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Student Workbook
12 ,JJanuary 1962

DAY 39

AIRFRAME SECTIONS AND MAJOR COMPONENTS

OBJECTIVE

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

PROCEDURE

1. Answer the following questions:

a. Define "Mass Ratio".
Vf)t 0 j: M 'SSltF.&}r'Ar-]()A)C/1

. '/~/Ii'Prr .We- /;;";1 r
b. How can the Mass Ratio be improved?

(1) T) EC(eG',qsG c/JI1 P l'f'We: I<!:-# r:
(2) r/VC(Gf? C;E 1/fA/511 Y OF"~{Ct)pe:L /fr-/T

c. How is the Mass Ratio related to range? .pr-.V P It) LO <P-- of IV1A.5.S Rf1"l0

d. Define IIBurnout Ratio".

e. How does staging effect the Burnout Ratio and why?

T:/'I c«e fJSE-r; - 73f?C?nllsc 9y S7'/1c;:;,.IV~
Yo tJ I- I FT/jl/tJ, ~ fiGS IV I If / /1/1 c) IS.
IHIf(J~r 1

1
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f. What is the big disadvantage to the staging of a missile?
p ~t1P I tJ te> eI- I P) i5 Lilt'

g. What is the advantage of milling?
PECf\EA~G U/ 1G-lfiOF /Vl15S!Lr-
J/JC -R$£ AON(r 57/fEAiGIH

h. What are two methods of milling?

(I) }\/l EC Ii AA) \C.~ L.

(2) CfJ-/3MfCfCtt-

i. Why is integral tank construction an advantage in rn is sile
construction? -

l~ £~ ,e(-is VV-z ~
,.'

j. What is monocoque construction?ND 1:N'-~ (VPt L- SO pporer I
)\)~rS-.s A ~

k. How does semi-monocoque construe tion differ from pure
monocoque construction? STtf1:::5;5EP,5r FCJ/(f'v ~

-r <r»: IN(;..I;R~

1. Why is the mis si.le launched vertically?

(I) be'r DUT D F A·iMtYS?IIt:tet:: (VU1(A:ty

(2) Ab- P Vc£ LA, fA L- 5T~£5~

rn, What is the significance of orientating missile fuel and liquid
oxygen tanks? 0t:J./i t:" r~ Cl - 6- f f:! U l I V

n. What is the advantage of se arating the re-entryi\E pVC FE S .,._. ....,. t f?" F/v'

2
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"';'~I':.'~j" JI,-r .")~; 'F •

)

,Z. Identify and label the missile sections shown in Figure 1.
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3. List the major components of the following missile sections ..

a. Engine accessories section.

(1) f\/l A IN 61\.)(;.1t0E

(2) VtKN)E~ ENB-IN£
(3) Ilf R()S-r T K f\ S. 6"() V I Pit

(4) H y OrrA l \C . G G \J I pT.

(5) '?RoPflLt!\tVY ;:::LbuJ f:::QVI{/{,

b. Center body section

(1) REiRo \?OC T S

(2) f1A-T~ GR' yo 5

c. Guidance section .

G V l D r-rNC E tJ N ,'I (Coft'tPV7 e it:/ ),!7j#J.:!:: ~'111 JA'''yY'

(1) <>'
(2) FL 1(;·11, c.ONr,ettL-

F?OWF ~ IJ PP
P ~ k)Gf? 5vr~['f

(3)

(4)

4. Answer the following summary questions:

a. What is the purpose of the thrust beams in the engine
accessories section? ,. RAN5 FE¥? If!,:/:::;I Ff(otvl
~//)b-//II'; TO -rff E MlS51LE

b. The three axis of a missile are: {.J 11 C /-f If ()L L

YA vV .

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
4f1

~ tJ Yaw Left

4
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c. Why are the rate gyros Locat ed in the center body s ecj ion ?
.$ {) t I-Iff yo VV'OVT /"!"%h G IEt»A 1 C / Nr- 0

d. ,Why are retro- rocke ts used on mis siles?
S/.-a 'AI r>ow IV ...,-6 A fr t:o W S(- .P /)lcJ:A; (.)1>./

~?~ K£?vT~ r' l/E C If I Lei

e. What is the purpose of missile airframe acce s s doors and
opening s ? r[')R 'ff} 1-)IN 1E 1/ /-j.;I/C E3 t:J A/~ F ffc 7/ C'/1/

f. What is the purpose of including exterior tunnels on the missile
airframe? .A' 0 1,..)( E c »/5LP---5.

I" I

g. Why are r e=erit r y vehicle latches used?vo L0 ..,-0 fVl I ?> { L E

h. How are these latches activated?

f}< P 1-0$ lllE :; Q v \ B

5
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DAY 40

PROPELLANT LOADING

OBJECTIVE

To become familiar with system concepts and equipment functions.

