


SECTION V 

HYDRAULIC GIMBA1.I SYSTEM 

MAINTENANCE 

5-10 SCOPE OF SECTION 

5-2. This section provides a descript,ion, functional analysis and 

maintenance instructions on the LLTV hydraulic gimbal system. The 

maintenance instructions include servicing and t e s t i ~ g  removal and 

ins t a l l a t ion ,  and t e s t  equipment. 

5-3. DESCRIPTION AND IsEADING PARTICULARS 

5-4. The hydraulic gimbal system consists of a r o l l  (figure 5-1) and a 

pi tch actuator,  a hydraulic reservoir and pump (figure 5-2), a 

hydraulic accumulator (figure 5-3) and various valves, switches and 

couplings (figure 5-4). The hydraulic system supplies power t o  two 

electro-hydraulic servo-actuators f o r  pitch and r o l l  a t t i tude  control 

of the j e t  engine during the Local Vertical mode, Engine Centered mode, 

Luna.r Simulation mode, and Gimbal Locked mode of operation. 

The hydraulic actuators a re  controlled by one of the following methods: 

(1) electronical ly  through the servo valve or  (2)  electro-mechanically 

through t h e  actuator centering port. Refer t o  section X I  f o r  a des- 

cription of the electronic control subsystem, 

F'UNCTIONAL ANALYSIS 

5-6. Primary hydraulic pressure is  supplied by an engine-driven, 
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var iable  displacement-type pump (f igure  5-5) using hydraulic f l u i d  from 

the  reservoir .  A reserve hydraulic pressure source i s  provided by 

the  hydraulic accumulator and is  used f o r  centering the  engine i n  the 

Emergency Gimbal Locked mode i n  the  event the  hydraulic system pressure 

d r q s  below 1350 + 50 ps i .  Check valves a t  the pump ou t l e t  and i n  the  

re turn por t  of both solenoids prevent reverse flow during ground 

operation with an aux i l i a ry  hydraulic power supply. The r e l i e f  valve 

prevents system over-pressurization i n  event of a pump malfunction. 

Self-sealing couplings, a manual reservoir  shutoff valve, the  pump 

check valve and the  check valves i n  the  re turn por ts  of the  solenoid 

valves, provide the  necessary i so la t ion  f o r  ground checkout of the  

hydraulic sysbem. 

5-7 A hydraulic accumulator provides the  source of hydraulic pressure 

during t he  Ehergency Gimbal Locked mode. This mode moves the  engine t o  

the  Z-body axis.  A cam operated centering valve i n  each actuator  

provides the  mechanism t o  center the  engine. A decrease i n  normal 

hydraulic pressure i s  sensed by the  hydraulic low pressure switch and 

energizes an emergency re lay  K6 which actuates  the  emergency Gimbal 

lock solenoid, L2. This causes the normally closed 3-we.y solenoid 

valve t o  apply pressure from the accumulator t o  the c e n t ~ r i n g  ( shu t t l e )  

valves on the  r o l l  and pi tch actuators.  This pressure overrides the  

servo-controlled valve t o  hold the gimbals i n  the center position. 

5 When the  Gimbal Lock mode i s  selected by the p i l o t ,  the  gimbal 

lock solenoid L1 i s  energized and applies hydraulic pressure from the  

normal source t o  the  centering ( shu t t l e )  valves on the  pi tch and r o l l  

ac tuators .  The L1 solenoid valve can a l so  be energized by t h e  al.ionic 

system. 

5-9 In the  event the  gimbal lock switch on hand control ler  f a i l s  t o  

operate, a pressure switch located i n  the  normal gimbal lock s ide  of 

the  shu t t l e  valve loop, t r i gge r s  the  emergency gimbals locked solenoid 

i n  the emergency s ide  of the  shu t t l e  valve loop. 
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5-11. The servicing and t e s t i ng  procedures f o r  the  hydraulic gimbal 

system a r e  provided i n  paragraphs 5-11 through 5-17. Step-by-step pro- 

cedures and t e s t  equipment a r e  provided. 

5-1 2. TEST EQUIPMENT 

5-13. An accumulator pressure c a r t  and Iiydraulic. Test Stand D6 and D6A 

a r e  required f o r  servicing and t e s t i ng  the  hydraulic gimbal system. 

5-14. STEP-BY-STEP PROCEDURES 

5-15. The following paragraphs provide step-by-step procedures f o r  

f lushing,  f i l l i n g  and t e s t i ng  t he  hydraulic gimbal system. 

5-16. F'LUSHING PROCEDURE - Refer t o  paragraph 2-49 f o r  f lushing procedure. 

5-17. FILLING - After i n i t i a l  i n s t a l l a t i on  and a f t e r  major maintenance 

f i l l  system. (Refer t o  paragraph 2-50) 

5-18. TESTING - To t e s t  f o r  external  and i n t e rna l  leakage r e f e r  t o  

paragraph 2-51 . 

5-1 9. REMOVAL PROCEDURES 

5-20. The removal procedures f o r  the  najor  components of the hydraulic 

gimbal system are  described i n  paragraphs 5-21 through 5-31 

HYDRAULIC ACTUATORS 
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5-22. The removal procedure of the  r o l l  and p i tch  hydraulic actuators  

is  essen t ia l ly  the  same f o r  both actuators.  

NOTE - 
Pr ior  t o  removal of any hydraulic .components, 

vent the  accumulator hydraulic pressure by 

placing manual 3-way valve, 7260-390009-1 

i n  DUMP posit ion.  

5-23. To remove and actuator,  proceed a s  follows: 

A. Remove, cap, and iden t i fy  a l l  hydraulic f l e x  l i n e s  t o  actuator  

and shu t t l e  valve, using clean pressure type caps and plugs. 

Assure wire bundles a r e  protected. Prepare t o  catch some 

f l u i d  drainage from system. Cap a l l  actuator ports .  

B. Disconnect e l e c t r i c a l  connector. 

C. Block gimbal r ing  i n  s ta t fonaypos i t ion ,  using wooden 

blocks between inner  and outer  ring. 

5 .  ROLL ACTUATOX - To remove the  r o l l  ac tuator  proceed a s  follows: 

CAUTION 

Exescxs3 extreme care t o  preventdamage t o  

actuator  during removal. 

A. Remove bo l t  and washer securing actuator  t o  engine mount. 

B. Remove bo l t  and washer securing actuator  t o  gimbal r ing.  

C. Remove r o l l  ac tuator  and secure piston. 

D. I n s t a l l  dummy actuator  immediately. 
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5-25. PITCH ACTUATOR - To remove pitch actuator proceed as  follows; 

A. Remove bol t  and washer securing actuator t o  gimbal ring. 

B. Remove bol t  and washer securing actuator t o  vehicle main 

frame . 
C. Remove pitch actuator and secure piston. 

D. I n s t a l l  dummy actuator immediately. 

5-26 HYDRAULIC PUMP 

5-27. Refer t o  paragraph 6-30 fo r  removal procedures fo r  the hydraulic 

pump 

5-28. HYDFtAULIC RESERVOIR 

5-29. Refer t o  paragraph 6-28 f o r  removal procedures fo r  the hydraulic 

reservoir. 

5-30. HYDRAULIC ACCUMULATOR 

5-31. To remove the hydraulic accumulator proceed a s  follows: 

NOTE - 
Dump hydraulic pressure i f  any is  i n  

accumulator pr ior  t o  r %lease. 

A .  Open Schrader Valve t o  release pre-charge nitrogen pressure 

from accumulator. 

B. Disconnect hydraulic l i n e  from f i t t i ng .  Cap tubing and port ,  

with clean press type f i t t i ngs .  
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5-32. INSTALLATION PROCEDURES 

5-33. The i n s t a l l a t i o n  procedures a re  provided f o r  msjor components of 

t he  hydraulic gimbal system i n  paragraphs 5-34 through 5-41. See Be l l  

drawing 7161-382003 and 7260-382004. 

5-35. The i n s t a l l a t i o n  of the  actuators  i s  e s sen t i a l l y  i n  the  reverse 

order of removal. 

NOTE 

After i n s t a l l a t i o n  of any major component 

of the  hydraulic gimbal system, perform the 

f lushing and f i l l i n g  procedures provided i n  

paragraphs 5-16 and 5-17. 

5-36. HYDRAULIC PUMP 

5-37. The hydraulic pump i s  i n s t a l l ed  i n  the reverse order of removal 

Refer t o  paragraph 6-30. 
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SECTION V I  

POWER PLANT MAINTENANCE 

SCOPE OF SECTION 

6-2. This sect ion providesthe description and maintenance Ins t ruct ions  

f o r  t he  j e t  engine and re la ted  systems which compose the  U T V  j e t  engine 

power plant .  These systems a r e  fue l ,  lubr icat ion,  com~reseor a i r  bleed. 

and control  linkage. Refer t o  General E l ec t r i c  J e t  Engine CF730 

Mainkenance Manual SEI133 f o r  de ta i l ed  maintenance ins t ruc t ion  on t h e  

j e t  engine. 

6-3. DESCRIP.TI0N AND LEADING PARTICWS 

6-4. The functional  re la t ionships  of the  systems comprising t he  vehicle 

power p lan t  a r e  shown i n  f igure 6-1. The modified CF700-2CV j e t  engine 

provides t h r u s t  requirements f o r  takeoff ,  f l i g h t  and simulation of lunar  

gravity. During lunar  simulation the  t h ru s t  capabi l i ty  counteracts 

f ive-sixths of t he  ear th ' s  gravity. The vehicle fue l  system provides 

storage and f u e l  in jec t ion  t o  the  j e t  engine. A combination hydraulic 

and e l e c t r i c a l  manual t h r o t t l e  provides the p i l o t  with a primary and 

backup con t ro l  of the f u e l  system. Engine s t a r t  i s  provided by an 

external  a i r  s t a r t  uni t .  Lubrication of the  j e t  engine is' provided 

through a vented, pressurized, closed-circuit  system designed t o  furnish  

o i l  t o  p a r t s  requiring lubr icat ion during engine operation. An a i r  

bleed system on the  vehicle provides JP4  f u e l  tank pressurization,  by 

bleeding a i r  from the  Je t  engine compressor. Various cockpit 

instruments monitor engine performance. Refer t o  section V I I I  f o r  

de ta i l ed  maintenance ins t ruct ions  per ta ining t o  cockpit instruments. 
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6-5. JET ENGINE SYSTEM - The modified CF700-2CV i s  provided with 

bellmouth-type i n l e t  f a i r i ngs  f o r  t h e  gas generator and a f t  f a n  i n l e t s .  

The engine i s  mounted i n  a v e r t i c a l  posi t ion on gimballing mounts, which 

permit - + '40' p i t ch  and + - 25' r o l l  r e l a t i ve  t o  t h e  v e r t i c a l  posi t ion of 

t h e  vehicle. Refer t o  section I of General E lec t r i c  J e t  Engine CF7OO 

Maintenance Manual SEI-133 f o r  a de ta i l ed  descr ipt ion of the  basic  

engine. Refer t o  Be l l  drawing 7260-421010 f o r  other modifications 

necessary t o  engine i n s t a l l a t i o n  with quick engine change (($3~) 

components. 

6-6. JET FUEL SYSTEM - The j e t  f i e 1  system (figure 6-1 1 consis ts  of 

f u e l  storage tanks f o r  JP4 f u e l  (MIL-J-5624~) tank pressur izat ion 

provision ( a i r  bleed),  f u e l  l eve l  switches, ca l ibra ted f u e l  l e v e l  d ra in  

probes, pressure balancing fue l  flow proportioner, f u e l  l e v e l  warning 

l i g h t s ,  tank pressure gages, check valves, f i l t e r s ,  and quick-disconnect 

f i l l  and dra in  f i t t i n g s .  

6-7. FUEL STORAGE - Two J P ~  tanks a r e  mounted symmetrically about the  

vehicle center of gravity. The desired balance and vehicle center of 

gravity i s  obtained by mounting one tank i n  f ron t  of and s l i gh t l y  below 

the  engine and t he  other tank d i r ec t l y  behind and s l i gh t l y  above the 

engine. A quick-disconnect f i t t i n g  a t  t he  center of t he  tank bottom 

provides access f o r  f i l l i n g .  A manually operated, re t rac tab le ,  ca l ib-  

ra ted f u e l  l e v e l  indicator  probe i n  each tank permits p a r t i a l  f i l l i n g  

and quanti ty checking of fuel .  A quick-disconnect on the  probe a l s o  

providers access f o r  draining and ground venting. The probe i s  marked 

i n  increments of f i v e  pounds of JP4 f u e l  f o r  a density of 6.5 ~ b / ~ a l l o n .  

Quantity a t  t h i s  density i s  234 pounds per tank. 

6-8. TANK PRESSURIZATION - The f u e l  tanks a r e  pressurized p r io r  t o  

f l i g h t  t o  20 +_ ps ig  with gaseous nitrogen through a permanently 
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i n s t a l l e d  charging valve i n  the  a i r  l i ne s .  The r i g id  a i r  l i n e s  a r e  

aluminum a l l oy  with f l a r ed  f i t t i n g s  and a r e  proof-tested t o  500 psig. 

The f l e x i b l e  hose a i r  l i n e s  a re  adequate f o r  1500 psig  working pressures 

wi th  f l a r e d  tube f i t t i n g s .  During f l i g h t ,  tank pressure ismaintained. a t  

approximately 22 ps ig  by bleed a i r  taken from the  j e t  engine compressor. 

However, during pretakeoff checks, the  ground service pressure decreases 

t o  l e s s  than 5 psig. As t he  RPM increases a t  takeoff and during f l i g h t ,  

t h e  tank pressure increases up t o  approximately 22 psig. Pressure i n  

both  tanks should increase evenly p r io r  t o  takeoff .  An a i r  f i l t e r  i s  

located i n  t he  a i r  l i n e  between the charging valve and t h t a n k s  t o  prevent 

contamination from the  engine bleed a i r  or the  p re f l igh t  pressurization.  

Check valves a t  each of t he  tank pressurization i n l e t s  increase f l i g h t  

r e l i a b i l i t y  f o r  re ta ining tank pressure. No pressure r e l i e f  valve i s  

required f o r  f l i g h t  operation. 

6-9. FUEL LINES - The f u e l  l i n e s  consis t  of r i g i d  aluminum and f l ex ib l e  

sections.  A f u e l  flow proportioner equalizes f u e l  flow from the two tanks. 

Loca.ted between t h e  f u e l  proportioner and tank ou t le t  check valve f o r  each 

tank i s  a f u e l  f i l t e r .  These f i l t e r s  minimize contamination of the  prc- 

por t ioner  and engine f u e l  control .  The *ank ou t l e t  check valves prevent 

flow back i n t o  t he  tanks i n  the  event of l o s s  of pressure i n  one tank. 

The a f t  tank check valve has a 0.050-inch o r i f i c e  t o  provide f o r  thermal 

pressure r e l i e f  f o r  trapped f u e l  i n  the  engine feed l i ne s .  A manual 

f u e l  shutoff  valve i s  located between the proportioner and engine fue l  

intake.  The valve i s  detented i n  a spring-loaded open posit ion and i s  

safety-wired i n  the  open posi t ion f o r  f l i g h t .  

6-10. - LUBRICATION SYSTEM - The vented, pressurized, closed-circuit lube 

system i s  designed t o  furnish  o i l  t o  par t s  which require lubr icat ion 

during engine operation. After  o i l  has been supplied t o  these par ts  it 

flows t o  t he  sumps where it i s  recovered and reci rcula ted throughout the  

system. A l l  system components a r e  engine furnished and engine mounted. 
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Refer t o  sect ion I of General E lec t r i c  J e t  Engine CF7OO Maintenance 

Manual SEI-133 f o r  a de ta i l ed  descr ipt ion of the  lubr icat ion system. 

6-11. FUEL CONTROL SYSTEM - A combination hydraulic and e l e c t r i c a l  

manual t h r o t t l e  provides t h e  p i l o t  with a primary and backup control  

of t he  J e t  engine main f u e l  control ,  respectively.  An automatic 

e lec t ron ic  t h r o t t l e  control  subsystem controls the  j e t  t h ru s t  during 

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

automatic t h r o t t l e  c lutch a t  any time. 0verrri.de forces  a r e  usually 

high (25 t.o 30 pounds), ar?d disengagement i s  t he  preferable means 

of coming out of t he  au to thro t t l e  mode. The manual hydraulic system 

(figure6-i) consis ts  of th manual t h r o t t l e ,  two hydraulic actuators ,  a 

motor-operated cross-over valve,  a temperature compensator with a 

volume indicator  and hydraulic l ines .  Located on the  manual t h r o t t l e  

i s  a Sim Release switch and an Emergency-Normal switch. 

6-12. The two hydraulic actuators  provide a closed loop j e t  engine 

t h r o t t l e  system. Movement of the  manual t h r o t t l e  r e su l t s  i n  movement 

of t h e  f u e l  control  cam mounted on the  j e t  engine (f igure 6-2). 

The spring-operated temperature compensator absorbs the  pressure 

bv.ildup caused by temperature changes i n  the  t h r o t t l e  system. The 

Sim Release switch disengages th au to thro t t l e  c lutch f o r  manual 

control  of t h e  engine f u e l  control. 

6-13. An emergency e l e c t r i c  j e t  t h r o t t l e  switch permits p i l o t  

operation of a motor-operated cross-over valve which interconnects 

t h e  two s ides  of t he  t h r o t t l e  hydraulic system, thus allowing t he  

p i l o t  t o  operate the  t h r o t t l e  l ever  with negl igible  back pressure. 

This switch a l s o  simutaneously engages t he  e l e c t r i c a l  t h r o t t l e  control  

ac tuator  used a s  t h e  automatic e lect ronic  t h r o t t l e  t o  control  j e t  

t h r u s t  during t h e  lunar  simulation mode. The e l e c t r i c a l  control  
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Figure 6-2. Jet Engine Throttle Control 
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originate from a synchro instal led on the j e t  engine thro t t le .  Refer 

t o  section X I  f o r  a description of the e l ec t r i ca l  and electronic control 

c i rcui ts .  An operational check of the emergency e l ec t r i ca l  control can 

be made without need fo r  reservicing of the primary control. 

The emergency e l ec t r i c  th ro t t l e  operates 

slower (6'. sec) than the manual hydraulic 

thro t t le .  

WARNING 

The power source of the backup e l ec t r i ca l  

t h r o t t l e  is  derived from the primary AC bus 

(phase A). Thus, .the emergency th ro t t l e  i s  

inoperative i f  the primary AC or DC busses 

become inoperative. 

OPERATIONAL CHECKOUT 

6-15. An operational checkout of the j e t  engine power plant and 

associated systems i s  performed by the following procedures outlined 

i n  Report Number 7260-928058, J e t  Engine Functional Ramp Test. 

Test equipment requirements are  l i s t e d  in paragraph 3.3 of Report 

Number 7260-950014. 

6-16. SYSTEM TROUBLESHOOTING 

6-17. J e t  engine system troubleshooting can be in i t i a t ed  by performing 

the steps outlined i n  paragraphs 4.0 through 4.4 of J e t  Engine 
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Functional Ramp Test ,  Report Number 7260-928058. For ass is tance i n  

troubleshooting the  j e t  engine system, r e f e r  t o  paragraph 4.2.1 of 

Fai lure  Mode Analysis Report Number 7860 -950014. 

6- 18. REMOVAL AND INSTALLATION PROCEDURES 

6-19. The removal and i n s t a l l a t i o n  procedures f o r  the  j e t  engine, 

accessor ies ,  j e t  f u e l  storage tanks,  and hydraulic au to thro t t l e  system 

are  provided. A l i s t  of graund s u p p o ~ t  equipment required f o r  removal of 

t h e  j e t  engine i s  provided i n  t ab l e  6-1. Refer t o  sect ion I1 fo r  

add i t iona l  descr ipt ion of t h e  ground support equipment. 

TABLE 6- 1 GROUND SUPPORT EQUIPMENT 

6-20. TURBOFAN JET ENGINE REPLACEMENT 

6-21. The ins t ruc t ions  provide: (1 engine removal from the LLTV, (2) 

accessory removal, (3) removal of t h e  replacement engine from i t s  

shipping container,  (4) engine buildup and (5) j n s t a l l a t i on  of t he  engine 

1 

Use and Application 

Supports Engine i n  Hoist 

Provides Connections 

Supports and Transports Engine 

Mounts Engine t o  Maint Stand 

Provides L i f t i ng  Force t o  Eng 

Supports Engine i n  Hoist 
* 

Nomenclature 

Ver t i ca l  Hoist Sl ing 

Hoist Adapters 

Yaintenance Stand 

Simbal Assembly Adapter K i t  

Chain Hoist 

Horizontal Hoist Sl ing 
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i n to  the  U T V .  See figures 6-3 2nd 6-4 f o r  engine ins ta l la t ion  inform- 

ation. Other i l l u s t r a t ions  i n  t h l s  section highlight the de ta i l s  of 

engine buildup. 

Do not stand on the U T V  structure; use 

ladders or maintenance stands fo r  access. 

6-22. REMOVAL FROM LLTV - Perform the following procedures i n  order 

l i s t ed :  

A .  I n s t a l l  j e t  engine fan and compressor i n l e t  covers. 

B. Relieve the tension of the center body s t ress  cables by 

unscrewing t h e i r  turnbuckles and swing the cables clear  of 

the center body structure. 

C. Attach the  l i f t  r ing of the j e t  engine ver t ica l  hoist  s l ing  

t o  an overhead hoisting device (chain Tall) ,  having a hook 

height of a t  lea,& 22 fee t ,  and attach the hoist adapters t o  

the engine mount pivot f i t t i ngs .  (Refer t o  figure 6-5). 

