the  f a c t  t h a t  aerodynamic forces  a t  
Iij-gher airspeeds can be predicted from data  taken a t  airspeeds of 40 f e e t  
per  second or  l e s s .  

Comp:irison with LLTV No. 1 Accident Data 

i\ d i r e c t  comparison of wind tunnel  da t a  wi th  nerodynmic moment data 
obtained from t h e  telemetry records of t h e  LI3V accident  is  genera l ly  
not r ea s ib l e  s ince t h e  vehic le  was not flown i n  a s t a b i l i z e d  f l i g h t  
conuition. liowevcr, t h ree  poin ts  were found where the  angular accelerx-  
i i o n s  were zero and which o f f e r  a check of tunnel  r o l l ,  yaw, and p i t c h  
data.  



A t  7:26:25, the  r o l l  th rus te r s  indicated a vehicle r o l l  l e f t  disturbance 
torque of 180 fee t  lhs .  (or lo@$ s ingle  th rus te r  control  author i ty) .  
This occurred a t  an airspeed of 19 f t .  per second and a s ides l ip  angle 
of 75 degrees wind from the  r igh t .  The envelope for configuration "a" 
i n  enclosure 6 checks t h i s  point .  a 
A t  7:29:06 the yaw l e f t  th rus te r s  saturated a t  a s i d e s l i p  angle of 
5 degrees wind from the  r i g h t ,  an angle of a t tack of - 15 degrees, and 
an airspeed of 60 fee t  per second (q  - 4.3). Enclosure 1 shows an ~ / q  

i of 165 per t h i s  condition or a moment of 710 ft. lhs .  This i s  equivalent 
t o  the  output (700 ft. l b s . )  of the  saturated th rus te r s .  

A t  7:29:08 the  f i r i n g  of the  p i tch  th rus te r s  indicated a p i tch  up moment 
of 300 f t .  lbs .  This occurred a t  a s i d e s l i p  angle of 5 degrees wind 
from the  r i g h t ,  an angle of a t tack of - 10 degrees, and an airspeed of 
63 f e e t  oer second. 

Enclosure 7 shows an ~ / q  of approximately 80 a t  t h i s  c o d i t i o n .  This 
i s  almost e n t i r e l y  engine moment and converts t o  a torque of 320 ft. lbs .  
a t  63 f e e t  per second which checks t h e  f l i g h t  point .  

Enclosure 
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Abstract 

An interim re~ort is presented to sunrmarize 
some of the results of a cbntinuing flight-test 
investigation using the NASA Langley Research Center 
Lunar Landing Research Facility to study flight 
control problems of manned lunar landing vehicles. 
Thi~ report is concerned with the attitude control 
system only, and emphasis is placed on the pitch 
control 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 
Lunar Module. About one hundred and fifty flights 
in simulated lunar gravity have been made to date 
by a group of ten research pilots including three 
astronauts and three pilots who also have had flight 
experience in the NASA Flight Research Center Lunar 
Landing Research Vehicle (LLRV). These flights 
were made using rate cononand and acceleration 
commsnd type control systems and the primary vari- 
ables were attitude control power, maximum cormnand 
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 
parameters which produce acceptable handling quali- 
ties when using a rate command system and indicate 
tentatively that optimun values for control power 
and maximum command rate are about 12.5 degrees per 
second per second and 12.5 degrees per second, 
respectively. Also, the results showed that accept- 
able handling qualities were not provided when using 
an acceleration command system for the range of 
parameters covered. 

I. INTRODUCTION 

For nearly the past 2 years, the Lunar Landing 
Research Facility located at W A  Langley Research 
Center, see figure 1, has been in operation; fur- 
thermore, for a similar period of time the Lunar 
Landing Research Vehicle, see figure 2, has been 
flying at NPSA Flight Research Center. Tbe purpose 
of both of these two related flight-test operations 
ha6 been to evalmte the pilot handling qualities 
of lunar landing vehicles similar to the Apollo 
Lunar Module during the terminal approach and 
touchdown phase of the Apollo lunar mission. The 
intent of this paper is to disclose some hitherto 
unpublished results of the Langley research program 
pertaining to attitude control systems and to show 
the correlation of these data with information 
derived from the LLRV flight tests and also with 
information concerning related fixed-base simulator 
studies obtained from other sources. Inasmuch as 
the Langley data were obtained fromthe initial 
portions of a continuing program, these data are 
preliminary in nature and consequently are discussed 
only in term of general trends in handling quali- 
ties produced by varying combinations of some Of 
the control-system parameters. Emphasis is placed 

b on a rate command type of control system althouaii 
some comments are concerned with an acceleration- 
command system. 