PROCEDURES

1. Answer the following questions:

a. Why is a rupture disc generally installed on a pressure vessel?

5t1r~'1y ()EVrC& FbI! $/JcKflP

b. What is the advantage of a pneumatic system over a mechani-
cal. ~s stem in propellant .tranSfer?

)/l'flPLE RNO (1I~1 .

c. Why is Y-9-C um used as";nsulation,for LOX storage tanks?
I);::'C kllt;:E I 15 '-r/~e I~ff> r /It/<:I)L r- t¥E1(

d. Why are the filters usually located near the mis sile in a
propellant transfer system? ' D r-I L If I?' IV! A X

e. How is contraction compensated for in the cryogeriic fluid
transfer lines? J3X PI} II/)"/O{'/ :JD IV rs

f. How is the amount of propellant in the missile determined?

(1) Oxidizer <e rv50ie,)

(2) Fuel fLow f\" r:(f R;
7
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g. What is the purpose of the filtering and dewatering unit?

If.eM{)I.JEW~)r6
1(f}l;'l(J 0 e '0R Is: )./ IVl/-.)17Z'::;

8
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Missile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base" Texas
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Student Workbook

12 January 1962
c.

DAY 42

MISSILE PROPULSION SYSTEM FAMILIARIZATION

OBJECTIVE

To familiarize the stud ent wit h typical system .components needed in solid
and liquid rockets.

PROCEDURES

1. Label Figure 1 to include the following:

e.

Nozzle
Combustion chamber
Pump
Turbine
Gas generator
Exhaust
Propellant tanks
Propellant valves

a. , ..
b.
c.
d.

f.
g.
h.

i

Cl-----:----:--t

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

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

4. Label the Figure 2 to include the following:

a. Nozzle
....b: Bosses
c. Combustion chamber
d~ Port area
e. Grain
f. Igniter
g. Casing

Jd
- •• " . , ,,', " ,_,'I ,,' (:' I ": I I, J (,' ( ( ', i . " : I ( r : , • ( ; , 'I ~"")).. ~

I, I ',I' ', It', I " I I I I " , I ft~' '. , • , '/ It / ~ p-
I I I I I I ,,, ,1,' I I I t' I, ~ ,,'. I f I, 4 ; I 'f'.' t , , J. I, I I '. I, ,

, I \ I I I I hI •• l II I I, ,,'. I I I. " I : ," I' I•• ,. ~ II I I ,', l , t I .,.

/

Figure 2

5. Describe the operation and sequence involved in the solid
propellant engine start and operation.

10
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Mis sile Launch/ Missile Officer
Missile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base. Texas
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Student Workbook

(Supplementary Problems)
12 January 1962

Mlli~LEROCKETPROPUL~ONPROBLEMS

OBJECTIVE

'I'o.ifarril'Ii az-i ze the student with the theory of propulsion involving the
parameter s .of engine operation.

PROCEDURE

1. Work the following problems.

DETERMINEGIVEN

a. A large liquid rocket
operates as. follows:

(1) The thrust when the engine
is .f'i-ned ion the test stand?

. ?JLf, rrtro~
The ambient pr e s s ur e.ia.t
de s ignral ti tude ?

b~7 fS I 4

(1) Theorectical exhaust
velocity(6000 FT/SEC

Exit pressure - 6. 7
PSIA

Exit area - 700 SQ IN

Mass flow rate -
15 slugs/SEC

1

~, The thrust at design

altitude? qoDtrO~
I

'I'he-e ffec ttve exhaust

velocity at sea levef!fl?
. 5 b 27 ~

. I
The effe c tive exhaus
velocity at design altitude?
_ r i.? (J-~CYO 11£1 C.
The specirtc impulJ~' iat
sea level? 1 "1 t./ ~-t<.

Test stand ambient
Pressure 14. 7 PSIA

The specific impulse at

design altitude~ 't g-

11
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GIVEN

(2) The ambient pressure is
L 7 PSIA at 50,,000, feet.

(3) The threat area is 70
SQ IN

b. The fellewing data appl y to. a
recket system:

(1) At sea level,. ambient
pressure 14. 7 PSIA

At design altitude,
ambient pres sure -
5.2 PSIA

At design altitude,
effective exhaust
velecity - 8000 FT / SEC

At 40, 000 feet,
ambient pressure
2. 7 PSIA

Ae - 7 SQ FT

M-12 slugs/ SEC

tb - 50 secends

DETERMINE

(2) What is the thru,st at this
altitude?