NOTE - 
The emergnecy e l ec t r i c  th ro t t l e  operates 

slower (6'1 sec ) than the manual hydraulic 

th ro t t l e .  
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t MAIN ENGINE MOUNTS 

/ 
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I1 RLMOIC J N L  KNITION UNIT AND ONE IGNITOR RUG 
BCLCAN  VAL^ AND 5ELT PER~OD~CALLI TO A55URE AIQ LEAKAGL IS 

WIT# IN DL5lGN UMll5 
9 RLFER TO BPS M I 6  FOR WRENCH TORaUES. 

@If1 STA6C 5 COOL *IR T U I S  TO FAN WITU TFCLOI HOSE ASYPMLl 
~ 1 8 0 0 - ~ - x m  AoAPrEa TU~Y TI*~-*ZIOI~-I SUPPORT ILI-UIOZO-I 
AND TUBE A31 i  OF 1260-~LIOII-I 

IDBFAN SLAV HOSE AND TUBE Wl?H TCTLON HG%E ASSEMBLV 
a m x - 6 - o r m ,  CLAMP r s  SVOWN 

ClfAN LUBE UOV AN0 5UBf WlTY TEFLON WSE ASSEMKr Q3H1-00112 
CLAMP AS SMWN 

In1 FAN SEAL PlESSUllL 111 TULYI  WITH TCFLON m)5f ASYM8L l  
R38a)OLC -6-OIII C L ~ P  A5 SWWN 

111 SUMP VENT r u n t 5  W,TY T r r w u  ~ 0 5 ~  ASSEM&? RS~C*-CM++ 
CLAMP IS SIKINN 

ARLRKE THE ~ O L L O W I N ~  STANUARO LNGINL TO FAN SCRVICE 
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Figure 6-3. J e t  Engine Schematic 
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Figure 6-5 Jet Engine Ve r t i c a l  Hois t  Sling Attachment  
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D. Remove slack from hois t  cables, but do not take up any weight 

with hoist .  

CAUTION 

The overhead hois t  is attached a t  t h i s  time 

a s  a precautionary measure. Attempting t o  

r a i se  the engine a t  t h i s  time wi l l  resu l t  i n  

l i f t i n g  the en t i re  vehicle off the ground. 

E. Disconne~t,  tag, and place dust covers on connectors P88, 

Pl25, P139, and P330. Remove the three e l ec t r i ca l  cable 

clamps. Remove clamps from wiring harness, a s  necessary, 

t o  f ree  harness from engine. Lay harness back over gimbal 

ring. Ident i fg and storeclamps and mounting hardware f o r  

ins ta l la t ion .  

CAUTION 

Closed loop hydraulic th ro t t l e  system normally 

has 100 t o  120 ps i  of hydraulic pressure trapped 

i n  system. Observe th ro t t l e  system compensator, 

while releasing trapped pressure t o  zero. Piston 

rod should move inboard a s  pressure bleeds off. 

F. Remove hydraulic f l e x  l ines  t o  engine th ro t t l e  acutator a t  

actuator end. Remove a l l  attaching clamps a l l  the way t o  

inner gimbal ring. Cap actuator ports with clean pressure 

caps. Use clean pressure plugs f o r  f lex  l ines .  

Report No. 7260-954002 



G. Close manual f ue l  shut off  valve: Safety wire i n  closed 

posit ion.  

Have container ready t o  catch f u e l  

draining from fue l  f l e x  l i ne .  

H. Disconnect main f u e l  f l e x  l i n e  t o  engine a t  r e a r  r o l l  gimbal 

point. Cap and Plug disconnected fue l  l i n e s  with press type 

cap and plug. 

I. Remove,engine a i r  s t a r t  adapter, pa r t  no. 7260-429013-3. 

WARNING 

Ensure t h a t  hydraulic system gage reads zero 

before opening gimbal hydraulic f i t t i n g s .  

J. Disconnect and cap hydraulic pressure and re turn f l ex ib l e  

l i n e s  a t  manual shutoff valve and f i l t e r ,  respectively,  on 

engine. Use clean press type caps and plugs. 

K. Safety wire manual shutoff valve i n  closed posit ion.  

L. Disconnect yaw compensator bleed l i n e  and JP4 tank bleed 

a i r  source. 

M. Remove bo l t  and washer securing r o l l  ac tuator  t o  engine. 

Allow r o l l  ac tuator  t o  swing down and replace b o l t  and 

washer on actuator.  Safety wire r o l l  actuator i n  a posi t ion 

t o  prevent damage t o  actuator.  

N. Check t h a t  a l l  s lack i s  out of engine v e r t i c a l  ho i s t  s l ing  

cables. 
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0. Cut sa fe ty  wire and remove four bo l t s ,  washers, and retaubers 

securing engine mount assembly t o  forward r o l l  trunnion 

.(,below engine steady r e s t  ) . 
P. Repeat s t e p  11011 a t  a f t  r o l l  trunnion, 

CAUTION 

Ensure t h a t  r o l l  ac tuator  i s  not damaged 

a s  engine i s  ra ised from vehicle. 

Q. Carefully r a i s e  engine with overhead ho i s t  so t h a t  engine mount 

c l ea r s  forward and a f t  r o l l  trunnions. Perform v isua l  check 

t h a t  a l l  l i n e s  a r e  disconnected. 

NOTE - 
The t a i l  cone may be removed from the  

turbofan j e t  engine a t  t h i s  time i f  

su f f i c i en t  clearance i s  not available.  

S. Raise engine u n t i l  exhaust cone i s  c l ea r  of center body and 

move hois t ing device and engine c l ea r  of the  LLTV. 

T. Reconnect s t r e s s  cables and t ighten t o  18-inch/pounds with 

torque wrench. 

6-23. INSTALLATION ON MAINTENANCE STAND - The turbofan j e t  engine i s  

i n s t a l l e d  on t he  j e t  engine gimbal assembly adapter k i t  which i s  mounted 

on the  p a r a l l e l  r a i l  engine maintenance stand f o r  accessory removal and 

buildup. This i s  a l so  necessary t o  ro t a t e  the  engine from a v e r t i c a l  t o  a 

hor izontal  a t t i t u d e ,  o r  v ice  versa. The following procedures apply when 

t he  turbofan j e t  engine i s  supported on the  j e t  engine v e r t i c a l  o r  

hor izontal  h o i s t  s l ing.  (see f igure  6-6. ) 
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A. Position the engine between the adapters on the para l le l  r a i l  

maintenance stand. 

B. Align the mounting points on the engine mount assembly with the 

trunnions on the adapter A-frames. 

NOTE - 
Trunions must be oriented and locked i n  the 

position corresponding t o  the engine at t i tude.  

L i f t  eyes on the adapter trunnions should be up 

f o r  ve r t i ca l  ins ta l la t ion  of engine. 

C. Secure the engine mount t o  the adapter trunnions with bol ts ,  nuts, 

and washer removed i n  paragraph "0" of section 22. 

D. Adjust posit ion of adapter A-frameson engine and stand r a i l s  so 

tha t  engine i s  clear  t o  rotate.  Tighten adapters on r a i l s .  

6-Z+.. ENGINE A I R  INLET REMOVAL - The engine a i r  i n l e t  i s  removed and the 

forward l i f t  adapter of the horizontal hois t  s l ing  i s  attached according 

t o  the following procedures before the accessories, fan i n l e t ,  and engine 

mount a re  removed. (See figure 6-7. ) 

A. Remove engine a i r  i n l e t  cover and disconnect and cap piping 

conncetors on T sensor a i r  ducts. 2 

B. Remove the following 10/32 s ize screws. 

1 ) Three located a t  top of th ro t t l e  box. 

2) Three located a t  inboard side of th ro t t l e  box. 

3) Two located a t  bellmouth t o  engine parting surface. 

C. Remove clamps holding th ro t t l e  l i m i t  microswitch leads t o  

bracket on bellmouth. 
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HORIZONTAL HOIST SLING 

AFT LIFT ATTACHMENT 
FORWARD LIF'T 
ATTACHMENT 

CENTER LIFT ATTACHMENT 

FORWARI) LIFT 

Figure 6-7 Horizontal Hoist Sling Forward Lift Attachment 
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D. Remove the  32 screws (10/32 s i ze )  and nuts,  and 13 screws 

( 1 0/32 ) holding t h e  bellmouth t o  engine. 

Screws removed a t  clamp locat ions  along 

par t ing  surface a r e  s l i g h t l y  longer. Note 

clamp posi t ion,  spec i f i ca l ly  a t  t h r o t t l e  

ac tua tor  mounting bracket and engine 

support cable bracket . 
E. Iden t i fy  and s to r e  mounting hardware with engine a i r  i n l e t  f o r  

i n s t a l l a t i on .  

F. Align t he  hor izontal  ho i s t  s l i ng  forward f i t t i n g  with flange on 

engine and secure with 10 bo l t s  and nuts  provided with j e t  

engine hor izontal  ho i s t  s l ing.  I n s t a l l  l i f t  eye b o l t  i n  engine 

f an  case. 

NOTE - 
The j e t  engine horizontal  ho i s t  s l i ng  i s  attached 

t o  t he  turbofan j e t  engine a t  t h i s  time f o r  

removal from the  engine stand p r io r  t o  removal 

of the  fan  i n l e t .  

G. I n s t a l l  cover on compressor i n l e t  

6-25. ACCESSORY REMOVAL - For convenience, t he  t a i l  cone i s  removed with 

t he  turbofan j e t  engine v e r t i c a l  on the  maintenance stand. The engine i s  

then ro ta ted  and locked i n  t he  hor izontal  a t t i t u d e  f o r  the  removal pro- 

cedures present i n  the  following paragraphs. Identify and r e t a in  a l l  

mounting hardware. 
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WARNING 

Use extreme care when rotat ing the engine. 

Use a hois t ,  attached t o  the forward l i f t  lug 

on the engine to  control it during rotation. 

Ensure tha t  locking pin i s  firmly seated. Do 

not ro ta te  engine with t a i l  cone instal led.  

6-26. FLEXIBLE HOSES - Five f lex ib le  hoses are  ins ta l led  i n  place of the 

or iginal  engine l ines  t o  clear  the engine mount assembly and fan i n l e t  

fa ir ing.  These l ines  are: (1)  fan sea l  pressure a i r  l ine ,  (2) fan 

lubrication l ine ,  ( 3 )  fan scavenge l ine ,  (4) fan sump vent l i n e  and 

( 5 )  the engine fue l  supply l i n e  (See figure 6-4. ) Tag and remove these 

l ines  and cap and ident i fy a l l  f i t t i n g s  and openings. In addition, the 

f lexible  l i n e  from the f i f t h  stage bleed port, which supplies pressure 

t o  the JP4 tanks, may be removed a t  t h i s  time. Tag and cap the l i n e  and 

openings. Remove clamps on engine mount and s tore  f o r  safekeeping. 

6-27. GENERATOR - To remove, proceed a s  follows: 

A. Note generator orientation and loosen nuts securing generator 

mounting adapter to  upper accessory pad. Ident iQ,  tag  

e l ec t r i ca l  leads and disconnect from generator. 

B. Carefully ro ta te  and disengage generator from accessory drive 

pad and remove generator. 

C. I n s t a l l  cover on accessory pad, using or iginal  hardware. 

6-28. HYDRAULIC RESERVOIR - To remove only a damaged hydraulic reservoir, 

proceed as  follows: 
CAUTION 

Cover ecgine ' and- fan i n l e t s  
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A .  Drain reservoir by removing *-inch cap a t  base and catch f lu id  

in sui table  container. Replace %-inch cap. 

B. Remove %-inch f i t t i n g  and 3/8 inch f i t t i n g  from forward side of 

reservoir. 

C. Remove 3/8 inch f i t t i n g  from a f t  side of reservoir. 

D. Remove %-inch f i t t i n g  a t  bottom of reservoir. 

E. Remove 10/32 inch bol t  and nut a t  support bracket a t  rear  of 

reservoir. 

F. Remove .reservoir from mounting bracket. 

6-29. Removal of the hydraulic reservoir during engine change and buildup 

requires performance of the following: 

NOTE - 
Drain ?eservoir while engine i s  i n  ver t ica l  

posit ion on the maintenance stand. 

A. Remove connector jacks, J88, J125, 5139, and 5330 from reservoir 

bracket system. 

B. Disconnect and ident i fy a l l  e l ec t r i ca l  l i nes  t o  inverter impedance 

u n t i l  mounted above the reservoir. 

C. Unsolder and ident i fy  two leads t o  MI4 Running Time meter. 

D. Remove one clamp and one bol t  holding hydraulic th ro t t l e  compen- 

sat ion un i t  t o  bracket system. 

E. Remove ground leads a t  lower bracket. 

F. Disconnect and ident i fg a l l  e l ec t r i ca l  leads to  power relay K4.  

G. Disconnect and ident i fy e l ec t r i ca l  leads t o  c i rcu i t  breaker CB21 

on the impedance bracket. 
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H. Unsolder and i den t i fy  leads t o  re lay  K15. 

I. Disconnect and cap o r  plug a l l  hydraulic l i n e s  t o  reservoir .  

J. Remove clamp on lower bracket and clamp on top bracket. 

K. Remove four  10/32 inch bo l t s  and nuts mounting top bracket t o  

engine. 

L. Remove four 10/32 inch b o l t s  and nuts mounting bottom bracket 

t o  engine. 

M. L i f t  out  reservoir  mounting bracket. 

6-30. HYDRAULIC PUMP - To remove, proceed a s  follows: 

A .  Disconnect a l l  piping t o  hydraulic pump. Cap a l l  por ts  and 

f i t t i n g s .  

B. Remove four nuts  securing hydraulic pump t o  accessory pad and 

remove hydraulic pump. 

C. I n s t a l l  cover on accessory pad adapter and secure with nuts  

removed i n  B. 

6-31 . INVERTER To remove, proceed a s  follows : 

A. Remove e l e c t r i c a l  leads and tag  f o r  iden t i f i ca t ion .  

B. Remove four 5/16-inch bo l t s ,  nuts  and washers, and e ight  

washers securing inver te r  mounting f e e t  t o  base. 

C. Remove inver ter .  

D. Ident i fy  and s to r e  hardware f o r  i n s t a l l a t i on .  

6-32. INVERTER MOUNTING BASE - To remove, proceed a s  follows: 

A .  Remove four s e l f  -locking nuts (~~21043-3 )  securing forward end 

of base t o  forward flange. 
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B. Remove s i x  self-locking nuts (MS21043-3) securing a f t  end of 

base of rear  flange and remove inverter mounting base. 

C. Identifg and s tore  hardware f o r  instal la t ion.  

6-33. TACHOMETER GENERATOR - To remove, proceed as  follows : 

A. Disconnect two e l ec t r i ca l  cannon plugs tha t  a re  safety-wired. 

B. Remove four nuts securing tachometer generator t o  engine o i l  

pump and remove tachometer generator. 

C. Cap tachometer generator access opening. 

D. Identify and s tore  hardware for  instal la t ion.  

6-34. FAN INLET REMOVAL - Remove1 of the fan i n l e t  includes the removal of 

the engine mount assembly (outer fair ing)  inner bellmouth, and the support 

r ing assembly. 

A. Engine mount removal (see figures 6 4  and 6-9. ) 

1) Support the turbofan j e t  engine with the forward and a f t  

attachments of the j e t  engine horizontal hois t  sling. 

NOTE - 
The center attachment may be swung up 

out of the way fo r  access. 

2) Relieve tension on steady r e s t  and remove screws securing 

steady r e s t  mount t o  engine. Swing steady re s t  back t o  clear 

engine. Identify and s tore  hardware f o r  instal la t ion.  

CAUTION 

Do not allow .the enginemount to  drop or 

otherwise sub j ec t  the fan i n l e t  fa i r ing  

to  physical damage. 
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ENGINE MOUNT y 

TANG ENGAGED IN 
CLEVIS (2 PLACES) 

SECURE WITH THREADED 
PINS 7161-421028-1 

VIEW C 

HORIZONTAL HOIST 
SLING CENTER AND 

FORWARD ATTACHMENTS 
(ENGAGED) 

STEADY REST 
MOUNTING BRACKET 

VIEW D 

Figure 6-9, Engine M6unt Assembly 

6-26 Report No. 7260-954002 



3)  Remove fan i n l e t  covers and screens. 

4 ) Remove two engine mount pins (71 61 -421 028-1 ) securing 

engine mount tangs t o  c lev i s  engine mounts. 

5)  Carefully move engine mount forward u n t i l  it i s  i n  contact 

with forward attachment of j e t  engine horizontal  ho i s t  

s l i ng  

6 )  Engage the  center attachment of the  j e t  engine horizontal  

ho i s t  s l i ng  with the  engine l i f t  r ing  and t ighten turn- 

buckle t o  take up load. Disengage forward s l i ng  

attachment and swing it back out of the  way. 

7 ) Remove engine mount. 

8) Reattach forward s l i ng  attachment 

B. Innsr bellmouth removal (see f igure  6-10. ) 

1 ) Remove 10 screws (AN501 ADI 0-7) and washers (AN960ClOL) 

securing the  two halves of t he  inner bellmouth together. 

Iden t i fg  and s to re  hardware f o r  ins ta l l a t ion .  

2)  Remove 24 screws ( ~ ~ 5 0 1   AD^ 0-7) and washers ( ~ ~ 9 6 0 ~ 1  OL) 

securing a f t  end of inner bellmouth halves t o  engine. 

Identifg and s to re  hardware f o r  i n s t a l l a t i on .  

3 ) Remove 26 screws (A .501~~10-7 )  and washers (AN960C10L) 

securing forward end of inner  bellmouth halves t o  support 

r ing  assembly. Remove bellmouth. Ident i fy  and s to re  

hardware f o r  i n s t a l l a t i on .  

4 )  Loosen clamps and remove a i r  s t a r t  tube assembly quick 

disconnect coupling. Ident i fy  and s to re  hardware f c r  

i n s t a l l a t i on .  
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Figure 6-10. Support Ring and Inner Bellmouth Assembly 
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C . Support r ing  removal (See f igure  6-1 0. ) 

1 ) Remove s i x  screws ( ~ ~ 5 0 1  ADA 0-7) and washers (A~960~10L) 

securing the  two halves of support r ing  together. Ident i fy  

and s to re  hardware f o r  i n s t a l l a t i on .  

2)  Remove 16 screws ( ~ ~ 5 0 1  ADI 0-7) and washers (AN960C10L) 

securing support r ing  t o  angle brackets on engine flange. 

Ident i fy  and s to re  hardware f o r  ins ta l l a t ion .  

3 )  Carefully remove t he  two halves of the  support r ing  

assembly. 

4 )  Remove 16 angle brackets and bo l t s  (GE Par t  Numbers 

37B211042P101 and R105P6N) from engine fiange . Ident i fy  

and s to re  angle brackets and hardware f o r  i n s t a l l a t i on .  

5) I n s t a l l  16 bo l t s  (GE Par t  Number 327~4.55~012) on engine. 

 r raw bo l t s  from stock. ) 

6 ) Remove theromocouple harness bracket. 

7 )  Replace o r ig ina l  fan s e a l  pressure a i r l i n e ,  fan lubr icat ion 

l i n e ,  fan scavenge l i n e ,  fan sump vent l i n e ,  and engine 

f u e l  supply l i n e  on engine. 

(consult the  G. E. Technical representative f o r  addi t ional  

information. ) 

6-35. INSTALLATION INTO SHIPPING CONTAINER - The shipping container 

provided for  t he  turbofan j e t  engine contains a l l  of the  necessary 

f i t t i n g s  and hardware t o  support the  engine during storage o r  shipment 

With the  engine supported on the  center and a f t  f i t t i n g s  of the  j e t  

engine hor izontal  s l ing ,  it i s  positioned i n  t h e  container and supported 

on the  f i t t i n g s .  Replace l i f t i n g  eye on fan case with manufacturer's 

pa r t .  Wrap t he  engine i n  moistureproof paper, with bags of desiccant, 

and s e a l  the  wrapping. I n s t a l l  the  cover on the  shipping container. 
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NOTE - 
The shipping support f i t t i n g s  may be removed 

from the container f o r  attachment t o  the engine, 

f o r  convenience. Consult the G. E. technical 

representative f o r  additional information. 

6-36. JT4 TANK =OVA& 

6-37. The two JP4 tanks a r e  identical.  However, t h e i r  removal procedures 

vary s l i g h t l y  due to - the i r  location on the LLTV. 

CAUTION 

The JP4 tanks are  extremely lightweight construction 

and w i l l  not withstand any abuse o r  rough handling. 

Do not drop or  dent the tanks. Keep a l l  caps and 

plugs i n  place a f t e r  removal t o  prevent contamination. 

6-38. PIPING CONNECTIONS - Use extreme care when disconnecting f i t t i n g s  to  

the JT4 tanks so a s  not t o  damage the tanks. 

6-39. AFT TANK REMOVAL - To remove, proceed a s  follows: 

NOTE - 
JT4 tanks should be completely drained before 

removal, Provide support while removing the JP4 

tanks. 

A. Remove ground wire and e l ec t r i ca l  plugs. 

B. Disconnect pressurization hose assembly a t  top of tank and 
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disconnect main f u e l  o u t l e t  hose assembly a t  lower s ide  of 

tank a t  f u e l  f i l t e r  connection. 

C. Remove washer and bo l t  from the  tank forward support arm and. 

attachment. 

D. Remove washers and bo l t s  from each hangar and attachment 

f i t t i n g .  