Figure 1.- Photograph of research vehicle flying in 
the Lunar Landing Research Facility at Langley 
Research Center. 

Figure 2.- Photograph of the Lunar Landing 
Research Vehicle at Flight Research Center. 

In general, this discussion leads to estah- 
lishing a tentative boundary for combinations of 
the basic system variables; "control power" and 
"maximum available rate," which yield acceptable 
handling qwlities 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. 

11. DISCUSSION OP LLRF RFSEPRCA PROGRAM 

There has been general uncertainty relative to 
the pilot handling qualities of lunar landing 
vehicles, not necessarily concerning the pilot's 
ability to perfom the landing, but more so with 
respect to We most appropriate combination of 



the t e s t  point symbol denote the r a t e  dead-band 
values covered a t  each t e s t  point. (Note tha t  the  
sol id  l ines  radiating from the origin represent the 
t e s t  parameter combinations which produce response 
times for  maximum control inputs of 1/4, 1, and 
4 seconds, respectively. ) Inasmuch as  t h i s  i s  
merely a status report on a continuing program, the 
nlrmber of f l i gh t s  fo r  each t e s t  point varies 
preatly; f o r  some points only one f l igh t  has been 
made with one pi lo t ,  but f o r  others several f l i gh t s  
have been made with several p i lo ts .  

The resul ts  shown i n  f igure j are in the  form 
of averaged values of the p i lo t  ra t ing  numbers 
( table I) assigned by each of We p i lo t s  a f t e r  
flying the vehicle with the specific t e s t  combina- 
t ions.  The numbers appearing above and below some 
of the symbols denote the highest and lowest of the 
rat ing values assigned t o  each part icular combina- 
t i on  of dead band, control power, and m i m u m  com- 
mand ra te .  The nlnnbers appearing within the symbols 
represent e i ther  the rat ing assigned t o  a single 
f l igh t  or  the average of a l l  rat ings assigned t o  
the several f l i gh t s  for  a part icular t e s t  combina- 
t ion .  Because of the incomplete s ta tus  of t h i s  
f l i gh t  program these r e su l t s  do not represent a 
t rue  sampling process, but are useful a t  t h i s  time 
t o  help denote some trends. 

A brief  survey of the  t e s t  points i n  which 
multiple f l igh t s  were made shows tha t  the spread i n  
p i l o t  rat ings f o r  a given dead-hand value was as  
large as 3.0. This i s  an unusmlly large variation 
of p i lo t  rat ings inasmuch as the  p i l o t  rat ing 
spread i s  customarily considered t o  be more i n  the 
order of 0.5 for  more familiar  f l i g h t  investigations 
of a i r c ra f t .  There are  several factors, however, 
which may account fo r  t h i s  unusual dispersion, the 
f i r s t  being that  the ratings fo r  a l l  f l i gh t s  
including those assigned during the i n i t i a l  training 
period of each of the p i lo t s  have been included. 
Secondly, no dist inction has been made i n  the t e s t  

Maxlmun Command Rate, dww 
Fiavre 3.- Plot of  itch control svstem t e s t  noilits - - 

and p i l o t  rat ings f o r  the Lunar Landing Research 
Faci l i ty  Vehicle. 

points f o r  the differences i n  f l igh t  t ra jec tor ies  
01. fo r  the changes made i n  the vehicle systems as  
previously mentioned. Consequently, some of t h i s  
spread may be due t o  the rather crude approach 
taken here of lumping a l l  the t e s t  points together. 
Obviously, the resul ts  of the subsequent t e s t  
f l i gh t s  w i l l  help t o  c lear  up t h i s  point; however, 
it i s  believed some legitimate trends can be 
oheerved on the basis of the averaged data used 
i n  t h i s  review. 

