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Missile Launch/Missile Officer OBR1821B/3121-3-1II-1-P1
Missile Fundamentals Branch Student Workbook
Department of Missile Training 12 January 1962
Sheppard Air Force Base, Texas

DAY 39

AIRFRAME SECTIONS AND MAJOR COMPONENTS

OBJECTIVE

To familiarize you with missile sections, major components and types of
airframes. ;

PROCEDURE

L:- amtewer. s dnllowing: questiong: R .
Wt O ﬁ Ms g“/ te BT 1 f0 et
’lgwfyf if szw}, ‘ jpz/;fﬂ ffi“': fz , ,?,,,,,

a. Define '""Mass Ratio'.

b. How can the Mass Ratio be improVed?

() DECREASE EMFPT] WEISHT

A ) o g P g Y Y wa L A AT e o ET
) TN cFEASE ¥ FVS! - aFf

c. How is the Mass Ratio related to range?
i O, N Vg
RO P TO=-F e © & VI

d. Define ""Burnout Ratio'',

S Ww? s ;}! %3‘ L/ RN ouUT

e. How does staging effect the Burnout Ratio and why?
TNCREHSES - BECAUSE 24
YO LLETING &
THRUST

David Jenkins -scanned by Jeff Stephens- atlashases.homestead.com



OBR1821B/3121-3-1II-1-P1

jl

What is the big disadvantage to the staging of a missile?

DROP 1N RELIASLITH

What is the advantage of m1111ng‘? T DE P
DEcm ﬁm COEIGHT OF MISSILE
j{ fjj‘ ?“" C ,‘;)/'Ljfﬁ,. §//} L“/i-fé,twf

What are two methods of milling?

M EC HAMNICA L :
C [Z}j{ﬁﬁ“’!t{f“* —

Why is integral tank construction an advantage in missile

construction? X §a% 3 S
/_g,, CREMSE WL

,A
[3)
g

What is monocoque construction?

NO T TEENAL. S0 PPORT 1S

‘\;/‘
ANECESSA Y
How does semi-monocoque construction differ from pure '
monocoque construction? S\fﬁg 5}(”/9%/’ Joc ~oC} !;[ S
~ STR IV G ELS
Why is the missile launched vertically?
AN i t s DR KLY
(1) EET bvT o fm /é:}? Al {?gi’é‘?{/* £E @UI ¢ & Z L[’
@) FEPUVCE LATERIAL SIRESS
What is the significance of or1entat_1ng m1ssﬂe fuel and liquid
oxygen tanks? C;’gﬂ ErR @~ f“‘/t
What is t:he advantage of separatmg the re went: Xe jele?
!o\/ =S THE. . = AT }’ 7/ ;"‘ ’g F N 7
2
~
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Identify and label the missile sections shown in Figure l.

2.

uo01309S S[ISSIA - [ 2anSig

——

. T P
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3. List the major components of the following missile sections.

a.

Engine accessories section.

) MAIN ENVGINE
e ENGINE

p

2) VERNI _
3) TV ¢cT TRANS: E&uiri

\
™
—
)
~

w HYOFALIC [ EQUPT
(5) 9%‘%@{ LLANT ﬁl_@ﬁ} Em'i’j{gﬂ

Center body section

KETPO ROCKETS
2) RRTE GKY?oS

e ot

Guidance section :

(1) [»VIDANCE JNIT (CompuT EKE,

- oy R J) o g 30 q'_i'f‘-""»"
fj\f f/;f;ﬁa’r Vi 4 7 Eeh
P i

. -
2 FLIGHT CoNTEO-

3 (JC PowER StEPCr :
w AC Ppwep SvFrLY

4, Answer the following summary questions:

a.

What is the purpose of the thrust beams in the engine

accessor1es section? T f\/f—i? SFFR THEPYsS # = LOr]
EAVC/NE TO THE MhsSie ‘
The three axis of a missile are: /- | 7( # L oL L

! 4 A 4
;\/ ‘,f'.,,% v

Shown below are three representations of main and vernier engine
orientations. With arrows show how the engines can be gimbaled
to provide missile steering as indicated.

Roll Right Pitch @&g*V Yaw Left

g 8 PO 3 < o
R . g
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c. Why are the rate gyros located 1n the center body sectlon?

jﬁ'} 1 HE Y won/ / > E AT oA P

'

d. Why are retro-rockets used on missiles?
S L xﬁ‘,«w Do T6 f‘w Mw

29 /V 7},@ f V e T

e. What is the purpose of missile airframe access doors a.nd
openings? f(/? L s h TE N ABNCE ‘/;f»» TAC O ECTS N

f. ~ What is the purpose of 1nc1ud1ng exterlor tunnels on the missile
airframe? KovriE CABLE

g. Why are re-entry vehicle latches used?

HOLD To MIsSSILE

h. How are these latches activated?

XPLOSWE SQwvig
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Missile Lasihch/Misdile Offiter i .x OBR1831B/3121-3-1I1I- 3-P1
Missile Funtiamentals Branch Student Workbook
Department of Missile Training 12 January 1962
Sheppard Air Force Base, Texas

DAY 40
PROPELLANT LOADING
OBJECTIVE
To become familiar with system concepts and equipment functions,
PROCEDURES
1. Answer the following questions:

a. Why 1s a rupture disc generally installed on a pressure vessel?
SAFETY DEVICE Fof BAck?

/

b, What is the advantage of a pneumatic system over a mechani-
cal system in propellant transfer?