E. Disconnect upper diagonal brace and remove. 

F. Raise the  JP4 tank and saddle and remove from the  vehicle. 

G. Cap and plug a l l  connections. 

NOTE - 
Refer t o  paragraph 6-66 f o r  i n s t a l l a t i on  

procedures 

6-40 FORWARD TANK REMOVAL - The JP4 f u e l  tank and saddle a r e  removed 

i n  a s imi la r  manner a s  the  A f t  tank. However, the  %snk and saddle a r e  

lowered when removing them from the  vehicle. 

NOTE 

Refer t o  paragraph 6-68 f o r  i n s t a l l a t i on  

procedures. 

6-41. JET ENGINE THROTTLE CONTROL. SYSTEN REMOVAL 

6-42 The removal procedures a r e  provided f o r  the  manual t h r o t t l e ,  

hydraulic actuator,  cross-over valve and temperature compensator. 

6-43. MANUAL THROTTLE AND ACTUATOR - To remove the  manual t h r o t t l e  

and acuta tor ,  proceed a s  follows: 
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The closed loop hydraul ic  t h r o t t l e  

system normally has 100 t o  120 p s i  

of hydraulic  pressure i n  t h e  system 

a t  a l l  t imes. Observe t h r o t t l e  

temperature compensator, while 

r e l eas ing  trapped pressure  t o  zero. 

P i s ton  rod should move inboard a s  

pressure  bleeds o f f .  E l e c t r i c a l  

power be discontinued. 

A ,  Remove access panel from l e f t  s i d e  of cockpit s t r u c t u r e .  

B. Remove access panel from p i l o t ' s  console. See Be l l  

drawing 7260-561001. 

C. Remove b o l t  and washer connecting ac tua to r  t o  manual t h r o t t l e .  

D. Remove hydraulic  l i n e s  t o  ac tua to r  and cap a l l  po r t s  and 

plug l i n e s .  

E. Remove b o l t  and washer from f ixed  end of ac tua to r  t o  f r e e  

ac tua to r .  

F. Remove two screws holding t h r o t t l e  pos i t ion  legend p l a t e  on 

cover of p i l o t ' s  console. 

G. Remove e i g h t  screws holding cover on p i l o t ' s  console. 

H. L i f t  cover from p i l o t ' s  console t o  provide access  t o  

t h r o t t l e  mounting. 

I. Remove mounting b o l t s  from t h r o t t l e  gear case. 

J.  Disconnect e l e c t r i c a l  l e a d s  t o  t h r o t t l e  and remove t h r o t t l e .  
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6-44 CROSS-OVER VALVE - To remove t h e  cross-over va lve ,  proceed a s  

follows: 

A .  Remove two hydraulic  l i n e s  t o  valve. See B e l l  dwg.7260-435001. 

B. Disconnect e l e c t r i c a l  l e a d  Cannon plug which i s  s a f e t y  wired. 

C.  Remove two lock-nuts from b o l t s  on valve mounting bracket  

and remove valve. 

NOTE - 
Refer t o  paragraph 6-50 f o r  

i n s t a l l a t i o n  procedures. 

6-45 HYDRAULIC ACTUATOR - To remove t h e  j e t  engine-mounted 

hydraul ic  a c t u a t o r ,  proceed a s  follows: 

A .  Disconnect hydraulic  f l e x  l i n e s  from ac tua to r  and cap a l l  

p o r t s  and plug l i n e s .  

B. Remove c o t t e r  p in ,  c a s t l e  nut ,  washer, and b o l t  from f u e l  

con t ro l  cam and a c t u a t o r  p is ton .  

C. Remove c o t t e r  p in ,  c a s t l e  nu t ,  washer, and b o l t  from 

ac tua to r  mounting bracket  and ac tua tor .  

D. Remove ac tua to r  from engine. 

6-46 TEMPERATURE COMPENSATOR - To remove t h e  temperature compensator, 

proceed a s  follows: 

A .  Disconnect hydraulic  l i n e s  and cap a l l  p o r t s  and plug l i n e s .  

B. Remove b o l t  and mounting clamp and then  remove temperature 

compensator. 
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6-47 INSTALLAT I O N  PROCEDURES 

6-48 The i n s t a l l a t i o n  procedures f o r  replacement of t h e  j e t  engine i n  

the  veh ic l e ,  mounting of accessor ies ,  i n s t a l l a t i o n  of JP-4 f u e l  tanks 

and manual hydraulic  t h r o t t l e  con t ro l  system a r e  bas i ca l ly  i n  reverse 

order of removal. Ins t ruc t ions  a r e  provided when i n s t a l l a t i o n  procedures 

vary from t h e  removal procedures. 

6-49 MANUAL THROTTLE AND ACTUATOR - The manual t h r o t t l e  and hydraulic  

ac tua to r  a r e  i n s t a l l e d  i n  the  reverse order  of removal. ( ~ e f e r  t o  para- 

graph 6-43). 

6-50 CROSS-OVER VALVE - The cross-over valve i s  i n s t a l l e d  i n  t h e  reverse 

order  of removal. (Refer t o  paragraph 6-44). 

6-51 HYDFtAULIC ACTUATOR - The j e t  engine-mounted hydraulic  ac tua to r  i s  

, i n s t a l l e d  i n  t h e  reverse  order of removal. (Refer t o  paragraph 6-45) . 

6-52 TEMPERATURE COMPENSATOR - The temperature compensator i s  i n s t a l l e d  

i n  t h e  reverse  order  of removal. ( Refer t o  paragraph 6-46). 

6-53 MANUAL THROTTU CONTROL SERVICING AND ADJUSTMENT - Rigging, 

se rv ic ing  and adjustment procedures a r e  performed i n  accordance wi th  

those provided i n  Manual J e t  T h r o t t l e  System Hangar Ground Tes t  Procedure 

Report Number 7260-928052. 

6-54 INSTALLATION OF TURBOFAN ENGINE - The turbofan j e t  engine i s  

removed from i t s  shipping conta iner  with t h e  j e t  engine..horizontal h o i s t  

s l i n g .  The fol lowing procedures may be used a s  a guide. 

A. Remove shipping container  cover and open moisture-proof wrapping. 
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CAUTION 

Use extreme care so as  not t o  

damage t he  engine. 

B. I n s t a l l  l i f t  eyebolt i n  engine fan case and a t t ach  the  

center and a f t  l i f t  f i t t i n g s  of the j e t  engine horizontal  

ho i s t  s l ing  t o  t h e i r  corresponding l i f t  r ings on the  engine. 

Take up slack with overhead hois t ing device. 

C. Remove a l l  at taching hardware securing the  engine t o  i t s  

shipping container f i t t i n g s .  

D. Raise the  engine c l ea r  of the  shipping supports and cover 

t he  i n l e t  and exhaust openings. 

E. I n s t a l l  the j e t  engine horizontal  hois t  s l i ng  forward 

attachment f i t t i n g  adapter t o  the  engine i n l e t  with 10 bo l t s  

and nuts provided. (see f igure  6-7). 

6-55 FAN INLET INSTALLATION - The fan i n l e t  consis ts  of the  engine 

mount and outer f a i r i ng ,  the  inner bellmouth, and t he  support r i ng  

assembly. These items a re  i n s t a l l ed  according t o  the  following pro- 

cedures. 

A .  Piping removal -- The or ig ina l  fan s ea l  pressure a i r  l i n e ,  

fan lubr icat ion l i n e ,  fan scavenge l i n e ,  fan sump vent,  and 

engine fue l  supply l i n e s  must be removed a t  t h i s  time. Cap 

a l l  f i t t i n g s  and openings, t o  avoid contaminating the  

engine, when l i n e s  are  removed. 

B. Support r ing -- To assembly, proceed a s  follows: 

1 )  Remove 16 bo l t s  (GE Par t  Number 327B455P012) on engine 

flange and re tu rn  t o  stock. (See f igures  6-4 and 6-10 

f o r  locations).  
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2) I n s t a l l  16 angle brackets and bo l t s  (GE Par t  Numbers 

37B211042P and R 1 0 5 ~ 6 ~ )  on flange, using or ig ina l  nuts. 

Torque bo l t s  t o  35 t o  39 pounds inches. 

3) Carefully a l ign  the  two halves of the  support r ing  

assembly with angle brackets and a t t ach  with 16 screws 

(AN~O~AD~O-7) and washers ( ~ ~ 6 0 ~ 1 0 ~ ) .  Secure the  two 

halves of the  support r ing  together with s i x  screws 

(AN~OUID~O-7) and washers (A~960C10~). Tighten a l l  

screws and lockwire. 

When aligning t he  support r ing  

assembly, ensure t h a t  cutouts 

and contoured areas  c l ea r  engine 

and piping. 

4) Remove cap from a i r  impingement s t a r t e r  duct on engine 

and connect tube assembly (7161-421048-1) and secure i n  

place with clamp. (see f igure  6-4). 

C. Inner bellmouth -- To assemble proceed as follows. (see 

f igure  6-10) . 
1 )  Align t h e  cutouts i n  t he  two halves of the  inner bellmouth 

with engine piping and s t r u t s  and posit ion them over t he  

support r ing  assembly. 

2 )  Loosely a t tach the  forward edge of the inner bellmouth 

t o  t h e  support r ing assembly with 26 screws (AN~o~AD~O-7)  

and washers (AN960~10~). 

3) Loosely a t t ach  t h e  two halves of the inner bellmouth t o  

each other with 10 screws (AN501A~10-7) and.washers 

(AN960~10~).  
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4) Attach t he  a f t  edge of the  inner bellmouth t o  t he  

engine fan i n l e t  housting with 24 screws ( ~ ~ 5 1 0 ~ ~ 1 0 - 7 )  

and washers ( A ~ 9 6 0 ~ 1 0 ~ ) .  

5) Secure a l l  screws and lockwire. 

6-56 ENGINE MOUNT - To assemble, proceed a s  follows. (see f igure  6-9). 

A. Carefully posi t ion t he  engine mount and outer f a i r i ng  over 

t h e  i n l e t  end of engine a s  f a r  a s  it w i l l  go ( t i g h t  against  

the  center l i f t  attachment). 

CAUTION 

Use extreme care so a s  not t o  damage or 

d i s t o r t  the  fan i n l e t  fa i r ing .  

B. Attach the  forward l i f t  f i t t i n g  of the  j e t  engine horizontal  

s l i ng  t o  the  l i f t  f i t t i n g  adapter i n s t a l l ed  a t  t he  engine 

i n l e t .  Tighten turnbuckle t o  take up load and re lease  center 

l i f t  f i t t i n g  from engine. 

C. Carefully posi t ion engine mount so t ha t  mounting tangs 

engage with c levis  mounts on engine. Secure i n  two places 

with threaded engine mount pins. Lockwire engine mount pins. 

NOTE - 

Engine steady r e s t  attachment c lev i s  on 

engine mount i s  a t  9 o'clock, when 

viewed from the  engine i n l e t ,  when mount 

i s  correct ly  positioned. 

D. I n s t a l l  steady r e s t  attachment i n  engine mount c levis .  

E. Remove nuts from engine flange mounting screws and i n s t a l l  

steady r e s t  attachment with o r ig ina l  mounting screws. Torque 

screws t o  4-4-to 48- in~h/~ounds .  
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NOTE - 
The steady r e s t  turnbuckle must be 

al igned with the  engine center l ine  f b r  

correct  posit ioning of steady r e s t  

attachment on engine. 

F. Engage steady r e s t  turnbuckle with attachment c levis  on 

engine and secure i n  place. 

G. Adjust turnbuckle so t h a t  engine centerl ine i s  perpendicular 

t o  t h e  engine mount. Safety wire 'turnbuckle. 

H. I n s t a l l  f an  i n l e t  cover, i f  required. 

I. Complete t h e  a i r  impingement s t a r t e r  ducting i n s t a l l a t i on .  

J .  I n s t a l l  t he  turbofan j e t  engine on the  maintenance stand 

according t o  t he  procedures presented i n  paragraph 6-23. 

6-57 TACHOMETER GENERATOR - The tachometer generator i s  i n s t a l l ed  i n  

t h e  reverse order of removal. ( ~ e f e r  t o  paragraph 6-33). 

6-58 INVERTER MOUNTING BASE - The inver te r  mounting base is  i n s t a l l ed  

i n  the  reverse order of removal. (Refer t o  paragraph 6-32) Torque 

mounting b o l t s  a t  forward flange t o  20 t o  25 inch pounds and mounting 

b o l t s  a t  a f t  flange t o  44  t o  48 inch pounds. 

6-59 INVERTER - The inver te r  i s  i n s t a l l ed  i n  t he  reverse order of 

removal. (Refer t o  paragraph 6-31) . 
6-60 HYDRAULIC PUMP - The hydraulic pump i s  ins ta l l ed  i n  the  reverse 

order of removal. (Refer t o  paragraph 6-30]. 

6-61 HYDRAULIC RESERVOIR - The hydraulic reservoir  i s  i n s t a l l ed  i n  the  

reverse order of removal. (Refer t o  paragraphs 6-28 and 6-29). 
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6-62 GENERATOR - The generator i s  i n s t a l l ed  i n  the  reverse order 

of removal. (Refer t o  paragraph 6-27). 

6-63 UXIBLE HOSES - The f i v e  items of piping, removed i n  paragraph 

6-26, a re  replaced with f l ex ib l e  hoses a s  shown i n  f i gu re .  6-4. Pr io r  

t o  i n s t a l l a t i o n ,  t he  f l ex ib l e  hoses should be flushed with 

t r ichlorethylene,  o r  s imilar  solvent, and a i r  dried t o  ensure against  

contaminating t he  engine. 

6-64 ENGINE AIR IXUT INSTALLATION - The engine a i r  i n l e t  bellmouth 

and au tomat ic . th ro t t l e  control  mounting bracket a re  i n s t a l l ed  with t he  

engine i n  t h e  horizontal  a t t i t u d e  on t he  maintenance stand. 

A. Remove forward l i f t  attachment f i t t i n g ,  i f  not previously 

accomplished, and remove a i r  i n l e t  protective cover. 

B. Align t he  T a i r  sensor piping on the  engine a i r  i n l e t  
2 

bellmouth with engine piping and posi t ion t he  engine a i r  

i n l e t  bellmouth on engine. 

C. Align t he  serra t ions  of t he  t h r o t t l e  arm of t h e  t h r o t t l e  

control  u n i t  with t he  missing tooth of sp l ine  shaf t  of t he  

engine t h ro t t l e .  Tighten clamping nut. 

D. Secure t he  engine a i r  i n l e t  bellmouth t o  the  engine with the  

screws removed i n  paragraph 6-24.D. Torque t o  6 t o  8-inch 

pounds and safe ty  a s  required. 

NOTE - 
The lowest mounting screws a r e  threaded 

i n t o  a tapped p la te  and do not require nuts. 

E. I n s t a l l  engine a i r  i n l e t  cover, i f  required. 

F, Attach the  overhead hois t ing device t o  the  forward engine 

l i f t  f i t t i n g  and take up slack. 
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The ho i s t  i s  used t o  control  t he  engine 

during ro ta t ion  from horizontal  t o  ve r t i c a l  

on t he  maintenance stand. 

G. Remove locking pin on engine gimbal adapter A-frame and ro t a t e  

t he  engine t o  the  v e r t i c a l  posit ion.  I n s t a l l  locking pin  

and disengage the  overhead hois t .  

H. I n s t a l l  exhaust cone on engine t a i l  pipe. 

6-65 INSTALLATION INTO LLTV - The turbofan j e t  engine i s  i n s t a l l ed  

i n t o  t h e  LLTV i n  essen t ia l ly  t he  reverse order of removal.(Refer t o  

paragraphs 6-20 and 6-22). Ensure t h a t  su f f ic ien t  slack i s  l e f t  i n  t he  

e l e c t r i c a l  harness a t  t he  gimbal crossovers t o  enable maximum gimbal 

movement with no s t r a i n  on the  harness. Instructions f o r  i n s t a l l a t i o n  

and mechanical adjustment of the  automatic t h r o t t l e  control  u n i t  a r e  

provided i n  paragraph 6-49 through 6-53. 

6-66 JP-4 TANK INSTALLATION - The two JP-4 tanks are  ident ical .  

However, t h e i r  i n s t a l l a t i o n  d e t a i l s  vary due t o  t h e i r  locat ion on. the  

LLTV. The following paragraphs provide t he  procedures fo r  i n s t a l l i n g  

t he  tanks and saddles on the  LLTV. 

CAUTION 

The JP-4 tanks are  extremely lightweight 

construction and w i l l  not take any abuse 

or rough handling. Do not drop o r  dent 

t he  tanks. Keep a l l  caps and plugs in 

place t o  prevent contamination. 
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6-67 AFT TANK INSTALLATION - To i n s t a l l  the  a f t  tank, proceed a s  

follows : 

A .  Raise the  JP-4 tank and saddle up and over the  frame and 

lower i n t o  posi t ion and a l ign  t h e  hangers with attachment 

f i t t i n g s  on the  s t ruc ture  ( r ad i a l  hanger forward). 

B. I n s t a l l  a b o l t  through each hanger and attachment f i t t i n g s ;  

use a washer on e i t he r  s ide  of attachment f i t t i n g  a s  a 

spacer; and secure with a washer and nut. Tighten f inger  t i gh t .  

C. I n s t a l l  the  forward tank support arm between t he  forward 

hanger and i ts  attachment point  on t h e  s t ruc ture  below the  

tank hanger. Secure i n  the  same manner previously described. 

D. Tighten a l l  attachments. 

E. Connect plumbing, ground wire and e l e c t r i c a l  connectors. 

6-68 FORWARD TANK INSTALLATION - The forward JP-4 tank and saddle i s  

i n s t a l l e d  i n  a manner s imilar  t o  t he  a f t  tank. However, the  r ad i a l  

hanger i s  poivted a f t  and i t s  support arm hangs downward from the  center 

body s t ructure .  

6-69 PIPING CONNECTIONS - Use extreme care when connecting f i t t i n g s  

t o  t h e  JP-4 tanks so a s  not t o  damage the  tanks and applying the  torques 

specif ied on the  approved check l i s t .  

6-70 JET ENGINE ADJUSTMENTS 

6-71 Refer t o  J e t  Engine Functional Ramp Test Procedure, Report Number 

7260-928058, f o r  adjustments on j e t  'engine. 

6-72 JET ENGINE AND JP-4 FUEL TANKS SERVICING 

6-73 Refer t o  section I1 of t h i s  manual f o r  general servicing procedures 

f o r  t he  j e t  engine and fue l  tanks. 

Report No. 7260-954002 6-41 /6-42 





SECTION IT1 

ROCKET PROPULSION 

7-2 The rocket system, Figure 7-1, provides t he  means of maneuvering 

the  vehicle t o  comanded f l i g h t  a t t i t udes ,  and a l so  provides l i f t  

control  during lunar simulation f l i g h t .  

7-3 ATTITUDE CONTROL ROCKETS 

7-4 Two s e t s  of e ight  a t t i t u d e  control  rockets (18) with separate 

f u e l  l i n e s  provide redundancy. Two motor-operated i so l a t i on  valves 

(14) permit t he  p i l o t  t o  s e l ec t  t he  Standard, Test ,  o r  Both s e t s  of 

a t t i t u d e  rockets f o r  f l i g h t  operation o r  t o  i so l a t e  one s e t  of a t t i t ude  

rockets i n  the  event of f a i l u r e  of e i t h e r  system and e f f ec t  a safe 

landing. The valves a re  controlled by manual operation of t he  a t t i t u d e  

rockets Test- Standard - Both se lec tor  switch i n  t h e  cockpit. Both 

s e t s  of rockets may be automatically selected by p i l o t  movement of the  

hand con t ro l le r  t o  any hard stop posit ion i n  the  event of d i f f i c u l t y  

i n  maintaining a t t i t ude  control ,  or  by avionics system when switching 

t o  Backup i n  an emergency. Each rocket chamber has an associated 

solenoid value (17) t o  control  t he  flow of propellant and a variable 

o r i f i c e  hand value (16) t o  provide ground adjustment of the  rocket 

t h ru s t  between 30 and 90 pounds. A guarded a t t i t ude  control  system 

switch marked ACS-SAFE (f igure  i -1 3) i nh ib i t s  o r  arms t h e  a t t i t u d e  

control  rocket system. 

LIFT ROCKETS 

7-6 Two lift rockets provide a variable l i f t  t h ru s t  nominally 

equal t o  one-sixth of the  vehicle weight when the  remaining five-sixths 
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of the  weight i s  supported by the  j e t  engine system (simulated lunar  

gravi ty) .  Two motor-operated tank i so l a t i on  valves (19) controlled by 

t he  Rocket Propellant  switch ( f igure  1-19 provide i so la t ion  capabi l i ty  

of t h e  l i f t  system should a leak occur, and s h u t d m  redundancy i n  

event the  l i f t  rockets (24) f a i l  t o  shut down on command by the  normal 

control  l eve r  (T-handle, f igure  1-14 . The t h r o t t l e  valve (22) var ies  

propellant  flow such t h a t  the  l i f t  t h ru s 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 c a l l y  controlled from 

the  cockpit through t he  T-handle. A f r i c t i o n  control  knob a t  the  base 

of t h e  l i f t  rocket T-handle may be rota ted clockwise t o  increase on the  

T-handle shaf t  so t h a t  the l ever  w i l l  remain i n  any position. The check 

valves (23) r e t a in  propellant  i n  l i n e s  t o  minimize th rus t  response time 

and a r e  matched t o  minimize t h ru s t  imbalance. High pressure re f ie f  

valves (15) prevent pressure buildup i n  propellant l i ne s  due t o  thermal 

expansion and decomposition of res idual  hydrogen peroxide i n  f u e l  l ines .  