In  the l igh t  of th i s  significant spread, and 
the re la t ive ly  few number of independent changes 
i n  r a t e  dead band, there is l i t t l e  opportunity a t  
t h i s  stage t o  evaluate the ef fec ts  of r a t e  dead 

TABLE I.- COOPER PILOT-OPINION RATING SYSYEM 

Operat5ng Adjective Numerical 1 n i t i n  1 rat ing 1 rat ing 

N O W  Satisfactory 1 
operation 2 

J 

Bnergency Unsatisfactory 4 
operation 

5 
6 

Catastrophic 10 

' ~ a i l u r e  of a s t a b i l i t y  a-enter. 

Description 

Excellent, includes optimum 
Good, pleasant t o  f l y  
Satisfactory, hut with some 

mildly unpleasant characterist ics 

Acceptable, but with unpleasant 
characterist ics 

Umcceptahle for normal operation 
Acceptable for emergency condition 

only1 

Unacceptable even f o r  emergency 
condition1 

Ilnacceptable - dangerous 
Unacceptable - uncontrollable 

Motions possibly violent enough t o  
prevent p i l o t  escape 

Primary 
mission 

xcomplished 

Yes 
Yes 
Yes , 

Doubtful 
Doubtful 

Can he 
landed 

Yes 
Yes 
Yes 

Yes 

Yes 
Yes 

Doubtful 

No 
NO 



readily apparent on the basis of available infor- 
mation as t o  why f l igh t - t e s t  and fixed-base simu- 
la t ion  studies should d i f fer  i n  t h i s  respect. 

4v I 
I 

1 10 ii m 25 30 35 40 
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Figure 8.- Comparison of acceptable p i l o t  rat ing 
boundaries established by use of the LLRF and the  
LLRV pitch control systems. 

The resul ts  of a recent f l i gh t - t e s t  investiga- 
t i on  using a variable s t a b i l i t y  helicopter t o  study 
the use of on-of or  bang-bang type controls for B V/STOL a i rcraf t ,  show a somewhat similar type Of 
closed boundary as indicated i n  f igure 11 of ref -  
erence 8. This boundary has been replotted i n  f i g -  
ure 9 of t h i s  report by using the relationship 

Control power 
Maximum control r a t e  = 

Angular velocity damping 
(1)  

Inasmuch as  the vehicle of reference 8 had l inear  
damping rather than the nonlinear damping as  pro- 
vided by the lunar-landing-type vehicle, there i s  
basic difference i n  the  dynamics of the vehicle 
responses. Furthemore, the V/STOL t e s t  helicopter 
wa6 flown, of course, i n  earth gravity where the 
horizontal response t o  angular displacement of the 
vehicle i s  much greater than fo r  lunar gravity. 
These differences may account fo r  the reduced area 
of the V/STOL boundary re la t ive  t o  the lunar- 
landing-vehicle boundary. The reduced area i s  pr i -  
marily the resul t  of a smaller range of acceptable 
control power values fo r  the V/STOL condition. The 
boundaries are  i n  close agreement for  the upper and 
lower l imi ts  fo r  maximum control r a t e  and the opti- 
mum combination f o r  control ra te  and control power 
discussed previously i s  enclosed wCthin the V/STOL 
boundary. 

On the basis of the comparison of the resul ts  
of the Langley preliminary research program and 
various other studies of lunar-landing-vehicle a t t i -  
tude control systems, it i s  tenta t ively  concluded 
tha t  combinations of the following range of system 
parameters w i l l  generally provide acceptable 
handling qual i t ies  for  performing a lunar landing 
ta6k during the touchdown phase: 

Control power, deg/sec* . . . . . . . . . 5 t o  JO 
Max- control rate,  deg/sec . . . . . . 5 t o  30 
Rate dead band, deg/sec . . . . . . . . . 0.5 t o  2 

An optimm combination of handling qual i t ies  . 
appears t o  be obtained with a control power of 
12.5 deg/sec2 and maximum command r a t e  of 
12.5 deg/sec which ~ r o v i d e  a response time of 1 sec- 
ond t o  reach maximum ra te .  