-

(’//g E ARANL 7 AST

A%

c. Why is vag,uum used as 1nsu1at10n for LOX storege tanks ?
L P el fw.‘j\j j V4 ,4?,: / ‘/v_g{ﬁ

Ve L
> € ;, § : e

d., Why are the filters usually 1ocated near the m1ss1le in a
propellant transfer system? | FILTE f’ AN AX

i

e. How is contraction compensated for in the cryogenic flwa
i

transfer lines? F X PfA ﬁ/l’}f /‘/ TJ0o0t1)7 K

f. How is the amount of propellant in the missile determined?
(1) Oxidizer & & WSOR S

(2) Fuel | oW METE LS
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g. What is the purpose of the filtering and dewatering unit?
fEmovE WATER =
FVEMwE FORIE G MATTER

Eav! #7
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Missile Launch/Missile Officer OBR1821B/3121-3-1II-4~-P1
Missile Fundamentals Branch k Student Workbook
Department of Missile Training , 12 January 1962
Sheppard Air Force Base, Texas
DAY 42
MISSILE PROPULSION SYSTEM FAMILIARIZATION

OBJECTIVE

To familiarize the 'studentwith typical system components needed in solid
and liquid rockets. : '

PROCEDURES

1. Label Figure 1 to include the following:

a. Nozzle
b. Combustion chamber
c. Pump
. Turbine
e, Gas generator : ]
t; Exhaust ‘}/ ;;v |
g. Propellant tanks ‘ : , : »
- h. Propellant valves "
)W» . / ‘j /
r I / 194
| T
E & el
Mk g f Y 5 T
,N‘A & t:/-—-—- ia . BR T RC LR 5
. N X i
,ﬁ«-"””‘f ’ h sac br {,ﬂ T —_— fﬂ
/
R Jﬁf‘
) /

! Figure 1 - ;
b g, g .f//

David Jenkins -scanned by Jeff Stephens- atlashases.homestead.com



OBR182IB/3121-3-1I1-4-P1

2. Use Figure 1 and draw the propellant flow in red and the hot gas
flow in blue. Include a labeled bootstrap system on the diagram.

3. Explain the operation of the system shown in Figure 1 to include a
start system,

4. Label the Figure 2 to include the following:

a. Nozzle
b, Bosses
G Combustion chamber
d. Port area
e. Grain
Igniter
g. Casmg
\\\\\\\\\\\\\\\\\\\1\‘\\\\‘\\\\\\, Jr
0% Yo ' P e {3
l‘n,; “l.l"'.’/'(,l/'. 7' '(("!,l.lllll v i ;) {
b [y vy f 1yl \ ; :. : v
lnl ",I,"",":"l; .‘I N U S “‘d' ’(-"' ‘4.’,/ o Uy
"'lll\"lh."."l'l|L|.| .'1“11 Wopg o R v gt g o
Id
oaln g
) 29 {s n
v, ot : S
WV owa ap )
PR A B : (S o
W1 Fotpopttoguttopd oot i A e & e /,‘:(’/ 7zl
i \ '~.4‘Q:-‘,('::,""/.« + A 4
G e — iy B e s i i o 2 s o
0 " 4 o
i S R e T O Lp S Fp e, h p f T b g
S O W, T O, . R, O D, U O <R, T R 0, . R RN, TR W, . R . R, T, T R N R Ve . ¥

5. Describe the operation and sequence involved in the solid

Figure 2

propellant engine start and operation.

10
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Missile Launch/Missile Officer OBR1821B/3121-3-III-4-P1lA

Missile Fundamentals Branch Student Workbook
Department of Missile Training _ F (Supplementary Problems)
Sheppard Air Force Base, Texas . ATSG i 12 January 1962

MISSILE ROCKET PROPULSION PROBLEMS

OBJECTIVE

Tofamiliarize the student with the theory of propulsion involving the
parameters of engine operation,

PROCEDURE
1, Work the following problems.

GIVEN ; ; DETERMINE

a. . A large liquid rocket
operates as follows:

(1) Theorectical exhaust (1) The Ehrust when the engine

velocity (6000 FT/SEC is fired on the test stand?
prane 34,000 Lb=
Exit pressure - 6,7 SR The.ambient pressure:at
PSIA i designcaltitude?
b.lpst A
Exit area - 700 SQ IN 118 BT E thvrus.t at design
altitude? \ /)
20060 Lbos
Mass flow rate - -+ Theseffective exhaust
15 slugs/SEC velocity at sea level?
5,627 {f/ Le
Test stand ambient .. The effectlve exhaust
Pressure 14. 7 PSIA velocity at design altitude?

f b & JVJ F fg ‘s F
The spemf/c impulse /

sea level? ﬁ ‘-’{ A «55 o

The specific impulse at

design altitude? | .

11
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(2)

(3)

GIVEN

The ambient pressure is
1.7 PSIA at 50, 000 feet.

The throat area is 70
SQ IN

b. The following data apply to a
rocket system:

(1)

At sea level,. ambient
pressure 14.7 PSIA

At design altitude,
ambient pressure -
5.2 PSIA

At design altitude,
effective exhaust
velocity - 8000 FT/SEC
At 40, 000 feet,

ambient pressure

2.7 PSIA

A, -7SQFT

M-12 slugs/SEC

thb - 50 seconds

12

(2)

(3)

(1)

o7

DETERMINE

What is the thrust at this
altitude? .,

Nip LOWER THay

Is the engine operating'////

under conditions of over,
under or optimum expan-

sion at this altitude?
DNUEAL AL TER it in,

What is the expansion ratio?

7/‘.‘1'—?... =10 ./
“=b

Theitheoretical exhaust

velocity and the exitt
pressure? . Oho
The test stand (sea level)

thrust?%é ’i’;"? ‘f sjf*?

The thrust at design
altitude?
o f
(f:' / {r _{ thd
16, 0600

The effective exhaust
velocity at sea lef\gql?

7:‘ 2ot D’ ey

The amount of propellant
used in the 50 second run.