7-7 ROCKET INSTRUMENTATION 

7-8 Pressure transducers monitor a l l  16 a t t i t u d e  control  rocket 

chamber pressures fo r :  (1) the  stuck valve malfunction detection c i r c u i t  

( ac t iva tes  stuck valve warning l i g h t  (f igure 1-28) and i s  monitored i n  

telemetry van) and (2) f o r  in-f l 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 r d  l i f t  rocket transducer supplies 

s ignals  f o r  t he  T/W avionic computer, the  H202 - remaining computer, 

and f o r  a c t i va t i ng  the  automatic j e t  t h r o t t l e  f o r  lunar simulation. 

7-9 There a r e  s ix teen 90-pound t h r u s t  a t t i t u d e  control  rockets and 

two 500-pound t h r u s t  l i f t  motors. Decomposition of the  90 percent 

concentration of hydrogen peroxide ( ~ ~ 0 ~ )  i n  cata lys t  packs i n  each 

rocket chamber produces superheated steam,.and oxygen. The high pressure 
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of these  gases escaping a t  the  rocket nozzle provides t he  propulsive 

force.  See figure?-2. 

7-10 S ta in less  s t e e l  l i n e s  carry the H202 monopropellant from i t s  

two tanks t o  the  th rus t  chambers. The H 0 tanks.have a common 
2 2 

manifold and mount on the  r i gh t  and l e f t  s ides of the  vehicle main 

frame. Connecting tubing i s  symetrical i n  length and s i ze  t o  provide 

equal  flow from each propellent  tank. 0n/off flow control  i n  the  

L i f t  Rocket system is  by motor operated shutoff valves. The L i f t  

Rocket Control system consis ts  of a pilot-operated T-handle, a 

rheosta te ,  a remote t h r o t t l i n g  posi t ion control  box, a ro ta ry  actuator 

and a t h r o t t l e  valve. Propellant flow from the  propellent  tanks i s  

balanced by o r i f i c e s  i n  the  l i ne s .  

7-11 The two separate a t t i t u d e  control  systems a r e  i so la ted  by 

motor operated shutoff valves controlled by the p i l o t  operated se lector  

switch. Variable o r i f i c e  valves and solenoid valves control  t he  t h ru s t  

of each of t h e  16 a t t i t ude  control  rockets. Ei ther  t he  tlTestw or  

"Standardm, o r  both systems may be selected f o r  a t t i t u d e  control  i n  

t he  pi tch,  r o l l ,  and yaw axes. Thrust l eve l s  a re  preset  by adjustment 

of var iable  o r i f i c e  valves. The on/of f solenoid valves provide rapid 

pulsing ope r a t  ion. 

7-12 The propellent  system i s  operated by high pressure helium 
/' 

gas. The common manifold on t h e  two pressure source tanks provides 

separate o r  common pressur izat ion of t h e  two H202 propellent  tanks. 

The helium system a l so  has f i l t e r s ,  o r i f i c e s ,  and regulators.  

7-13 Safety features  a re  b u i l t  i n t o  the  system i n  various check 

valves,  r e l i e f  valves, motor operated valves, and or i f i ces .  
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7-14 I n  the  helium system rapid pressure t rans fe r  between tanks i s  

r e s t r i c t e d  by an o r i f i c e  i n  case of rupture of one sec t ion  of the  high 

pressure system. Normal serviced pressure i s  4000 psig  a t  ambient. 

temperature of 70' F t o  100' F. Downstream of the helium source tanks, 

two helium regulators provide redundant sources of 495 psig propellent  

pressure supply. Due t o  t he  high flow r a t e  capabi l i ty ,  each helium 

regulator  i s  r e s t r i c t ed  by an o r i f i c e  a t  the  regulator i n l e t .  The 

o r i f i c e  prevents overpressurization of t h e  H 0 tank i n  t he  event of 
2 2 

complete f a i l u r e  of the  helium regulator.  

7-15 The H 0 tanks are protected from overpressurization by individual 
2 2 

r e l i e f  valves which s t a r t  opening a t  about 54-0 + 20 psig. The s i tua-  

t i o n  occurs when a helium regulator f a i l s  t o  r e s t r i c t  pressures below 

t h i s  level .  

7-16 The a t t i t ude  rocket tubing and l i f t  rocket tubing i s  protected 

from trapped pressure buildup by high pressure r e l i e f  valves which vent 

on extreme thermal f l u i d  expansion pressures above 650 psig. These 

r e l i e f  valves vent the  raw H202 i n t o  the  l i f t  rocket chamber where it 

i s  decomposed i n to  l e s s  harmful products. 

7-17 The H202tanks are  i so la ted  from each other with check valves 

i n  t he  manifold i n l e t  l i n e s  t o  both l i f t  rockets and a t t i t u d e  rocket 

systems. These valves prevent t ransfer  of propellent from tank t o  

tank during operations. 

7-18 The tanks are  connected between the  pressurization i n l e t  por ts  

by a manifold tubing arrangement. T y s  tubing i s  normally operational  

but  can be r e s t r i c t ed  by closing a cockpit actuated motor operated 

valve, thus making the  two tanks completely separate. 
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7-19 INSTALLATION AND REMOVAL 

7-21 These procedures are  f o r  t yp i ca l  equipment and are  f o r  guidance 

i n  both removal and i n s t a l l a t i on  of un i t s  s i m i l a r . t o  those described. 

A. I n s t a l l  H 0 tubing and un i t s  by routing shown on blue p r in t  
2 2 

7260-460001. 

B. Lightly lubr ica te  male f i t t i n g s  with a drop of Flurolube LG-160 

before torquing f i t t i n g s .  (Since lubr icant  i s  detrimental t o  

rocket' operation, avoid ge t t ing  it in to  tubing o r  on wetted 

surfaces.  ) 

C. Keep components in p l a s t i c  containers when not actual ly  mounted. 

D. Keep caps on openings of components. 

E. Support un i t s  as  required when connecting and torquing than. 

F. After  clamping tubing i n  place and making f i t t i n g s  hand t i g h t ,  

ve r i fy  t h a t  i n s t a l l a t i o n  agrees with drawing by un i t  inden t i f i -  

ca t ion and orientat ion.  Also, check flow di rec t ion  where 

applicable. 

G. When a subsystem i s  assembled and checked, torque f i t t i n g s  t o  

valves given. Where torque values a re  not given, r e f e r  t o  

t ab l e s  7-1, 7-2 (0-ring and gasket seals)  , and 7-3. 

7-22 H202 Tank - (Right tank, a t t i t u d e  starboard, outboard, f igure  7-3). 

A .  Hand t i gh t en  shoulder bo l t s  (NAs 1304-7) with washers 

(AN 960 PD 416) at taching forward and a f t  trunnion and tank 

support tube assemblies t o  main support r ing a t  two points. 

Refer t o  Be l l  drawing 7260-460003. 

B. Hand t i gh t en  three bo l t s  (AN 4H7A) with bushings (7260-152006-5) 

a t taching forward and a f t  trunnion and tank support tube 

assembly t o  upper corners of center body. Engage both H202 tank 

trunnions with the tank support trunnions. 
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TABLE 7-3 

TORQUE VALUES FOR S T E E L  NUT-BOLT 
(SCREW) COMBINATIONS 

BOLTS AND SCREWS 

A N3 through  A N20 
AN42 through AN49 
AN73 through  AN81 
AN173 through AN186 
AN502 AN525 
AN509 
Bel l  Std. 6 Z 1  

_.A 
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BOLTS AND SCREWS 

MS20004 through MS20024 
(NAS 144 through NAS158) 
(NAS 1 7 2) 

NAS333 through NAS340 
NAS464 (Shear) 
NAS583 through NAS590 

NUTS 

? 

TENSION 

AN256 
AN310 
AN315 
AN361 (NAS1024) 
AN362 (NAS1023) 

AN363 .(NASlO21) 
AN365 (NASlO21) 
AN366 (NAS1023) 
AN373 (NAS1024) 

NUTS 

SHEAR 

AN320 
AN364 (NAS1022) 

TENSION 

A N256 
AN310 
AN315 
AN361 (NAS1024) 
AN362 (NAS1023) 

AN363 (NASlO21) 
AN365 (NASlO21) 
AN366 (NAS1023) 
AN373 (NAS1024) 

SHEAR 

AN320 
AN364 (NAS1022) 

TORQUE LIMITS 
IN.LB 

MIN MAX. 

7 8 

b 

NUT 
BOLT 
'IZE 

8 -36 

TORQUE LIMITS TORQUE LIMITS 
IN.LB I IN.LB 

TORQUE LIMITS 
IN.LR 

MIN MAX. 

12 16 

MIN MAX,+ 

2 6 90 '  
80 100 

120 146 
200 260 

820 630 
778 850 

l1l8O 1 , a ~ o  
1,260 1,660 
2,tlbO 3,200 

3,660 4,350 
4,600 6,680 
8,080 7,380 

BlB00,1I,8O0 13,4806,000 

10 -32 
1/4-28 

6/16-24 
a/cr-a4 

7/1eaa 
1/2-20 

s/icl-ae 
6/8-18 
3/4-16 

7/8-14 
1 -14 
1 1/8-12 
1 1/4-12 

MIN MAX. 

16 20 
60 80 
70 00 

120 160 

300 400 
480 $6 0 
668 800 
750 06 0 

lI6OO 1,000 

2,100 2,tlQO 
2,700 9,300 
3,800 4,408 

8,080 

20 26 
60 70 

100 140 
160 100 

460 $00 

12 16 
30 40 
40 85 
06 110 

270 380 
480 680 
800 1,000 

1,100 1,908 
2,300 %,688 

280 410 
480 a08 
860 780 

1,888 1,880 

2,600 3,000 
8,780 6,600 
5,000 7,000 
8,000 11,000 

11,600 1,800 
2,200 3,300 
9,000 4,200 

h6,4QQ 



C. Hand t igh ten  b o l t  (NAS 501H10A-13) t i t h  washer ( ~ ~ 9 6 0  PD 1016) 

a t taching a f t  support trunnion t o  tank a f t  trunnion. 

D. Torque trunnion and tank support assembly mounting bo l t s .  

Lockwire three b o l t s  a t  upper corners of center body. 

Gap between forward tank trunnion shoulder 

and mount should be 0.050 t o  0.150 inches. 

Washers (7260-460003-67) may be used on 

b o l t  (NAs 501~10A-13) t o  adjust  t he  gap. 

E. I n s t a l l  and torque f i t t i n g s  on piping t o  upper and lower. 

tanks bosses ( f igure  7-3). 

1 )  *-inch f i t t i n g s  t o  270 t o  320 inch pounds (upper 

and lower), 

2) 1-inch f i t t i n g s  t o  700 to900 inch pounds (lower). 

F. Torque bol t ,  (NAS 501H10A-13)in a r t  trunnions t o  100 f 10 

inch pounds and lockwire. 

G. Connect propellent  l e v e l  sensor t o  LLTV main wiring harness. 

It i s  usually necessary t o  remove the  mount and r e t a ine r  

t o  a t t a ch  the  e l e c t r i c a l  connector t o  t h e  probe connector. 

H. I n s t a l l  l e f t  H202 tank i n  a s imilar  manner. 

7-23 HELIUM TANK - ( f igure  7-2) See Be l l  drawings 7161-460114 and 

7260-471009. 

A. Verify t h a t  plug i s  i n s t a l l ed  i n  pressure por t  of helium 

tank. 
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NOTE - 
Hardware removed i n  s tep  B w f i l  be 

used f o r  reassembly i n  s t ep  C.  

B. Remove nuts ,  bo l t s ,  and washers securing lower f i t t i n g s  t o  

three  support brackets and remove lower f i t t i n g s .  

C .  Posi t ion helium tanks so t h a t  mounting trunnions a re  seated 

i n to  support assemblies with plugged pressure ports  outboard. 

Torque lower f i t t i n g s  on support brackets. 

Center bracket allows f o r  tank 

expansion, Shims f o r  brackets may 

be required. 

D. Remove plug from por ts  and connect high-pressure piping t o  

helium tanks. Torque *-inch bushings t o  270 t o  320 inch 

pounds, and 318-inch f i t t i n g s  t o  220 t o  250 pounds. 

7-24 LIFT ROCKET ( f igure  7-3) See Be l l  drawing 7260-460003). 

7-25 Two i den t i ca l  l i f t  rockets a r e  on brackets attached t o  main 

s t r u c t u r a l  r ing  of center body. 

A .  Match l i f t  chambers t o  minimize net  th rus t  difference 

throughout t h r o t t l e  range of 100 t o  500 pounds th rus t .  

Select  two chambers by t he  following c r i t e r i a :  

1) Thrust versus chamber pressure data within a 5-pound 

t h r u s t  band through 250 t o  350 pounds th rus t  range. 

2) Chamber pressure versus propellent feed pressure curves 

most closely matched. 
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(7-25) B o  Hand t ighten four  bo l t s  (NAS 1304-8H) with washers 

(AN 960 PD 416) i n t o  rocket mounting brackets (from top).  

C. Place three  insula tors  (7161-460113-5) and four washers 

(AN 960 PD 416) below mounting bracket on each of four  

bo l t s .  Alternate insula tors  and washers a s  shown on dwg. 

7260-460003. 

D. Align rocket engine piping with output i n  bracket 

(7260-460001-1) and hand t ighten four bo l t s  i n to  ro.cket 

engine. 

Eo Hand t ighten %02 l i n e  t o  rocket engine i n l e t .  

F. Torque mounting b o l t s  t o  20-inch pounds and lockwire. 

Torque tubing f i t t i n g s  t o  values on t ab l e  

G.  Connect chamber pressure transducer t o  pressure t aps  on 

each l i f t  rocket chamber and torque t o  values on t ab l e  

7-26 ATTITUDE CONTROL ROCKETS (see Bell  drawing 7161-470020) 

7-27 Sixteen iden t ica l  a t t i t u d e  control  rockets a re  mounted i n  

c lu s t e r s  of four. One c lu s t e r  i s  attached t o  each of four mounting 

beams ( f igure  7-2). 

A. Hand t igh ten  e ight  bo l t s  ( ~ ~ 3 - 4 ~ / - y l ) ,  with washers 

(AN 960 960 PD l o ) ,  and nuts (MS 2104543) a t taching the  

bracket on a  c lu s t e r  with the  bracket on a  mounting beam. 

(See Bell  drawing 7260-460003). 

B. Hand t igh ten  H202 piping f i t t i n g s  on the  variable o r i f i c e  

i n l e t  ports .  

Use 7260-460051-1 f i t t i n g s  i n  locations 

l i s t e d  on the  blue p r in t  t o  f a c i l i t a t e  

tubing f i t .  
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(7-27) C.  Torque mounting bo l t s  t o  20-inch pounds and lockwire. 

D. Torque piping f i t t i n g s  t o  450 t o  500-inch/~ounds f o r  $-inch 

f l a r e  f i t t i n g s ,  and 270 t o  300-inch/~ounds f o r  318-inch f l a r e  

f i t t i n g s  . 
E. Connect e l e c t r i c a l  harness t o  LLTV main harness ( f igure  7-3). 

F. Dress and secure e l e c t r i c a l  harness along support beam. 

7-28 LIFT ROCKET CONTROL SYSTEM (F'igure 7-4, see Be l l  dwg. 7260-541001). 

7-29 The removal procedures a r e  provided f o r  the  T-handle, t h r o t t l e  

valve, ro ta ry  ac tua tor  and remote t h r o t t l i n g  posi t ion control  box. 

7-30 T-HANDLE - To remove the  l i f t  rocket T-handle, proceed a s  follows: 

E l e c t r i c a l  power should be disconnected 

p r io r  t o  removal of T-handle. 

A. Disconnect e l e c t r i c a l  wiring t o  posit ioning rheostat .  

B. Remove s i x  mounting screws from T-handle mounting bracket and 

f ron t  port ion of p i l o t ' s  console. 

C. Remove four  mounting screws from T-handle mounting bracket and 

s ide  port ion of p i l o t ' s  console. 

7-31 ROTARY ACTUATOR AND THROTTLE VALVE - To remove these components 

together  as  a u n i t ,  proceed a s  follows: 
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WARNING 

H202 l ines  t o  components t o  be removed 

must be cleared of H202. Circuit 

breaker CB 28 must be pulled. 

A. Disconnect H202 tubing from th ro t t l e  valve. Plug and 

cap l ines  and ports. 

B. Remove s i x  mounting bol ts  and washers from mountbg plate. 

C. Disconnect e l ec t r i ca l  connector t o  rotary actuator. 

D. Remove rotary actuator and th ro t t l e  valve s t i l l  on 

mounting plate  a s  a unit .  

7-32 REMOTE THROTTLING POSITION CONTROL BOX - To remove t h i s  compon- 

ent, proceed as  follows: 

A. Cut safety wire and remove e l ec t r i ca l  connector. 

B. Loosen wing nut and remove control box. 

7-33 PIPING 

7-34 Refer t o  paragraph 3-10 for  rocket system piping ins ts l la t ion .  

7-3 5 CHECKING AND ADJUSTMENT ROCKET COMPONENTS 

7-36 HELIUM IBGULATOR 
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Figure 7-4. L i f t  Rocket Control Components 
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7-37 The helium pressure regulator  (7260-472120) provides 495 psig  

pressure t o  t he  propellant tanks through the  network shown i n  f igure  7-5. 

The regulators  normally pressurize both propellant tanks v i a  t he  open 

helium crossover valve. 

7-38 MCKUP PRESSURE - Measure t he  lockup pressure of each regulator 

separate ly  with the  helium crossover valve closed. Individual  regulator 

lockup pressures s h a l l  be within 5 p s i  of each other. I f  an unbalance, 

of approximately 20 p s i  ex i s t s ,  ex t r e~ i e  d i f f e r e n t i a l  i n  helium tank 

pressures w i l l  occur during l i f t  rocket f i r ing .  The higher pressufe 

regulator  wil1,meet the  flow demand, but  it may cause helium tank 

pressure differences a s  high a s  700 p s i  a f t e r  a r e l a t i ve ly  shor t  time 

of t h ru s t  operation. 

7-39 The small o r i f i c e  between the  tanks w i l l  not allow equalization 

of pressure f o r  nearly one minute f o r  t h i s  extreme pressure di f ferent ia l . .  

Also, t he  HELIUM LOW pressure warning w i l l  t r i gge r  ea r ly  i f  pressure on 

t he  r i g h t  regula tor  i s  high, o r  w i l l  t r i gge r  l a t e  i f  pressure on the  

r i g h t  regula tor  i s  low. 

7-44 PRESSURX DIFF'EFtENTIAL - The regulator lockup pressure d i f f e r e n t i a l  

can not be determined by the  E/P c a r t  gage readings unless the  accuracy 

of those gages a re  known, except when no pressure d i f f e r e n t i a l  ex i s t s  

(regardless of gage readings). After  recording the  regulator lockup 

pressure readings indicated on the  E/P c a r t  gages, open t he  helium cross- 

over valve. Observe the  E/P c a r t  gages and record values. With no 

change i n  the  E/P c a r t  gage readings, the  pressure d i f f e r e n t i a l  i s  zero 

and t he  t e s t  gage should read 495 5 psig. Use a 0-800 p s i  t e s t  gage 

wi th  0.5% accuracy t o  measure t he  system lockup pressure. Refer t o  LLTV 

Rocket Propulsion 30-Day Functional & S t a t i c  Leakage Test ,  Report Number 

7260-931013 f o r  addi t ional  d e t a i l s  on t h i s  procedure. 
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7-41 ADJUSTMENT - Compress the  spring guide on the  top of the  regulator 

s l i gh t l y  t o  re l i eve  spring tension a s  t he  body sect ion is  adjusted. Screw 

the  body inward t o  increase regulation pressure; outward t o  lessen pressure. 

The adjustment can be made under pressure. 

Compress t he  spring guide using a 

suppressor with a center opening. This 

provision w i l l  allow t h e  tube'on the  

center spring guide t o  pass through. 

MANUAL 
ORIFICE SHllTOFF f- CROSSOVER 

VALVE 
VALVE 

Figure 7-5. Helium Pressurization System Diagram 
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CAUTION 

The following mechanical adjustments t o  

the rocket controls  a r e  necessary before 

pressure t e s t i n g  the  system. 

7-42 ATTITUDE ROCKET CLUSTER VARIABLE ORIFICE VALVE 

A. Pressurize the  system t o  500 ps ig  with the adjustment lock 

b o l t  tightened. 

B. Loosen the a l l e n  screw which re ta ins  the  knurled handle on 

t he  stem of the  var iable  o r i f i c e  valve (7161-472110-3 t o  

allow the  pressure t o  move the  stem t o  the  most extended 

posit ion.  Push the  knurled knob toward the  valve body,then 

t igh ten  the a l l e n  screw t o  keep t h i s  posi t ion.  

C. Loosen the main adjustment lock and t a b  and move the  

var iable  o r i f i c e  valve t o  a angular s e t t i ng  equal t o  the  

desired t h ru s t  ( i . e .  90' = 90 l b  t h r u s t ) .  This s e t t i n g  i s  

approximate and s h a l l  be ve r i f i ed  by f i r i n g  the  rocket 

engines. Safety wire t h e  bo l t s  i f  there  i s  a pos s ib i l i t y  of 

them loosening p r i o r  t o  t h r u s t  adjustments. After  l i v e  

f i r i n g  t h ru s t  adjustments are  made DO NOT d i s t u rb  the  o r i f i c e  

s e t t i ng .  Torque s t r i p e  can be used t o  ve r i fy  t h e  s e t t i n g s  

have not been disturbed. 

LIFT ROCKET (see Be l l  drawing 7260-541001). 