{'lIp, ~OW 131'\ r(~f+d
Is the engine eperating tfOO
under c ondi tioris of ever,
under o r opfirnum expan-
s ion q.t this al ti tudq?
~Pfr v~~~

What i~ the expansien ratie?

'1 O~ ;: ro : I
-70

(3)

(1) Thei:theeretical exhaust
0- ve Ioc ity and the ex it.t

press~e?O 0 ~
rf,t5. l S( 11-\i 'I'h e test sta d (sea level)

thrust? ~b l(2 ~ OJ"a
/

The thrust at design
altitude? !.

\ The effective exhaust
v e Ioc ity at sea Le el?

7 Z o l 'f I /.:.\~,C",
I .

The arriount of prepellant
used in the 50 second run.

h OD +r
Ii ~t-oa-Q

(

12
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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
(Pa :; 14. 7 PSIA). it develops
a thr ust of 42 tons. The exit
pressure is 6. 4 PSIA and the
exit area of 8 SQ FT.

c. How long will the eng ine
operate with 40, 000 LB
of pr ope llant ?

IJ0~'

SUMMARY

1. In the operation of a rocket engine, what relationship must exist
between exit pressure and ambient pressure in order to achieve
over expansion, optimum expansion, and under expansion?

PI( efe
fC( :; Ie
f t\ c::. Pe:

2. What is me ant by the Itdesign altitude II of a rocket engine?

C'~v1-/-f .,yVl~

3. Explain the ,ItSeCOndllas a unit~meaS~~,4f, specific irnpul s e, .-trc~ /t-~'O ~r~ ~~ •• r~t"'J ~.....,.,

4. On high design altitude engines (sustai.ineu- type) the throat area is
usually smaller than a comparable booster engine. Why is this
true and~..h-at effect does it hav on he fundam. en,tal ~thrust equati n?

VD ~~~~--A-- ~1P~/_"~ ..n"".~ '-(J).....

5. Using the parameters in the fundamental thrust equation, explain

some metho,ds we ca,'n incr5se the. thr us,,t in a ,SOli,d,:motor.t£~e;-- ---
»: ,;>i£. { ,~ ~---~ If, ~"'~7' ./l4V'l'L

~e. ,~1 .~ '~n, .Le:
~~/~ "h. e. ""'4 q:--3 ~ () n
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Missile Launch/ Missile Officer
Missile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base, Texas

OBRI821B/312l-3-1II-4-P2
Student Workbook

12 January 1962

DAY 42

MISSILE PROPULSION SYSTEM

OBJECTIVE

,..//

//
/

/
To familiarize you with the Missile Engi ne" Start System.

I' .

/

/;0'
h an engine system for a t~iCal rocket to include the following

comp nents: /

/
I
I

/
or /

I
Start system ither' liquid or solid
Main propellan \(-'.lves
Secondary propel nt system for operation of gas generator
Propellant, pneuma ic and electrical lines

j

PROCED

1.

a.
b.
c.
d.

~ e.
f.
g.
h.

Eng i es
Turbo mp
Tanks
Gas gener

!
!,/

/
/

/1

15
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Use a basic system which inclu
operation and set up a sequenc
e ine start and shutdown.

es all components nec-essary for'
of engine operation to include

16
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Missile Launch/ Missile Officer
Missile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base, Texas

DAY 42

OBR1821B/ 3121- 3- III-4- P3
Student Workbook

12 January 1962

MISSILE PROPULSION SYSTEM IDENTIFICATION

OBJECTIVE

To familiarize you with engine components.

PROCEDURE

1. Identify each lettered unit in Figure 1 arid give the purpose of each.

ITEM

A

B

~ C

D

E

F

G

H

I

J

K

L

NOMENCLATURE PURPOSE

17
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G
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1
.. .'

I, I
I

f
! j
, . i

I
I

,--_It
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18
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Mis sile Launch/ Mi s sil e Officer
Missile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base, Texas

,
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Student Workbook
12 January 1962

DAY 43A

PRINCIPLES OF TRAJECTORIES

OBJECTIVE

To familiarize you with trajectory problems and variables.

PROCEDURE

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

a. Target f. ;Roll programmed portion

b. Launch Point -.g. . Pitch programmed portion

c. Powered portion h. Barrel in the sky

d. Ballistic portion i. Separation point

e. Guided portion j. Apog~e

6 A

19
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2. Answer the following summary questions.

a. What is the purpose of roll pr og r arnrnjjrg ~mis sile?
A L/ /1/£ .M IS S I&.G I AI A 2 lf1FVr"

How could this purpose be accomplished prior to lift off?
POT Ii- r S /vf 1$ S'J I.. .