Loy (Y,
Fad BN 4 L™ IAD
%} (94 &V, 2 1'/

- rﬁ? ; § ey
o 220 L
(

David Jenkins -scanned by Jeff Stephens- atlasbases.homestead.com

t



c. A rocket engine is designed
for a specific impulse of 270
seconds average at design
altitude. When fired on a
test stand at sea level
(P, = 14.7 PSIA), it develops
a thrust of 42 tons. The exit
pressure is 6, 4 PSIA and the
exit area of 8 SQ FT.

SUMMARY

1.

In the operation of a rocket engine,

OBR1821B/3121 -3-III-4-P1A

c. How long will the engine
operate with 40, 000 LB
of propellant?

)16

what relationship must exist

between exit pressure and ambient pressure in order to achieve
over expansion, optimum expansion, and under expansion?

Al peA
a7

) /
Pacole O /
pa <Pe U

What is meant by the '"design altitude' of a rocket engine?

Explain the "second" as a unijt ofaﬁmeasure of specific 1mpu13e€~
” A 4“@’

f}”t s *ff‘ﬁ»f 3

On high design altitude engines (sustainer type) the throat area is

usually smaller than a comparable booster engine.

true and what effect does 1t have n
T prtrior—at

}3 mev‘\« AV AA A ¥ A
Why is this
j;,he fundarnental thrust equatz n?
e ﬂ{& gﬁ“)”tv A sl //\\ Yy k/ﬁ) “;’é« i f“a —_—

Using the parameters in the fundamental thrust equation, explain

some rnel:hods we can mcrg{ase the
xm AT G %
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Missile Launch/Missile Officer OBR1821B/3121-3-11I-4-P2
Missile Fundamentals Branch Student Workbook
Department of Missile Training 12 January 1962
Sheppard Air Force Base, Texas :

DAY 42

MISSILE PROPULSION SYSTEM

OBJECTIVE
To famlllarlze you with the Missile Eng1ne Start System.
PROCED&\!;\'{ES

1; Ske\QEKh an engine system for a typlcal rocket to include the following
companents: :

a.

b

Ce

d. Gas generator

e. Start system™either liquid or solid

£s Main propellant\yalves

g. Secondary propel‘l‘a\nt system for operation of gas generator
h. Propellant, pneumata\c and electrical lines

M\

15
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OBR1821B/3121-3-1II-4-P2
Use a basic system which includes all components necessary for -
? of engine operation to include

operation and set up a sequenc
¢

engine start and shutdow
L 4
\\"\ {!,
N i
N ¢ §
"‘»,ﬂ \;
AN ]
: k“«% §
\,
\.
a2
.
10N,
/
§
/
;f’
/
L

16
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Missile Launch/Missile Officer OBR1821B/3121-3-1I1-4-P3
Missile Fundamentals Branch Student Workbook
Department of Missile Training 12 January 1962
Sheppard Air Force Base, Texas

DAY 42

MISSILE PROPULSION SYSTEM IDENTIFICATION

OBJECTIVE
To familiarize you with engine components.
PROCEDURE
1.  Identify each lettered unit in Figure 1 and give the p‘ur‘pose of each.

ITEM NOMENCLATURE ' PURPOSE

A | FuEl et L nE

B U(?Bo PuMm¢

c ? vEL ST @j"" Vbe
D ?‘f{ (?:ni?‘réuﬁ%%c TNGN 0¥
e | Cler—tvAL/E

E TNTECTION PLATE
o | WKIET
H | OLDZER IWLET.

-

GNS GEWVERATHR
1_|SOLID PROPEUANT U ST ART—TOR &) NE
k | 0X\DLE s7ART UALUE
L | TORYINE EXsavsT

17
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”

' NNNNNANNNNN

. SV T SER———

Figure 1

18
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Missile Launch/Missile Officer OBR1821B/3121-3- IIi- 5-P1
Missile Fundamentals Branch . Student Workbook
Department of Missile Training 12 January 1962
Sheppard Air Force Base, Texas

DAY 43A

PRINCIPLES OF TRAJECTORIES

OBJECTIVE
To familiarize you with t‘rajectory problems and vériables.
PROCEDURE

1. Draw a typical missile trajectory for a single stage missile to
include the following: E

a.~ = Target £ bRo.All -pro.g.rammed portion
b. = Launch Point : .g. Pitch i)rogrammed portion
c. Powered portion h. Barrel in the sky

d. Ballistic portion i Separation point

e. Guided portion Js Apogee

19

David Jenkins -scanned by Jeff Stephens- atlasbases.homestead.com



OBR1821B/3121-3-1II-5-P1

2. Answer the following summary questions.

a. What is the purpose of roll programm a, missile?
PALINME M IESILE /W ST
b. How could th1s purpose be accomplished prior to lift off?
"*,.\} ATE ﬁgfi'{;gsig
¢ Exp1a1n how fuel is conserved b/y the use of a roll program.
AVES TIME - SH2OTER DI\sTRA/CE
di that is the purpose of the pitch program?
/L/ =8 D M«}é WA AN GE
€. Why is the first portion of the missile flight programmed?
Simple GuiDAree

f. Why {s it impossible to program the entire powered portion

of flight? T 00 MANMY U N FFDICTRBLES

g. When does the guldance system assume control of a missile?
"4,,-— fﬁf ?;9'*“ €£1 5”‘*2/ E; : “)Fqgﬂ}b\/
h. What is the a.dvantage of the appllcatmn of a ballistic tra /Jectory

to a missile flight? MvUcH LESS FUEL /P JICEQ
i. What commands does the guidance system or1g1nate‘?
L,: o¥ o 3 -~ £ 7 5 A/ CLOove l’ " /‘) AL D é"/’2‘/ B 7T D FAS

IN 2. FREE Em
s Why és/the gu1dance sy'st:em not orlgmate roll steering

signals? /o N eEp FOR

k. How does the guidance system control the direction of
missile velocity? fs?'z’" ER 1N G-

1. How does the guidance system control the magnitude of
missile velocity? - C O
m. What is correlated velocity‘?
Ve koe Ty, oF pBsger ALowt BALKISTIC

n. At what point along the m1ss11e trajectory is correlated velocity

achieved? F" C O

20
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How is the magnitude of correlated velocity related to:

(1) Range '*/ ]

¥

(2) Altitude S

i
4

Why does the guidance system choose a new trajectory rather
than correcting to an ideal (pre-planned) trajectory?

