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LAUNCH CONTROL SYSTEM AND EQUIPMENT

OBJECTIVE

To familiarize the student-with the purpose, location, and construction of the
launch control 'equipment. , l )

INTRODUCTION

The primary purpos~ .of the launch control system is to monitor, control, and
provide raprd sequencing of the subsystems required for the "F" silo missile
launch. It is designed to do this at the fastest r-arer pos s ibl e with the highest
degree of success.

" ..
The countdown is initiated at the launch control console, and if necessary, a hold
is permitted at the !Iread.:y:'for~commit" portion of the countdown for a period of
one hour. There isn it any arbitrary hold point except by delaying the start of the
commit sequence" wh.i.ch: is that portion of the countdown where the final prepara-
tion for launch is enabled.

EQUIPMENT IDENTIFICATION

Main items of Launch Control Equipment:

. 1,

LOCATION

.1 LCe
Level 3
Level 3
L/P
Level 3
Level 3
Level 3

b A

ITEM

1. Launch Control Console
2. Relay Logic Units
3. Launch Signal Responders
4. Umbilical Junction Box
5. AC-Power Distribution Box
6. DC-Power Distribution Box
7. Emergency Battery
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EQUIPMENT DESCRIPTION AND FUNCTION

The following is a general description of the launch control equipment. A more
detailed discussion is presented later.

Launch Control Console

The launch control console is the only console used in lauoching the missile. It
has several functional groups of indicators which provide information that cannot
be incorporated in the countdown sequence display. This information is necessary
for the safety of the missile and for support of required decisions. The console
is designed for operation by one man. It is composed of 13 areas called Panels.
They are:

Panels

l. Select Target Panel

2. Timer Panel

3. Gage Pressure Panel

4. Power and Sensing Panel

5. Standby Status Panel

6. Countdown Ready Panel

7. (4) Countdown Panels

8. Abort Panel

9. Ready State Panel

10. Commit Panel

II. Test Panel

12. Communication System Panel

13. Public Address System Panel

2

Color of Indicators

Amber, Green

White

Red, Green

Arnbe r , Red

Red, Green

Red, _Green

Amber, Green

Amber, Green

(Amber, Red) & (Arnbe r j Gr-e en}

White

White
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Within each area are lights, or switches, which denote the condition or status of
a particular missile. Two color indicators are used throughout, although in some
cases both colors are not used, The basic color combinations are amber / green,
green/red, and amber/redo

Each indicator is capable of displaying two lines of 14 letters and spaces each.
The bulbs are replaced from the front of the panel without the use of special tools.
Lamp test is by means of two master lamp test pushbuttons labeled "Lamp Test 1"
and La.rnpt Test 2". These buttons activate a pair of lamp busses which are
coupled to the bulbs by means of diodes mounted within the indicators. The bulbs
are identified by the numbers "lit and "2", and if an indicator does not have a re-
sponse to "Lamp Test!" then the "1" bulb shoud be replaced. Color coding re-
quirements for lamp test are thus avoided. The same indicator arrangement is
employed on the logic units.

The more important functions of the launch console are as follows:

L The selection of either target A or B.

2. The insertion of down and cross range guidance corrections.

3. The monitoring of the subsystems required for launch.

4. The monitoring and control of missile pressurization.

o

5. The initiation of the countdown sequence.

6. The initiation of the commit sequence.

7. The initiation of the abort sequence.

8. A display of the countdown sequence.

9. A display of the commit sequence.

10. A display of the abort sequence.

The launch control console is located on level two of the launch control center.

3
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Logic Units #1 and #2 Location: Level 3

Each logic unit contains the necessary electronic and electrical circuitry to
monitor and control all missileborne and ground support subsystems during
both standby and countdown.

The sequencing of subsystems and components are controlled by the logic
unit which in turn receives responses from these subsystems. These re-
sponses .a r e interlocked in the logic unit as required and displayed on the
front panels to provide information for fault isolation and local control opera-
tions,

Launch Signal Responder Location: Level 3

The prime purpose of the Launch Signal Responder (LSR) is to check the
proper operation of the logic units and launch control console'. Other uses
of the LSR may include exercising the logic units between missile rotation
periods and exercising the launch crew,

For the above operations the LSR will simulate all the ground support and
missileborne equipment; however, only to such an extent as to ful Ii Il its
prime purpose, that of checking the logic units.

The LSR's are capable of simulating a countdown that for all practical pur-
poses is true in sequence and time.

The LSR's are checked out by its associated self-test panels when the launch
control system is in the standby mode.

DC Power Supply & Distribution Unit Location: Level 3
(

This unit contains a 28 volt, 600 ampere transformer rectifier power supply,
power distribution bus se s , emergency battery ampere-hour monitor and re-
lays for umbilical ejection power. The rectifier bus and the emergency bat-
tery tie directly into the standby bus.

4
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Emergency Battery Location: Level 3

The emergency battery consists of 21 cells, each of 240 ampere-hour capacity.
The battery is used to supply DC power for shutdown of the missile systems if
the normal 28V DC power supply fails. The battery must be connected before
a countdown can be initiated.

400 CPS Power Supply (AF type MD-2) Location: Level 3

This unit is a 10 KW, 120/208 volt, 400 CPS output, synchronous drive
motor-generator. It supplies 400CPS power to the AC power distribution
box for distrib ution to the various 400 CPS loads. It is monitored by sensors
in drawer A29 of the relay logic unit #2.

AC Power Distribution Box Location: Level 3

This unit contains 'relays and receptacles for distribution of 400 CPS power
to missileborne and ground loads. It also supplies 60 CPS power to the
missile-borne heaters during standby, countdown, and checkout. Another
function it performs is that of monitoring the SPGG heaters.

Other launch control items of importance include cable kits, j unction boxes, inter-
face connections, and 'missile ground power system.

Cabling:

"

The Launch Control System has been developed with a minimum number of
pieces of equipment which are directly interconnected by cables. Cable dis-
tribution units and power distribution units are not utilized because they
would be purely static equipment and would contribute nothing to a tactical
system once the design is firmed. Hence the system is composed solely of
active equipment and a pre-established set of cables.

All the subsystems interconnection functions that previously have been ac-
complished by jumpers in cable distribution units are accomplished by fixed
harness connections within the two logic units. This means that the factory

5
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acceptance pr ocedrrr e also tests the subsystem signal interchanges. Site
electrical aGE installation and activation then consists only of installing the
cable kit, setting the aGE in place, mating the conne cto r s ; and running vali-
dation te s ts.

The validation tests consists of running a simulated countdown into the launch
signal responder (LSR). and verifying by each subsystems local (Manual) con-
trols at the logic units. that their proper subsystem end components are con-
trolled.

The launch control equipment is directly interconnected to other aGE. the
missile. the fac il ity , the inertial guidance and re -entry vehicle ground con-
trol equipment by cable kits consisting of about lOO cables. These cable
kits handle all functions including power. sequencing controls. checkout pro-
visions. and equipment grounding. but excludes the umbilical and communi-
cation cables.

The majority of the cables utilize connectors on both ends. Terminals are
employed where existing aGE or facility designs employ them. Terminals
are also used in the DC negative power return busses and in the equipment
grounding due to amperage and resistance requirements.

Umbilical Junction Box

The umbilical junction box is located on the launch platform directly below
the flame bucket. The box contains the ARMA amplifier fidelity link which
is cooled by air from the pod cooling unit.

The umbilical junction box provides means to accomplish the following:

1. For standby and countdown. connect the aGE to the missile.

2. For LSR mode, disconnect the missile and tie in the LSR to the
logic units.

3. For checkout mode, tie the checkout trailer (MAPCHE) through
the umbilical cables to the missile and provide AC and DC power
to the missile from the missile power control unit. checkout.

6
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The junction box accomplishes the above by acting as a termination point for
the following cables:

1. Cable
tions
box.

Kit, Missile Umbilical. This kit provides electrical connec-
from the missileborne subsystems to the OGE via the junction
The kit contains the following cables:

a. Guidance Signal

b. Guidance Power

c. Propulsion Booster

d. Autopilot

e. Static Ground

f. Missile Power and plU

g. Propulsion and plu

2. Cable Kit, Mis sil,e Umbilical. This kit consists of cables connecting
the various units on the launch platform to each other and to the um-
bilical j unction box.

3. Cable Kit, Lip Umbilical Loop. This kit consists of cables connect-
ing OGE to the missile and launch platform equipment via the umbil-
ical j unction box.

Checkout Cable Junction Box

This unit is located next to the umbilical junction box. The unit (commonly
referred to as the MAPCHE stub-up box) provides an interface for the
MAPCHE trailer. tying the trailer to the umbilical junction box.

Crib Cable Kit

This kit connects the various OGE items on the crib in the missile silo to
each other, and to the facility items.

7
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LCC/Crib Interconnecting Cable Kit

This kit connects OGE items in the launch control center to the OGE on the
crib in the missile silo via the interconnecting LCC/Crib tunnel.

_ Launch Control /OGE /Missile Interface Connections

The silo launch control system is electrically connected to, and controls and/ ,",'
or monitors the following units:

1. Facility Items

2. IRSS Console (GFE) (OSTF-2 and 65-T2 only)

3. Re-Entry Vehicle

4. R/V Prelaunch Monitor andELEC. simulator CAB.

5. Countdown cabinets lAl and 2A2 (ARMA)

6. Alignment Group 2AI and 2A2 (ARMA)

7. TSC Cabinet (ARMA) (OSTF- 2 only)

8~ TSC Amplifier (ARMA) (OSTF-Z. only)

9. Pres surization Control Unit

10. Pneumatic Distribution Unit

11. Hydraulic Pumping Unit

12. Helium Charge Unit

13. Pod Air Conditioner

14. Launch Platform

8
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15. Launcher'

16. Missile

17. MAPCHE'Trailer'

18. Pneumatic C/O Trailer

19. ARMA Fidelity Link Amplifier (In Umbilical Junction Box)

Block Diagram (:figure 1) of the launch control system in Tactical (Standby Mode)

FACILITY
INTERF ACE t-----_~

CABINET

LSR
- -1--

LOGIC
UNIT

1

LAUNCH
CONTROL
CONSOLE

MISSILE
LSR

2
LOGIC
UNIT

2
HPU
PLM
C/D Group,
etc.

, F'ig ur e 1

9

Non-Ess.
MCC

FUEL
LOX
LN~/He
PCU
HCU
PDU

TSHB
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Note that in the block diagram, signal flow to the OGE is via the LSR's.
Signals to the missile are via the umbilical junction box directly from the
logic units.

Block Diagram (Figure 2) of the launch control system in the Responder Mod e-.

..
LOGIC LSR
UNIT 1

1

LAUNCH
CONTROL
CONSOLE

LOGIC LSR
UNIT 2

2

Figure 2

In the responder mode, the LSR's simulate end items such as the HPU and
missile inverter, and return responses to the Logic Units.

SUMMARY

The silo launch control equipment is designed to permit a signal operator
to countdown and launch the missile. The countdown is based upon a strictly I

tactical situation. The launch. control presents only the summary displays
required to launch the missile and to provide the state of the countdown or
standby condition. Detailed breakdown of the console displays is contained
on the front panels of the logic units.

The sequencing of subsystems and components are controlled by the logic
units which in turn monitor the processes of missile borne and AGE sub-
systems.

10

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.homestead.com



OZR1821B /3121B-4-IV-2

The launch signal responders 'are used to check the proper operation of the
logic units and launch control console.

QUESTIONS

1. What is the purpose of the launch control system?

2. List the units of launch control equipment.

3. What units are electrically connected to the launch control system?

4. Where is the launch control console located?

5. What is the prime purpose of the logic units?

6. What is the prime purpose of the signal responders?

7-. Where is the umbilical junction box located?

8. Are any missileborne or AGE subsystems connected to the launch
control equipment during checkout? Explain.

11
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9. What type of displays are presented on the launch control console?

•

12
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ELECTRICAL CIRCUITRY OPERATION

Relays'

A relay is one form of -an electrical switch. The re are four main types
of relays found in the logic units and launch signal responders:

$

c

1. The stand-ard relay.

2. The time delay pickup relay (TDPU).
I

3. The time delay.drop out relay (TDDO).

4. The magnetic latching relay.

The standard relay energizes whenever voltage is 'a.pplied , and de-ener-
gizes when voltage is removed. The mechanical operation is as follows:
(Figure 3)

Step 1.. As sume a source of electrical power is available to a bus:

{' +28 V DC \

BUS.