Figure 9.- Canparison of the acceptable p i l o t  rat ing . 
boundaries derived from f l igh t  evaluations of the 
lunar landing research vehicles and a helicopter 
using a bang-bang type control system. 

VIII. AlTITUDE CONTROL MODES 

Ug t o  t h i s  point there has been no attempt t o  
d i f ferent ia te  between the two basic modes of a t t i -  
tude control, namely, acceleration command and ra t e  
co-nd, which were u t i l ized i n  th i s  investigation. 
The acceleration command made has been treated as  a 
r a t e  cormnand system with in f in i t e  maximum available 
r a t e  and dead b a d .  The form of acceleration con- 
t r o l  employed i s ,  of course, an open-loop system i n  
which only the direction of angular acceleration i s  
conrmanded; the magnitude of acceleration i s  estab- 
l ished by the re la t ion  of the fixed a t t i tude  rocket 
thrust l eve l  t o  the moment of ine r t i a  about the 
respective axis. Control power, therefore, i s  the 
primary system variable for  the acceleration mode 
under consideration. 

A review of figure J reveals tha t  for  the 
values of control power tested, no acceptable p i l o t  
ratings were obtained fo r  the acceleration mode i n  
contrast t o  the large range of control power valves - 
which resulted i n  acceptable rat ings fo r  the r a t e  
command mode. The primary objection t o  the accel- 
eration mode expressed by the p i lo t s  i s  tha t  t he i r  
primary piloting workload was increased markedly by 
the lack of system damping and the need for  the 
p i l o t  t o  provide r a t e  limiting. Altho* the p i lo t s  
found 0h.iectionable characterist ics with the accel- 
eration mode, they expressed the  view tha t  f l l gh t  
control was not as  d i f f i cu l t  i n  t h l s  mode as they 
had expected. Furthermore, some p i lo t s  made the 
coment that they would consider t h i s  mode accept- 
able as long as the p i l o t ' s  workload wits concerned 
only n t h  the flying task. From the observer's view- 
point, the basic difference between the two modes Of 
control was evidenced by frequent small-scale 



motions of the vehicle when the acceleration mode 
was u t i l ized.  

Although not investigated i n  any deta i l ,  the 
a t t i tude  controller  dead band and physicsl charac- 
t e r i s t i c s  appear t o  be more significant factors for 
the acceleration mode than fo r  the r a t e  cnmnand 
mode. Several cnmnents or  complaints were made 
concerning the controller  a f t e r  the vehicle had 
been flown i n  acceleration mode even though m y  
f l igh t s  bad previously been made i n  r a t e  co-d 
mode by each of the  p i lo t s  using the same con- 
t r o l l e r .  Concern was expressed about the con- 
t r o l l e r  position, actuation motion ( that  is, loca- 
t ion  of pivot point) ,  and dead band. Generally, a 
wider dead band than tha t  provided was requested so  
as  t o  eliminate the inadvertent input about an axis 
other than the one being cnmnanded. The controller  
dead band used f o r  most of these f l igh t s  was 
equivalent t o  +lo out of a t o t a l  +lo0 s t i ck  t ravel .  
These problems seem t o  stem from the f ac t  tha t  the  
p i l o t  work load vas much greater i n  acceleration 
mode than r a t e  mode. As a consequence, controller  
deficiencies which the p i l o t  overlooked i n  r a t e  
command were more readily apparent in acceleration 
command because the deficiencies interfered with 
the p i l o t ' s  a b i l i t y  t o  make more frequent and pre- 
c i se  control inputs. 

I X .  CONCLUDING RFMPRKS 

In closing it can be s ta ted  tha t  a rather 
broad review of preliminary data from the LLRP 
research progir'am and comparison with related data 
from other sources indicates some general trends 
which should prove useful i n  considerations of 
hardling qual i t ies  of lunar landing vehicle. TBese 
trends imply that  there i s  an optimum range of 
values for  pitch a t t i t u t e  control power and maximum 
cnmnand r a t e  i n  which acceptable handling qual i t ies  
can he attained. 

Results of the continuing research program 
w i l l  be required t o  define more c lear ly  the boundarq 
values fo r  acceptable handling qual i t ies  and t o  
e s t a b l i ~ h  ef fec ts  of control system r a t e  dead band 
on these values. 
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