SAVE FUEL NTIME PNA STEESS

Why is throwout velocity the greatest at the equator?
BEtavsE THE DriAMETERS Aétor/ 6

State how Coriolis force is affected by:

(1) Missile velocity PIREcT LY (=oF
(2) Latitude LMECREASES

(3) Longitude VP EFFEcT

o

Define target's predicted position: THE FO5/T/ 00 T 1/
TARECET AT END OF FLIGHT i

What two variables affect the target's predicted position?

- L 7
5 TImME 0 F FLIGHT

21
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u.

Name three missile flight variables that cannot be accurately
predicted.

. = & et
™ LAY N

() WEATHE e =7 &

Why isn't the missile aligned to the immediate target position
during the roll program (Phasg) ?

EReT i s ROTAT oN

22
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Missile Launch/Missile Officer ' OBR1821B/3121-3-III- 6- Pl
Missile Fundamentals Branch : Student Workbook
Department of Missile Training ' 12 January 1962
Sheppard Air Force Base, Texas ' v
- DAY 43 B
POSITION AND RATE SENSORS

OBJECTIVE

To become familiar with gyro components and operation.

PROCEDURES .

1.  Locate and identify the components shown in the gyro diagram
of Figure 1. Record the name of the components on the diagram.

Figure 1

2. Label the INPUT, OUTPUT, and SPIN axes of the gyro in the
diagram. '

3. Give the purpose of the following gyro components:

a.  Gyro Wheel

b. Inner Gimbal or Float

23
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OBR1821B/3121-3-1II-6-P1

c. Outer Gimbal or Housing

d. Torque Microsyn

e. Signal Microsyn

4, Answer the following summary questions:

a. What is the purpose of the Stabilization Gyro?
Position Gyro?
Rate Gyro?

b. What property of a gyro is employed by the stabilization gyro
to maintain platform position?

c. What are the two properties of a gyro?

d. What method is used to compensate for drift?

e. Define '"degree of freedom!''.

£, How does the operation of an attitude gyro differ from that of a
stabilization gyro?

g. What are the different approaches to gyro gimbaling?

24
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Explain how the rate gyros detect rate of movement.

How are the rate gyros ''nulled' or ''erected'"?

What is the purpose of the rate gyros in a missile?

25
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Missile Launch/Missile Officer OBR1821B/3121-3-1II-7-P1
Missile Fundamentals Branch Student Workbook
Department of Missile Training 12 January 1962
— Sheppard Air Force Base, Texas
DAY 44 AND 45

THE FLIGHT CONTROL SYSTEM

OBJECTIVE

1t To acquaint you with the nomenclature, location and function of
various flight control system components.

2. To familiarize you with location and operation of the electrical
subsystem components.

3. To become familiar with the operation and construction of the
hydraulic subsystem.

PROCEDURE

1. Use Figure 1

a. Identify all components,

b. Properly connect the electrical subsystem components with
lines for DC by using a blue pencil and AC by using a red
pencil. Simulate actual &ixr- placement and current flow by
using arrows.

c. Show all DC SIGNALS by blue dashes with arrows for direction,

d. Show all AC SIGNALS by red dashes with arrows for directions.

2. Use Figure 2

a, Identify all components.

b. Trace a programmed roll command signal by using a red pencil
to indicate signal path.

27
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c. Trace a programmed pitch command signal by using a blue
pencil to indicate signal path.

d. Trace a pitch error signal by using a green pencil to indicate
signal path,

e. Trace a guidance enable signal by using a pink pencil to indicate
signal path.

£ Trace a guidance pitch command signal by using a brown pencil
to indicate signal path.

g. Trace a guidance yaw command signal by using an orange pencil
to indicate sSignal path.

3. Figure 3
a. Identify components
b. Color all 3000 PSI hydraulic areas red.
c. Color all 1500 PSI hydraulic areas yellow.
d. Color all hydraulic return areas blue.
4,  Figure 4
a. Identify components
b. Color all hydraulic pressure areas of 3000 PSI red.
c. Color all hydraulic return areas blue.
d. Color all pneumatic pressure areas oraage.
5. Use Figire 5

a. At direction of instructor trace signal flow through the differential
bridge network.

28
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Answer the following questions after observmg the operatlon of the
flight control system.

a., The DC signal from the flig mg&gj;rgller goes to what un1t’P
SE £ 4010l fBds E oils o AW

b. What is the purpose of the differentj alb 1d e network?
Q:)[f‘p}"’i;@f% e f:’)‘“'?ﬁym &% Jﬂw%;w% ¥ &) é{/é‘tm

¢, What effect will the differential br1dge have on the main
~ engine movement? /V.ﬂ/‘v' .

d. What does the liftoff sw1tch energ1ze‘?
PROCRAMMEE

€ Explam the nose cone release sequence

PLEPRM EWNABLE
l My ABsdBesOonigns 5d
2 CHWEB S 15nate

H ReTRQS ) rte

f. = Where is the programmer 1ocated’?
ELI6HT CowrroLl
g. What signals. does the programmer allow?
LRl wPiTew Plo

2 C A C ;Jﬁ;*fmi’;f”

2. -0IDANVEE | EwABLE"

i, FRoGRAM EnnpLE
h. How are’programmer command 1gnals terminated?