Explain how fuel is conserved b the use of a roll program.
51111!3 S T;/I1 IE - 5''1() RTcte t;J l~TV /fIVe ~

What is the purpose of the pitc h program?
;j EIll.i> /»DWN RAN&e:

Why is the first portion of the missile flight programmed?
-SIJll.1Plcl? bV1C>AIJC-£ .

Why IS it impossible to program the entire powered portion
of flight? -rOO- MA tJ'I V tV I"?EPIC TAeu.;-..s

b.

c.

d.

e.

f.

g. When does the guidance system assume control of a missile?
/+T 13A1;) 01= F'ROG- ~tVt~O I~r (10""

What is the advantage of the application of a ballistic t r a iectory
to aroissile flight? IVIvCJ..l L-eSS FilEt- R£3 t!lt'C'EQ

h.

i. What commands does the gui.dance system o.riginate?
CD/? tie.,-'''' II\) c..ovte(e.. AN£) r/J///V';:; CV/

N 0 PIf.e4~M
Why oes the guidance system not originate roll steering
signals? /I! 0 IV (~ E p p-olf r

j.

k. How does the guidance s y st.err» control the direction of
missile velocity? 5ft:e/~I/V&

1. How does the guidance system control the magnitude of
rn is si.le velocity? f!: ~ 0

m. What is correlated velocity? IJ
Ve~oclly OF o exee« At..oftlC-- BrtLl-lSnC 7-~Pr-rea.1"C)~r

At what point along the missile trajectory is correlated velocity
achieved? E C 0

n.

20
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o. How is the magnitude of correlated veloc ity related to:

(1) Range 1
PHt.SCII...Y Pf.'o o· n./;

(2) Altitude

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

5A oe: PI,.)(£ L V--TIIVl s:. AN /J 5T"KE ~S

"j,

q.

PRE D (cIA f5J..E5

Why is throwout velocity the greatest at the equator?
E? l5""'~v~ STffE D fA MIFTE$ /)?ON&-

o7f\ .,? 0 II.) . Lrt ft:' e:,. c:
r. State how Coriolis force is affected by:

(1) Missile velocity PII<Ec rLy I:;;>~OP

(2) Latitude

(3) Longitude;V?> CFF f: ;-

, s. Define target's predicted position: TilE Pt')'$/17 tJ N T tIe
., A Ie E'T Ai b'JV'D of:' FJ..I 14r

t, What two variables affect the target's predicted position?
.1. L,err:
'/. ;1 A1 IE: o t. I H r:

21
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u. Name three mis sile flight variables that cannot be ace urate1y
predicted.

(1) W -A 'f n-J:' r LA tJ II

-rH RUSt v'~~ t 11crJ 5
(2)

tH tJ '-;;7 C 11/1 t\ff1" vrt tt c 5
I rJ D l II I Ol.n~L.(3)

22
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!

, DAY 43 B !
POSITION AND'RATE SENSORS'

,OBJECTIVE

To become familiar with gyro components and operation.

'PROCEDURES,

1.
of Figure 1.

----
I '

if .,
! ',I

II,

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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c. Outer Gimbal or Hou s irig.,~~~~~~~~---------------------------
d. Torque Microsyn --------------------------------------------~------
e. Signal Microsyn ----------------------------------~~----------------

4. Answer the following summary question's":

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 fl.

f. How doe s 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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h. Explain how the rate gyros detect rate of movement.

i. How are the rate gyros "nulled" or "erected"?

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

25
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Missile Launch/Missile Officer
\1issile Fundamentals Branch
Jepartment of Missile Training

~Sheppard Air Force Base, Texas
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Student Workbook

12 January 1962

DAY 44 AND 45

THE FLIGHT CONTROL SYSTEM

OBJECTIVE

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

2. To familiarize you with location and ope r at ion 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 ;air,,; placement and current flow by
using arrows.

c. Show all DC SIGNALS by blue dashes wi th 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.

f. Trace a guidance pitch command signal by us ing a brown pencil
to indicate signal path.

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

3. Figure 3

a. Identify components

b. Color all 3000 PSI hydra ulic 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 area's of 3000 PSI red.

c. Color all hydraulic return areasb1ue.

d. Color all pneumatic pressure areas orange.