NOTE - 

Both e l e c t r i c a l  and mechanical adjustments 

a re  required on t he  l i f t  rocket control  system. 

A. Adjust the  control  potentiomenter. 
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(7-43) (A) 1 )  Adjust the  NAS 428-3 and -10 bo l t  and AN315-3 nut on 

t he  7260-541001-15 t h r o t t l e  control  t o  r e s t r i ck  t he  

t h e  t h r o t t l e  s t i c k  t r a v e l  t o  4.0 degrees (from f u l l y  

down t o  fu l l y  up. ) Use cal ibra t ion f i x tu r e  t o  make 

angular se t t ings .  

2) Apply 28 VDC power t o  the  un i t  through CB 28. 

Ensure t h a t  the  l i f t  rocket propellant 

valves a re  closed when pressure i s  on 

the  vehicle. Otherwise, pressure w i l l  

exhaust through the  l i f t  rockets when 

the  t h r o t t l e ' v a l v e  opens during these 

procedures. 

Move the  t h r o t t l e  slowly upward through the  40 degree 

range. The drive shaf t  on the  rotary actuator  

(7260-541004) should ro t a t e  clockwise (as seen from 

the  output shaf t  s ide) only. The re la t ionship  of 

t h e  t h r o t t l e  t o  the  7260-541015-1 rheostat  i s  correct, 

i f  the  actuator moves a t  any respositioning of t he  

t h r o t t l e ,  but does not reverse di rect ion,  during the  

upward motion of t he  T-handle. (The rheostat  stacked 

on the control ler  rheosta t  i s  a telemetry transducer.) 

Also, the  t h ro t t l e / rheos t a t  re la t ionship  may be 

ver i f i ed  by checking t he  oc t a l  display. A steady 

increase i n  the reading a s  the  t h r o t t l e  moves upward 

indicates  correct  adjustment. A l o s s  of oc t a l  s igna l  

indicates  incorrect  adjustment ( the rheosta t  wiper 

arm i s  off the  rheosta t  windings.) 
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(7-43)B. I f  t he  rotary actuator  reverses di rect ion between f u l l y  on 

and f u l l y  off t h r o t t l e  posi t ion,  adjus t  the  re la t ionship  of 

t he  rheostat  gear t o  t he  t h r o t t l e  gear by t he  following 

procedure: 

1) Move the  t h r o t t l e  upward. Mark the  tooth  on the  

rheostat  gear which engages the  t h r o t t l e  gear with a 

pencil  lead when t he  rheosta t  wiper a m  f i r s t  touches 

t he  rheostat  windings a f t e r  crossing the  winding cap. 

2) Lower t he  t h r o t t l e  handle completely and lock it. 
3). Remove the  rheosta t  from the  re ta iner  hole. Rotate the  

gear and re-engage the  marked tooth  i n  the  t h r o t t l e  gear. 

4) Compensate any minor e r ro r  i n  posi t ion by s l i gh t l y  

ro ta t ing  the  potentiometer case.  h his method allows 

t he  rheostat  e l e c t r i c a l  connections t o  be exposed f o r  

rework. ) 

C. Adjust the  variable o r i f i c e  t h r o t t l e  valve. 

NGTE - 
This b a l l  type valve has a passage machined 

i n to  the  valve ba l l .  No marking shows shaf t  

posit ion versus valve position. The motor 

driven rotary  i s  connected by coupling 

flange 7260-9541001-11,013 with three  b o l t s  

and allows f 5 degrees of adjustment. The 

flange has 36 spl ines  which mate with the  

36-tooth serra ted shaf t  on the  rotary 

actuators t o  give 360 degree adjustment i n  

10 degree increments. 
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(7-43) ( c )  1. Adjust the  7260-472060 t h r o t t l e  valve t o  shut off 

completely a s  t he  valve i s  driven clockwise by the  

ro ta ry  actuator.  Flange bo l t s  may have t o  be removed. 

Find the  shutoff posi t ion by pressurizing the  H 0 
2 2 

system t o  about 100 psig  and rota t ing the  t h r o t t l e  

valve manually clockwise t o  the off posit ion.  

2) Drive the  actuator f u l l y  t o  t he  off posi t ion with the  

t h r o t t l e  s t i ck  and connect the 7260-541001 couplings. 

NOTE - 

Coupling -13 may have t o  be removed 

completely. Be sure t h a t  the  shaf t  

lock screws are tightened in the  

flange coupling upon reassembly. 

D. Actuate t h e  t h r o t t l e  several  times and verify the following: 

1 )  Gas flow s t a r t s  a f t e r  about two degrees of t h r o t t l e  

s t i c k  t r a v e l  upward. 

2)  Gas flow increases rapidly a s  the  t h r o t t l e  i s  opened, 

3) Gas flow stops a s  t he  t h r o t t l e  i s  closed a t  % speed. 

Adjust the actuator  coupling angular s e t t i n g  i f  

exceeding slow or  f a s t  actuations do not always close 

t he  t h r o t t l e  valve. The t h r o t t l e  valve has a 10 

degree shutoff band b u i l t  in .  Sl ight  g.as leakage i s  

acceptable through valve sea t ,  see blue p r in t  

specif icat ions .  Operational check with H202 propellant  

i s  advisable. 
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7-44 FUNCTIONAL CHECKOUT 

7-45 The following equipment w i l l  enable t e s t i ng  of functional  and 

and s t a t i c  leaks  i n  components and tubing. 

A .  Elec t r i c a l  and Pneumatic Test  Cart (E@ Cart) . 
B. 28 VDC Power Supply. 

C . 110 VAC , 400 HZ Power Supply. 

D. 4000 psig Helium Source 

E. 2000 psig Nitrogen Source 

7-46 The 30-Day Functional & S t a t i c  Leakage Test ,  7260-931013, 

describes use of t h i s  equipment. Two other procedures which a re  not 

presently used, because they were published fo r  acceptance t e s t i ng ,  

a l s o  use t he  equipment. They a r e  the  ground t e s t  procedures; Hanger 

Operational Text 7260-928056 and Ramp Functional Text 7260-928063. 

7-47 ELECTRICAL AND PNEUMATIC TEST CART (E/P) 

7-48 The E/P t e s t  c a r t  i s  used f o r  functional  t e s t i ng  of the LLTV 

Rocket system and i s  used f o r  servicing the  vehicle Helium supply p r io r  

t o  vehicle rocket system operations. The ca r t  f i l t e r s  and regulates 

an i n l e t  gas supply of 0-4500 psig  t o  provide pressurization of the  

LLTV Helium system and both H202 tanks. With an external  28-volt, d-c 

supply and four  e l e c t r i c a l  cables mounted i n  the  c a r t ,  individual  

control  of the  16 a t t i t ude  rocket solenoid valves i s  provided by the  

ca r t .  Individual  switches on t he  c a r t  control  panel provides se lect ion 

of each solenoid. 

7-49 E & P CART 
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NOTE - 
The helium tank may be serviced d i r e c t l y  from the  

Helium Gas Supply Truck which has b u i l t  i n  regulation equipment. 

7-50 U T V  RZLIUM TANK SERVICING 

Check t h a t  both helium tank and H 0 tank regulators are  
2 2 

backed off  f u l l y  counterclockwise. 

Close t he  i n l e t  source valve. 

Close the  helium tank supply valve. 

Close t h e  common H 0 tank supply ,valve. 
2 2 

Close both H202 tank supply valves. 

Close t he  H202 tank vent valves. 

Open t he  helium tank vent valve. 

Remove t h e  helium ou t l e t  por t  cap and a t tach the  helium supply 

l i n e .  Attach the supply service manifold t o  the  l i n e  and 

close t he  manifold hand valve. (DO not a t t ach  maniford t o  

vehicle service por t  .) Attach Kellum safety g r ip  t o  the  

c a r t  hook. 

Attach t he  helium source supply l i n e  t o  i n l e t  port  A on t he  

E&P c a r t ,  and a t tach the  Kellum safety  gr ip  t o  the  c a r t  hook. 

Attach t h e  supply l i n e  and Kellum safety  g r ip  t o  the  service 

truck helium supply. 

Connect helium tank temperature monitoring box. 

CAUTION 

Throughout servicing,  monitor Helium tank 

surface temperature. I f  necessary, cool 

t he  tank surface t o  maintain temperature 

below 150' F up t o  3800 p s i  and below 110' F 

from 3800 t o  4000 psi .  

K. Apply pressure t o  the  source l i n e  (4500 psig max) using the  

servic ing t ruck valves. Tighten connections i f  leaks are  

observed. 
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(7-50) L. Open the  i n l e t  source valve. 

CAUTION 

Do not open the  i n l e t  source valve i f  source 

pressure gage shows greater  than. 4500 psig . 
Burst d i sc  w i l l  rupture i n  E&P Cart. 

M. Open the  helium system service valve t o  apply pressure t o  the  

helium regulator. 

N. Slowly open t he  regulator valve and note audible  gas flow 

from helium vent, then close the  vent valve. 

0. Continue pressurizing the  vehicle service l i n e  and F&P c a r t  

system t o  4500 psig. 

NOTE - 
The regulator aontrols t he  pressure indicated 

on the  helium tank gage. 

P. When the  system i s  pressurized check f o r  leaks by shutt ing 

off  t he  i n l e t  source valve and noting pressure decay. 

NOTE - 
The helium regulator  has a b u i l t  i n  r e l i e f  

valve which may cause pressure loss .  

Repair leaks a s  soon a s  possible. If repa i r  i s  not p rac t ica l  

and leakage i s  minimal and not a hazard t o  operations, repa i r  

a t  a p rac t ica l  time. 

Q. Open the  servicing manifold hand valve slowly and purge the  

service l i n e s  p r io r  t o  at taching the  helium tank schraeder 

valves. 
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(7-50) R. Close the  manifold hand valve and a t t ach  the  manifold t o  the  

tanks. 

S. Back out the  regulator and vent any pressure from the  c a r t  

system. 

T. Check t h a t  t he  vehicle helium manual shutoff valves are 

AA. 

AB . 

AD. 

closed and schraeder valves on the  helium tanks a r e  open. 

Open t h e  i n l e t  source valve closed in s tep P. 

Bring t h e  helium tanks t o  pressure using the  regulator. 

When pressur izat ion i s  complete, close the  helium tank 

servic ing schraeder valves. 

Close the  source valve on t he  supply truck. 

Back out t h e  regulator t o  zero. 

Disconnect and s tore  t he  helium servicing l i n e  and manifold, 

and cap and plug open por ts  ( i f  not needed f o r  continued t e s t s  

o r  topping off helium tank pressure). 

Shut off  helium source supply valve on truck. 

Loosen the  f i t t i n g  on t he  helium supply l i n e  from the  source 

truck and allow the  pressure t o  release. Disconnect t h e  

f i t t i n g  and cap and plug t h e  opened ports. 

Disconnect the  helium supply l i n e  from the  E&P c a r t  and cap 

and plug t he  open ports .  

Close t he  E&P ca r t  i n l e t  source valve. 

7-51 XTV H202 Tank Pressurizing 

A. Check t h a t  both helium tank and H202 tank regulators a re  

backed off  f u l l y  counterc~ockwise. 

B. Close the  i n l e t  source valve, and disconnect H 0 pressure 
2 2 

transducers. 

C .  Close t he  helium tank supply valve. 

D. Close t he  common H202 tank supply valve. 
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E. Open both H202 tank supply valves. 

F. Open both H202 tank vent valves on the  E&P car t .  

G. Close t h e  helium tank vent valve. 

H. Remove the  H 0 tank por t  caps and i n s t a l l  the  H202 tank 2 2 
service l i n e s  a s  necessary. 

I. I n s t a l l  the helium source supply l i n e  t o  the  i n l e t  por t  A 

on t he  E&P c a r t  and a t t a ch  the  Kellum safe th  g r ip  t o  t he  

c a r t  hook. Attach the  supply l i n e  and Kellum safety g r ip  

t o  t h e  service truck helium supply. 

J . Apply pressure t o  source l i n e  (4500 psig  max) using the  

seni ic ing truck valves. Tighten connections i f  they leak. 

K. Open the  i n l e t  source valve. 

CAUTION 

DO NOT OPEN THE I N U T  SOURCE VALVE IF  

THE SOURCE PRESSURE GAGE SHOWS MORE 

THAN 4500 PSIG. 

L. Open t h e  common H 0 tank supply hand valve. 
2 2 

M. Open t h e  H202 tank vent valve. 

N. Open the  LH/RH tank H202 supply valves and increase t he  

regulator s e t t i ng  t o  purge the  car t .  When the c a r t  i s  

purged close t h e  vents. 

0. Increase pressure on t he  plugged service l i n e s  t o  600 p s i  

and check t he  f i t t i n g s  f o r  leaks ( t ighten a s  necessary). 

P. Shut off the  i n l e t  source valve and observe an unusual 

pressure loss .  

NOTE - 
The regulator  has a b u i l t  i n  r e l i e f  

system and may vent. 
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(7-51) Repair any leaks  a s  soon as  possible. I f  the  repair  i s  not 

p r ac t i c a l  and leakage i s  minimal and not a hazard, repa i r  a t  a 

p r ac t i c a l  time. 

Q. With the  i n l e t  source valve shut o f f ,  vent the  system by 

backing off  the regulator t o  zero p s i  as  indicated on t he  

H 0 tank gages. 
2 2 

R. Open t he  i n l e t ,  source valve. 

S. Remove the service l i n e  plugs. Using the  regulator,  purge 

t he  l i n e s  before i n s t a l l a t i o n  on the  H202 tank manual vent 

valve ou t l e t  port ,  o r  other f i t t i n g  i f  directed.  

T.  Open the  vehicle H 0 tank manual vent valves. 
2 2 

U. Pressurize the  H 0 tanks a s  necessary f o r  t e s t s  using the  
2 2 

regulators.  

V. When pressurizing work i s  complete, back out the  regulator 

t o  zero ps ig  and open the  LH and RH H 0 tank vent valves 
2 2 

on t he  ca r t .  

W. Close t he  helium supply t ruck shut off valves. 

X. Loosen t he  f i t t i n g  on t he  helium supply l i n e  t o  allow pressure 

t o  re lease .  Disconnect the  f i t t i n g  and cap and plug the  

opened por ts .  

Y. Disconnect and s tore  t he  helium supply l i n e  from the  E&P cayt. 

Z.  Close the  E&P c a r t  i n l e t  source valve. 

AA. Disconnect the  H 0 tank service l i ne s .  Cap and plug the  open 2 2 
por ts  and s tore  the  l i n e s  i n  the E&P car t .  
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7-52 SOLENOID VALVE OPERATION 

S e t  a l l  switches on the  E&P c a r t  t o  OFF. 

P u l l  t h e  c i r c u i t  breaker  on t h e  E&P c a r t .  

Remove t h e  vehic le  e l e c t r i c a l  connector t o  t h e  solenoid 

va lves  a t  t h e  connector on t h e  a t t i t u d e  con t ro l  c l u s t e r .  

Attach the  E&P c a r t  cable marked f o r  t h a t  l o c a t i o n  t o  t h e  

connector. 

T ie  t h e  cable t o  the  sh ip  s t r u c t u r e  t o  r e l i e v e  s t r a i n  on 

t h e  connectors. 

Plug t h e  28 VDC l eads  from t h e  E&P c a r t  i n t o  t h e  emergency 

DC o u t l e t  of t h e  ground power supply box and apply power. 

Push i n  t h e  c i r c u i t  breaker  on t h e  c a r t  and observe t h e  

r ed  ON lamp. 

During t e s t s  do not apply power t o  solenoids f o r  more than 

t e n  minutes a t  a time without a cooling period f o r  t h e  

solenoid valve. 

When t e s t i n g  i s  complete, shut  of f  the  28 VDC supply and p u l l  

t h e  c i r c u i t  breaker  on t h e  E&P c a r t .  Disconnect t h e  cables 

from t h e  sh ip  and s t o r e  them i n  the  c a r t .  

Attach t h e  vehic le  e l e c t r i c a l  connectors. 
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SECTION V I I I  

COCKPIT INSTRUMENTATION 

SCOPE OF SECTION 

8-2. This s ec t ion  provides a  funct,ional desc r ip t ion  and maintenance 

i n s t r u c t i o n s  f o r  t h e  Engine and Fuel i n d i c a t o r s ,  Rocket System indica-  

t o r s ,  F l i g h t  Instruments ,  and Annunciator Panel i n d i c a t o r s .  The 

maintenance i n s t r u c t i o n s  inc ludes  opera t ional  checkout, t rouble-shooting,  

removal and i n s t a l l a t i o n ,  adjustments,  and t e s t  equipment. 

8-3. DESCRIPTION AND LEADING PARTICULARS 

8-4. A complete l i s t  and b r i e f  desc r ip t ion  of a l l  cockpit  instruments  

and i n d i c a t o r s  i s  presented i n  t a b l e  1-2, s ec t ion  I of t h i s  manual. 

8-5. ENGINE AND FUEL INDICATORS 

8-6. A b r i e f  desc r ip t ion  of t h e  JP4 Tank Pressure,  O i l  P ressure ,  

Exhaust Gas Temperature (EGT) and Percentage RPM i n d i c a t o r s  i s  presented.  

A func t iona l  ana lys i s  of assoc ia ted  c i r c u i t r y  i s  a l s o  provided. 

8-7. JP4 TANK PRESSURE INDICATOR C I R C U I T  - The JP4 Tank Pressure 

I n d i c a t o r  c i r c u i t  conta ins  two cockpit-mounted i n d i c a t o r s ,  two f u e l  tank 

pressure  t ransducers ,  two c a l i b r a t i o n  potent iometers  and two cu r ren t  

l i m i t i n g  r e s i s t o r s  ( f i g u r e s  8-1 and 8-2). Each JP4 Tank Pressure indica-  

t o r  i s  sca l ed  t o  i n d i c a t e  from 0  t o  50 ps ig  with major d i v i s i o n  marks a t  

10 p s i g  i n t e r v a l s  and f i n e  graduations a t  1 p s i g  i n t e r v a l s .  A zero 

co r rec t ion  adjustment i s  front-mounted on t h e  i i d i c a t o r .  The DC inpu t  
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current  values t o  obta in  r e l a t e d  ind ica t ions  a r e  shown i n  t a b l e  8-1. An 

increas ing tank pressure  pushes t h e  movable contac t  of t h e  transducer 

r e s i s t i v e  element toward t h e  more pos i t ive  voltage a t  p in  c. A n  increased 

voltage i s  tapped and applied t o  t h e  Fuel Tank Pressure ind ica to r  through 

t h e  current  l i m i t i n g  r e s i s t o r  ( ~ 8 / ~ 9 ) ,  r e s u l t i n g  i n  an up-scale de f l ec t ion  

o f  t h e  i n d i c a t o r  needle. The voltage from t h e  transducers i s  a l s o  routed 

t o  the  AC S ignal  Conditioner f o r  telemetry processing. Refer t o  sec t ion  X. 

Calibrat ion procedures f o r  t h e  JP4 pressure transducers a r e  provided i n  

paragraph 8-42. 

8-8. OIL PRESSURE INDICATOR C I R C U I T  - The O i l  Pressure Indica tor  c i r c u i t  

conta ins  a  100-microampere meter ca l ib ra ted  f o r  a  range of 0  t o  60 ps ig ,  a  

c a l i b r a t i o n  potentiometer ,  a  current  l imi t ing  r e s i s t o r  and an o i l  pressure  

transducer (see  f i g u r e s  8-2 and 8-3). The ind ica to r  i s  scaled with major 

d iv i s ion  marks a t  10 p s i g  i n t e r v a l s  and f i n e  g radua t ims  a t  2  ps ig  i n t e r -  

va ls .  A zero co r rec t ion  adjustment i s  front-mounted on t h e  ind ica to r .  

The DC input  current  values t o  obtain corresponding o i l  pressure ps ig  

values a r e  shown i n  t a b l e  8-2. The O i l  Pressure Indica tor  and t h e  JP4 

Pressure Ind ica to r  c i r c u i t s  a r e  i d e n t i c a l  i n  operation. Calibrat ion pro- 

cedures a r e  presented i n  paragraph 8-46. 

TABLE 8-1. DC CURRENT VERSUS INDICATION 
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DC Current 
(~ ic roamperes )  

20 

40 

60 

80 

100 

1 

Indica t ion  
(ps ig)  

10 

20 

30 

4.0 

50 



P430-LL 

T- 
P304-j AC SIGNAL COND~IONER 

M18 ----- COCKPIT 7 

DISCONNECT I 
P87 

I 
- -  I 

OIL PrnSSURE 
TRANSDUCER 1 

MT 8 I--,,,,, 

Figure 8-3. O i l  P ressure  I n d i c a t o r  C i r c u i t  - Schematic Diagram 

TABLE 8-2. DC CURRENT VERSUS OIL PRESSURE INDICATION 
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DC Current 
(Microamperes) 

16.6 

33.3 
50. o 

66.7 

83.3 
1oo.00 

Ind ica t ion  
(ps ig )  

10 

20 

30 
40 

50 

60 



8-9. EGT INDICATOR C I R C U I T  - The EGT Ind ica to r  c i r c u i t r y  contains an EGT 

i n d i c a t o r  and a thermocouple un i t .  The EGT ind ica to r  cons i s t s  of a  d i g i t a l  

readout ,  a  5K-ohm potentiometer ,  a  Power Fa i lu re  ind ica to r  and a tempera- 

t u r e  gage ( f igures  8-2 and 8-4). The d i g i t a l  readout provides EGT readings 

i n  2 ' ~  increments. The temperature gage i s  ca l ib ra ted  f o r  a  maximum of 

1 2 0 0 ~ ~  i n  5 0 ' ~  increments. The input  voltage versus temperature equiva- 

l e n t s  a r e  provided in t a b l e  8-3. The potentiometer i s  used t o  re t ransmit  

a  voltage analog of t h e  EGT t o  the  DC Signal  Conditioner f o r  telemetry 

transmission. 