Jopl W&M“"’%’ ‘*Zw catete o @A_Mm«fé

What determines the magnitude of the pitch program current?

RESISTEI

What happens to the guidance signals while the programmer is
controlling missilelflight? S /70XEL W ComMpre

What is the purpose or function of the microsyn signal

generator? /| Fet MOVE ELE S/4wAL.

Se———

w ?g"“ TEeT ﬁi&*“?sﬁ UNT + PrEecTion OF GEYD

P

urpose of the sprmg restramer in the rate gyro’r‘
ﬁf gj) 'f” ?'f/\ ?“'; { por- & i 4

i B
=¥ mi
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m. Do the position (H¥&)
operation? Why?

yros: have a critical temperature for

¢ - FlooR I WWBE

n. What is the functlo
. ComTERS L

0P

of the microsyn torque generator?
§ {3 e e ‘é : (%2{, g
o. How many AC amplifiers are in the flight control circuitry?

p. The output signal of the demodulator feeds into what part of the
flight control system? @UM | S Pﬁ} U"g T

q. What is the purpose of the engine feedback potentlometers‘?

FERMAT ENQINE To STOF.AT IVTERMEDIARTE

2 R”(—:?w W EMNGINE TO 2ERO FOS« 7/&@
r. Why is the hydraulic powerpack sealed?
A DR
M

s. What is the purpose of the feedback beam in the servo valve?
CEMTER T

k. Where is hydraulic pressure obtained after main engine cutoff?
PCCOMVLATOR
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Misisilel Launch/Misisile Officer . OBR1821B/3121-3-1II-7- P2
Missile Fundamentals Branch : ‘ Student Workbook
Department of Missile Training ' 12 January 1962
Sheppard Air Force Base, Texas

DAY 45

FLIGHT CONTROL CHECKOUT

OBJECTIVE

To familiarize you with the principles of flight control checkout (data
flow).

PROCEDURE

The checkout procedures contained in this workbook permits a detailed
test of the flight control system, at the launch emplacement or in the RIM
building to determine that it is in a ready condition.

1. Prepare the equipment for use.

a. Insure that all switches on the pow'er control, gimbal control,
and programmer panels in the missile checkout ‘station are in
the down position. :

b. The HIG gyro input switch on the gimbal control panel must be
in the Cage position.

i The Guidance External Power switch must remain in the enable
position at all times, :

CAUTION

The missile igniters must be disconnected and/or
removed before cables to and from the missile and
the missile checkout station are connected. Failure
to observe this warning may result in injury or death
to personnel. :

d. Insure that all electrical connections to the missile igniters
have been removed.

e. Remove the signal isolation unit test adapter and all cables
from their storage position.
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£, Mount the test adapter on the missile.

For the purposes of this exercise all power cables and circuit
breakers will be pre-positioned in their proper positions.

g. Place the autopilot gyro heaters switch on the power control
system relay chassis, in the high and low heat position.

h. If during checkout the proper response to any test is not
obtained, return the controls to their previous positions, dis-
continue the checkout, and proceed in accordance with
troubleshooting instructions.

CAUTION

Power to the gyro heater circuits of the inertial
guidance system must not be shut off for periods
in excess of five (5) minutes, Serious damage to
delicate gyro parts may result if this caution is
not strictly observed.

L. Make certain that all personnel are clear of the missile
engines before applying hydraulic power to the flight control

system. Serious injury may result if personnel are struck
by a deflecting engine,

2. Complete Power Supply Checks by using the Power Control and
Power Checkout Panels.

Make certain that all circuitt breakers in the missile checkout
station and the launching countdown group or missile launching

simulator are in the ON position before proceeding with the
checkout.

38
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OPERATION

Place the POWER TRAILER
switch in the ON position.

Place the POWER CON-
TROL switch in the
MANUAL position.

Press the 115 Volt,
pushbutton,

600 A

Press the 115 Volt, 600B
pushbutton.

Press the 115 Volt,
pushbutton.

60 ¢C

Observe the 60 CPS
PHASE SEQUENCE lamps,

Press the 28 Volt DC
MISSILE pushbutton,

Press the 28 Volt DC
INVERTER pushbutton.

Press the EXTERNA L
115 Volt @A pushbutton.

Press the 28 Volt DC
GUIDANCE pushbutton.

39
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INDICATION

POWER TRAILER light

-POWER CONTROL Light

The NULLMETER indicates

The NULLMETER indicates

The NULLMETER indicates

They are illuminated
BRIGHT and DIM as pla-
carded. Neither lamp
light is out.

The NULLMETER indicates

The NULLMETER indicates

The volts, AC, RMS meter
indicates between 113, 3 and
116. 7 volts. The FRE-
QUENCY CYCLES PER
SECOND meter indicates

The NULLMETER indicates

David Jenkins -scanned by Jeff Stephens- atlasbases.homestead.com
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n,

OPERATION

Press the EXTERNAL 115
Volt @B pushbutton.

Press the EXTERNAL 115
Volt §C pushbutton.

Observe the 400 CPS
PHASE SEQUENCE lights.

*CAUTION

INDICATION

The volts AC, RMS
meter indicates

volts. The FREQUENCY
CYCLES PER SECOND
meter indicates

The volts AC, RMS meter
indicates

volts. The FREQUENCY
CYCLES PER SECOND
meter indicates

They glow BRIGHT AND
DIM according to placard-
ing. Neither light is out,

The plates and spin-motor circuits within the
flight controller (CEA) must not be continuously
energized for periods greater than 90 minutes.
Each operating period mirst b2 followed bya . .-
cooling off interval equal to at least one-half the
operating time, before the circuits are re-

energized.

Place the CEA FILAMENTS
and HEATERS switch in the

ON position.