Step 2. As sume an electrical lead is attached to this bus, and connects
to a relay via a switch.

Point

+28V DC

Switch S-l

B2

",

(~Metal Slug

(
I

Iron Co r e.,

Figure 3

13
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By wrapping a wire several hundred times around an iron core one has
made a basic solenoid. Whenever voltage is applied to the wire, a
magnetic field is created about the iron core, and is strongest at the
poles. If a metal slug were placed near a pole of the solenoid, it would
be attracted by the magnetic field.' By attaching. a spring to the metal
s l ug , when the relay is energized the slug is attracted downward. Wben
the rna gne ti c field collapses, .the spring returns the metal slug. to its
original position. By attaching more electrical leads to the spring wire,
and allowing a movable connection one has a basic standard relay.

"" '\ '\'\ I RELAY
DE-ENERGI ZED .;.

+Z8V DC r 1
...L

::1
AZ

A3

Al

S-I .~--

I SWITCH s-r1Relay CLOSED
KI

-

Figure 4

. The swinger arm that is attached to the spring wire is called AZ, BZ
respectively. Thus AZ and BZ are movable. In Figure 4 A3 and B3
connect to AZ and BZ respectively when switch A-I is open (and the
relay is de-ene rgized). When switch S-l is closed, a magnetic field
is created which results in the swinger arms moving down to connect
to points Al and Bl. Thus when the relay is energized, contacts AI,
AZ are made, and contacts B 1, BZ are made. (while contacts AZ, A3
are broken, and contacts BZ, B3 are broken).

From Figure 4 it is then seen that when switch S-1 is open, a series
circuit is provided through the contacts AZ, A3 to light the "Switch
Closed" light red, and through contacts BZ, B3 to illuminate "Relay
De-ie ne r gize d " green.

14
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When S-l is closed, and the relay is energized, contacts A2, A3 break
and contacts B2,B3 break, while contacts A2, Al make, and contacts
B2, B 1 make. The "Re lay De- energized" light illuminates 'red, the
"Switch Closed" light illuminates green.

~
A standard relay operates essentially in the same manner. However,
instead of just two sets of contacts, they may h~ve as many as six.

~,

In the launch control schematic diagrams, certain symbols are used to
represent relays and contacts. A standard relay is represented by this
symbol:

.~

A set of normally closed cont~cts {aIl relay contacts are
de-energized position) are represented by the symbol:

drawn in the

~ A3.
and normally open contacts by:

A2 I hrr-

Thus, is represented by
A3

and by

Replacing the symbols stated in Figure 4 light circuit:

+28V DC BUS

SWITCH
CLOSED

Figure 5

" c:
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Thus, when relay Kl is energized, both lights will illwninate red.
(Figure 5)

Another im.portant point is that whatev~r is written a10ng the relay, .or the
relay corrta c t s ," when that statem.ent is true. th e relay is energized and the. . .
contacts change position.

EXAMPLE:

R/V
.Prelaunch

Monitor
(Level 3)

A25K8/1
R/V Safe

Relay

A3
A25K8
"R/V

Safe"

Figure 6

In Figure 6, as long as there is a steady 28 volts. DC from. the standby bus
through the PLM, and R/V and back to relay A25K8, the relay is energized
and the R/V Safe Light is extinguished. If the electrical lead to the relay
A25K8 is broken, the relay de-energizes, and its contacts A3, A2 provide a
path to illum.inate the R/V Safe light re d ,

Thus, a,n R/V not safe condition illum.inates the light red. An R/V s.afe con- .
dition keeps the light extinguished.

The second type of relay is the Tim.e Delay Pickup (TDPU). It is "slow to
energize" and fast to de-energize. Its sym.bol is:

O~ ~X~l~ _
. ~TDPul
X~

'to

In Figure 7. when switch S-2 is closed, the tim.er starts tim.ing, 10 seconds
later it picks up (energizes).

16
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B
U
S

o 41
X~K2

10 Se c-=- TDPU
Figure 7

The relay de-energizes immediately whenever S-2 is reopened.

EXAMPLE:
.t;

f28V DC . +28V DC

A15K27
(Chilldown)10 sec TDPU

A15Kl
PNEU

RdYFOr/1~
Ch iIl down

. . A15K27
~o sec

_ TDPU Chilldown

Figure 8

A16K9
LOX Load-===:-

When the pneumatics ready for chilldown relay is energized, (Figure 8)
and if it remains energized, 60 seconds later AlSK27, the 60 second TDPU
relay.energizes, which in turn e~ergizes Al6K9, the "LOX Lo ad" relay.

The third type of relay is the time delay dropout, TDDO. It has two leads,
an Xl and a Y I side:

. Xl Y1 K3
TDDO
3 sec

- -
X2 Y2

The Xl side is always "on", When Y1 receives +28V DC signal the relay
energizes. When the +28V DC signal is removed, the relay de-energizes
3 seconds later. (Figure 9)

17
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The relay is "fast to energize", but slow to "de-energizel'•

EXAMPLE:
I

X· Yl S3

I
SWITCH I'1

D~X2 lY2
K3 - "- -

TDDO K3
3 sec

'3S~TDbo

BUS

F'igur e 9

When S-3 is closed, relay K3 is energized, and the "switch delay" light
illuminates green. When S-3 is re-opened, the relay remains energized
for an additional 3 seconds. Then it de-energizes and the light is extin-
guished. The fourth type of relay is the magnetic latching relay. A mag-
netic latching relay is a pulse relay. It does not require a steady 28 volt
DC signal, just a "bu r s t " or pulse of electricity. Its symbol is:

Its operation is as

cJn 1

I
'L-=-

follows :-

+28V DC +28V DC

--D.A B~

C---
Coil 1 Coil 2

Figure 10

18
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When pushbutton B is depressed, (Figure 10), coil 2 is .energized, which
sets up a magnetic field which repels the permanent magnet, and the arm
!!flips!!. Similarly for IIAII.

I

DIODES

Diodes are used in the launch control system as voltage limiters, and as
current "d ir ec to r s II.

The syrribo I is a standard diode, where

represents IINIItype material, arid <]-
represents ·lIp" type material.

corresponds to

Potential
Barrier

Since "Nil type material is said to have an excess of electrons, and "PII
type a deficiency of electrons, a negative voltage impres sed on the IIN"
type repels the electrons, dec reases the potential barrier, and the diode
conducts. If a positive voltage were impressed at the "Nil wafer, the. two
would attract, the potential barrier would increase, and the diode would
not cond.uct (sufficiently). (Remember, like cha r ge s repel, unlike charges
attrac~. )

The refore in the following circuits, (Figure 11) K2 WILL NOT CONDUCT,
K4 WILL CONDUCT AND WILL ENERGIZE.

Electron flow is always against the arrow in a standard diode. Diodes are
drawn in the electrical schematic in terms of current flow, i. e. from
positive to negative. Therefore in circuit tracing, from the +28V DC
power bus you may go through a diode if you go with the arrow.

19
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+28V DC BU
+.

+28V DC BUS

Neither
Relay

Energizes

Figure 11

Analyze the following light circuit:

II K2
+28 28
V V +28V DC'

DC
Kl

DC--
15 sec

HOldi~
TpDO K4

Circuit

K3 II if2\~f'>',D
")' ,

K3
/ GKi 10 sec TDPU

+
+

or

Either
. Relay

Energi esP

N

Assume the pushbutton has been depressed and released.

Figure 12

20
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QUESTIONS (Refer to Figure 12)

. 1. What is the .function of the diode? J....

2. When will the light illuminate red?
(]JIlS H ev1-<(')rl

3. When will the light illuminate green?
'J D »ec: O--cvtvt-

4. When will the light extin~ish?. a;tvL 1 '5 I~-<- 'f"t ttJ/: "5 (;;L~>C-

21
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LOGIC UNITS

The Logic Units (Figures 89- 92) are located on level 3 in the silo. A logic
unit is a dev ice containing relays J sensors, switches, and indicators to pro-
vide monitor, control and rapid sequencing. Sheet one of blueprints show
light and switch locations and indicate relay locations. The blueprints are
similar to a 'road map' for location purposes.

Construction

Logic units No. 1 and No. 2 are palletized rack type structures. Each logic
unit is equivalent in size and design to four conventional relay rack cabinets and
is capable of containing 24 chassis.

The basic cabinet consists of the chas sis mounting assembly, a transverse
stiffener bulkhead mounting the chas sis electrical receptacles and wiring har-
ness, a light weight housing to cover the harness, air plenums, and a mounting
base. The cooling air is delivered into an air plenum above the chassis mount-
ing assembly, then down through two of the hollow structural walls between the
vertical columns of chassis.

Each logic unit drawer is given the prefix A. Drawer Al through A24 are in
relay logic unit #1. Drawers A25 through A48 are in relay logic unit #2. A 3/4
inch torque nut on the face of each panel is used to secure the drawer to the cab-
inet. Index pins in the cabinet prevent insertion of any drawer except the one to
be utilized. A lever located about half-way in the drawer allows complete removal
of the d r awe r s , Relays in the logic units, are given the prefix 600, such as
600A25K8, indicating drawer A25 (R/V sequencer), the 8th relay. "600" indi-
cates logic unit. The responders are similar, using the prefix 6 O~. As an ex-
ample 609A45K9, a relay in the hydraulics responder. .i

Controls and Indicator's

The following sequencers have remote/local switches: PLCU, FUEL, LOX,
LN2/He, A/P, HYDRAULICS.

On local control, certain functions may be performed such as "transducer

22
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checks", automatic valve operation, etc. On local control, the local power indi-
cator illuminates amber. The pneumatic sequencer has a local/remote switch,
but it is used in conjunction with the 'pod air conditioning. Remote control is a
requirement to start countdown on all sequencers having Local/Remote switches.

.. All but two sequencers have a system in standby indicator which monitors
the subsystem that the sequencer is controlling. For example, the Hydraulics
sequencer SYSTEM IN STANDBY light monitors that the HPU is ready to start
countdown. The exceptions are the countdown and facility sequencers.

The following is a brief description of their functions.

Function of the Individual Logic Unit Sequencers:

1. Logic Unit #1 PLCU (Figure 93) (Drawers AI, A2)

a. Controls loading of fuel during transfer of fuel from catchment tank or
fuel tanking truck.

b. Monitors level of fuel upon initiation of countrfown for a 3 second period,
or during a transducer check prior to the start of countdown.

c. Controls the closing of certain valves during LOX loading, and also
controls the topping of LOX.

2. Fuel Tanking Control (Figures 94, 95) (Drawers A3, A4)

a. Use to transfer fuel from catchment tank or fuel tanking trucks after
missile is lowered in the silo.

b. Fuel is pumped by means of electrically controlled valves controlled
. from the fuel sequencer.

c. Two pair of sensors, one pair at 99.6% and one pair at 100.4% of missile
fuel tank fullness.

(1) When the fuel comes in contact with the 99.6% sensor, the PLCU
signals the Fl valve to close. Opening or closing the Fl switch
will not operate Fl valve once fuel is above 99.6% sensor.
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(2) The 100. 4% sensor sends indication that fuel level is too high.

3. Pneumatic System Control Sequencer ,(Figures 96,97,98) (Drawers A8, A9, AIO)

a. Control PCU valves so that proper pressures are maintained in the missile
during standby. loading, and unloading conditions ..

b. Phase I
(Standby)

c. Phase II
(Propellant
Loading)

d. Phase III
(Flight
Pressure)

12 PSI in Missile fuel tank
4 PSI in Missile LOX tank

63 PSI in Mis sile fuel tank
4 PSI in Missile LOX tank

63 PSI in Missile fuel tank
27 PSI in Missile LOX tank

e. Pod air conditioning is set to Remote Control here.

4. LOX System Control (Figures 99,100) (Drawers A14,Al5,A16)

a. Monitors automatic LOX valves.

b. Controls automatic valves during countdown and commit sequerice to
assure missile with sufficient supply of liquid oxygen;

c, Operates automatic valves in local c.ontrol for checkout purposes.

d. Monitors pressure need for loading LOX.

e. Loading of the LOX storage and topping tanks is accomplished manually
by operating the fill valves (L-7, L-6) which will close automatically
by a float switch when the tank is full.