8-10. PERCENT RPM INDICATOR C I R C U I T  - The Percent RPM Indica tor  c i r c u i t r y  

cons i s t s  of an engine-mounted tachometer generator  and t h e  Tachometer 

ind ica to r .  The i n d i c a t o r  d i a l  i s  ca l ib ra ted  i n  percent of RPM i n  2% incre-  

ments up t o  100%. A smaller  d i a l  a l s o  on t h e  i n d i c a t o r - i s  ca l ib ra ted  i n  

1% increments up t o  10% ( f igures  8-2 and 8-5). 
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I ----- 
ENGINE I 

Figure  8-5. Percent  RPM Ind ica to r  C i r c u i t  - Schematic Diagram 

P12 P1 J1 D I S C  
,5139 P22 

I 
A>, 6 f~ 

8- 11. ROCKET SYSTEM INDICATORS 

B .  

8-12. The Rocket System i n d i c a t o r s  c o n s i s t  of a  Helium Source Pressure ,  

a n  H202 Tank P res su re ,  a  L i f t  Rocket Chamber Pressure  and a n  H202 

Remaining i n d i c a t o r .  A b r i e f  d e s c r i p t i o n  and func t iona l  a n a l y s i s  i s  

presented  t o  t h e s e  i n d i c a t o r s  and a s soc i a t ed  c i r c u i t r y .  

g I 

8-13. HELIUM SOURCE PRESSURE INDICATOR C I R C U I T  - The Helium Source 

Pressure  I n d i c a t o r  c i r c u i t  c o n s i s t s  of a  d u a l  needle vol tmeter ,  and two 

helium t ank  p re s su re  t ransducers  ( f i g u r e s  8-6 and 8-7). The i n d i c a t o r  

con ta ins  a  c e n t e r  and a  pe rphe r i ca l  needle  f o r  l e f t  and r i g h t  helium 

tank  p re s su res .  The c e n t e r  needle  i s  marked wi th  an  R so  t h a t  when the  

needle  i s  t o p  dead c e n t e r  t h e  R i s  upr ight .  The pe rphe r i ca l  needle  i s  

marked so  t h a t  an  L i s  up r igh t  under t h e  same condit ion.  The i n d i c a t o r  

d i a l  i s  c a l i b r a t e d  up t o  4500 p s i a ,  wi th  major d iv i s ions  a t  1000-psi 

p o i n t s ,  and minor d i v i s i o n s  every 200 p s i  on sca l e .  A zero co r r ec t ion  

adjustment i s  on r e a r  of i n d i c a t o r .  Table 8-4 provides a  l i s t  of vo l tage  

i n p u t  versus  p r e s s u r e  i n d i c a t o r  values.  Analog vol tages  a r e  a l s o  routed  

from t h e  t r ansduce r s  t o  t h e  AC S igna l  Conditioner.  

C n  P 
\ 3 

L - - I 9 2  I ENG TACH GEN 

I 
- 

b---- 
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MT 4 

P430 
G >-> P304.-5 AC SIGNAL 

20 VDC 
COIJDITIONER 

M3 m5 
LEFT HELIUM 

PI J I  ~ 5 2  XDCR --- 
- f~ 

1 

w ' X  - C 
u - A --- 

~ H H  >->Pso~-~ AC SIGNAL 
CONDITIONER 

1 z 6 
W B 
v C 

Figure 8-6. Helium Source Pressure I n d i c a t o r  C i r c u i t  - Schematic Diagram 

TABLE 8-4. VOLTAGE INPUT VERSUS HELIUM PRESSURE INDICATION 

--- 7 

T I  
--- 

P53 RIGHT HELIUM 
- I 
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Voltage 
I n p u t  Pressure 

2.182 

4.276 

6.400 

8.498 

10.62 

12.80 

15.07 

17.45 

20.00 

500 

1000 

1500 

2000 

2500 

3000 

3500 

M O O  

4500 
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8-14. H202 TANK PRESSURE INDICATOR C I R C U I T  - The H 0  Tank Pressure  2  2 

I n d i c a t o r  c i r c u i t  i s  almost i d e n t i c a l  t o  t h e  Helium Source Pressure  

Ind ica to r  c i r c u i t  ( f i g u r e s  8-7 and 8-8). The d i a l  i s  c a l i b r a t e d  up t o  

600 p s i a  i n  100 p s i a  major increments,  and minor d iv i s ions  of 20 p s i .  

The i n p u t  vol tages  f o r  H202 tank pressure  ind ica t ions  a r e  presented i n  

t a b l e  8-5. 

Figure 8-8. ' H 0  Tank Pressure Ind ica to r  C i r c u i t ,  Schematic Diagram 
2  2  

8-15. LIFT ROCKET CHAMBER PRESSURE INDICATOR C I R C U I T  - This c i r c u i t  i s  

a l s o  almost i d e n t i c a l  t o  t h e  Helium Source Pressure Ind ica to r  c i r c u i t  

( f i g u r e s  8-7 and 8-9). The d i a l  i s  c a l i b r a t e d  up t o  400 p s i a  i n  100 p s i a  

major increments ,  and minor d i v i s i o n s  of 20 p s i .  The inpu t  vol tage  f o r  

rocket  chamber pressure  ind ica t ions  a r e  presented i n  t a b l e  8-6. 
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TABLE 8-5. VOLTAGE INPUT VERSUS H202 PRESSURE INDICATION 

TABLE 8-6. VOLTAGE INPUT VERSUS ROCKET C W E R  PRESSURE INDICATION 

V o l t a g e  
Input 

2.786 

5.476 
8.143 
10.86 

13.69 
16.71 
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P r e s s u r e  p s i  
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D >->~304-p AC SIGNAL 
CONDITIONER 

LEFT 'LIFT 
m3 TC PRESSURe 

P32 TRANSDUCER --- 

--- --- 

RIGHT LIFT TC 
P430 PRESSURE 
CC >-> ~ 3 0 4 - 2  AC SIGNAL TRANSDUCER 

CONDITIONER 

Figure 8-9. L i f t  Rocket Chamber Pressure Indicator Ci rcu i t ,  Schematic 
Diagram 

8-16. H,O, FUEL REMAINING INDICATOR CIRCUIT - An input voltage from the 

f u e l  l e v e l  detector  located i n  the  Att i tude Control System Monitor Elec- 

t r on i c s  i s  routed t o  t h e  H 0 Fuel Remaining indicator .  This ind ica to r  2 2 
contains a d i g i t a l  readout, ca l ibra ted i n  2-pound increments, a l a rge r  

d i a l  ca l ib ra ted  i n  50-pound increments up t o  1000 pounds, a Power Fai l -  

ure  ind ica to r ,  and a SK-ohm re t ransmit t ing potentiometer ( f igures  8-7 

and 8-10). The analog voltage representing H 0 f u e l  remaining i s  
2 2 

retransmitted t o  the  DC Signal Conditioner f o r  telemetry proc.essing. 

The voltage inputs  versus pounds of H202 f u e l  remaining a r e  provided i n  

t a b l e  8-7. 
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TABLE 8-7. VOLTAGE INPUT VERSUS H202 FUEL REMAINING 

C B ~  ----- 
Pi03 ---- + p23 

~ 6 8  1 JIA 

E 
A 

ACS MONITOR I 
I I ELECTRONICS 

B 8 

D I A P430 P406 
I 

- ... ---- 
F r ,  I I ------ 
G ' S - CC DC SIGNAL I 
nu FE CONDITIONER 

I \ -- J 

Voltage 
Input 

Figure 8-10. H202 Fuel Remaining Indicator ,  Cabling Diagram 

Fuel Remaining 
(pounds ) 

8-17. FLIGHT INSTRUMENTS 

8-18. The f l i g h t  instruments mounted on t he  P i l o t ' s  Console consis t  of 

an At t i tude ind ica tor ,  an ~ l t i t u d e l ~ l t i t u d e  Rate indicator ,  a Horizontal 

Velocity ind ica tor ,  a ~ h r u s t / ~ e i ~ h t  indicator ,  a Barometric Altimeter, 

a Wind Velocity ind ica tor ,  and an Inertial-Lead Vertical  Speed indicator .  

A Wind Direction ind ica tor  i s  mounted i n  t he  cockpit ce i l ing.  Descrip- 

t i on  of the  ind ica tors  and associated c i r cu i t ry  i s  presented. 
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8-19. ATTITUDE INDICATOR - The Atti tude indicator  i s  a  3-axes b a l l  which 

ind ica tes  vehicle p i t ch ,  yaw, and r o l l  ( f igure  8-11). The v e r t i c a l  and 

hor izontal  needles, i n  conjunction with b a l l  movement, portray yaw and 

p i tch ,  respectively. A zero s e t  synchro o r  control  d i f f e r e n t i a l  t rans- 

former provides course s e t t i ng  fo r  t he  indicator.  The Atti tude indica- 

t o r  receives input signals from the  Atti tude Gyro package and ACS 

Primary Electronics ( f igure  8-12). Refer t o  section X I  f o r  deta i led 

descriptions of t he  Avionics system. 

8-20. ALTITUDE/ALTITUDE RATE INDICATOR - Altitude s ignals  and a l t i t u d e  

r a t e  s igna l s  from the  radar assembly dr ive  the  servo systems i n  t h e  

indicator .  A s  the  indicator  points a r e  driven by the  servo system, 

s ignals  from retransmitt ing potentiometers a r e  routed t o  t he  DC Signal 

Conditioner f o r  telemetry processing ( f igures  8-11 and 8-13). Alt i tude 

i s  indicated i n  5-foot increments up t o  1000 f e e t  on one ver t i ca l ly -  

cal ibra ted scale.  The r a t e  of a l t i t u d e  change i s  i n  2  feet-per-second 

increments, with a  maximum descending and ascending r a t e  of 50 feet-per- 

second indicated on t he  other ver t ica l ly-cal ibra ted scale.  

8-21. HORIZONTAL VELOCITY INDICATOR - Signals derived from the  Doppler 

radar provide inputs  t o  the indicator  servo systems. Longitudinal 

veloci ty  i s  indicated by t he  horizontal  needle on the  ver t i ca l ly -  

cal ibra ted FWD VEL scale.  Latera l  veloci ty  i s  indicated by the  ve r t i c a l  

needle on t he  horizontally-calibrated LAT VEL scale.  Increasing and 

decreasing veloci ty  f o r  both scales  a r e  i n  major increments of 5 fps 

with f i n e r  graduations i n  I-fps increments (f igures 8-7 and 8-14). The 

range of t he  scale  i s  selected by t he  XI-XI0 Horiz Vel switch located 

on the  mounting box assembly, thus providing 0-20 fps and 0-200 fps scale 

ve loc i t i es .  A s  t h e  indicator  needles a r e  moved by the  servo motor, 

retransmitt ing potentiometers provide analog voltage inputs  t o  t he  DC 

Signal Cmditioner f o r  telemetry processing. 
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r---1 

Figure 8-13. ~ l t i t u d e /  Al t i tude  Rate I n d i c a t o r  Cabling 
Diagram 
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Figure 8-14. H o r i z o n t a l  V e l o c i t y  Indicator C a b l i n g  D i a g r a m  
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8-22. THRUST/WEIGHT INDICATOR - The Drag Compensation system provides 

reference and s igna l  voltages f o r  t h e  Indicator  Servo system (f igures  

8-11 and 8-15). 

COCKPIT 

Figure 8-15. ~ h r u s t / ~ e i ~ h t  Indicator Cabling Diagram 

A s  t he  servo dr ives  the  indicator  pointer ,  normal acceleration,  which i s  

body-axis referenced, i s  displayed on t h e  ver t ica l ly-cal ibra ted scale  as  

lunar gravity.  The sca le  i s  cal ibra ted i n  major divisions of I - G  up t o  

6 lunar  g rav i t i es .  An indication of lunar gravity i s  obtained during 

Lunar Simulation f l i g h t  mode. 
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8-23. BAROMETRIC ALTIMETER - A standard barometric a l t imete r  i s  mounted 

on t he  P i l o t ' s  Console ( f igure  8-2). A control  knob provides manual 

s e t t i n g  of t h e  ambient pressure. Alt i tude is  displayed by using th ree  

pointers  t o  ind ica te  hundreds, thousands and tens  of thousand on t he  

d i a l ,  which i s  marked 0 through 9 with 50-foot minimum divis ion marks. 

The r e a r  of t h e  ind ica tor  i s  exposed t o  the  atmosphere f o r  operation 

without a P i t o t  system. 

8-24. WIND VELOCITY INDICATOR CIRCUIT - The Wind Velocity Indicator  c i r c u i t  

cons i s t s  of a 500-microampere meter, a spec ia l  amplif ier ,  a 15-volt power 

supply, and an externally-mounted anemometer ( f igures  8-2 and 8-16). The 

voltage generated by the  anemometer i s  d i r e c t l y  coupled t o  an AC amplif ier ,  

which has a gain of 3. The amplified AC is then r e c t i f i e d  and t he  DC 

routed t o  t h e  Wind Velocity indicator  and the DC Signal Conditioner. The 

v e r t i c a l  d i a l  on t he  indicator  i s  ca l ib ra ted  i n  feet-per-second i n  10 fps  

major d iv i s ion  marks and f i n e r  graduations of 5 fps  up t o  85 fps  maximum 

indication.  Refer t o  paragraph 8-50 f o r  adjustment procedures. 
r -- -- I 

I,-J 
Figure 8-16. Wind Velocity Indicator  Circui t ,  Wiring Diagram 
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Figure 8-17. Wind Direction Indicator  e eta Ind. ) Circu i t ,  
Wiring Diagram 

BETA VANE 
I---1 
I 
I I P502 5502 

8-25. WIND DIRECTION INDICATOR (BETA IND.) - A boom-mounted vane i s  

coupled t o  a l5K - ohm potentiometer which dr ives  a meter mounted a t  the  

top of t he  P i l o t  Console. Although the vane i s  f r e e  t o  ro t a t e  360 degrees, 

t he  ind ica tor  i s  scaled t o  ind ica te  i t s  posi t ion over 2 90 degrees. This 

s i gna l  i s  a l s o  routed t o  the  DC Signal  Conditioner f o r  telemetry 

processing. 

D C 

SIGNAL 

8-26. INERTIAL-LEAD VERTICAL SPEED INTICATOR - This indicator  is a 

self-contained un i t  ( f igure  8-2) designed t o  indicate  v e r t i c a l  veloci ty  

immediately a s  i t s  i n e r t i a l  mass i s  affected by vehicle acceleratioc.  

The d i a l  i s  non-lineari ly cal ibra ted fo r  an up o r  down movement i n  

100 feet-per-minute (fpm) divis ions  up t o  6000 fpm. 

8-27. WIND DIRECTION INDICATOR.-  An externally-mounted wind vane i s  

mechanically coupled through the  cockpit ce i l ing  t o  the d i rec t iona l  

pointer  on t h e  Wind Direction indicator.  A 5K-ohm potentiometer i s  

inse r ted  i n  t h i s  mechanical linkage t o  provide an input s igna l  t o  t he  
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DC Signal  Conditioner f o r  telemetry processing ( f igu re  8- 18).  

Figure 8-18. Wind Direct ion Ind ica to r ,  Cabling Diagram 

8-28. AC AND DC VOLTMETERS - I n s t a l l e d  below t h e  P i l o t ' s  Console 

( f igu re  1-7) i s  an AC voltmeter f o r  d i s p l a y  of primary AC power. I n  

conjunction wi th  t h e  AC Power Check switch ( f igu re  (1-7), phase A and C 

can be checked. Located near  t h e  AC vol tmeter  i s  a DC vol tmeter  f o r  d i s -  

p l ay  of  DC power, which i s  primary DC o r  during backup mode of operati'on 

i s  emergency DC. 

8-29. CLOCK - I n s t a l l e d  i n  t h e  P i l o t ' s  Console ( f i g u r e  8-2) i s  an 8-day 

mechanical clock f o r  d isp lay  of mission time. 

8-30. ANNUNCIATOR WARNING INDICATORS - Mounted on the  P i l o t ' s  Console 

( f i g u r e  8-7) a r e  21 ind ica to r s ;  14 a r e  red warning i n d i c a t o r s ,  4 a r e  amber 

caut ion  and 3 a r e  green condition ind ica to r s .  A d iscuss ion  i s  provided i n  

paragraphs 8-31 through 8-34. Refer t o  t a b l e  1-5 f o r  a complete l i s t  of 

ind ica to r s .  C i r c u i t  ana lys i s  i s  bes t  presented by use of t y p i c a l  i n d i c a t o r  

diagrams, t o  prevent  r e p e t i t i o n  of common.components. 
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8-31. The Annunciator ind ica tors  require the  application of a s igna l  t o  

p in  I of t he  ind ica tors  t o  tu rn  on t he  lamp. The type of s igna l  and 

device t o  ac t i va t e  t he  indicator  i s  l i s t e d  i n  t ab l e  8-8. A typ ica l  

ind ica tor  c i r c u i t  requir ing a pressure switch i s  shown i n  f igure  8-19. 

A s  a  spec i f i c  ind ica tor  i s  act ivated,  a s imilar  s ignal  i s  routed t o  t h e  

DC Conditioner f o r  te lemtry processing. 

8-32. The O i l  Pressure Low Indicator c i r c u i t  ( f igure  8-19) i s  t yp i ca l  of 

t h e  ind ica tors  l i s t e d  i n  paragraph 8-31, except the  H202 indicator ,  which 

i s  a dua l  indicator .  Whenever t h e  o i l  pressure i s  below 15 2 2 psig  t he  

O i l  Pressure switch c loses  and grounds pin I of DSI. With c i r c u i t  

breaker CB3 normally closed the  indicator  i l luminates.  The same ground 

i s  a l so  applied t o  t he  one of t h e  inputs of t he  master warning control  

box ( f igures  8-20 and 8-21). The Annunciator indicator  and the  master 

warning control  box can both be t es ted  by placing Warning Light Test 

switch Sl9 i n  t he  t e s t  posit ion.  

8.33. MASTER WARNING CONTROL BOX - In  addit ion t o  providing the  d r iver  

c i r c u i t  f o r  t he  DC Failure indicator ,  the  master warning control  box a l so  

provides an ampli f ier  channel t o  drive the  Master Warning indicator  which 

i s  located above t he  P i lo t ' s  Console, and an audio o sc i l l a t o r  t o  provide 

an audible warning t o  t h e  p i l o t ,  whenever one of t he  red warning indicators  

i s  illuminated. 

8.34. A simplif ied block diagram i s  provided i n  f igure  8-20. See Bel l  

drawing 7260-301721 f o r  schematic of the  amplif iers.  With a red warning 

ind ica tor  act ivated,  ( t ab l e  8-7) a similar  input i s  routed t o  t he  appro- 

p r i a t e  input  terminal board. The terminal board diodes and r e s i s t o r s  route 

t he  input t o  t he  master warning indicator  d r iver  amplif ier  channel and t o  

t he  audio o s c i l l a t o r  t r i gge r  stages. The ground inputs require an inver te r  

s tage and then become common with the  pos i t ive  input. 
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DC SIGNAL I 
CONDITIONER I 

Figure 8-19. Typical  Annunciator Ind ica to r  C i r c u i t ,  Schematic iliagram 

8-35. COCKPIT INSTRUMENTATION OPERATIONAL CHECKOUT 

8-36. The ope ra t iona l  checkout of instruments and ind ica to r s  i n  t h e  cock- 

p i t  i s  provided i n  t a b l e  8-9. The annunciator l i g h t s  a r e  checked by 

p lac ing  t h e  Warning Light  Test  switch i n  t h e  l i g h t  t e s t  pos i t ion .  
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TABLE 8-9. COCKPIT INSTRUMENTATION 
OPERATIONAL CHECKOUT PROCEDURES 

Report No. 7260-95&002 

, 

Indicator  

Altimeter, Barometric 

Wind Velocity 

Wind Direction 

Exhaust Gas Temperature 

JP4 Tank Pressure 

H202 Tank Pressure 

Helium Source Pressure 

H202 Fuel Remaining 

O i l  Pressure 

, Percent RPM 

, L i f t  Rocket Chamber Pressure 

Alt i tude Indicator  

~ l t i t u d e l ~ l t i t u d e  Rate 

Horizontal Velocity 

~ h r u s t  /weight 

Inertial-Lead Vert ical  Speed 

Voltmeters, AC and DC 

Clock 

Hardover 

Procedure 

Check ambient pressure reading 

Check ground l eve l  wind veloci ty  read in^. 

Check wind direct ion indication.  

Check ambient temperature reading. 

Check pressure indication a s  tanks a re  
serviced. 
Same a s  previous item. 

Check pressure indication a s  tanks a r e  
serviced. 

Use H 0 Set  switch t o  increaseldecrease 
2 2 

indicator  reading. Check ind when r k t  used., 

Check indicat ion a s  j e t  engine i s  s ta r ted .  

Check indication a s  .jet engine i s  s ta r ted .  

Check indicat ion a s  l i f t  rockets a r e  f i red .  

Follow paragraphs 1.8 through 1.8.2 of 
Avionics System Pref l ight  Report No. 
7260-931006 

Pref l ight  7260-931009 

Pre f l igh t  7260-931009 

Checked only during f l i g h t .  

Checked only during f l i g h t .  

Check for  reading with power on. 

Check f o r  time indication.  