5. Use Figure 5

a. At direction of instructor trace signal flow through the differential
bridge network.
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6. Answer the following questions after ob se r vi ng the operation of the
flight control s ys tern. '. r 'l'

a. The DC signal from the fli~4..L<;.Q..nJ;.;t:Q,ll1U:goes to what unit?
5F(:LlO UAl-VrE. '.. u

What is the purpose of the differen~l/' bJidge ne twork?9J I pp I -rc.ri- ...;,fe,,, fp,../.., ::> ' , 6;'IV It {,.., 1"-' {/ IE'
Wha.t ceff'ec t will the differential bridge have on the main
engine movement? ;V~N f? .

b.

c.

d. What does the-liftoff switch energize?
f R o "repy· Nt /Visf: ,

Explain the nose cone release sequence.
I, P({SfJ'RM 61A1' A fr3 LE£
2.. .tv1 E"" €.;; 0 "I

3 ~41Vle,S 16~J,

'1 fR.:'''E;T}e. 0 S " 1~6-J

Where is the programmer Ioc a te d.?
FL I~H'I COpt/r~~t:l-

What signals does the pr og r arnrn ee allow?
\ 6 /Zt)'t.1... ~, P 11C'~' lI,eo ,..----:--
z, '-/)'-/V (2 t-lA,IVG:F
3.G- In 0AN e e: E I'V it iJ; L-E
Il.. PIf i; 6·tel4 ft4. (3/!j AI!; LE'

How areJprog,r~mmer co._ mand ligna,Is termi1)ilted?
. t.~ 4::t:~,~~r-

rr-«

e.

p

g.

h.

i. What determines the magnitude of the pitch program current?t r.;S-IsrPIe- .
What happens to the guidance signals while the programmer is
controlling mis sileJfiljgh't? J TiJ «e p /11/ C!)I-1P UTE€,

k. What is the purpose or func tion of the microsyn signal
gen.:-=~? ~ ccH IV1 {)Vr; cLJ5 Sf 6!-MAt...:.

'DE.f'f!:e,T ,ftIM4 IIAIr ..r P I f?Fe 71t)A/ () F G.'{Z-)I 0
P ffFe.C"SS.U)I(.J

1. What is the purpose of the spring restrainer in the rate gyro?
£!it::J£F~ <5 fJlo p;f£.~5'r~rt/
.BRING,BIICI( 70 2l3:tf6 ..
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.,

m. Do the position (~~lYI"OS have a critical temperature f'er
operation? Why? ,E'5 ~ floor? I. L.U"8e:-

n. What is the functioI)..of~the micros nJ-or ue generator?. Co 1\I"f ( 0.... ~! u-- W"f'yt"....,.,... 0 '.:

i
o. How many AC amplifiers are in the flight control circ uitry?

to
p. The output signal of the demodulator feeds into what part of the

flight control system? So M 1 ~ ~ ?"6 IJET'

What is th,2:;:-purpose of the engine feedback potentiometers?
I, P~-,eMII bfVCfNE To 57lf Ar 11lIff3I!JIIEfJIA E
2. t\erv« fV E NG I /lirE 1'0 '*l C ._-0 <PO'SI 7( ~AJ

Why is the hydraulic powe r-pae k sealed?
;'It 0).----

s. Wha t is the purpose of the feedback beam in the servo valve?
C 6wt~ R \ 1""

q.

r.

t. Where is hydraulic pres sure obtained after main engine c utoH?
f1c C VI'" V J...AT0it
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Mi sisilel La l,uHtkhMi sisi1el.;Offf6e:r_::
Missile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base, Te~as

OBR1821B/ 3121- 3- III-7 - P2
Student Workbook

12 January 1962

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 condi tion.

1. Prepare the equipment for use.

a. Insure that all switches on the power control, gi.mbal control,
and programmer panels in the missile checkout -s tat ion are in
the down position.

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

c. 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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o f. 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 a utop il ot 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 ma y result if this caution is
not strictly observed.

i. 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 cir oui tt 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.
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OPERATION

a. Place the POWER TRAILER
switch in the ON position.

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

c. Press the 115 Volt, 600A
pushbutton •

.d. Press the 115 Volt. 600B
pu shbu tton,

e. Press the 115 Volt, 60 0C
pushbutton.

f. Observe the 60 CPS
PHASE SEQUENCE lamps.

g. Press the 28 Volt DC
MISSILE pushbutton.

h. Press the 28 Volt DC
INVER T ER pushbutton.

i. Press the EXTERNAL
115 Volt 0A pushbutton.

j. Press the 28 Volt DC
GUIDANCE pushbutton.

OBR1821B/ 3121- 3- III-7- P2

INDICATION

a. POWER TRAILER light

b. POWER CONTROL Light

c .. The NULLMETER indicates

d. The NULLMETER indicates

.. e. The NULLMETER indicates

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

g. The NULLME TER indicate s

h. The NULLMETER indicates

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

j. The NULLMETER indicates
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-1- OPERATION INDICATION

k. Press the EXTERNAL 115 k. The volts AC, RMS
Volt 0B pushbutton. me ter indicate s

volts. The FREQUENCY
CYCLES PER SECOND
me ter indicates

l. Press the EXTERNAL 115 l. The volts AC, RMS meter
Volt sc pushbutton. indicates

volts. The FREQUENC Y
CYCLES PER SECOND
meter indicates

m. Observe the 400 CPS m. They glow BRIGHT AND
PHASE SEQUENCE lights. DIM according' to placard-

ing. Ne itlre r light is aut.