5. Facilities Sys tern Control (Figure 101) (Drawer A20)

a. Monitors and controls thrust section blower.

b. Monitors and controls non-essential power motor control center.
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c. Monitors if a nuclear blast is detected.

d. Monitors if proper summary commands are received by the C/D sequencer
from the missile lift sequencer and facilities sequencer.

e. Causes blast covers to close upon receipt of "missile lift commit start"
signal.

£. Turns on non-essential power again after "site hard" signal is received.
(Turns off at missile power internal. )

g. Turns heaters off a few seconds after "missile away", and the blast
dampers are re-opened.

h. Turns on and then off the purge flows to remove G02. GN2 fumes before
the silo doors are opened.

6. Missile Lift Sequencer (Figure 102) (Drawer A21)

a. Monitors AMF Logic Racks

b. Controls AMF Logic Racks

7. LN2/Helium System Control (Figure 103) (Drawer A22, A23)

a. Fills missile helium spheres during countdown.

b. Loads LN2 at fast rapid load rate (6 min. ) then at a reduced rate.
(Medium and fine loads. )

c. Monitors and controls the LN2/He transfer system.

d. Vents inflight helium bottles through HCU.

e. Ambient bottle is vented through HCU via the heat exchanger and PDU
after a 2-hour time delay.
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LOGIC UNIT #2

8.- R/v Control (Figure 104) (Drawer A25)

a. Monitors R/v for

(1) Safe condition

(2) Power Available 9

(3) Tactical Condition

b. Controls R/v target selection upon signal from Launch Control officer's
console (via Guidance sequencer).

c. Monitors ..-MK III's Battery Temperature during C/D.

9. Missile Power System Control Sequencer (Figures 105,106 ) (Drawers A26,
A27, A28, A29)

Functions:

a. Control application of Alp heater power.

b. Control application of MGS power.

c. To control and monitor positions of the power changeover switch.

d. To monitor ground AC and DC voltages.

e. Activates missile battery at ata r t of countdown.

f. Starts Missile Inverter 5 minutes after start of countdown, or at
end of LOX Rapid Loading, whichever occurs first.

g. Monitors Missile AC and DC.

h. Initiates Commit Sequence when electrical power has been trans-
ferred to Missile power.
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i. Shuts Inverter off if run 5 minutes without starting the Commit
Sequence.

10. Guidance Control (Figure 107) (Drawer A3l)

a. Monitors Arma CID group which in turn monitors the MGS.

•..
b. Upon receipt of target selection command from console, it selects target

A, or B for the MGS. (Target constants boatds. )

c. Upon command, it generates a signal to "GO AIG" to the MGS, thus upon
return signal that MGSis "on inertial" it enables the engine start command.

d. Commands MGS to go on Memory upon receipt of a signal from the
Facility Sequencer that a nuclear blast has been detected, or Missile
Power Internal during the Commit Sequence.

Ll . Autopilot System Control Sequencer (Figures 108, 109) (Dr awe r s A32, A33,
A34, A35, A36)

a. Monitors Alp Flight Programmer (F Ip).

b. Monitors Alp Heaters (plY rate, displacement gyro fine heaters).

c. Initiates command to arm F Ip in the commit sequence.

d. Controls F Ip on local operation.

e. Monitors Alp gyros for drift during countdown for 90 seconds.

£. Monitors engine position during countdown.

g. Has certain checkout capabilities for the Alp system.

h. Monitors that gyro spin motors are running during countdown.

12. Hydraulic System Control (Figure 110) (Drawer A38)

a. Monitors Hydraulic Pumping Unit
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(1) Valve position

(2) Return pressure in SiB.

(3) Output pressure in countdown.

b. Controls the starting and stopping of the HPU.

c. Has local control for checkout purposes.

d. Extracts 130 cubic inches of hydraulic fluid from Missile Hydraulic
System during the Commit Sequence (at Commit Internal).

13. Engine System Control (Figures 111), 'Dr~w:erA39~ A40)

a. Fires Initiators, Ignitors.

b. Cuts off engines if Missile not away 5 seconds after the Ignition Sta.r t
command is generated.

c. "System Power ON" is the only requirement for this sequencer in
Standby.

14. Countdown System Control (Figure 113) (Drawers A44,A45,A46,A47)

a. Monitors the s.t c System.

b. Controls the s.Ic System.

c. Provides majority of display lights on the console with necessary relay
logic.

d. Contains the countdown clock.

Those chassis or drawer numbers omitted are "spares" or blank chassis,
or do not have any indicators or controls.
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LAUNCH SIGNAL RESPONDER OPERATION

The most important concept associated with the theory of launch signal responders
(Figures 114 - 117) is that of major and minor commands. Before introduction to
the responder operation can be made, a discussion of command signals is neces-
sary.

There ,are two kinds of command signals in the launch control system, and they
are called Major and Minor Commands. Major commands are electrical signals
which initiate in one of the logic unit sequencers and terminate in another. In
the standby mode position of the LSR transfer switches. major commands exist
strictly within the logic units. They do not leave the logic units. In the responder
mode. the major commands still perform their functions within the logic units
but are now enabled to be monitored by major command relays in the LSR's.
Minor commands are electrical signals which leave the logic unit and terminate
at an end item such as a valve, or a motor, or come from the end item to the
logic units.

There are two types ofrnajo r commands:

Major incoming
or

Major outgoing

There are two types of minor commands:

Minor outgoing
or

Minor incoming

Major incoming commands are major commands incoming in a particular sequen-
cer. In the responder mode, all major incoming commands to a particular se-
quencer are monitored by the respective responder in the form of "green" indi-
cators called Major incoming commands. Thus, "Pneumatics ready for Chill-
down" is a major incoming command to the LOX sequencer from the pneumatics
sequencer. Therefore, in the responder mode, the LOX responder will have a
green illumination in a light called "Pneumatics Ready for ChiIl down'", if the
signal is present.
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Major outgoing commands are major commands outgoing from a sequencer
to anobh e r sequencer. 'In the above example, "Pneumatics Ready for Chill-
down" was seen to be a major incoming command to the LOX sequencer,
and by definition. it was a major outgoing command from the pneumatics
sequencer.

Simply, major commands exist between logic unit .s eque nc e r s , outgoing from
one sequencer, incoming to another.

Minor command to end items from a logic unit sequencer are called minor
outgoing commands. Mino r-c ornrnands incoming to a sequencer from end
items are called minor incoming corrirrrarid s ; or responses. The Countdown
and Propellant Level Control Sequencers do not generate minor outgoing'
commands.

SEQUENCER A

-
SEQUENCERB

Ma io r Out.ao in z to B -
MaiorIncoming to A

--:'I"'----v---4

!Minor
nc orni ng

To A Minor Outgoing
From A

END
ITEM

BLOCK DIAGRAM OF MAJOR & MINOR COMMANDS TACTICAL MODE

Figure 13

With respect to sequencer A, (Figure 13), the arrow going to sequencer B
I

represents a major outgoing command from A to B.

The arrow coming to sequencer A from B represents a major incoming com-
mand to A from B.

The arrow going from sequencer A to the end item represents a minor out-
going command from A. The arrow going to sequencer A from the end item
represents a minor incoming (response) command to sequencer A. An end
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item for all practical purposes is a piece of operational ground equipment, or a
missile system, or a component. It is "something" outside of the logic unit.
There are about 82 major incoming command monitored by the launch signal re-
sponders.

In Tactical Mode (Figure 14)

Normally two seconds after the start of countdown when the Alp gyros are started,
the Alp sequencer sends a major outgoing command ca.Iled "Alp ON", which is a
major incoming command to the hydraulics sequencer. !'A/p ON" then leaves the
hydraulic sequencer and becomes a minor outgoing command to start the HPU.
When the HPU reaches its operating pressure of 2000 PSI + or -250 PSI P. S. 49
sends a minor incoming command to the hydraulics sequencer signifying hydrau-
lic pressure is okay. It then becomes a major outgoing command from the hy-
draulic sequencer and a major incoming command to the Alp sequencer where
this signal is used to enable engine position monitoring.

(See Figure 14) In Responder Mode, the "Alp ON" major incoming command is
monitored by the hydraulics responder for being present (in the monitor section).
Also when the "Alp ON" signal leaves the hydraulics sequencer to go to the HPU,
it now instead goes to the simulation section of the hydraulics responder, where
a TDPU relay starts to time out. At the end of 5 seconds it returns the minor
incoming command "Hydraulic pressure" to the hydraulic sequencer. As far as
the hydraulic sequencer is concerned, all it "knows" is that it received a 28V DC
signal from an end item. In this case, the simulation section acts as the end
item (P. S. 49) and sends a response to the hydraulics sequencer. Thus the hy-
draulics sequencer receives a response (either from the end item in tactical mode,
or from the simulation portion of the responder in responder mode) and generates
a major outgoing command to the Alp sequencer.

Thus in the responder mode:

The launch signal responder serves to monitor the major and minor com-
mands of the logic units. and it simulates end item respondes.
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Typical Responder Chassis (Figures 118-153)

The responder is divided basically into two panels:

A self-test panel which is used in the tactical mode to checkout the responder
major and minor command relays. and the internal circuitry. A simulated
countdown panel which is checked out in the self-test mode, but serves its
true function in the responder mode, that of monitoring for the presence of
major and minor commands of the logic unit, and the simulation of end items.

Basic components of the self-test panel:

L Test power switch (applies power for the self-test).

2. Major outgoing command test switch (energizes the responders major
outgoing command relays).

3. Step pushbutton (enables stepping of a test counter).

4. Test Counter (enables stepping of the system counter and shows position
or step of test stepping switch).

5. Test Reset pushbutton (resets the test counter).

6. Stop Reset Pushbutton (de-energizes a stop relay).

7. Fault insertion switches (in responder mode they are used to simulate
faults in the end items).

Basic components of the simulated countdown section:

L System Status light (indicates red for malfunction, green if satisfactory
conditions exist, and is extinguished during certain steps).

2. Major incoming command indicators (illuminate green when the command
is present).
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3. System counter (advances digital readout when the homing relay and ad-
vance relay are energized. Shows position or step of system stepping
switch ).

4. Responder Power switch (applies power to the responder).

5. Ste-pping Switch (a rotary switch with associated wafers and wiper arms).

6. Stepping coil (enables stepping of the stepping switch when the advance
relay is energized and the stop relay is de-energized).

7. Advance command wafer (monitors major incoming and minor commands
by permitting signal flow to the advance relay).

8. Advance relay (energizes when certain major incoming and minor com-
mands are present or absent according to a predetermined matrix).

9. Present Command Wafer (allows monitoring by the minor command fault
relay (TDDO) of the previous path of the advance command wafer).

10. Minor (and major incoming) command fault relay. (A TDDO relay that is
normally energized when there aren't any faults in the step it is monitor-
ing. If a fault occurs, it de-energizes, and its contacts energize a "stop"
relay. )

11. STOP Relay (energizes whenever the commands being monitored are not
in the correct sequence or are not available).

12. Homing Wafer and homing relay (returns all wiper arms to the zero posi-
tion when power is turned off then on again, if the wiper arms are not
already on ze r-o- Also on the zero position of the wafer, it enables the
minor command fault realy (TDDO) to ene rgize).

13. Too Early, Too Late wafers and their respective relays (monitor major
outgoing commands for being either too early or too late).

14. The simulation section receives minor outgoing commands from the
logic unit sequencer and provides a response back to the sequencer.
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15. Lamp test pushbuttons for determing lamp operation.

16. Relay Matrix (a relay tree made up of the contacts of the major incoming
and minor command relays. This "tree" then enables the Advance Com-
mand section to initiate stepping action, and the present command section
to monitor for sequence and relay operation).

LAUNCH CONTROL CHECKOUT

The major "tools" used in analyzing malfunctions of the logic units to a drawer
level are:

L SYSTEM STATUS INDICA TOR LIGHT ("RED" for malfunction).

2. MAJOR INCOMING COMMAND LIGHT (Green indicates command is- pre-
sent. thereby reducing the number of relays to check if a malfunction
occurs ).

3. SYSTEM COUNTER (tells what step should be used to analyze the mal-
functions ).

In actual practice. there are four parts to be considered when a checkout with the
responders is desired. They are:

L A self-test of the LSR's prior to initiating the simulated countdown.
(Performed in "Standby Mode").

2. A check of the light circuitry by means of the lamp test and countdown
responder prior to simulated countdown (performed in "responder mode").

3. An actual simulated countdown in real time with No faults inserted. If a
red light illuminates. this would indicate a malfunction.