Follow paragraphs 4.1.2.30 through 4.1.2. 
30.7 of Avionics Pre f l igh t  7260-931050. 
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Figure 8-20. Master Warning Control Box, Block Diagram 

COCKPIT INSTRUMENTS TROUBLE ANALYSIS 

8-38. Failure of t h e  cockpit instruments and associated c i r cu i t ry  does not  

ind ica te  an inherent  f a i l u r e ,  a s  the  systems they monitor, e.g., f u e l ,  

o i l  and a l t i t u d e ,  may be the  basic source of trouble. When l imited t o  

jus t  t h e  ind ica tors  and associated c i r cu i t ry ,  t h e  various diagrams w i l l  

a s s i s t  i n  troubleshooting. For addi t ional  ass is tance,  r e f e r  t o  paragraph 

4.2.6.4 f o  Fai lure  Mode Analysis Report Number 7260-950014. 

REMOVAL AND INSTALLATION 

8-40. The s impl ic i ty  of removal and i n s t a l l a t i o n  requires only t he  removal 

o r  connection of rear-mounted connectors, a s  required, and the  removal or  

i n s t a l l a t i o n  of mounting screws and washers from the  indicator  and cock- 

p i t  instrument panel. 
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8-41. ADJUSTMENTS 

8-42. The adjustment procedures f o r  those ind ica to r s  requir ing adjustment 

pecu l i a r  t o  t h e  LLTV a r e  provided. Adjustmnts procedures f o r  t h e  follow- 

ing  GFE instruments a r e  not described : ~ h r u s t / ~ e i ~ h t ,  Alt i tude/Alt i tude 

Rate, Horizontal Velocity and At t i tude  indicators .  Refer t o  Cockpit and 

Data Systems Hangar and Ramp Ground Test Procedures, Report Number 7260- 

928057, f o r  procedures t o  check t h e  ca l ib ra t ion  of the  cockpit instruments. 

8-43. JP4 TANK PFESSURE INDICATOR CIRCUIT 

8-44. Paragraphs 8-45 and 8-46 provide the t e s t  equipment required,  and 

step-by-step procedures t o  ad jus t  t h e  forward and a f t  JP4 Tank Pressure 

Indicator  c i r c u i t s .  

8-45. TEST EQUIPMENT REQUIRED - A t e s t  gage (0-200 p s i )  and a pressure 

t e s t  c a r t  a r e  required. 

8-46. STEP-BY-STEP PROCEDURE - Perform t h e  following s t eps  i n  t h e  

indicated  order. 

NOTE - 
Power must be applied t o  t h e  vehicle. 

A. With pressure t e s t  c a r t ,  pressur ize  transducer i n  10-pound 

increments. 

B. Measure pressure with t e s t  gage. 

C. Read JP4 Tank Pressure ind ica to r ;  ad jus t  appropriate rheosta t  

( ~ 4 . 1 ~ 5 )  f o r  reading to  correspond t o  t e s t  gage readings 

( f igure  8-1). 
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8-47. OIL PRESSURE INDICATOR CIRCUIT 

8-48. Paragraphs 8-49 and 8-50 provide the  t e s t  equipment required, and 

step-by-step procedures t o  ad jus t  t he  O i l  Pressure Indicator c i r cu i t .  

8-49. TEST EQUIPMENT REQUIRED - A t e s t  gage (0-200 p s i )  and a pressure 

t e s t  c a r t  a r e  required. 

8-50. STEP-BY-STEP PROCEDURE - Perform the  following s teps  i n  the 

indicated order. 

NOTE - 
Power must be applied t o  t h e  vehicle. 

A .  With pressure t e s t  c a r t ,  pressurize transducer i n  10-pound 

increments. 

B. Measure pressure with t e s t  gage. 

C. Read O i l  Pressure indicator ;  adjus t  R 3  (f igure 8-3) a s  required 

f o r  reading to correspond t o  t e s t  gage readings. 

8-52. Refer t o  Cockpit and Data Systems Hangar and Ramp Ground Test 

Procedures, Report Number 7260-928057, f o r  procedures t o  check t he  ca l i -  

bration and adjustment of t h e  Wind Velocity indicator.  
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SECTION I X  

ELECTRICAL SYSTEM 

MAINTENANCE 

SCOPE OF SECTION 

9-2. This sect ion provides a  descr ipt ion,  functional  analysis  and main- 

tenance ins t ruc t ions  f o r  t he  LLTV E lec t r i c a l  system. The maintenance 

ins t ruc t ions  include troubleshooting analysis ,  service and t e s t i ng ,  

adjustments, removal and i n s t a l l a t i on  procedures, t e s t  equipment, and 

vehicle power t r ans f e r  procedures. 

9-3, DESCRIPTION AND LEADING PARTICULARS 

9-4. The Primary Power system consis ts  of a  28-volt, 200-ampere, DC 

generator ( f igure  9-1) driven by the  j e t  engine, a  400-hertz, 3-phase 

inver te r  ( f igure  9-2), a DC voltage regulator ( f igure  9-3), AC and DC 

external  power receptacles ( f igure  7-3), and AC and DC d i s t r i bu t i on  

l i ne s .  The Secondary Power system consis ts  of bat tery  control  re lays ,  

a  28-volt ba t te ry  ( f igure  9-3), an emergency 400-hertz AC i nve r t e r ,  two 

800-hertz, AC inver te r s ,  and AC and DC d i s t r ibu t ion  l ines .  C i rcu i t  

breakers, located i n  the  cockpit ( f igure  1-4) and on the  a f t  equipment 

rack ( f igure  9-3), used i n  both systems, i s o l a t e  defective equipment and 

assure power t o  t h e  a f t  equipment. Refer t o  Bell  drawing No.7260-200001. 

f o r  de ta i l ed  e l e c t r i c a l  information. 

9-5.. E l ec t r i c a l  wiring i s  separated, where p rac t ica l ,  i n to  four bundles. 

AC primary c i r c u i t s  run along the  top of t he  l e f t  hand outboard s t ruc ture  

and primary DC and low l eve l  c i r c u i t s  run along the  bottom. Emergency 

c i r c u i t s  run along the  r igh t  hand outboard s t ructure ,  AC along t he  top  
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Figure 9-1 28-Volt D-C Generator 
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Figure 9-3. Aft  Equipment Rack, Starboard Side 
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and DC along t h e  bottom. 

9-6. FUNCTIONAL ANALYSIS 

9-7. Analysis of the  LLTV Elec t r i ca l  system i s  presented f o r  the  normal 

o r  primary AC and DC power operation and then f o r  emergency or backup 

operation. 

9-8. PRIMARY PaWER SYSTEM 

9-9. The source of DC power f o r  the  Primaqy system is a 28 VDC generator 

which i s  mechanically driven by the  j e t  engine. The generator i s  con- 

t r o l l ed  by t h e  cockpit DC Power switch ( f igure  1-3) which turns  it on and 

o f f ,  the  DC voltage regulator which automatically adjusts  generator out- 

put  l e v e l ,  a d  t he  DC ~ver/Under Voltage c i r c u i t  which automatically 

shuts off  t h e  generator should t he  output vary more than 28 + 4 vdc. 

The 28 VDC Primary Generator drives a 115v, 400-hertz inver te r  which 

supplies AC power. Cmt ro l  of the  i nve r t e r  i s  accomplished by t he  cock- 

p i t  AC Power switch and the  AC ~ver/Under Voltage c i r cu i t .  The AC Gver/ 

Under Voltage c i r c u i t  automatically drops t h e  inver te r  from the  l i n e  i f  

t h e  AC voltage exceeds t h e  l i m i t s  of 115 2 15 vac. In  the  event primary 

AC voltage f a l l s  below 100 vo l t s  o r  above 130 vo l t s ,  avionics w i l l  auto- 

matically switch t o  Rate Backup, s e l e c t  and f i r e  both s e t s  of rockets,  

and s e l e c t  Emergency Gimbals Locked mode of j e t  engine control .  AC 

Fai lure ,  Auto P i l o t  Backup and Emergency Gimbals Locked indicators  w i l l  

i l luminate.  I f  the  DC generator output voltage decreases below 

24.0 vo l t s  or  increases above 32 vo l t s ,  avionics w i l l  automatically 

switch t o  Rate Backup and se lec t  Emergency Gimbals Locked engine control. 

Both s e t s  of rockets w i l l  be selected but only the  Standard s e t  w i l l  f i r e .  

AC Fai lure ,  Auto P i l o t  Backup, and Emergency Gimbals Locked indicators  

w i l l  i l luminate.  
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9-10. The DC Power switch ( f igure  I-?), located on the  P i l o t ' s  Control 

Console, appl ies  t he  28-volt DC generator output through the  voltage 

regulator  t o  the  DC d i s t r i bu t i on  l ine .  The DC Power switch is  a momentary 

act ion switch t h a t  i s  latched closed a s  long a s  t he  primary DC i s  applied 

t o . t h e  DC Volts sensor. The AC Power switch ( f igure  1-3) i s  the same type 

of switch and i s  latched closed a s  long a s  the  Phase A and Phase C AC vo l t  

sensors provide a la tching input t o  t h e  AC Power switch. See f igure  9-4 
f o r  DC and AC power d i s t r ibu t ion .  Primary DC power i s  routed through t h e  

de-energized contacts of the  bat tery  re lay  t o  t he  emergency DC d i s t r ibu t ion  

l i ne .  The emergency 4.00-hertz inver te r  and t w d  800-hertz inver te r s  provide 

28 vo l t s ,  AC during operation of the  Primary Power system. 

BACKUP . POWER SYSTEM 

9-12. The Battery Power switch (f igure 1-3) i s  placed i n  t he  ON posi t ion 

t o  enable t he  emergency ba t te ry  re lay  t o  energize i f  primary DC power i s  

l o s t .  The emergency ba t te ry  provides 28 vo l t s ,  DC, t o  e s sen t i a l  systems 

f o r  f l i g h t  s a f e ty  and t o  t he  400-hertz, 28-volt, AC emergency i nve r t e r  and 

t h e  800-hertz i nve r t e r s  t o  provide 28 vo l t s ,  AC, t o  essen t ia l  systems f o r  

f l i g h t  safety.  

9-13. CIRCUIT BREAKERS 

9-14. The c i r c u i t  breakers accessible t o  t he  p i l o t  are  l i s t e d  i n  t a b l e  1-2 

and shown i n  f igure  1-4. The c i r c u i t  breakers on the  a f t  equipment rack 

a r e  l i s t e d  i n  t a b l e  9-1. 

9-15. TROUBLE SHOOTING ANALYSIS 

9-16. Fai lure  of any given c i r c u i t  breaker removes DC and AC and some- 

times both DC and AC from t h e  various equipment. The symptoms due t o  a 
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c i r c u i t  breaker f a i l u r e  a r e  varied but can be determined, i n  pa r t ,  by an 

analysis  of f igure  9-4. However, a s  gross symptoms a r e  a l so  exhibited by 

individual  equipment f a i l u r e ,  not traceable t o  c i r c u i t  breaker f a i l u r e ,  

each t rouble  must be individual ly  analyzed by t he  use of t ab les  1-2 and 9-1 

i n  conjunction with f igure  9-4. For example, a f a i l u r e  of c i r c u i t  breaker 

CB15 or  CB21 r e s u l t s  i n  the  system using the  emergency battery.  However, 

i f  c i r c u i t  breaker CB15 opens there  i s  s t i l l  primary 115 vo l t s ,  AC avai l -  

able. Observation of vehicle system operation and warning indicators  i s  

t he  primary source of information t o  perform troubleshooting analysis  a t  

t he  e l e c t r i c a l  system. Voltage checks and continuity checks a r e  required 

t o  fu r the r  isola*e defective c i r cu i t s .  

SERVICE AND TESTING 

9-18. Servicing and t e s t i ng  of the  emergency ba t te ry  i s  performed by t he  

bat tery  shop i n  accordance with approved procedures. Qual i ty  assurance 

personnel s h a l l  monitor ba t te ry  use and condition and maintain t he  

MSC 772 h i s t o r i c a l  record on each battery.  

9-19. VEHICLE POWER TRANSFER PROCEDURE 

9-20. The step-by-step procedures and equipment requirements a r e  provided 

i n  paragraphs 9-21 through 9-27. 

9-22. The following equipment i s  required t o  perform vehicle power 

t rans fe r .  - 
A .  Rec t i f i e r  Cart 1 Refer t o  Vehicle 
B. Ground Power Distr ibution Box f Pref l ight  Checklist 

C. Truck-mounted Auxiliary Power Unit (APU) 7260-931005 
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TABLE 9-1. AFT EQUIPMENT CIRCUIT BREAKERS 

Report No. 7260-954002 9 -9 

Dwg 
Desig . 

NBR 

CB9 

CBlO 

CBil 

CB12 

c ~ 1 6  

CBI3 

CB14 

CB15 

CB31 

CB17 

CB32 

T i t l e  - 

Radar 

$ A ACS 

$ C ACS 

$ C I n s t  

Battery Charge 

28 v DC Norm.Inst. 

DC Norm. ACS 

DC Emergency 

Radar 

Emergency Atti tude 
Rockets 

Emergency Inver ter  

Bus - 

115-volt Primary 

115-volt Primary 

115-volt Primary 

115-volt Primary 

115-volt $ A 
Primary 

28-volt Primary 

28-volt Primary 

28-volt Primary 

28-volt Primary 

28-volt Emergency 

28-volt Emergency 

- 

Function 

Radar Altimeter, doppler 
radar,  instrument panel 
blower, and T/W indicator  

ACS monitor e lect ronics ,  
ACS power ampli f ier ,  
Att i tude Gyra 

Instrument panel blower, 
ACS monitor e lect ronics ,  
ACS power ampli f ier ,  ACS 
primary e lec t ron ics ,  
Att i tude Gyro 

Data system 

Battery charge 

Data system 

Drag compensation, 
Att i tude Gyro package, 
l eg  switches 

Emergency bus feed 
ba t te ry  control  r e l ay  

Radar a l t imeter ,  doppler 
and T/W ind ica tor  

Rocket valve supply 

Emergency inver te r  



TABLE 9- 1. AFT EQUIPMENT C I R C U I T  BREAKERS (continued) 

9 -23. STEP-BY -STEP PROCEDURES 

I Dwg 
Desig. 

NBR - 
CB34 

CB33 

CB36 

CB37 

CB38 

CB39 

C B 4 1  

CB42 

9-24. To accomplish vehicle power t r ans f e r ,  perform the  step-by-step 

procedures provided i n  paragraphs 9-25 through 9-27. 

9-25. POWER STATUS - Preliminary s teps  a r e  a s  follows: 

T i t l e  

DC Emergency ACS 

Norm Att i tude 
Rockets 

Phase A Volt 
Monitor 

Phase C Volt 
Monitor 

 orw ward DC 
Emergency 

Forward DC 
Emergency 

Att i tude Gyro 

Atti tude Gyro 

9-10 Report No. 7260-954002 

Bus - 

28-volt Emergency 

28-volt ~ o r m a l  

115-volt Primary 

115-volt Primary 

28-volt Emergency 

28-volt Emergency 

115-volt Primary 
$ A 

115-volt Primary 
@ . 

Function 

ACS primary e lect ronics  
Emergency power 

Rocket valve power 
amplif ier  

Phase A voltage sensor 

Phase C voltage sensor 

CB2, CB4,  CB35 
Fwd emergency bus 
protection 

CBI, CB3, CB28 
Fwd emergency bus 
protection 

Atti tude Wro 

Attitude Gyro 

P 



A. Vehicle opera t ive  from R e c t i f i e r  Cart Se t  a t  28.5 v o l t s .  

B. S-2 ,on Ground Power Di s t r ibu t ion  Box i n  ON (over r i d e )  

pos i t i on .  

C. Truck-mounted a u x i l i a r y  power u n i t  (APU) s t a r t e d  and running 

f o r  5 - 10 minutes t o  warm up. The APU DC Load switch s h a l l  

be "OFF" a t  t h i s  time and vol tage adjusted t o  30 v o l t s  

NO LOAD. 

9-26. GROUND RECTIFIER TO TRUCK-MOUNTED APU - To t r a n s f e r  power from 

ground r e c t i f i e r  t o  t h e  truck-mounted APU, proceed a s  follows: 

A. I n s e r t  DC cord t o  t ruck  APU i n t o  t h e  ava i l ab le  28-volt  plug 

(52 o r  53) of Ground Power Di s t r ibu t ion  Box. 

B. Hold AC Power switch i n  vehic le  cockpit  i n  ON p o s i t i o n  

manually u n t i l  a f t e r  power has  been t r a n s f e r r e d  back t o  t h e  

r e c t i f i e r  u n i t .  

C. Turn t h e  APU Load switch t o  ON pos i t ion .  

D. Turn down t h e  vol tage  of ground r e c t i f i e r  t o  t h a t  vol tage  

where it i s  supplying l e s s  than  50 amperes. Then t u r n  t h e  

r e c t i f i e r  u n i t  OFF and remove i t s  cordage from t h e  Ground 

Power Di s t r ibu t ion  Box. 

E. Power t r a n s f e r  complete, vehic le  may now be t r a n s f e r r e d  t o  

ramp. 

9-27. TRUCK-MOUNTED APU TO GROUND RECTIFIER - To t r a n s f e r  power from 

t h e  truck-mounted APU t o  t h e  ground r e c t i f i e r ,  proceed a s  follows: 

A. The cockpit  AC Power switch i s  s t i l l  being he ld  i n  ON 

pos i t i on .  

B. I n s e r t  t h e  cord from t h e  ground r e c t i f i e r  i n t o  t h e  ava i l ab le  

28-volt  plug (52 o r  53) of t h e  Ground Power Di s t r ibu t ion  Box. 

Also, connect t h e  ground i n v e r t e r  cordage i n t o  J1. 

C. Turn t h e  ground r e c t i f i e r  ON and inc rease  i t s  vol tage  u n t i l  

i t s  ammeter reads  approximately 50 amps. 
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D. Turn t he  t ruck APU Load switch t o  OFF and disconnect i t s  cord 

from the  Ground Power D i s t r i h t i o n  Box. 

E. S t a r t  the  ground inver te r  by closing S-1 (Ground Power 

Dis t r ibut ion Box) . 
F. The AC Power switch need not be held beyond t h i s  point  i n  time 

ana can be released. 

G. Reset t h e  ground r e c t i f i e r  voltage a t  28.5 volts .  

H. Place S-2 of t he  Ground Power Distr ibution Box i n  i t s  OFF 

posi t ion.  

I. Power Re-transfer complete. 

9-28. REMOVAL PROCEDURES 

9-29. The.remova1 procedures f o r  t he  major components of the  LLTV elec- 

t r i c a l  system a r e  provided i n  paragraphs 9-30 through 9-41. 

9-30. EMERGENCY BATTERY 

9-31. To remove the  emergency bat tery ,  proceed a s  follows: 

A. Cut sa fe ty  wire on four bo l t s  (AN~H-IOA) , located on bat tery  

case cover. See Bel l  drawing 7260-202003. 

B. Remove four  bo l t s  and washers ( ~ ~ 9 7 0 - 3 )  from cover and remove 

cover. 

CAUTION 

When removing bat tery  e l e c t r i c a l  connections 

do not shor t  terminals together with tools .  

C. Disconnect e l e c t r i c a l  connections from bat tery  terminals. 

D. Remove ba t te ry  wedges and l i f t  bat tery  by lacing tape from case. 
See Bel l  drawing 7260-200006. 
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9-32. DC VOLTAGE REGULATOR 

9-33. To remove t h e  DC vol tage  r e g u l a t o r ,  proceed a s  follows: 

A. Disconnect e l e c t r i c a l  connector P55. 

B. Remove fou r  screws (MS51957-44) and washers ( A N ~ ~ O P D S )  from 

r e g u l a t o r  case holding bracket .  

C. Remove DC vol tage  r egu la to r  from a f t  equipment rack. 

9-34. DC GENERATOR 

9-35. Refer  t o  paragraph 6-25 f o r  removal procedures f o r  t h e  DC 

generator .  See B e l l  drawing 7161-202001. 

9-36. . PRIMARY INVERTER AND MOUNTING BASE 

9-37. Refer t o  paragraphs 6-29 and 6-30 f o r  removal procedures f o r  t h e  

primary i n v e r t e r  and i t s  mounting base. See Be l l  drawing 7260-200002. 

9-38. EMERGENCY INVERTER AND HEAT SINK 

9-39. To remove t h e  emergency 400-hertz i n v e r t e r  and hea t  s i n k ,  proceed 

a s  follows: 

A. Disconnect e l e c t r i c a l  connector P72 from t h e  emergency 

i n v e r t e r .  

B. Remove four  b o l t s  (AN?-6~)  and washers ( ~ ~ 9 6 0 ~ ~ 1 0 )  holding 

i n v e r t e r  and hea t  s ink  t o  bracket  mounted on a f t  s t r u c t u r e .  

See B e l l  drawing 7260-153502. 

C. Remove e i g h t  screws ( ~ ~ 5 0 7 - 1 0 2 1 - 6 )  holding hea t  s i n k  t o  

i n v e r t e r  t o  sepa ra t e  t h e  two components. See B e l l  drawing 

7260-153503. 

D. Clean thermal  j o i n t  compound from heat  s i n k  ard i n v e r t e r .  
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9-44. 800-HERTZ INVERTERS 

9-41. The removal procedures f o r  both inver te r s  a re  essen t ia l ly  s imi la r  

and d i f f e r  only due t o  i n s t a l l a t i o n  location.  Access t o  the  mounting 

screws f o r  .the i nve r t e r  mounted in the  cockpit i s  accomplished by removal 

of t h e  access panel i n  the  pedestal.  See Bell  drawing 7260-561004. To 

remove e i t h e r  i nve r t e r ,  proceed a s  follows: 

A. Remove e l e c t r i c a l  wires t o  inver ter .  

NOTE - 
I f  service  loop i s  long enough f o r  

i n s t a l l a t i o n  of new inver te r ,  t he  wires 

can be cut. Otherwise remove pot t ing 

compound and unsolder connections. 