40

n,

HIGH heat ON light comes
on and remains on for the
high heat cycle, then
automatically goes out,
LOW heat lights (YAW,
PITCH and ROLL) go
initially with the HIGH
heat light, then con-

tinue to recycle.
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NOTE

Allow LOW heat lights to cycle twice before
proceeding with checkout,

o. Observe the START POSI- o. Light
TION lights on the :
PROGRAMMER panel.

p. Place the CONTROL p. CONTROL ELECTRONICS
ELECTRONICS ASSEMB LY POWER light
ASSEMBLY POWER
switch in the ON position,

Complete the voltage check with the Power Checkout Panel,

OPERATION INDICATION
a. Press the EXTERNAL a. Refer back to steps 2i, 2k,
115 Volt §A pushbutton. and 21 under POWER SUP-
PLY CHECKS for proper
readings.
b. Press the EXTERNAL 115 b. As above,

Volt §B pushbutton,

Cs Press the EXTERNAL 115 c. As above,
Volt §C pushbutton. ;

d. Press the 115 volt REF d. Same as QA (step a. this
pushbutton. procedure)
e. Press the NULL REF e. The NULLMETER indicates

CHECK pushbutton.

f.. Press the RATE 27 Volt £ The NULLMETER indicates
pushbutton.

41
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g.

Press HIG 5 Volt push- g.
button.
Press the DC AMPLIFIER h.

330 Volt pushbutton.

Press the DC AMPLIFIER i
165 Volt pushbutton.

Press the POT 50 Volt e
pushbutton,

Press the POWER SUPPLY k.
BALANCE lpushbutténs .

Press the DEMODULATOR 1
REF 80 Volt pushbutton,

The NULLMETER indicates

The NULLMETER indicates

The NULLMETERIiindicates

The NULLMETER indicates

The NULLMETER indicates

The NULLMETER indicates

Complete the buzz voltage check by using the Signal Monitor Panel,

=1

CO

WARNING

Make certain that all personnel are clear of the missile
engines before applying hydraulic power to the flight control

system. Serious
by a gimbaling engine,

OPERATION

Place the HYDRAULICS a.
switch on the power control
panel in the ON position,

Observe the GIMBAL b.
CHECK lights on the
gimbal control panel.

Observe the SYSTEM i
PRESSURE.

42

injury may result to personnel struck

The HYDRAULICS

In approximately 30 seconds;,
they light in the sequence:

The gauge indicates
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OPERATION INDICATION

Observe the LEFT VER- d., They indicate

NIER PITCH/ROLL and

RIGHT VERNIER PITCH/ when the CONTROL ELEC-

ROLL BUZZ meters. TRONICS ASSEMBLY
POWER switch is placed
in the ON position.

Press the BUZZ MAIN e. Meter indicates

YAW pushbutton.

Press the MAIN PITCH f..  Meter indicates

BUZZ pushbutton.

Press the BUZZ YAW g. Meter indicates

VERNIER LEFT push-

button.

Press the BUZZ YAW ‘h.  Meter indicates

VERNIER RIGHT push-
button.

Complete the engine electrical centering with the Gimbal Control

Panel,

NOTE

The Trim Pots, located with the Buzz Pots behind
the access plate on the flight controller, are utilized
to cause the uncaged engine position to coincide with
the center of thrust positions. The left vernier pitch
zero pot adjusts the vernier engines together in pitch.
The Right Vernier Pitch Zero Pot adjusts the vernier
engines differentially in roll. All adjustments are
made immediately after the HIG Gyro Input switch is
placed in the Slew position to prevent errors in ad-
justment due to gyro drift,
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OPERATION INDICATION

a. Place the HIG GYRO INPUT a. Meter needle indicates
switch in the SLEW position
for approximately three (3)
seconds while observing the
MAIN PITCH gimbal position
meter,

b. Return HIG GYRO INPUT
switch to the CAGE position.

c. Repeat step 5a, observing c. Meter needle
the MAIN YAW gimbal posi-
tion meter and RECENTER Recenter lamp
lamp.

d. Step 5c repeated for left d. Indications same as for
and right vernier yaw main yavil gimbal in step
gimbal. i

6. Complete the flight controller checkout by using the Gimbal
Control Panel and Signal Monitor Panel,

INFORMATION

The control field meters give indications for approximately
eight (8) seconds, then revert back to their normal positions.
If the affected control field meter returns to zero before any
one of the following into slew tests are completed, return
the HIG Gyro Input switch to the cage position, then back to
slew after approximately 30 seconds. This is to insure that
all meters return to their neutral positions. Press the auto
slew pushbutton previously designated and complete the re-
maining portion of the test.

YAW SLEW RIGHT TEST

Place the HIG gyro input switch in the slew position, then press the
yaw auto slew right pushbutton on the gimbal control panel.
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OPERATION

‘Observe:the YAW CONTROL

FIELD meter.

Observe the PITCH CONTROL
FIELD meter,

Obserweithe ROLL CONTROL
FIELD meter.

Observe the YAW LEFT
VERNIER meter,

QObserve the ¥AW RIGHTrizr
VERNIER meter.

Observe the YAW MAIN
meter.

Observe the PITCH/ROLL
LEFT VERNIER meter,

Observe the PITCH/ROLL
RIGHT VERNIER meter.

Observe the PITCH MAIN
meter.

Press the YAW HIG SIGNAL
GENERATOR pushbutton on
the signal monitor panel, and
observe the GYRO meter.

Press the YAW HIG DEMODU-
LATOR pushbutton and observe
GYRO meter,

Observeé the mainsand vernier
engines.

C.

OBR1821B/3121-3-1II-7-P2

INDICATION

Needle deflects

. Meter indicates

Meteriindicates

Meter indicates

Meter needle deflects

Meter needle deflects

Meéter indicates

Meter indicates

Meter indicates

Meter needle deflects

Meter needle deflects

The main and.right vernier
are gimbaled

The left vernier engine is
gimbaled
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m, Placeithe HIG GYRO INPUT m. The meter positions are

switch in the CAGE position

and returnto SLEW after
kapproximately 30 seconds.
This is to insure that all the
meters return to their neutral
positions.