4. An actual simulated countdown in real time with faults inserted, and in
this case. if a light stays green when it should illuminate red, it indi-
cates malfunctioning circuitry.
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Let a ,particular logic unit subsystem sequencer be considered. Basically it
generates the following categories of signals:

a. Minor Outgoing Commands.

b. Major Outgoing Commands.

c. Signals for operating lights on the control panel.

It receives major incoming commands, and it receives responses from the end
components. The major incoming commands are the signals which will start
the logic sequence of the sequencer; later on during the countdown cycle the re-
sponses may sometimes initiate such a sequence.

As a result of the logic sequence, the sequencer will generate its outgoing signals.

System Matrix

Keepi ng in mind that the rna.irr.fnnct ion of the Logic Unit is to operate the AGE and
Airborne equipment correctly and in proper sequence, it will be clear that ulti-
mately the minor commands are the main product of the Logic Units. Therefore,
a proper operation of the Logic Units means that the minor commands are generat-
ed correctly and in pr~per sequence during the countdown cycle.

The countdown cycle however, has a permissive progress and the sequencing pro-
gress of the various subsystems in respect to each other may differ from case to
case. and will also depend on the individual settings of certain time delay relays
in eacJl sequencer.

Launch Control Checkout is accomplished primarily by the launch signal respon-
ders. Three functions of the LSR's during checkout are:

1. Checking the minor commands against a preestablished subsystem
matrix.

2. Checking that a step takes place by the correct initiating signal only.
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3. Checking that the major commands are generated at the proper steps only.

The responder monitors the major incoming commands, the major outgoing com-
mands, the minor outgoing commands, and simulates the end item responses.

Minor Command Fault Check

The function of the responder is to check that voltage at the tree branches I,
2, 3, ETC .• of Figure 15 appears correctly, continuously, and in correct se-
quence. For this purpose, a telephone type stepping switching is used. The pre-
sent command Wafer checks on the continuity of a minor command combination by
means of a minor command fault relay, and a time delay relay which drops out if
the voltage disappears for a period exceeding 500 milli-seconds. The advance
command wafer takes care of the stepping procedure of the switch.

Suppose the sequencer is in step 3 of its cycle. In that case the wiper will
be in position 3. The minor command fault relay checks on the continuity of volt-
age from branch 3 of the relay tree. Suppose now the sequencer cycles to step
4. The voltage of branch 3 disappears and will appear at 4. Since point 4 of the
tree is wired to position 3 of the advance command wafer and the stepping switch
is still in position 3, the advance command relay will pick upp energizing the
switch stepping relay, and ultimately resulting in a step of the switch. The minor
command fault relay p which , due to its time delay, remained picked up during the
stepping period, wil1 now be connected to point 4 of the present command wafer,
and will again receive voltage but now from point 4 of the tree.

If a minor command combination appears out of sequence, the stepping swit.ch
will not advance and the minor command fault relay will drop out after 500 milli-
seconds.

Major Outgoing Command Check

A major command generated in the sequencer will ene rgize a major outgoing
command relay in the responder (see Figure 16). The check on these commands
are made with the same stepping switch as used for the minor commands. As
mentioned p eviously, a major outgoing command will be related to a certain step.
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Figure 16 .: Major Outgoing Command Check
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The present design checks that the command does not appear before this step by
means of the "too early" wafer, and that it is generated at the proper step by the
"too late" wafer. As shown in Figure 16 a fault will appear if the "outgoing com-
mand not OK" relay is energized. The duration of a major outgoing command
over a certain number of steps is not checked.

Responder Indications

Three major means are provided to indicate the test status during the re-
sponder checkout operation. They are;

1. The position of the stepping switch is indicated by a pulse counter, which
will show which steps the sequencer has completed.

2. All major incoming commands are displayed by a green light.

3. A responder subsystem status light, which shows:

a. Green if a phase of the countdown is completed by the sequencer.

b. No display if a phase of the countdown is in progress.

c. Red if either the minor command fault relay drops out or one of
the major outgoing command fault relays become energized.

The green indication of the status light is operated from the status wafer of
the s te pping switch.

The red indication is operated indirectly from the individual fault relays,
as these are monitored by the so called "Stop Relay", which locks itself in.
(See Figure 17).

Horning of Responder to Zero Position

Three points are important in relation to responder zero position, they
are:
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L The responder will come back to its zero position if the stepping switch
steps back to its zero position.

2. The return to zero of the stepping switch is accomplished by the homing
wafer of the stepping switch itself.

3. Homing will automatically take place if the responder system power has
been turned off and is turned on again. In that case the homing relay has
dropped out and will not pick up before the stepping switch has returned
to zero. (Refer to Figure 15). The dropped out homing relay connects
the homing wafer to the advance command relay which will result in step-
ping of the stepping switch to its zero position.

Responder Interface Signal

Some sequencers receive responses from processes controlled by other
sequencers. In order to obtain the same effect in the responder checkout mode
(in such cases), a signal is required between the related responders which is
defined as a responder interface signal.

Design Deviation of Responder Subsystems

All but two responder subsystems are built up from the previously described
basic elements. They are the countdown subsystem responder, and the propellant
level subsystem responder. The basic reason for this deviation is that both se-
quencers differ from all other sequencers in that they do not generate minor com-
mands. since they do not operate end components. Both systems produce only
major outgoing commands. which are gene rated by either major incoming commands
or process responses, and do not have a pre-established sequence. Therefore,
neither the countdown nor the propellant level responders have a responder stepping
switch.

The countdown subsystem responder is kept in the most simple possible form
and consists of manually operated switches, simulating incoming commands, and
indication lights showing proper generation of outgoing commands. This respon-
der does not participate in the automatic responder test, but will allow a manual
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check prior to such an automatic test, according to a written procedure. In the
propellant level responder, only a major outgoing command check is made. This
responder has a normal simulation part.

The countdown responder does not have a subsystem test feature. The pro-
pellant level responder has a test stepping switch which performs a gross check
on the proper operation of the relays.

. v

Preparation for Checkout of Responders

See that all ground and airborne systems are in "tactical mode" and in
"standby condition". Next. transfer into "responder mode" using the following
steps:

1. Transfer the missile pressurization from the pneumatic subsystem to an
auxiliary pressurization unit. since the responder mode operation will
interfere with the normal standby pressurization.

2. Turn off subsystem power on all sequencers except re-entry vehicle and
guidance.

3. Switch cables connecting the logic units with the umbilical junction box
(at the junction box end) from the "Standby Mode" to the "Responder
Checkout Mode" connections. (This does not apply to re-entry vehicle
and guidance).

4. Rotate transfer switches in the bottom section of the responder units
from "Standby" to "Responder" mode.

5. Obtain "Launch Enable" signal from Squadron Command Post (if checkout
is to inc1ude a commit sequence).

Countdown Sequencer Pre-Check

Upon completion of the 5 steps under "Preparation for Checkout". the logic
and responder units are ready for a responder checkout operation. The first
part of this will consist of a manual check of the countdown system since this
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responder, as explained before, does not participate in the automatic checkout
procedure. For this check, the subsystem power has to be turned on at the
countdown responder.

Check the sequencer according to a written procedure. The check will con-
sist of manually operating switches in a certain sequence and by observing the in-
dication of certain lights on the front panel of the countdown responder chassis
and Launch Control Console. Upon successful completion of the test, return all
switches to the position they occupied prior to "Preparation for Checkout".

Automatic Checkout Start

To start the automatic checkout, the following steps have to be taken:

1. Turn on responder subsystem power on all responders.

2. Turn on sequencer subsystem power on all sequencers.

All subsystems should now' obtain their "Standby" condition, resulting in green
standby lights on the Launch tontrol Console. This green display for some sub-
systems will be reached via a red one first, which will set off the alarm and re-
quire the actuation of the alarm reset button on the control panel. All responder
status lights shall display green. Each responder system counter shall indicate
the number corresponding with the subsystems final step number for "Standby".

Simul.ace d Countdown

Simulated countdown can be started after completing ,"Automatic Checkout"
and is initiated in the same way as a real countdown, by actuating the "Start
Countdown" button on the Launch Control Console. If all systems operate pro-
perly, the status lights will progress to "Ready" and "Ready for Commit" will
illuminate green. All responder status lights •. which at the start of the count-
down cycle lost their display. shall show green again. Each system counter will
display a pre-established number for each subsystem. In a similar way the "com-
mit" cycle can be completed, and will be initiated also from the control panel.
The responder design also permits an "Abort" cycle, but only from the "Ready for
Commit" and the "Missile Away" points.
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Re-Setting the Responder Mode ,Operation to Zero I

In order to reset a once started or completed responder' checkout operation
to its zero position, the following steps have to be taken:

1. Turn off all sequencer subsystem power.

2. Turn off all responder subsystem power .
••

The logic and responder units are now ready again for a responder mode
checkout start as de s c rd bed-unde r "Automatic Checkout Start". The responder
system stepping switch remains in its last or liltimate position after the power
has been turned off, however, as described before. it will return to zero position
as soon as the power is turned on again.

Fault Indication

If during a particular cycle of the responder mode operation all responder
status lights become green, all subsystems have performed this cycle satisfac-
torily. If one or more green indications are missing after a pre-established
period of time, or one or more subsystems show a red status light, this means
that the cycle was not performed satisfactorily.

Fault Location

Fault detecting facilities, in relation to the responders, are the status lights,
the system counter, the major incoming command lights, and the major command
matrix. For the subsystems not showing a green responder status light. the
counter reading and the major incoming commands that have been received (indi-
cated by lights) are compared with the major command that should have generated.

The following cases can be distinguished:

1. Counter reading agrees with the major incoming commands combination.

a'. No status light display indicates sequencer is alright, but did not
continue due to lack of further required major incoming commands.
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b. Red status light, indicates sequencer is at faul.t ,

2. Counter reading disagrees with major incoming commands combination.

In this case. first the correctness of the disagreeing incoming commands have
to be checked by going back to the generating subsystems and comparing them with
their switch and counter reading. Depending on whether the generating systems
are satisfactory or at fault. it can be concluded whether the original sequencer is
correspondingly at fault or alright. ••

In case any of the sequencers fault during the responder checkout mode, one
or more of the status lights will not corne on green and some may turn red. By
a procedural check of those subsystems which do not have a green status light,
the system which is at fault can be determined.

SUMMARY

The prime purpo se of the launch signal responders is to check the proper
operation of the launch control logic units and launch control console. This is
accomplished by checkint the outputs of the sequencers to a pre-established. fixed
control relay matrix.

When the LSR is in the responder mode, logic unit control is removed from
the subsystems. and the logic units are connected to the responders so all logic
unit sequencers may be checked out in a simulated countdown.

L,sR operation is performed by a stepping switch connected to the pre-esta-
blished, fixed control relay matrix. The stepping switch advances automatically
as long, as the logic sequence is correct. A counter indicates each position of the
responder stepping switch.

For proper operation of the responders. a specific written procedure must
be followed prior to exercising the launch control logic units.

If a malfunction occurs in any of the sequencers during the responder check-
out mode, one or more of the responder SYSTEM STATUS lights will not corne
on green and some may turn red. The system at fault can be determined by a
procedural check of those subsystems that do not have a green SYSTEM STATUS
light.
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QUESTIONS

1. How do the launch signal responders check the logic unit sequencer
output?

2. What do the responder relay trees represent?

3. Define a major incoming command.

4. Define a major outgoing command.

5. Define a minor outgoing command.

6. What signals are simulated by the LSR?

7. What commands are not included in the relay tree?

8. What is the function of the advance command section of the stepping
switch?
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9. What is the function of the present command section of the stepping
switch?

10. What is the purpose of the homing section of the stepping switch?

11. What causes the SYSTEM STATUS light to illuminate red?

12. Why is an LSR subsystem self-test performed?

13. What responders deviate from the standard type employed?

14. Why is it necessary to transfer the missile to an auxiliary pressuriza-
tion unit prior to starting a responder checkout?

15. How are responder steppirg switch positions indicated?
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Missile Launch/Missile Officer
Atlas Branch
Department of Missile Training
Sheppard Air Force Base, Texas

OZR1821B/ 3121B- 4-IV - 3
Student Study Guide

16 March 1962

LAUNCH CONTROL SYSTEM OP~RATION AND CHECKOUT

OBJECTIVE

To acquaint the student with the general operation of launch control equip-
ment.

F SILO COUNTDOWN SEQUENCE

The following discussion describes the processes taking place during the count-
down and commit sequences.