'CAUTION

The plates and spin-motor circuits within the
flight controller (CEA) must not be continuously
energized for periods greater than 90 minutes.
Each operating pieriQd·.n1lilsLbJhfollowen hy-:.a .•.~.'-
cooling. off interval equal to at least one-half the
operating time, before the circuits are re-
energized.

n. Place the CEA FILAMENTS
and HEATERS switch in the
ON position.

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) gCID

initially with the HIGH
heat light, then con-
tinue to rec yc Ie,
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Allow LOW heat lights to c yc1e twice before
proceeding with checkout.

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

p. Place the CONTROL
ELEC TRONICS
ASSEMB L Y POWER
switch in the ON position.

o. Light -------------------

p. .CONTROL ELECTRONICS
ASSEMBLY POWER light

3. Complete the voltage check with the Power Checkout Panel.

OPERATION

a. Press the EXTERNAL
115 Volt '/JApushbutton.

b. Press the EXTERNAL 115
Volt '/JB pushbutton.

c. Press the EXTERNAL 115
Volt '/JCpushbutton.

d. Press the 115 volt REF
pushbutton.

e. Press the NULL REF
CHECK pushbutton.

f.. Press the RATE 27 Volt
pushbutton.

INDICATION

a. .Refer back to steps 2i, 2k,
and 21 under POWER SUP-
PLY CHECKS for proper
readings.

b. As above.

c. As above.

d. Same as '/JA (step a. this
procedure)

e. The NULLMETER indicates

f. The NULLMETER indicates
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g. Press::HIG 5 Volt push-
button.

g. The NULLMETER indicates

h. Press the:DC AMPLIFIER
330 Volt pushbutton.

h. The NULLMETER indicates

i. Press the DC AMPLIFIER
165 Volt pushbutton.

i, The NULLMETER.i.indicates

-
j. Press the POT 50 Volt

pushbutton.
j. The NULLMETER indicates

k. Press the POWER"SiUPPIJY
BALANCK.1pushol!lttGltr~':.I..

k. The NULLMETER indicates

1. Press the DEMODULA TOR
REF 80 Volt pushbutton.

1. The NULLMETER indicates

4. Complete the buzz voltage check by using the Signal Monitor panel.

WARNING

Make certain that all personnel are clear of the missile
engines before applying hydraulic power to the flight control
system. Serious injury may result to personnel struck
by a gimbaling engine.

OPERATION

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

a. The HYDRA ULICS

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

b. In approximately 30 seconds,
they light in the sequence:

c. Observe the SYSTEM
PRESSURE.

c. The gauge indicates -----
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OPERATION INDICATION

d. Observe the LEFT VER- d. The v 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.

e. Press the BUZZ MAIN e. Meter indicates
YAW pushbutton.

£. Press the MAIN PITCH f. Meter indicates
BUZZ pushbutton.

g. Press the BUZZ YAW g. Meter indicates
VERNIER LEFT push-
button.

h. Press the BUZZ YAW
VERNIER RIGHT push-
button.

h. Meter indicates

5. 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
switch in the SLEW position
for approximately three (3)
seconds while observing the
MAIN PITCH gimbal position
meter.

a. Meter needle indicates

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

c. Repeat step Sa, observing
the MAIN YAW gimbal posi-
tion meter and RECENTER
lamp.

c. Meter needle ------
Recenter lamp ------

d. Step 5c repeated for left
and right vernier yaw
gimbal.

d. Indications same as for,
main yaw gimbal in step
5c.

6. Complete the flight controller checkout by using the Gimba.l
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 befo r e 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 a.pproximately 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 te st.

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

a. Obs e r ve cthe YAW CONTROL
FIELD meter.

b. Observe the PITCH CONTROL
FIELD meter.

c. Ob se rwe tthe ROLL CONTROL
FIELD meter.

d.' Observe the YAW LEFT
VERNIER meter.

e. Observe the ff.AW RJiGN.~rr:1i':.r
VrEJRi]\J'JERmete r,

f. Observe the YAW MAIN
meter.

g. Observe the PITCH/ROLL
LEFT VERNIER meter,

h. Observe the PITCH/ROLL
RIGHT VERNIER meter.

i. Observe the .pI~CH MAIN
meter.

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

k. Press the YAW BIG DEMODU:-
LA Tolf pushbutton and observe
GYRO meter.