B. Cut sa fe ty  wire from mounting screws. 

C. Remove four  screws (~~352276-261) and washers ( ~ N 9 6 0 ~ ~ 1 0 L )  from 

inve r t e r  and mounting p la te .  See Bel l  drawing 7260-200006. 

D. Clean thermal jo int  compound from inver te r  and mounting p la te .  

INSTALLATION PROCEDURES 

9-43. The i n s t a l l a t i o n  procedures f o r  the  major components of t he  LLTV 

e l e c t r i c a l  system a re  provided i n  paragraphs 9-44 through 9-54. 

EMERGENCY BATTERY 

9-45. The emergency ba t te ry  i s  i n s t a l l ed  i n  t'he reverse order of removal. 

Refer t o  paragraph 9-30. 
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9-46. DC VOLTAGE REGULATOR 

9-47. The DC voltage regulator i s  i .nstal led i n  the  reverse order of 

removal. Refer t o  paragraph 9-32. 

9-48. DC GENERATOR 

9-49. The DC generator i s  i n s t a l l ed  i n  the  reverse order of removal. 

Refer t o  paragraph 6-25. 

9-50. PRIMARY INVERTER AND MOUNTING BASE 

9-51. The primary inver te r  and mounting base i s  i n s t a l l ed  i n  the  

reverse. order.  of removal. Refer t o  paragraphs 6-29 and 6-30. 

9-52. EMERGENCY INVERTER AND HEAT SINK 

9-53. Apply thermal jo int  compound t o  base of the  emergency inver te r  

and then proceed t o  i n s t a l l  i n  t he  reverse order of removal. Refer t o  

paragraph 9-38. 

9-54. 800-HERTZ INVERTERS 

9-55. Apply thermal jo int  compound t o  base of t he  inver te r  and then 

proceed t o  i n s t a l l  i n  t h e  reverse order of removal. Refer t o  

paragraph 9-40. 

9-56. GENERATOR AND REGULATOR CHECK AND ADJUSTMENT 

9-57. The equipment required, preliminary procedures and step-by-step 

procedures a r e  provided i n  paragraphs 9-58 through 9-64. 
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EQUIPMENT REQUIRED 

9-59. A drive  stand capable of delivering 3570 t o  6000 RPM, and a t e s t  

harness ( f igure  9-5) i s  required t o  check and adjust  the  DC generator and 

voltage regulator.  

9 -60. PRELIMINARY PROCEDURE 

9-61. Remove t he  DC generator and DC voltage regulator in accordance with 

procedures provided i n  paragraphs 6-25 and 9-32, respectively. 

9 -62. STEP-BY-STEP PROCEDURE 

9-63. To check and ad jus t  the  DC generator and regulator,  proceed as  

follows : 

A. Mount the generator on a dr ive  stand capable of delivering 

3750 t o  6000 RPM. 

B. Connect t h e  voltage regulator a s  shown i n  f igure  9-5 using wire 

lengths and gages indicated. 

C. Run up t h e  generator t o  4200 RPM and close t h e  switch t o  t he  

regulator.  

NOTE - 
I f  the  voltmeter shows t h a t  the  generator 

i s  not excited,  increase RPM u n t i l  the  

generator i s  excited,  then reduce RPM t o  4200. 

D. Adjust the  voltage regulator f o r  a voltmeter reading of 28.0 

volts .  
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E. I n s t a l l  t h e  DC generator  and vol tage  r egu la to r  i n  t h e  

r eve r se  order  of removal. Refer t o  paragraphs 6-25 and 

9-32, respect ive ly .  

9-64. An a l t e r n a t e  procedure f o r  ad jus t ing  generator  vol tage  without 

removal from vehic le  i s  a s  follows: 

A. Adjust t h e  r egu la to r  with t h e  j e t  engine running a t  

approximately 48 percent  RPM. 

B. S e t  t h e  vol tage  t o  28.0 v o l t s  on t h e  cockpit DC voltmeter.  

SPST 
a 

NOTE: All connector wires are 
16 GA, 30 inches long. 

J. FLUKE 801 

Figure 9-5. DC Generator and Regulator Adjustment 
Connections, Cabling Diagram 
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SECTION X 

RADIO, RADAR AND TELF,METRY 

MAINTENCE 

10-1 SCOPE OF SECTION 

10-2 The section provides a functional and general description, and 

maintenance instructions for the radio communication equipment, radar 

equipment, and instrumentation and telemetry equipment. The mainten- 

ance instructions include operational check out, troubleshooting, 

installation and removal, adjustments and test equipment. 

DESCRIPTION AND LEADING PARTICULARS 

10-4. The radio communication equipment consists of a UHF transceiver, 

an antenna, 'and an intercommunication control box and amplifier . The 
radar equipment consists of a receiver/transmitter , two antennas, a 
radar assembly, a high voltage power supply, an altitude/altitude 

rate indicator and a horizontal velocity indicator. The instrumenta- 
I' 

tion and telemetry equipment consists of a PCM encoder, an FM trans- 

mitter, an antenna, an AC/DC signal conditioner, a positive and 

negative 5-volt power supply, various sensors and transducers, and 

a positive 20-volt power module. The sensors, transducers and power 

module are also functional components of other systems. 

10 j RADIO COMMUNICATION EQUIPMENT 

10-6 Located on the left console in the cockpit, is the TR31, UHF 

transceiver, which provides the pilot with communications to the 

ground. The UHF transceiver control panel provides a 4-channel 
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frequency selector  control, an audio volume control, an on-off control 

and a squelch control. See figurel-14. The four UHF frequencies a re  

233.6, 235.4, 236.6, and 239.5 megahertz. An amplifier and control 
I -  

box, c ~ ~ ~ A / A I c - ~ o ,  (figure I- 14) , provides impedance matching between 

9 ohm headsets and 150 ohm tranceiver output. For detailed mainten- 

ance instructions on the UHF' transceiver, re fer  t o  Cubic Corporation 

manual UHF Transceiver Cubic Model TR31. 

RADAR EQUIPMENT 

10.8 The radar equipment provides a l t i t ude  and a l t i tude  r a t e  signals,  

and horizontal velocity signals t o  the  respective indicators. Refer t o  

paragraphs 8-20 and 8-21 f o r  a description of the indicators. The 

indicators provide similar signals from in terna l  potentiometers t o  the 

AC/DC Signal Conditioner. 

10-9 RADAR ALTIMETER - Radar signals are  transmitted t o  and received 

from the  ground by the radar assembly ( ~ y a n  6 0 a ,  figure 10-1) and two 

antennas (figure 10-2). The received radar signals a re  processed by 

the radar assembly and an a l t i tude  and an a l t i tude  ra te  signal i s  routed 

t o  the ~ l t i t u d e / ~ l t i t u d e  Rate Indicator MI.7. The similar type signals. 

a r e  provided t o  the AC /DC Signal Conditioner from potentiometers 

contained i n  the indicator. Refer t o  Ryan Support Manual Model 602 

Radar Altimeter, Report Number 60264-1 f o r  detailed maintenance instruc- 

t ions  on the radar assembly and indicator. 

10-10 DOPPLER RADAR - Radar signals transmitted and received by 

~ e c e i v e r l ~ r a n s m i t  t e r  Model TR-1 ( ~ y a n  547A, figure 10-2) provide for- 

ward and l a t e r a l  velocity signals by measurement of the doppler s h i f t  

in the transmitted versus received signals. The forward (horizontal) 

velocity and l a t e r a l  (d r i f t )  velocity signals are  routed fo r  display 

10-2 Report No. 7260-954-002 



on the  Horizontal Velocity Indicator M7. Equivalent signals are  

provided t o  the AC/DC Signal Conditioner from potentiometers contained 

i n  the  indicator. Refer t o  Ryan Support Manual Model 547 Doppler 

Velocity Sensor, Report Number 54764-1 f o r  detained maintenance 

.instructions on the indicator and TR-1 receiverltransmitter . 
INSTRUMENTATION AND TELEMETRY EQUIPMENT 

10-12 Instrumentation of the LLTV through the use of 27 transducers, 

7 potentiometers, various switches, sensors, and miscellaneous devices 

provides input signals t o  the AC/DC Signal Conditioner. See figures 

10-3 and 10-4. A t o t a l  of 63 channels of analog voltage data and 

29 b i t s  of d i g i t a l  data i s  provided t o  the PCM Encoder (figure 10-1). 

Refer to.Teledyne Systems Operation and Maintenance Manual, PCM 

Telemetry System Model CT-77A f o r  detailed maintenance instruction 

on the encoder. The output of the encoder is  routed t o  FM/'TM 

Transmitter TR-2 fo r  transmission t o  the TM van. See figure 10-1. 

INSTRUMENTATION AND TELeMETRY BLOCK DIAGRAM ANALYSIS 

10114 A general functional block diagram analysis i s  provided i n  

paragraphs 10-15 t o  10-21. A discussion of the 63 channels of 

analog voltage data preceeds the analysis of the 29 b i t s  of d ig i t a l  

data. The discussion i s  supported by a block diagram (figure 10-4) 

and table  10-1. 

10-15 ANALOG VOLTAGE INSTRUMENTAT I O N  

10-16 ghannels 1 through 53 and 58 through 67 (refer  t o  tab le  10-1) 

a re  used t o  provide analog voltage data. A comparison of figure 10-4 

and t ab le  10-1 provides ident i f icat ion of the analog voltage source 
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Figure 10- 2. Radar ~eceiver/~ransmitter Model TR-1 
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e i t h e r  t o  a component o r  system level .  A l l  analog voltages &re  

routed t o  t h e  AC/DC Signal Conditioner p r io r  t o  processing by t he  

PCM Encoder. The c i r cu i t ry  f o r  t he  analog voltage sources common t o  

t h e  cockpit instrument panel i s  provided in sect ion V I I I  of t h i s  

manual. Table 10-1 provided the wiring information f o r  analog signals 

routed from the  Avionics system, and other s ignal  sources in addit ion 

t o  t he  aources oomon t o  t he  cockpit instruments. 

10-18. Channels 54 through 57 ( re fe r  t o  t ab le  10-1) a r e  used t o  

provide t he  29 b i t s  of d i g i t a l  data. A comparison of f igure  10-4 and 

t a b l e  10-1 provides iden t i f i ca t ion  of the  d i g i t a l  source e i t h e r  t o  a 

component l e v e l  o r  system level .  The d i g i t a l  sources common t o  the  

annunciator panel indicators a re  routed through t he  indicators  p r i o r  

t o  t h e  AC/DC Signal  Conditioner. Table 10-1 provides t he  wiring 

information f o r  d i g i t a l  s ignals  routed from other sources i n  addition 

t o  t h e  sources common t o  t h e  annunciator panel indicators.  

AC/DC SIGNAL CONDITIONER 

10-20. The control  re lays  f o r  t he  instrumentation and telemetry 

systems a r e  located in the  DC Signal  Conditioner. Control switches 

f o r  these  re lays  a r e  mounted on t h e  underside of the  a f t  equipment 

platform. See f igure  10-2. The posi t ive  and negative 5-volt power 

supply outputs a re  routed t o  t h e  DC Signal  Conditioner t o  provide 

power t o  t h e  a t t i t u d e  rocket transducers, t he  compressor discharge 

and accumulator pressure transducers. The posi t ive  and negative 

5 vo l t s  a r e  a l so  routed through the  DC Signal Conditioner t o  t he  PCM 

Encoder input. See f igure  10-5. The a t t i t ude  rocket transducer 

output, (channels 27 through 42) a r e  routed through t h e  DC Signal  
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Conditioner t o  t he  Backup Electronics and t o  the  PCM Encoder input. 

Channels 15 through 19,23, 24, 46, 51, 58, 60, 61, 62, and 64 a r e  a l so  

routed through without conditioning t o  the  PCM Encoder. These a r e  

analog voltage s igna l s  which a r e  within t he  negative t o  posi t ive  voltage 

l i m i t s  acceptable by the  PCM Encoder. Channels 54-l through 54-9, 55-1 
through 55-9, 56-1 through 56-6 and channels 56-8, 56-9 and 57-1 a r e  

routed t o  5407 of t h e  DC component module assembly (see schematic 

diagram, Be l l  drawing 7206-242032). Channbls 20 through 22 a r e  a l so  

routed t o  5407. The component plugged i n  5407 functions a s  a voltage 

divider  t o  t he  various inputs. The component plugged i n  54.08 provides 

a common ground connection f o r  varinus channels. 

10-21. The AC power andDC power control  relays a re  located i n  the  AC 

Signal  Conditioner. The remaining channels, 1 through 14, 25, 26, 43, 
44, 45, 49, 50, 52, 53, 56-7, 57-2, 59 and 63 a r e  routed t o  the  AC 

Signal  Conditioner. These channels a r e  in te rna l ly  routed t o  5305, 5306, 

and 5307 a s  shown i n  f igure  10-5. Channel 45 i s  routed t o  5305 which 

contains demodulator c i r c u i t s  t o  convert t h e  fan tach a-c s igna l  t o  an 

acceptable d-c voltage level .  Channel 49 i s  routed t o  5307, which 

contains voltage dividers  and Zener diode l imi ters .  The channel 49 

(engine t ach  Ac) s i gna l  i s  l imited and then routed t o  5306, which conta.ins 

demodulator c i r c u i t s  s imilar  t o  5305 t o  convert the  engine tach a-c s igna l  

t o  an acceptable &?c voltage level .  A l l  other channels a r e  a l so  routed 

t o  5307 and from the  voltage dividers a r e  routed t o  output connectors 

5302 o r  5303, except 57-2 which i s  routed out 5304, and t o  t h e  PCM Encoder 

input. The 63 channels of analog data  and 29 b i t s  of d i g i t a l  data a r e  

converted from p a r a l l e l  inputs t o  a 9-bit  binary coded word f o r  each in- 

put and formatted a s  s e r i a l  data t o  t h e  telemetry t ransmit ter  TR-2. 

OPERATIONAL CHECKOUT 
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10-23. Limited operational  checkout procedures a re  provided f o r  t he  

radio  communications equipment and radar equipment. Operational checkout 

of t he  instrumentation and telemetry equipment is  accomplished by 

following t h e  procedures provided in Section V I I I  of t h i s  manual and 

Cockpit and Data Systems Ground Test Procedures, Report Number 7260- 

928057 

10-24. RADIO COMMUNICATIONS 

10-25. I n  order t o  check operation of t h e  radio communications equipment, 

perform t h e  procedures outlined in the  following documents: 

A. To apply power t o  the  LLTV, perform Par t  A of the  LLTV Pre- 
f l i g h t  Checklist,  Checklist Number 7260-931005. 

B. To perform communications check, perform Par t  B-4 of t h e  U T V  

Instrumentation Pre f l igh t  Checklist,  Checklist No. 7260-931007. 

10-26. RADAR EQUIPMENT 

10-27. I n  order t o  check operation of t he  radar equipment, perform the  

procedures outl ined i n  the  following documents: 

A.  Pa r t  A of t h e  LLTV Pref l igh t  Checklist,  Checklist Number 

7260-931005. 

B. LLTV Radar Systems Pre f l igh t  Checklist,  Checklist Number 

7260-931009. 

10-28. INSTRUMENTATION 

10-29. I n  addi t ion t o  t he  references provided in paragraph 10-23, the  

LLTV Instrumentation Pre f l igh t  Checklist,  Checklist Number 7260-931007 

provides instnunentation checkout procedures. 
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10-30. TROUBXSHOOTING PROCEDURES 

10-31. The number of s ignal  channels t o  be checked precludes a 

spec i f i c  troubleshooting procedure f o r  each channel. Troubleshooting 

of t h e  telemetry t ransmit ter ,  t he  PCM encoder, the  UHF t ransceiver ,  

i n t e r com,  and radar equipment i s  accomplished by performing procedures 

outl ined i n  t he  maintenance and support manuals previously referenced. 

The requirement t o  locate  a trouble i n  a telemetry channel indicates  

a f a i l u r e  of a spec i f i c  channel t o  meet the  standards of the  Cockpit 

and Data systems Ground Test Procedures, Report Number 7260-928057. 

A general t r o ~ b l e ' s h o o t i n ~  technique i s  provided ra ther  than channel by 

channel procedural techniques. A volt-ohmmeter i s  i n  most cases the  

only t e s t  equipment used. 

10-32. A f a i l u r e  t o  obtain t he  desired encoder output f o r  channels 

whose s i gna l  source i s  common with the  f l i g h t  instruments o r  annunciator 

panel indicators  i s  analyzed by t he  following steps: 

A. Check instruments o r  indicator  f o r  inoperable channel. 

B. Use push-to-test switch when annunciator indicators  a r e  

involved. 

C. Failure of encoder output and instrument o r  indicator ,  

indicates  common trouble. Use Table 10-2 t o  check wiring 

and -1 source, with volt-ohmmeter. 

10-33. A f a i l u r e  t o  obtain the  desired encoder output f o r  other 

channels i s  analyzed by t he  following steps: 

A. Check input s igna l  t o  AC /DC Signal Conditioner f o r  

inoperable channel. 

B. Use volt-ohmmeter and t a b l e  10-1 t o  check wiring and 

s igna l  cource . 
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10-34. INSTALLATION AND REMOVAL 

10-35. Ins t a l l a t ion  and removal of most of the radio, radar and telemetry 

equipment requires only standard procedures f o r  accomplishment. The 

following procedures a re  provided f o r  the equipment requiring special  

instructions.  

10-36. UHF TRANSCEIVER TR-31 

10-37. The ins t a l l a t ion  and removal procedures fo r  the UHF transceiver 

TR-31 a re  provided ' i n  paragraphs 10-38 and 10-39. 

10-38. INSTALLATION - To i n s t a l l  the UHF transceiver, proceed as 

follows : 

A.. Attach the adapter bracket t o  the TR-31 transceiver. 

B. Posit ion the TR-31 in accordance with Bell drawing 7260- 

561001. 

C. Connect coaxial cables P202 and P201. 

D . Connect the  control d i f f e ren t i a l  transformer , (cDX) . 
E. Attach the TR-31 mounting bracket and the CDX by nine 

screws. 

10-39. REMOVAL - To remove the UHF transceiver, proceed i n  reverse 

order of paragraph 10-38. 

10-40. PCM ENCODER 

10-41. The ins t a l l a t ion  and removal procedures for  the PCM Encoder a re  

provided in paragraphs 10-42 and 10-43. 
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10-42. INSTALLATION - To i n s t a l l  the PCM encoder, proaeed a s  follows: 

A. Move a f t  equipment platform &-inches t o  the rear  t o  pro- 

vide . ins ta l la t ion  working space. 

B. I n s t a l l  encoder with four mounting bolts.  

C. Connect e l ec t r i ca l  connectors. 

10-43, REMOVAL - To remove the PCM encoder, proceed i n  reverse 

order of paragraph 10-42. 

10-44 TELENETRY TRANSMITTER TR-2 

10-45. The instt l l lation and removal procedures fo r  the telemetry 

transmitter a re  provided in paragraphs 10-46 and 10-47. 

10-46. INSTALLATION - To i n s t a l l  the telemetry transmitter,  proceed 

a s  follows: 

A. Remove the PCM encoder i n  accordance with paragraph 10-43. 

B. I n s t a l l  the transmitter with four bol t s  t o  mounting plate. 

C. Connect e l ec t r i ca l  connectors P1, P2 and P3. 

10-47. FUIMOVAL - To remove the telemetry transmitter, proceed a s  

f o l l m s  : 

A. Remove the PCM encoder in accordance with paragraph 10-43. 

B. Removal of the PCM encoder is now accomplished in reverse 

darder of paragraph 10-46. 

10-48. ADJUSTMENT PROCEDURES 

10-49. The adjustment of the instrumentation and telemetry system 

i s  accomplished by following the procedures provided in Section V I I I  

of t h i s  manual and Cockpit and Data Systems Ground Test Procedures, 

Report Number 7260-954002 10-21 



Report Number 7260-928057, except f o r  Channel 56-7. 

10-50. EMERGENCY AC POWER LQSS CHANNEL 56-7 ADJUSTMENT 

10-51. Paragraph 10-52 l ists  the t e s t  equipment required and paragraph 

10-53 provides step-by-step procedures t o  ad just  channel 56-7. 

10-52. TEST EQUIPMENT REQUlRED - The following ground support equipment 

and t e s t  equipment a re  required: 

A. Power c a r t  or truck 

B. oc t a l  box 

C. Variable 26-volt, 4-00 hertz,  a-c power source. 

D. AC voltmeter 

10-53. STEP-BY-STEP PROCEDURE - To adjust the emergency AC power loss  

channel, proceed a s  follows: 

A. Remove wire ~16A20 from terminal board TB2-4. 

B. Apply external power t o  vehicle. 

C. Place a l l  c i rcu i t  breakers ON, except CB20 and 28. 

Dm Apply variable a-c power source t o  wire ~16A20 and ground. 

E. Vary a-c power source and observe octal  box indication fo r  

a change in s t a t e  of channel .56-7 a t  22 f 2 vol ts  a-c 

indication on a-c voltmeter. 

F. Adjust R301 so tha t  channel 56-7 changes s t a t e  when voltage 

drops below 22 f 2 vol ts  a s  indicated by a-c voltmeter. 

G. Replace wire X16A20 t o  terminal board TB2-4. 

H. Remove t e s t  equipment and external power. 
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