On energizing the start countdown relay, the following events immediately occur:
{a) The engine valve (controlled by AC power di atr-ibut ion unit) and thrust section
(controlled by the facilities subsystem) heaters are turned on; (b) The AC and DC
power busses in the missile are energized from the ground power system; (c)The
rni s s il e battery is activated and a two minute timer is ata r-ted to allow the battery
auffi c ient time to build- up to full load carrying capabilities; (d) The R/V battery
heater is turned on by the 'start countdown signal to the R/V Pre-launch Monitor;
(e) The' guidance system starts a series of tests on its al r-bor ne computer and
also calibrates the airborne accelerometers; (f) The autopilot gyro spin motors
are started and simultaneously a four minute timer is started to prevent the
initiation of the autopilot test until the autopilot gyros have been allowed to reach
their proper running speed; (g) The fuel Iine below the airborne fill and drain
valve is drained of fu.e'l; (h) The Hydraulic Pumping Unit is started and wi thin
ten seconds the proper booster and sustainer pressures are attained; [i] The
rapid loading (100 GPM) of LN2 is started and continued until a six minute
timer runs out, at which time a medium flow of LN2 is maintained for an addi-
tional 30 seconds, LN2 is then fine loaded until the start of the commit sequence.

•. After a two second warmup period, the fuel level control units are activated to
c heck if the level of fuel within the missile propellant tanks is within tolerance.
A three second check period is allowed during which time the fuel level signal
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sensed is electrically locked up. Unless both fuel "low" probes indicate wet.
and one and/or both fuel "high" probes indicate dry, the "Fuel Level" indica-
tor is illuminated Red and an alarm sounds signifying to the officer that a mal-
function exists and the countdown must be abor-ted, The fuel level check is
limited to a three aecorrd-pez-todfo'r -two-reas-on-s: i X) The design of the fuel
level control units prevents them from operating continucusly during standby,
and {2~the lr'aising of pressure in the missile fuel tank from standby to flight
pressure will cause the fuel probe s to become uncovered.

After the missile fuel level check timer runs out (5 seconds after the start of
the countdown). the peu is set to regulate pressures in the missile to approx.
63 PSIG in the fuel tank. and 4 PSIG in the LOX tank (regulated by placing
the LOX boi loff valve en automatic). When the missile pressures reach their
required setting. a one minute timer is started in the LOX system in conjunc-
tion with the initiation IOfthe LOX line chilldown proc e s s. This timer allows
sufficient time for the LOX storage tank to build up to chilldown pressure and
thus force the LOX thr-ough the LOX loading lines up to the missile LOX fill
and drain valve. When the chilldown timer runs cut. the LOX storage tank
pressure is raised to allow a rapid transfer i5000 gprn] of LOX into the missile.
This process continues until the 95% LOX missile probes indicate wet, at which
time the rapid load valve is closed and fine LOX loading beings and continues
until the 99% LOX probes Indfcat e wet. Then, the airborne LOX fill and drain
valve is closed and the line is dz-a iried, At the same time the LOX level at 99%
is maintained by topping LOX thz-u the booster pump inlets. Topping is stopped
every time the 99. 25% LOX probes become wet andthe stop topping timer runs
out. This on-off process maintains the LOX level between 99:"25% and 100%
until the commit sequence is initiatbd.

After a forty {40) second warm- up period, the LOX level control units are
activated to monitor the condition of the missile LOX level probes. If a wet
condition is noeed within 2 minutes after the initiation of the LOX rapid loading,

.a probe fai.luz-e is Infe r r-ed and displayed on the LCe by the "LOX level sensing"
indicator.

After the two minute battery activate timer completes its delay, the missile
DC voltage is checked. If it is in tolerance. it is summarized along with heate;rs
on, engine missile bus energized and missile AC and DC busses energized to
illuminate the "Engine/Missile Power Ready" summary Indtcator;
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The helium loading which was delayed for two rrrinute s to allow the LN2 to cool
the inflight helium bottl.es, is now ataz-ted •. The helium load complete signal is
electrically locked- up the first time the proper pr,essure [app rox, 3000 PSIG)
is sensed in the bottle s, however, helium loading is continued until the commit

'" sequence starts to allow sufficient helium to be stored in the bottles for use
during the missile i s 'flight.

~ After a four minute delay to allow the autopilot gyros' to attain proper running
speed" the autopilot engine position and gyro displacement tests are initiated
by opening the .gyr-o nulling loops and monitoring the displacement of the engines
and the gyros. If a malfunction is not detected during the ninety (90) second
test. the nulling loops are closed and the autopilot sys tern is ready for commit.

After approximately five minutes, the R/V battery ternpe r-atur-e comes into
tolerance, and shortly thereafter. the guidance system completes its computer
tests and indicates it is ready for commit. These ready signals, along with
autopilot r ead yund target selection complete and satisfactory are summarized
to illuminate the "Flight Control and R/V Ready" indicator.

••

The missile inverter is started at the completion of LOX rapid load, or at the
r un out of the five minutes start inverter timer {whichever occurs first). This
step is actually in anticipation of an irpmediate missile commit sequence, and
is employed to enable the launch sequence to be pe rfoz-m ed withinthe specified
time as it allows the commit sequence to be shortened by the one minute warm-
up period required prior to applying full load to the inverter. ,Inasmuch as the
inverter has a short lift time, a five rni nute cutoff timer is also started with
the inverter to shut it off if the commit sequence is not initiated within the five
minute period: In this case the minimum countdown time criteria is assumed
to cease applying as a deliberate hold has been made, and the inve r te r is then
allowed a warmup time by adding the minute time delay to the start of the com-
mit sequence. When all systems have sequenced and the four ready summaries
are present, the conditions required for "Ready for Commit" are satisfied.

The "Ready for Commit" summary and the removal of the "Launc h Disable"
signal electrically enabl e s bhe commit start control on the commit patch. This
control is mechanically guarded by a covered metal cup which is drilled to
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accept a sealing wire. The criteria established by the Nuclear Weapon~ Sys-
tem Safety Board require that this control be safety sealed whenever a tactical
warhead is installed on the missile and the missile is connected to the launch

• ~ . I

controls. This is a procedural 'control to be established by the Air Force. The
commit sequence is started by breaking the seal and pr e s sfng the control. This ~'
causes a relay to pick up and electrically lockup. The subsystem ready condi-
tions then cannot stop the sequence. however. the Flight Control R/V. HydraUlic-
Pneumatic. and Battery activated ready summaries are again checked by means
of a ladder circuit prior to engine start command so that a missile will not be .
launch-ed with a NO-GO in these subsystems.

The commit ~art signal goes to the Ground Power control subsystem which in
turn restarts the inverter if it has been stopped and transfers the missile to
internal power. After a delay of 200 milliseconds. if the AC voltage and
frequency are in specification on internal power. the missile is locked on in-
t ernal and -the subsystem sends a signal back to the countdown system that
missile power is on internal. This signal, energizes a relay known as "Start
Commi t!'. {This is not a power bus and should have the applied load mini-
rniz ed}, This signal then is sent out to the various subsystems and causes
each of these to start thei r cornrni t sequences.

Upon receipt of the "start cornm it!' signal the following events occur: (a) helium
loading is stopped; {b»LN2 fine loading is stopped; ~c»the LOX fine. topping and
rap¥! topping valves are opened and a 50 second timer is started. 'I'he-t opptng
valves will remain open until the timer runs out or when the 100% sen sor is wet.
whichever occurs first; [d) the guidance system is placed on.It s memory mode;
(e) the silo roof is opened; (f».the s ilo crib is locked in place; (g) the collimator
tube is retracted; ih» the non=e s s entfal powe r bu sLs de-energized; (1) any
change in tar~ets is blocked; U» the pressurization control subsystem. on
receipt of the corrimjs signal. closes the boil-off valve •. then raises the missile
tanks to-flight prejlsureso When both the missile fuel and liquid oxygen tanks
are within the fl~ght pressure limits. the missile is changed over to internal
pneumatic supply and contz-o.l. If the internal regulation doe s not maintain .the .'
proper pressure limits the system transfers back to external control and locks
up in such a manner as to prevent transferring back to internaL The "Hyd-Pneu
LN/He" status light win also turn red on this fault. If the pneumatics a~e
ea.tisfactoz-Il y on Inte rnal control a signal to this effect. is sent back to the count-
down system where it completes the commit Inte rnaf ladder. This signal is then
sent to the hydraulic subsystem to evacuate the booster and sustainer hydraulic.
evacuation cha.mbe r s,
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The Autopilot subsystem starts arming the fl igh t programmer on receipt of the
commit internal signal. The night programmer arming motor circuit is of
such a nature that it must be driven to the fully armed position before it can be
disarmed. For this reason the Autopilot subsystem has a circuit which will
positively sequence the arming even if the commit signal is lost. A signal is

-.. sent back to the countdown subsystem when the flight programmJr is fully
armed:

'I'he missile lift commit start summary signal then starts the raising of the
missile lifting platform. When the lifting platform r eac he s ground level and is
locked in pl ac e, it sends a signal to the countdown sequence to complete the
commit lock-up ladder and generate commit lock- up.

This s urnrna r-y, when complete, simultaneously locks out the "Abort" cont r-ol,
Ioqks the pneumatics to internal, and sends the command to put the Guidance on
inertial. This summary in effect has locked all systems in the committed
state and monitors that they remain so for one second while the Guidance system
is going to inertial. When the Guidance subsystem replies back that it is on
inertial and the aumrnaz-y has remained unbroken the command is given to start
the engines. At the same time the summary is electrically locked up to prevent
its drop out. When the engines start, the thrust builds up and the missile lifts
off the launcher. The lift off is monitored and generates the signal to eject
all umbilicals. At the time the engine start command is given a five second
timer is started. This timer, on running out. sends an engine cutoff command
which will automatically abort the flight if insufficient thrust has developed to
cause the lift off. On the other hand if the umbilicals have ejected the command
has no effect as it then has lost control over th e ve ng ine s, 'I'hi s same engine
cutoff timer reactivates the "Abort" control which was blocked earlier.

Abort Sequence, .

• The launch sequence canbe aborted at any time prior to the generation of the
c ornrn i.t lock- up signal.
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The following discussion will covez- an abort sequence initiated prior to
commit lock- up.

Pressing the abort button immediately r-ernove s all commit signals and causes
the following events to take place; (a) the blast covers, air intakes and exhausts
in the mis sile silo and launch control center are opened; (b) the autopilot flight
programmer is disarmed; (c) power is transferred from internal to external;
[d] the missile lifting platform is lowered.

When the platform reaches its down position. it is locked in place and the silo
roof is closed making the site "hard",

At this time. the non-essential power bus is again energized and the P'C'U is
set to stage II pressure regulation. When pressures in the missile are at
stage II. the sub-cooled inflight helium bottles are vented; guidance is returned
to standby; and the missile LOX dr afn sequence is started in conjunction with
a 25 minute LOX drain complete timer. At the completion of the timing c ycl e,
the hydraulic pumping unit is shut down and the missile is returned to standby
pressures by the PCU. The rn is ai Ie AC and DC busses are then de-energized
and the countdown signal is removed. The R/V battery heater is now turned off,
and af'te r a two hour delay the thrust section heater is shut off and the ambient
inflight.helium bottle is vented. These last two events are delayed to allow
sufficient time lOll" the residual LOX in the missile to boil-off.

LAUNCH CONTROL CONSOLE INDICATIONS

The Select Target Panel «Figure 18) displays the type of R/V in the ai lo ("HIGH"
for MKIV. IILOW" for MKIII). and the selection of target A or B. The target
select pushbuttons are enabled to select either target A or B except when the
guidance system is on memory. or after "the 1;'tart of the commit sequence •. One
target or the other is normally always selected. A green target selected light
is an acknowledgment that the R/V burst has been selected. and that the target
constants board is selected. There are also two spotting boxe s used to insert
a down and cross r'ang e correction to the guidance system if required. (Figure 19) •
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Thes'e CROSS RANGE CORRECTION AND DOWN RANGE CORRECTION
dials are fine targeting correction controls.' These are required to make
allowance for atmospheric conditions at the target. The setting value will
vary from 000- 999 and reads out decimally in the center of a 10- turn dial.
The value of the correction is computed elsewhere and transmitted with
the target selection commands to the Launch Control Officer.

HIGH.