YAW SLEW LEFT TEST
This test is accomplished in the same manner as the YAW Slew Right
test., The only difference being that the reading and engine movement will be

opposite. Atithis time continue with the pitch slew up test,

NOTE: Pitch and roll slew tests are similar to yaw slew tests, and
will be omitted.

NOTE

Replace the HIG Gyro Input switch to the CAGE
position. B2 4 8

7. Complete the programmer check by using the Programmer Panel
OPERATION ' - INDICATION

a. Observe the START POSI- Al Hight
TION light.

b. 2> Priessithe:TARGET 1 push-.'#/2b, «iThe TARGET 1

button. Place the TARGET

DESIGNATE switch in theON

position and release it. Observe

the TARGET 1 and the RANGE Either the LONG or SHORT
lights. ; a0} RANGE

Normeally the LONG RANGE
. is set-on target'l.
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Press the FORWARD DRIVE
MOTOR pushbutton, Check that
the indications presented by the
CONTROL FIELD and GIMBAL
POSITION Meters correspond
asirequired with the position in
elapsed time of the programmer
film strip as indicated by the
programmer position seconds

counter.

EVENT TIME IN SECONDS
Roll program start 2
Roll program end 10
First Pitch Program 11
Second Pitch Program 30
Third Pitch Program 60
Fourth Pitch Program 83
Pitch Program End 100
Reverse (Programmer
time reverses). 180
Stop (Programmer time 0

stops.
elapsed time. )

360 seconds total
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c. Refer to the chart presented
below.

ROLL PITCH

See note
following

step b.

Centered
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d.

OPERATION INDICATION
Steps 7b and 7c repeated d. Indications same as in
for programmer check, steps 7b and 7c except
target 2. indications are for
target 2.

8. Complete the sensing test of the Flight Controller

OPERATION INDICATION

Place the HYDRAULICS switch a. HYDRAULICS ON light
in the OFF position,

CAUTION

‘Do not perform step ""8b" below until the engines
have dropped to their normal positions., (Approxi-
mately 30 to 40 seconds).

Place the CONTROL ELEC- b. CONTROL ELECTRONICS
TRONICS ASSEMBLY POWER ASSEMBLY POWER light
switch in the OFF position,

Place the CONTROL ELEC- c. CONTROL ELECTRONICS/
TRONICS ASSEMBLY switch ASSEMBLY POWER light

in the ON position.

NOTE

In addition to the operator in the missile checkout
station, the sensing test also requires a technician
at the missile guidance section to manually move
the flight controller., These men must have
suitable means of communication with each other.
The technician at the guidance section grasps both
ends of the flight controller so that the moveable
mounts are up and the cables are to his right. He
moves the flight controller in the axis and direction
requested by the operator,
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The operator places the HIG
GYRO INPUT switch in the
SLEW position, presses the
YAW HIG DEMODULATOR
pushbutton, requests YAW
RIGHT, and observes the
GYRO meter, The techni-
cian slowly turns the flight
controller approximately 3
degrees to the right.

The operator places the HIG
GYRO INPUT switch in the
CAGE position and allows
approximately 30 seconds
for the gyros to cage. This
is to insure that the GYRO
meter returns to its neutral
position.

Steps 8d and 8e repeated for
pitch and roll right.

Place the CONTROL ELEC-
TRONICS ASSEMBLY POWER
switch in the OFF position,

d.

fs

OBR1821B/3121-3-11I-7-P2

The GYRO meter needle

Indications same as in
step 8d except indications
are for pitch and roll.

NOTE: The sensing test of the Rate Gyros is similar to Flight
Controller Sensing test and therefore will not be com-

pleted in this project.
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-
SUMMARY
1. What electrical power is required for flight control system
; operation?
2. How are the flight control position GYROS checked?
3. How could you determine if the roll program event was initiated
by the programmer during checkout?
S

50
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Missile Launch/ Missile Officer 5 OBR1821B/3121-3-8-P1A

Missile Fundamentals Branch : Student Workbook
Department of Missile Training ‘ , (Supplementary Questions)

Sheppard Air Force Base, Texas : 12 January 1962
INERTIAL GUIDANCE STABILIZATiON

OBJECTIVE

To become familiar with inertial guidance system_compone’nts.
PROCEDURE

1. Answer the fbllowing questions:

a. Explain how the stable platform maintains its orientation when
there is a missile movement.l MopToES  Lym BLE

b. Why are gyros used as sensing devices rather than using
their property of r1g1d1ty to maintain the platform orientation?

SI1Z2E wcw:;m

c. What would result if the platform failed to maintain its orientation
for a short duration of f]hght'> . ad b e i
S No PREARM. S16/VAL ~ MI:
TARGET '
d. What effect does missile movement have on the computational
axris orientation? NoONE

e. How many gimbals must be used to mount a stable platform?
THRES

£, What is the minimum number of two degree of freedom gyros
necessary for platform stabilization?

Two

g. What three points determme the reference plane?

/,f,f""’ Lf’ Cﬂb

5Y
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i‘

j‘

n.

2 Use

What is the horizontal plane?

ThveET AT k- K

What is the purpose of the horizontal and reference planes?

FROVIDE Axis FoR ELE & AzmvtH

— g

Wher does the missile leave the reference plane?

AT LAVNCH

How is the reference plane determined?

ELE T/Po THEODOLITE

How is the horizontal plane determined?

VERT SEWNSING DEVILE

Why are the reference and horizontal planes earth oriented

prior to launch? E ASIEER [Of\/ 5»‘%@?}"})

How many axis of freedom does the vertical sensing element

have? TWo

What condition exists when the vertical sensing element is
not at a null position?