1. Obs.errve the rna inaand vernier
engines.

OBR1821B/ 3121- 3- III-,7 - P2

INDICATION

a. Needle deflects.: ------

b. Meter indicates ------

c, Me te rii.nd ic at e s--:------

d. Meter indicate s

e. Meter needle deflects e

f. Meter needle deflects

g. Meter indicates ~----

h. Meter indicates -----

i. Meter indicates

j. ) Meter needle. deflects

k. Meter ne edle deflects ---

1. The main and rr ight vernier
are gimbaled -------The left vernier engine is
gimbaled -------------

45

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



OBRl82lB/ 3l2l-3-III-7 -P2

m. Pl ac e cthe HIG GYRO INPUT
switch in the CAGE position
and return to SLEW after
appr:oximately 30 seconds.
This is to insure that all the
meter s return to their neutral
"positions.

m. The meter positions are __

YAW SLEW LEFT TEST

This test is accomplished in the same manner as the YAW Slew Right
test. T'h.e.iorrly difference being that the reading and engine movement will be
opposite. At cthi s 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.

7. Complete thejp r og r arnrne r check by using the Programmer Panel

OPERATION -r INDICA TION

a. Observe the START POSI-
TION light.

Light ----------------------

b. Press the TARGET 1 push-
button. Place the TARGET
DESIGNA TE switch in theON
position and release it. Observe
the TARGET 1 and the RANGE
lights.

b. . The TARGET 1

Either the LONG or SHORT
RANGE---------------------
Normally the LONG RANGE
is set on target 1.
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c. Press the FORWARD DRIVE
MOTOR pushbutton. Check that
the indications presented by the
CONTROL FIELD and GIMBAL
POSITION Meters correspond
as rr equi r ed 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

Firs t Pitch Program 11

Second Pitch Program 30

Third Pitch Program 60

Fourth Pitch Program 83

Pitch Program End 100

Rever se (Programme r
time reverses). 180

Stop (Programmer time 0
stops. 360 seconds total
elapsed time. )
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c. Refer to the chart presented
below.

ROLL

See note
following
step b.

Centered

PITCH
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OPERATION INDICATION

d. Steps 7b and 7c repeated
for programmer check,
target 2.

d. Indications same as in
steps 7b and 7c except
indications are for
target 2.

8. Complete the sensing test of the Flight Controller

OPERATION INDICATION

a. Place the HYDRAULICS switch
in the OFF position.

a. HYDRA ULICS ON light

CAUTION

Do not perform step "Bb!' below until the engines
have dropped to their normal positions. (Approxi-
mately 30 to 40 seconds).

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

b. CONTROL ELECTRONICS
ASSEMBL Y POWER light

c. Place the CONTROL ELEC-
TRONICS ASSEMBLY switch
in the ON position.

c. CONTROL ELECTRONICsl
ASSEMBL Y POWER light

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 rnus t 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 axi-s and direction
requested by the operator.
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d. 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.

e. 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.

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

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

OBRI821B/3121-3-III-7-P2

d. The GYRO meter needle

f. Indications sarrie as in
step 8d except indications
are for pitch and r ol.l,

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 prog rammer during checkout?
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Missile Launch/ Missile Officer
Mi s s ile Fundamentals Br anch
Department of Missile Training
Sheppard Air Force Base, Texas

OBR1821B/ 3121- 3- 8- PIA
Student Workbook

(Supplementary Questions)
12 January 1962

INER TIAL GUIDANCE STABILIZATION

OBJECTIVE

To become familiar with inertial guidance system components.

PROCEDURE

1. Answer the following ques tions:

a. Explain how the stable platform maintains its orientation when
there is a missile movement. JV1oroes G IM&.E

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

Sf Ze -+ WE,~H-T

c. What would result if the platform .failed to maintain its orientation
for a short duration of flight?

-r-h #('). Pf\r5liRNl£lt;1lffL ~ M (55
1111«irtr

d. What effect does missile movement have on the computational
ax is orientation? /Ij DNE

e. How many gimbals rn us t be used to mount a stable platform?

TIf«EE
f. What is the minimum number of two degree of freedom gyros

necessary for platform stabilization?

,wO
g. What three points de te r mirie the reference pla.ne?

ft. P, . i; P. C D e.
51

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



OBR1821B/ 3121- 3-8-PIA

h. What is the horizontal plane?

1'(11\1'£\ ,trr L. &I R
1. What is the purpose of the horizontal and reference planes?

Pf\OVIO£ AX/5 ':0((, £Lc 4 !1Z/t1ViH
PcF

Whed does the rni s sile leave the reference plane?
T L.AvvC t-tj.

k. How is the reference plane determined?
£L6Tlfo TIiF-oOOLITG.