DOWN RANGE

CORRECTION

CR055 RANGE

CORRECTION

I LOW as
Figure 18 - Select Target Pane I

••
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The TIMER PANEL is at the top center of the console. The indicator is a.
part of the console, and the rest of the clock subsystem is supplied by Kellog
Switchboard and Supply Corporation (KSS). The following signals form the clock
logic.

L In countdown

2. Abort start

3. Ready for commit

4. Commit start

5. Missile away

6. Inverter shutdown

The countdown clock uses four fixed- time points and sequences between them by
means of logic based upon the signals listed. The basic sequence is to turn on
at the start of countdown (time point 1) and countdown in time. The countdown
of time continues to the time of commit (point 3), at which point the countdown
stops and holds until "commit start." If "ready for commit" occurs before the
clock reaches po int B, the clock jumps ahead to point 3. If the missile inverter
is turned off because of too long a hold at "ready for commit", the clock must
set back to point 2 to allow more time lor the commit sequence. After "commit
start", the clock count s down to zero time (point 4~, holding at this point until
the missile away signal is present. When the missile away signal appears the
clock steps ahead to zero time, if not already there, and counts increasing (+)
until time 59: 59. At thi s time the clock turns off if not turned off before by
other action. If "abort start" appears or "in countdown" disappears, the clock
turns off. The Timer Panel as mentioned above will be primarily for V. A. F. B.

The gage and pressure panel (Figure 20) displays the pressure status of both
propellant tanks and the pressure across the bulkhead between them. and also
provides manual control of the emergency I>ressurization system ..•.
The three meters are driven by airborne transducers and indicate the p r e s aur-e s
in the LOX tank, the diffe r enc e between them and the fuel tank respectively.
There are pushbuttons for controlling missile tank pressurization when the
pneumatics system is placed in emergency.

j
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When the LOX raise button is depz-es sed, peu valve 135 opens to enable
raising missile LOX tank pressure. When the LOX lower button is depressed,
peu valve 137 -ope ns to enable venting of the Missile LOX tank. If both
buttons we r e depressed simultaneously, pressure cont.nolvis rdcsa.Bled. ~O:::2.:::':.

Similarly. when the fuel raise button is d ep r e s s ed, peu valve 134 is- opened.
r at aing missile fuel tank pressure. When the fuel lower button is depressed,
peu valve 136 is opened, venting rn is s il e fuel tank pressure. If both were
depressed simultaneously, fuel tank press-lire control would be disabled.

There are eleven ways to enable emergency pressurization (Figure 20) : one
way is manual, by depressing the emergency pushbutton. The other ten ways
are automatic, and deal with emergency pressurizafcion condition such as over-
pressurization of the missile LOX tank, or exceeding the lower limit for the
missile fuel tank.

The automatic pushbutton returns the P'CU to the normal pressurization mode
after emergency conditions have be en corrected.

The "Pressure Mode" light illuminates red when the pneumatics system is in
emergency, and illuminates green when the pneumatics s ys tern has r e tur-ned
to normal pressurization of the missile tanks.

In standby, the missile tank pressures should be appz-oxtmatel y 12 PSI in the
fuel tank, and 4 PSI in the LOX tank. In countdown when the "stop check fuel"
command is generated, the boiloff valve is enabled to open, and phase II of the
pressurization sys tern is scheduled. When the fuel tank reaches 53 PSI, but
does not exceed 61 PSI, and the LOX tank is below 11 PSI, the rn,ssile tanks
a r e said to be in pha se II. After missile power is transferred to the internal
s ide of the powe.r change, the boi Ioff valve is disabled to vent, .and phase HI·
is initiated. Pressure in the LOX tank is now increased to about 27 PSI (the fuel
tank r ernai ni ng at about 63 PSK}. The~e conditions enable pneurna tics - jnt~r~al~.
when the booster helium shut off valve 802 opens to allow the infl ighf bottle's to
pressurize the missile tanks Via missile borne regulators .. With the missile
away signal. the mete r s return to zero.
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The Power and Sensing Panel (Figure 21) contains thirteen indicators,
which illuminate amber' or red. An amber indication in this panel causes
the console alarm to sound, as does a red indicator. Some of these indi-
cator s Illurnina.te red only, or amber only (for malfunction).

28VDe
powtR

.! R/V
. SAFE

fUEL
LEvEL

Figure 21 - Power and Sensing Panel
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.T'he "400 cycle power" (Figure 22) light monitors the motor generator for
voltage and/ or frequency. Either being out of tolerance would cause a
red illumination.

A29Zl...
ACVoltage -
__ i Specs

ACFrequency
in opecs

_ A29Z'

Figure 22 - 400 Cycle Powe r

The "28 V DC Powe r !' (Figure 23) light illuminates amber if the trans-
former rectifier cooling fan is off. or if more than 40 ampere hours have
been used up on the' emergency battery. A Red illumination if the standby
bus is out of tolerance.

.1)(; voltage
~ in b ecs

If
A29Z 3-

S
/
B

e ,. -

Battery
~Dej)leted amp-hours)Co o _ {ove r 40

f. Battery Amp- r .
Met e r

Figure 23 - 28 V DC Power
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The "Missile Inve r ter " (Figure 24) is enabled to illuminate red for an in-
verter voltage or frequency malfunction during countdown, after the inver-
ter has been allowed to warmup for 60 seconds (prior to the s tart of the
commit sequence or after the order to transfer to missile power internal
via the power changeover switch).

c
/
D

Red60 Sec InternInverter
~_O_n_-J 1~ TIPI-U=-__ A---lC-+I:::..n4- ~_""t""7111

A26K4 A28K6 A28K6

Int. Order

A28K4 , I
Int. AC In Internal

Spec. -=- Order
A28K5

A28K3
Int. Order
Lock-In

A27K9

, A27K14
Start

.' 'Inverter Timer
Start TDPU
Abort A27K8 300 SEC

A28K1
Inv. Hold C / D
TDPU 300 SEC

Start ~mmit I }!~fi<~N
A28K4 11Inv. S;nsor s .

Inverter *'60 SEC TDPU
Lock-In A28K6_ A28 1

L--_--=---"~.•..••- Inv. Hold C/ D

I Serre 12
•....
8
_
Z

_
2
_-, TDPU 300 SEC

Irrv ensors ,Inv, Volt. Int AC - A2BKlI
60'SEC A28Z1 Sense

TDPU In ,Spec.
A28K6 A28K5

Rapi LOX
Load ,Comp

.
Inverter
Lock-In

A28Kl

Inv. Freq.

Figure 24 - Missile Inverter
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The "Guidance F'a il " (Figure 25) light illuminates amber if a nuclear blast
has been detected and an 1800 second timer has r un out. or if a marginal
malfunction exists in the guidance system. It illuminates red if a major
malfunc tion is present in the mis sile guidance set, or the Arma count-
down racks •.

Guid Memory Mar ginal
TDPU 1800 SEC

A46 2~\lAmber

A31K2W J .

Marginal
Malfunction

S TDPU .
/-'-1-_A_4~5~~C

Guid On . A46K2~
Memory

.' ~ A45K16

Guid On !l. Guid On
Memory : Memory

A31K12 !"5\.
1---4 I' ~., Ked

Guid NO-GO
Malfunction

A31K21

Figure 25 - Guidance Fail

The IIR/V Safe" (Figure 26) light illuminates red i: there is discontinuity in
the re-entry vehicle as monitored by the pre-launch monitor unit.

A25K8

t----=H-'-=----~;£..---=-~\,

R/V
----111----.;.....,

corrt 1nui.ty R/V
Safe
A25K8--

Figure 26 - R/V Safe
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A36K2
2

- Min
-TDP
Pitch
{eater

A3~K3
Yaw Heate

2 Min
TDPU

A36K4
011 He at e

A32K6
A/P FAIL

A32K13
Fine
Htrs
Fail
8 Min
TDPU

Pitch/
Yaw

-It r s
)ut of
"ol e r,
~32K17
SEC TDPU

Commit
Internal
A32K2

A32K6
A/P FAIL

AUTOPILOT
FAIL

.~~:---F_/C_&_R_/V_--II

IA44KI
. A/P

Ready
In.IStandby

A44K2.
Guid

IReadY
In SiB
A44K3
R/V

Ready in
SiB

COMMIT
INTERNAL

A32Kl

A44Kl
A/P

I IN .
S B

A44Kl
A/P
Ready

In
Standby

+ 28 V DC BUS
~-

A32K13
-=- 8 MinTDPU

A32K15
F/P

Not Safe
25 SEC
TDPU

A32K4
Engine

r+: .- .- -lPosit.
I Fail

.-L (in C/D)

A32K14
F/P Not
At Zero
Time
6 SEC
TDPU

(in C/D)

Figure 27 - Autopilot Fail
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R/V.
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SiB

Start
Abort
A45K8

A32K5
GYRO
FAIL _
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Test)
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A32K12
A/P
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The "Alp F'ai l." (Figure 27) light illuminates amber if one or more Of the
displacement gyro fine heaters is out of tolerance for more than 2 minutes
but less than 10 minutes (prior to commit internal). It illuminates red if
the fine he a tens remain out of tolerance for more than 10 minutes (prior to
commit internal). It also illuminate s red if the A/ P sequencer is on. local
cont.roI or if the pitch/yaw rate gyro heaters are out of tol er anc e for more
than one second, or if the flight programmer is not safe prior to commit
internal. During countdown, it could also illuminate red if the engine
thr ust chambers are not at a null position (providing hydraulic pressure is
in tolerance); or if the' flight programmer is not at zero time, or if the
gyro spin motors are not running (after a 4 minute warmup period), or if
the signal amplifier output of the A/ P displacement gyros exceed a toler-
ance during the 90 SEC. A/ P drift test, or if the flight programmer fails
to disarm in the abort sequence.

The "Pod Air Conditioning" (Figure 28) light illuminates amber if pod air-
conditioning is out of tolerance (temperature, humidity, rate of flow) pro-
vided the "standby on" pushbutton on the pneumatics sequencer has been.
depressed with a missile on the launcher platform.

SIB ON ':Pod jJc Amber
'/

S 'ON
@/ \ :J.i< IIIB

A8Kl9 AIOKl6

Figure 2'8 - Pod Air- conditioning
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The "Inflight Helium Supply Low!' (Figure 29) light illuminates red prior
to commit internal if helium pressure is below 1450 PSI in the supply .
bottles .. It illuminates amber in countdown if both bottles 1 and 2 go
b eIow 4000 PSI.

A23K14 A23K15
Hl & 2 In commit

Red<'1450~ -internal
II

2 IFH

~

<. 1450 Amber.

¥ @~.
A23K16 A22K7 A23Kl4

PCU
Tran:s

A46K22 A22K7

Start diD 01
Figure 29 IFH 'Suppl y Low

The "Fuel Level" (Figure 30) light illuminates red if a transducer check
is being made via the PLeU in local control and fuel level is too high (above
100. 4%) or too low (below 99. 6%) after a 2 second amplifier warmup period.
In countdown, after the 2 SEe warmup, the fuel a en so r s are monitored for
a too high or-Low level for a 3 second per iod, If this light illuminates
red during the 3 second time stated, it will remain red, and the countdown
cannot proceed into the commit sequence. After 5 SEe from the start of.
the countdown, if the fuel level was monitored and no malfunction existed,
the light is disabled and the check of the fuel level is s topped,
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A2K9

NOTfuel
level too high Red

A2K2·

"ruel level ~iOT fuel
I--_t_oo...•tow level '00 high

A2K4 A2K2
PLCU A2K4

Start warmup fuel level
C/D TDPU'2 see too low

h/'-~fl II II-~----_fuellevel
~ A2K3 A2K8 too low

A2K4stop fuel
check

TDFU 5 see

PLCU f'c-;'ntro -tr-aDsi
S:tart warmup ft' amplifier'_. __ , 1

C/D TDPU 2 see Al.'K2" .••.•..
i-----d I ~'t----4II------....NOT fuel,

A2K3 A2K8 not fuel level level too high
too high -: A2K2

stop fuel
check

TDPU 5' see
~ .•.....:~~ - ...
I control trans', L amplifier!-------

Figure 30 - Fuel Level Indicator
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The "LOX Level Sensing" (F'Ig ure 31) light illuminates amber if a single
LOX level sensor fails at any level, and red if a double failure occurs at
any level (95%, 99%, 99. 25%, and 100%), provided the following exists.