I.NOT VERY FOAE
2. PLATFORM S~MT LEVEL

Why must apparent precession be compensated for prior to

launch? L0585 oF ©OE\E NTAT 1ON
 AVULL POSI1TIoN g LOsST

Figure 1

At the direction of the instructor trace signal flow throughout

stabilization loops.
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Missile Launch/Missile Officer OBR1821B/3121-3-11I-9-P1
Missile Fundamentals Branch Student Workbook
Department of Missile Training 12 January 1962
Sheppard Air Force Base, Texas

DAY 48
RADIO GUIDANCE SYSTEM
OBJECTIVE

To familiarize you with radio guidance system operation and system
components.

PROCEDURE

1. Answer the following questions by using Figures 1 and 2, and
the notes taken incclass.

a. What information is iobtained from the position antenna?

b. How are antenna position errors corrected?

c. Where do discrete signals originate?

d.. What is the main disadvantage to a command guidance system?

e. Why is a transponder used in the missile?

f. Where do steering signals originate?
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g. What is the purpose of the rate antenna in a system utilizing
the principle of Doppler shift?

h. How is missile velocity obtained with a single antenna system?

Why is a reflected radar signal not used to obtain missile
velocity?

j. How is missile velocity obtained in a Doppler system?

k. What is the function of the last pulse in the addressed code?

2. Sketch a block diagram of a radio inertial guidance system.

56
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Missile Launch/Missile Officer OBR1821B/3121-3-11I-10-P1
Missile Fundamentals Branch Student Workbook
Department of Missile Training 12 January 1962
Sheppard Air Force Base, Texas

DAY 49

POWER GENERATION AND DISTRIBUTION

OBJECTIVE

To familiarize the student with power generation and distribution including
power outputs, distribution units and locations.

PROCEDURE
1. Figures 1l & 2
a. Write in the names of units in the appropriate bl"ocks.
2. Questions

a. Answer questions following figures as thoroughly as possible.
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480 Volts
From TR PR
Primary . : i R
Switchgear a 4 4
. \'4
480 Volts
Transformer
......| —_{“
|
120/208 :
Volts @ _ | !
_ » s 1 ul <
v : ..‘_.;:
PN s e €
, 0! S
; al +
Fill in blocks with proper nomenclatures listed below: % }
Logics Control Circuitry Checkout
Elevating/Erecting Sequencing Signal Responders
. Transformer/Rectifier Secondary Switchgear Motor Generator
Air Conditioning Hydraulics Relays, Warning Lites

\ ; -

Figure 1 - Theoretical Missile Emplacement Power Distribution

( e
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COMM E S im
POWER

JEEY

& P
EX(‘:T'E’
Ifugu %
Y
L] EpbwE 4, Fseé& i X
—b> b .
: N
" Primary Switchgear Diesel Engine
~ Exciter Commercial Power
% Fuel L : Generator or Alternator.

Secondary Switchgear Start System

~ Fill in blanks with nomenclatures listed

Figure 2 - Theoretical Power Generation System

N
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QUESTIONS:

a.

e,

What unit in the power generation area distributes power to each
launch pad? KM ARY Swhitep @{:f&"j

Why are three phase generators used in the missile field?
(1) LIpHTER
(2) CASY T KcCTy F;V

(3) EFFwwr

source. T@ KE
FTAKE

Explain how 120 VAC and 208 VAC are obtained from the same

b g

How is single phase obtained from a three phase generator?

How is 60 CPS obtained from an engine/generator operating at a
slower speed than 60 cycles per second?

INCRERGE NUMBER OF vorkS

¥

Using the formula:

Nr. of poles = 2X frequency X 60
rpm

\ & {
VL gl

How many poles are necessary in a generator to obtain 60 cycles
with the engine operating at 400 rpm.?

Why is a constant frequency required?
ek A

%
\ %,

’» RI( 5
What method is used for producing 400 cycle AC?

MoToR Gt N

v

When two AC generators are connected to one system, why must
they be paralleled?

r o) v 171 OEx ¢
f. Uy rie LA - VY YY
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What are three ways to change the voltage output of a génerator?

(1) R¢M |
2) FIELD STRENGTH

(3) POLES

Why are high voltages used to carry electricity over long distances?
ESS PDWE R ROKS
LE 22 1 ﬁw o % o

63
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Missile Launch/Missile Officer OBR1821B/3121-3-1II-13-P1
Missile Fundamental Branch Student Workbook
Department of Missile Training 12 January 1962
- Sheppard Air Force Base, Texas '

DAYS 52 AND 53

LAUNCH CONTROL AND COUNTD‘OWN

OBJECTIVE

To familiarize you with a missile countdown and launch control.

PROCEDURE

1. Listed below are the phases of an SM-65D countdown. Fill in
information regarding time of starting each phase, and list the
main events that occur during each phase.

a. Erection, Hold-down and Release

b. Engines and APS

c. Liquid Nitrogen and Helium

65
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d. Hydraulics

e. Flight Control and Re-entry Vehicle

f. Fuel

g. Liquid Oxygen

h. Commit

2. Answer the following questions:

a. When does the LCO take control of the countdown?

66
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o
b: When during the countdown does the L.CO verify target
information?
¢. What is the function of the liquid nitrogen supply?‘
d. How is the rate of fuel and oxidizer transfer varied for
line filling, tank filling, etc?
e. What is the purpose of the malfunction panel?
f.  Who is responsible for establishing the "ready condition' ?
- .

g. Define the ""ready condition',
h. How do we monitor the weapon system in the ready condition?

i Generally, what determines the start of the "commit" phase or
sequence?

j.  What is the purpose of the continuous status panel?
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k. What is the primary purpose of the Launch Control Officers
console?

L What is the purpose of the Launch Sequencer?
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