1. How is the horizontal plane determined?

ve~, S~IJSJrJ& DEV'LE.

rn, Why are the reference and horizontal plane s earth oriented
prior to launch? C=ASIE (ONCA ,-H)

n. How many axis of freedom doe s the vertical sensing element
have? TWO

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

l. 'NOT V E~ I

1. PLAT'FO.eM l $Nt r;vt:.L
p. Why,;must apparent precession be compensated for prior to

launch? j..fJ5~ OJ=' OR'\ENTAIH)N
fJ>NIJLl... POStT/ONS LO~-r

2. Use Figure 1

j.
t

a. At the direction of the instructor trace signal flow throughout
stabilization loops.
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Missile Launch/Missile Officer
Mis sile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base, Texas

OBRI821B/ 3121- 3-III- 9- PI
Student Workbook
12 January 1962

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 note s taken incclas s.

a. What information is tobta ined 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 tr an sporid er 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 s-ingle antenna system?

i. Why is a reflected radar signal not. used to obtain mis-sile
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 ine r-tiaagui dance sys-tem.
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Missile Launch/ Missile Officer
Missile Fundamentals Branch
Department of Missile Training
Sheppard Air Force Base, Texas

OBR182lB/ 3121- 3- III-lO- PI
Student Workbook

12 January 1962

DAY 49

POWER GENERATION AND DISTRIBUTION

OBJECTIVE

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

PROCEDURE

1. Figures 1 & 2

a. Write in the name s of units in the appropriate blocks.

2. Que s tions

a. Answer questions following figures as thoroughly as possible.
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Fill in blocks with proper nomenclatures listed below: .~

~ J

Logics
Elevating/ Ez-ec ting

\Transformer/Rectifier
.Alr Conditioning
\ . . '

Control Circuitry
Sequencing
Secondary Switchgear
Hydraulics

Che ckout
Signal Responders
Motor Generator'
Relays, Warning Lites

Figure 1 - Theoretical Missile Emplacement Power Distribution
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Primary Switchgear
EXciter
Fuel "
Secondary Switchgear

Fill in blank s with nomenclatures listed

,., z,

~ .'

....,:,

Diesel Engine
Cornrner cfal Power
Generator or Alternator,
Start Systern

Figure 2 - Theoretical Power Generation System
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QUESTIONS:

a. What unit in the power generation area distributes powe r to each
launch pad? PR(M ,~y ~Wt ('t @~fI

b, Why are three phase generators used in the missile field?

(1) l\ G;{t1"t.=

(2) ell sv TO \ (Sc-rr I F{
(3) E~F(c.\Nr

c. Explain how 120 VAC and 208 'ytACare obtained f'r-orn the same
source. T~K'f ot« ONe t..t &r:

lAKE osi- TWO J.-t-6>'?

d. How is single phase obtained from a three phase generator?

e. How is 6i) CPS obtained from an erig ine Z generator operating at a.
slower sp eed than 60 cycles per second?

INeRt-AS[ NIJM'af o~ ~o~~S

f. Using the formula:

\q .~~,t
\ .

How many pol e.s are necessary in a .genea-ato'r to obta'in ·60 cycles
with the engine operating at 400 rpm.?

Nr, of poles = 2X freque.Ilcy X 60
rpm

g. Why is a constant frequency required?

h. What ~etho~is used for producing 400 cycle AC?

rV\ 01 0 t( c.:, f
i. When two AC generators are connected to one system, why must

,they be paralleled?
.l- £ G' J l 7;_ 0
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j. What are three ways to change the voltage output of a generator?

(1) IZqM
(2) F\ f I.. \) SItE.
(3) POl~)

k. Why are high voltages used to carry electricity over long distances?
LtS~ f70W" J..V;')
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Missile Launch/ Mis sile Officer
Missile Fundamental Branch
Department of Missile Training

~ Sheppard Air Force Base, Texas

OBR182lB/ 3121- 3-III-13- PI
Student Workbook

12 January 1962

DAYS 52 AND 53

LAUNCH CONTROL AND COUNTDOWN

OBJECTIVE

To familiarize you with amis sile countdown and launch control.

PROCEDURE

1. Listed below are the phases of an SM-65D countdown. Fill in
informa tion 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
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d. Hydraulics

e. Flight Control and Re- en'tr y V,ehide

f. Fuel

g. Liquid Oxygen

h. Commit

2. Answer the following que st ion s:

a. When doe s the LCO take control of the countdown?
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b. When during the countdown does the LeO verify target
information?

" ". '

c. What is the func ti.orr.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 "z-eady condi tion!',

h. How do we monitor the weapon system in the ready condition?

i. Generally, what determines the start of the licommitll 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?

1. What is the purpos e of the Launch Sequencer?

(

{ /

~/

_._,,----

\
\
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