A. When the PLCU is on Local Control and a 40 second w~rmup .
time has elapsed

or

B. In countdown, after a 40 SEC time for warmup has elapsed until
120 seconds after the start of LOX rapid load.

PLCU

~
. + 28 Volts DC \.

1

~ _I .
P 'A 100% B •

.1 "T

99.~ 99. 25% _I-
-:TA

•
By

--.L 99% J..:'
, ,

T A BT 4
SE

TD

-1-' 95%
n.:

• •
-·1 A B-',

A2Kl
No Double
LOX Failure

AMP #1
LOX
LEVEL
SENSING00%

AM
#1

A2Kl
No Double

LOX
Failure#225AMP

#2 B

LOX fLOAD . A.2K5
(Rapid)

AAMP
#3 #399%-#Bo~

C
PU

AMP
#4

..

AMP #4

Figure 3.1 - LOX Level Sensing
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The "NUCLEAR BLASTII (Figure 32) light illuminates amber if a nuclear
blast has been detected near the silo. This condition also causes guidance
to go on memory and an 1800' second timer to start timing.

A20K8
0"I----tl t-t --""'!~~--411'

Blast
Detected

Facility
Blast

Detected
1----f1l£>----"'""1 Blast

D.e t.ect.ed.'
A20K8

A21K12
t-----f "'--_~YI'

AMF
17K18I--------~/~-------lVL
lVL No-Go

No-Go - A21K12

, Figure 32 - Nuclear Blast Figure 33 - N/ L NO-GO

The "Missile Lift" (Figure 33) fail illuminates red if a malfunction exists
in the AMF system. There are 31 conditions monitored by this light. The
more important are as follows:

Seq. #1 receiver ready, horizontal and vertical crib locks unlocked, doors
fully closed (site hard), launcher platform down and locked, N2 Recharger
ready, Hyd. Di s t, unit ready, vent valves open. AlC pod handling fixture
retra.cted, manual valves ready, Pwr. Pack drain valves closed, return
pressure ready (AOK), pump rno tor s ready in standby, AMF logic circuitry
okay, actuators I, 2, 3 & 4 ready, work platforms I,' 2 & 3 retracted, L/P
drive control shifted to high, GOX vent mechanism extended.

Amber
~ __ ~~ __ ~ __ ~ ~-- ~~~/t

Start
G/D Red

I-~~~-~I--F--~'I-III

Figure 34 - Responder Mode

The "Responder Mode" (Figure 34) light normally is extinguished when the
launch control system is tactical (standby) mode. It illuminates amber when'
the 8 LSR transfer switches are placed in the responder mode and the proper
cables have been repositioned at the umbilical junction box. It illuminates
red if the LSR transfer switches are not all plac.ed in the tactical mode or
the responder mode, or if the cables are not correctly positioned in standby.
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The STANDBY STATUS PANEL (Figure 35) 'monitors all of the relay logic
unit sequencers which in turn monitor their respective sub systems. These
lights illuminate green if the subsystems are ready to start countdown, red
if the yare not ready to start countdown. All of these indicators must be.
green to enable the "Ready For Countdown" light to b.e green ( not consider-
ing lamp test). Any STANDBY STATUS PANE£. LIGHT illuminating red
would cause the "Ready for Countdown" light to extinguish.' The following
conditions are those required to start countdown.

o

ILO)(&. FUEL I

Figure 35 - Standby Status Panel

"Engines and Ground Powe r " (Figure 36)

(For standby) Engine sequencer power on, External DC voltage in toler-
ance, Ground AC voltage in tolerance,. Ground AC freqll:ency in tolerance,
Power changeover switch op. external, A/P displacement gyros initially in
tolerance for 5 seconds, emergency battery connected, power supply on in
DC power distribution box, booster #1, #2, SPGG Heaters within limits,
sustainer SPGG heater within limits, missile guidance set power on,
missile ground power sequencer power on.
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Figure 36 - Engines and Ground Power.
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A/p Guid R/Y in
;i.nS!I3ill SIB Standby

~---f'I--i 1--1'1
Stm-t 'A44KI A 4K2 A 4K3

Abort Alp
A45K8 i.1'l SIB A44Kl

L".;..J1L" --~--~--J..~-T---+!1Y---I11

R/v in
St by,

Gu$~ inA44K
St ndby

Guidanc e NO- GO
Malfunction

A44K3
A3lK8

Start Guidance

Abort ExternalCountdoWn

S
I
B

Gu ida nc e inA3lK21
Guidance in? Standby...L. A44K2

St.andby
A3lKl6 S~t

1"4 J. . .

Ab:lrt --
Alp· "

Failed
L

Alp
'~ A44KI

_,SIB

A32K2
Arm F/pI

I

A34K 1
F Ip Safe

A32K6 R

A34K2

R/V ~/v R/V R/v
Tactical power Power Safe

II----i ~---rt~--II--o--
A25K5 28 V. 115 V. A25K8

A25K6 60 Cycle
A25K7

Figure 37 - F/c and R/v

H./V
y; Standby

....L A25K4

--
=rt c and su v» (Figure 37)

No NO-GO malfunction for guidance system, Autopilot Sequencer in re-
mote control, AI P programmer safe, and ItA/p F AILIt light summaries
for red not present. R/v safe, in tactical mode, branch power on both 28
volts DC and 115 volts, 60 CPS AC.
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"Hyd- Pneu- LN2/He" (Figure 38)

Hydraulics. Hydraulic system power on, 28 volts DC and 480 volts
60 CPS AC, Phase A, B & Con. HPU Booster and sustainer section
on remote control, V-54 not via flowmeter, return pressure greater
than 80 PSI. Booster and sustainer reservoir shutoff valve V55 open.
Hydraulic s sequencer in remote control.

Pneumatics. In Phase I, automatic valves ready, not locked out from
changing over to airborne helium spheres.

Automatic valves ready summary: .

Helium charge unit valves ready (305 closed, 308 open (vent) .. PCU
Valves 117 open, 118 closed, 119 open, 120 closed, 107 and 108 open.

LN2/He - LN2/He not in manual transfer, Number 1 and 2 helium
supply greater than 4000 PSI and also #1 and 2 Helium supply bottles
greater than 1450 PSI, then either valve 14 open and 15 closed,. or 15
open and 14 closed. Pneu. dist unit ready in standby; V7, 8, 37, 26,
52, 54, 13 closed, V-50 open. LN2 Valves 213, 214, 215 closed,
V-20Iopen.

Start pneumatdcs LN-HBlI 'Hyd
i abort in SIB inS/J3 in SIB Green
-1"I--(,>---.r-----.;,.......-1 , I t-I ---~J t---@~ll.
A 5K8 A44K8 A44K9 A44K7

Hyd in SIB A44K7~-----~~---------4r---------------~~~.
LN-He in SI B A44K9

Red·

pneumatic in SIB A44K8

local U

~
cohtrol_ in SIB
*t' 4 J T~HYd A44K7Hyd Oil ] inA38K5 A38K6 evac tate

q, , . -::SIB

A38K8
stop fuel check lock-out

I ~.Y

1Pneu
A9K6 pneu in auto ial1A8K7 .. in

A44K8
phase, I rel S/~

A8K9 A8K16·
A23K17·

I LN.-HE~------~.----------~~
LN-Hc in SIB· ~_"S/~ A44K9
'1;DOO.l.lsee

Figure 38 - Hydraulic Pneumatic LN/He
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"L02 and Fuel" (Figure 39)

Fuel: On remote control and the AI B F&D valve closed.

L02: On Remote, N-4 open, L-l closed, L-2 closed, L-l6 closed, N..:.60
cIo s ed, L-7 closed.

PLC U: Fuel on Remote, L02 on Remote.

BUSSiB + 28 VOLTS DC

S'J-4 OPEN

I L-l CLOSEDI A15K13

L-2 CLOSEDI Al5Kl4

L-16 CLOSED
-[ A15K21

- N- 60 CLOSED
-c- . Al5K221LOCAL Al4K8

r-Al6KIO START
-L Al5K5 COUNTOOWN

L-7 CLOSED

Al4KI
LOX IN
STANDBY

LOCAL

/

A3K5
A/B F&D
CLOSED.

A44KII
FUEL

IN
SiB

LOX &
FUEL

R

Al4KI

REMOTE

I LOX
IN SIB

A44K12
LOX
IN

SiB

A2K7 .

PLCUILl
40 SEC
TDPU

A2K5
"LOX

A2KI
NO

DOUBLE
FAIL

(LOX)

A44K22
PLCU in SiB

t SiB BUS}
Figure 39 - L02 and Fuel
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"Facilities and Missile Li ft " (Figure 40)
,

Facilitie s: System power on (Drawer A20)

Missile Lift: Same conditions as the. MISSILE LIFT FAIL light in the
Power and Seris ing Panel (No AMF malfunctions).

A44KIOStart facility 11IL in
Abort in SIB SIBv I IJ

11IL facility A44K4
in in SIB

% A44K4 SIB A44KIO

Green

@/"

RedO'---....4....----- ~ _ _4!:L)._I11

OFF
MIL in SiB
A44K4

M/Lin SIB
A21K5I---C~-o--O-N----.::..;;.;;- sacUi ty

in SIB: .
- A44KIO

Figure 40 - Facilities and Missile Lift

Countdown Ready Panel

The countdown ready panel (Figure 41)
contains one light, READY FOR COUNT-
DOWN, and a pushbutton STAR T countdown
indicating the weapon system is ready to go
into a countdown .. The pushbutton,when
depres sed, starts the countdown .

••

Figure 41 - Countdown Ready Panel
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Figure 42 - Ready for C/D
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The purpose of the Countdown Status Panel (Figure 43) is to inform the
launch operator of the progress of the countdown sequence. The failure of
an indicator to illuminate amber or green at the proper time could signify
that a system has malfunctioned or is not progressing at a satisfactory rate.

I ME"TE~S.
ON .

-------_._._--------,

jlN LOAf) I HELIUM
LOAD

,------------_._---_.

Figure 43 - Countdown Status Panel

COUNTDOWN PANEL
(Eng/Msl. Power Section) Figure 44

"Mi s s.ile Powe r ": Amber at start of countdown. Normally green 2 SEC
later when AC and DC has been applied to the .mi s sfl e.

Start CfD Green
...--------.....-t !J------k::~--tJI

A.mber
mi:3~i1e AC & DC

1 ads Rody
A46 10

Sip A46 3

AC at DC at
Missile Missile~--~----~I~---------I~----

A27KlA27Kll

Figure 44 - Mis sile Power

Missile
- .sA..C & DC
loads Ready- A46KlO77
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"Heaters On" (Figure 45) Amber when countdown has started and the thrust
.section heater blower and Engine Valve Heaters are not on. Green when
the TSHB and Engine Valve Heaters are turned on. This light should
illuminate green immediately at the Start of Countdown.

Start
C/D

.Engine
Valve htrs

O~ Green

@ ",• .1 II
t. A46Kll23 Thru:st :!lee •

htrs ON A46K20 A*1./ @ I1
Eng Valve

htrs ON

A46K
rnber
II

A46Kll

Figure 45 - Heaters On
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"Missile Battery Ac t.iva ted ": (Figure 46) Arnbe r when the 'activate battery'
signal is sent to the main missile battery, 2 seconds after start of count-
down. Green when battery voltage is in tolerance (normally 2 minutes '
after the start of countdown). Could reve r t to amber c,ondition if battery
'goes out of tolerance.

c
/
D

Green
Battery OK ~a----------Il-------\Y--~h
A45KI

Battery
Activate Amber

!.-----'\I '-I --®=U'
A27KIO,

A27Z1
A27K13

Battery
Sense On

/i
120 See TDPU

Internal
D'C in S;pecs

1----41l-------v
A27zl 120 Sec TDPU

A27K13

Battery
Sense On

Batotery OK
A45KlA27K15

Start delay
Abort' AC&DCload
_.J~----<~--t II----..,........i battery
:;:;rl- activate

A27K9 TDPU 2 SEe
-::

A27KlO

battery aen se
on 'TDPU120 see

A27K13

Figure 46 - Missile Battery Activated
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"Engine/Missile Power Re ad y": (Figure 47) Illuminates green when AC.
DC is present at missile, the rocket engine relay box has' power applied
to it, the TSHB and engine valve heaters are on, the missile battery is in
tolerance, and the engine sequencer system power is on.

+28
VDC

SiB

"'.

A46KIO
AC, DC

Loads Ready

I
A45K2
ENG
MSL

. PWR
-LReady

A46K20 A47Kl5
ENG VALVE ENG

Heaters On ReadyI 1---11 If---I 1--1 ~.--'------!
A46KII A45KI

Thrust Section Battery
Heater Blowe;' Okay

On
'A45K2 Green

I-~---'I®~-I
ENG MSL __
PWR Ready

A39K3

1---1
ENG SEQ ENG MSL

POWER ON POWER ON

BUS 1-------------1

A40KI

A47Kl5
ENGINE
READY

F'i.gur e 47 - Engine/Missile Power Ready
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COU'~TDOWN PANEL
(FI C and R/v Section)

lIA/p ONII: (Figure 48) Normally illuminates amber when the Alp gyros
have 400 CPS applied to them, and a 4 minute warmup timer has not I1run
out ", Green when the Alp gyros have warmed up for 4 minutes. Spin
Motor Rotation detection is now enabled.

AUTO PILOT

ON

A32K9
Alp TEST
START

4 Min TDPU

AUTO PILOT
TEST

A34K5
START

COUNTDOWN

_I

L

A32K4
Engine
Position

TEST F ·1- ON" ai ure
A32K8 . -lL A32K5

f90 SEC TDpukl GY~<?T Po s it ion

Y.:a3l~~~ ~ _ ..Failure

A32K12 ,TDPU I A32K8 '
1----""'" -·A/p Test

Alp PWR . A32K9
AVAIL.

A32K12 (400
AI P PWR '~ CPS)
AVAILABL

i SiB BUS §

A32K9
4 Min
TDPU

~,I~
A32K9
4 Min
TDPU

Alp TEST
START

SiB
BUS

Figure 48 - Autopilot On and Autopilot Test
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"Alp TEST": (Figure 48) Illuminates amber when the Alp gyros have
completed their 4 minute warmup cycle, and hydraulic pressure is at
2000 + or - 250 PSI, Green 90 seconds later providing a 90 SEC timer has
timed out, and that the engine s are nulled, and the AI p gyros have not
drifted excessively. (The Alp gyros are checked for drift during the Alp
drift test of 90 SEC. ) .

"R/V BATTERY TEMPERATUREII: (Figure 49) If MKIV is installed, .'
should go greenat start of countdown.

Battery
Temp. Good. Green

A25KlO I /;;'\'-------;!t ~ lu

Start
C/D v -rify

A25K9

Amber
r-

Figure 49 R/v Battery Temperature

IIGUIDANCE READY": (Figure 50) Amber at start of countdown, green
when guidance has completed their computer test satisfactorily, and no
major malfunction of the guidance countdown exists.

Guid. G/D
in pro gr eee . Amber

1----+1:.....------4I------~@~,J·
A3lKlO

1-------1 1-------.'"" Guid •.
Guid. A3lK20 Ready
Ready Green A45K3

t---A-I4JK3@11I

IIF/c and R/v READYII (Figure 51)

Figure 50 .,..Guidance Ready

GREEN when -'
Alp: Alp drift test is complete and no major Alp (A32K6 Alp

Failed de- energized) malfunc tion exists. and

. Guidance: Guidance is ready and

suv, The sctv is safe, branch power is on, R/v is
(MKIV) tactical, the PLM has acknowledged the start (Start C/D

Verification) of countdown, and burst is selected.
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A46K12
Alp READY

IFOR COMMIT

A45K3
GUIDANCE

IREADY

A46K13
R/v
READYIA47K9
BURST'L SELECTED

OZR1821BI 3121B-4-IV - 3

trt c &R/V
READY

SiB BUS

A46K24
rt c &
R/v

READY

83

Figure 51 - F/c and R/v Ready

llREQUIRES
SiB READY
AS WELV'

A46K24
..-- __ •...........-L.,..,,;O~5~SECTDDO
Fie & tuv -=-
READY

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.homestead.com



OZR1821BI 3l2lB- 4-IV - 3

COU~TDOWN PANEL
(Hyd-Pneu-LN2/He Section)

"PNEUMATICS IN PHASE II": (Figure 52) Amber at. IIstop check fue l ", green
when pneumatics is in phase II. This indicator may return to the amber
illumination if the pneumatics in phase II signal does not remain present.

STOP Pneu in Amber
Fuel check Phase II

i-----t f-f ----'->tf--@-,11
A9K6 A9Kll.

Pneu in A47KlO G .
II reen

•..•• F_h-tasJ-e----@-i1c
Pn

I.
eu ill

Phase II
(A9K1l)

1-------1 1------ .....Pneu in A47Kl 0
Phase II '

lox AlOK2
>17 .

fuel
< 67

fuel
~5.3

1-- 1 ,-----.~c-----:r----:::4-""F_-__,;__--"_' Pneu in
mi s s i Le Phase II

AlOK7 AlOK6 powe r (A9Kll)
internal

AlOK26

Figure 52 - Pneumatics in Phase II

"HYDRAULIC PRESSUREI~ (Figure ~3) Amber when the Alp displacement
gyros have power applied to them, green when the HPU is at operating
pressure (2000 + or - 250 PSI). This indicator may return to amber, if
HPU pressure goes out of tolerance.

Hydraulic
System GreenPressure
A~ K4

It

Alp ON Hydraulic AmberSystem..•.
I-A

Figure 53 - Hydraulic Pressure

84

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.homestead.com



,------ _.,. , ..•..•--..-- - .---.-~---

OZR1821B/ 3121B- 4-IV':' 3

"LN2. LOAD": (Figure 54) Amber at start of countdown when LN2 loading is
i.ni.tiat ed and valves 213, 214 have opened.' Green six minutes later when
LN2 Loading is complete (a six minute TDDO drops out, V213, 214 are still
open, and LN2 storage tank pressure is greater than 75 PSI initially - when
these conditions exist LN2 loading is said to ,be complete and the summary
once met is "locked in").

LN med LN rapid
~ l_o_a~dv_a_l l_O

o
5Q

n
Val

opkn pJ
A22K4 A22K5
LN

complete
1-----11 •..,-----1'""" Ln load A46Kl4

A22K3 complete
LN load
complete Greerr

1-----1 &1
A46Kl4"

Amber·

~".
LN

c0w-ete
A22K3

A22K15
.---:!A'

1l~rapid
Load

~.:.)L) 360

A22K4 A2it1----1.., ~~-,.,...,.-_"T
V21 v2 3 LN head
Open Open pressNOT OKsec

..::.75PSI,
PS96

LN
load

1---11 '1-----4
A22K8

I-----'LN
comp_

-z: A22K3
LN,

com'P~eteI-----------~I~------------~~
A22K3

Start Abort
C/D Ext.
~1~---~Ar1~F------:~.LN load

A46K22 A23K13 j, A22K8 •

Figure 54 - LN Load
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"HELIUM LOAD": (Figure 55) Amber 2 minutes after the start of countdown.
Will remain arnb e r until greater than 2950 PSI is reached in the inflight
helium spheres as monitored by pressure switch 321. . Once 2950 PSI is
reached the light will illuminate green, and "Loc k- in", even though pne s-
su r e may decay below 2950 PSI.

HELIUM
LOAD

A A22K2
{HELIUM

)2950
PSI ,.#

A46K17
He Load
Complet

A22K13
120 SEC TDPU

A23K13
ABORT
EXTERNAL

Figure 55 - Helium Load
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+28 Volts DC SiB BUS

IHYD-PNEU-LN2/He": (Figure 56) Green when the HPU is at operating
pressure, the pneumatics system is in phase II, an HCU bottle is greater
than 4500 PSI, LN2 loading is complete, .and initially the re was greater
than 2950 PSI in the shrouded spheres. {But will be 'r epl erri she d by the
mas s controller, VII}.

A9KIO
Missile
Power
Int.

A47K19
PNEUMATICS

READY

A45K4
HYD PRESSURE

1.1750to 2250 PSI

A46K14

ILN2LOAD
.COMPLETE

A46K17

1HELIUM LOAD
. COMPLETE .

A47K19
PNEU READY

A9Kll
r/JII

AloKsI
HCU

~4500 d
:. PSI/~

A45K20
HYD-PNEU
LN2/HE READY

HYD-PNEU
LN2/HE
READY

G

A45K20

0/I
+28 V DC

SiB Bus

Figure 56 - Hyd-Pneu-LN2/He Ready
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COUNTDOWN PANEL
i

(LOX and Fuel Section)

"LOX LINE FILLED": (Figure 57) Amber when the pneumatics system is
ready for chill down, and the chilldown 60 SEC timer has not run out. Green
when the 60 SEe chilldown timer (TDPU) energizes.

Pneumatic
Ready for

Chilldown
1'----1 I ;Jot<
A15Kl Line

chill -down Green
1-----"'11f------lI@}~111

A15K27

main storage
tank vent N5

closed
Al~kll

Amber

@i"

Figure 57 -LOX Line Filled

"RAPID LOX LOAD": (Figure 58) Amber when LOX rapid load is initiated.
Green when the 95% sensors fail (become wet). (LOX RAPID TOPPING

-STARTS AT -THE 95% LEVEL). -

Amber
I---i ~----~f 1-1 --@-;ll

NOT stop
Rapid Load Gr-e en

A,~16Jf3 ~ •.1------1 1----~=*~'1_"t-_--_~-f/·.

Figure 58 - Rapid LOX Load

"FINE LOX LOAD": (Figure 59) Amber when the 95% sensors become wet,
green when the 99% sensors become wet. (A 50-second line drain starts
at 99% and also a 40 second commit delay timer is started).

Amber

>If" I, @ I"
Lox .NOT stop NOT stop
Load Rapid Load Fine Load
A16K9 A16K3 A16K2 Green

I ;;ff' >'I~ @ f"

Figure 59 - Fine LOX Load
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IlLOX & FUEL READYIl: (Figure 60) Green
LOX: Has passed the 99. 25% sensors at least once; a 40 second timer

has energized, and the airborne fill and drain valve is el o sed.

FUEL: The fuel level che ck during the 5 SEC period at the start of
countdown was satisfactory.

+28V DC siB Bus

A16Kl
Not Stop
Topping
Time
99. 25%)
LOX A/B

IF&DVALV
CLOSED
A16Kll
40 SEC

TDPU
(Commit __
Delay Starts-
at 99%)
A46K15
LOX
READY
(For 'Commit)

LOX AND
FUEL READY

G

A47K4
FUEL LEVEL
TOO LOW

A2K2
FUEL LEVEL
NOT TOO HIGH

A45K5
LOX &

FUEL
READY

A47K16
FUEL LEVEL
OKAY ~--S-I-B--"'" SiB BUS

A47K16 FUEL LEVEL OK

IA46KI5LOX READY

lA45K5 '
. __ LOX & FUEL READY

Figure 60 LOX and Fuel Ready

COMMIT PANEL (Figure 61)

The "Ready For Commit" (Figures 62 and 63) light will illuminate green
when all of the 'ready' lights are green (due to proper s urnrria r ie s] in the
countdown panels, and the missile lift system has maintained its ready in
standby summary conditions.

I 1.0<-
~~--' COIrIUoIlT IGUi5O<NCE

=--.!:=:=l CQt.t\tIT

Figure 61 - Commit Panel
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RE DV FOR CO IT

\" ""0 ' .~1~1~~DBY

~IGHT CONTROL
A46K 24 ' B R/V READYC[[, TODO.OsSEt.

A2
M/LIN

A44K4 A~ STANDBY

A~ ENGINE MISSILE
A45K2 A~ POWER READY

. A~ HYD-PNEU 8s
A45K20 A~ LN/HE READY

A~ LOX-FUEL
A45K5 READY

AI

A47K20
READY .
FOR
COMMIT

A4 7CR 2 0 ----,!r--

RETURN

BUS

Figure 62 - Ready For Commit
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ST RT CO MIT

+28V DC
STANDBY

~_...-----' auSL~-----

o-- C~I IC2 ST~RT COMMIT

A47K20
READY FOR
COMMIT

START

COU TDOWN

AI
A46KI

A2

o

START

ABORT

START
COMMIT

.LAUNCH

D.ISABLED

A45K7

START

COMMIT

RETURN

BUS

Figure 63 Start Commit
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The "Launch Enabl'e" (Figure 64) light will illuminate green when the commit
sequence is initiated, '(Figure 63) and the squadron commander has removed
a disabling signal.

LAUNCHENABLED

A45K7
START
COMMIT

LAUNCH
DISABLED

G

Figure 64 - .Launc h Enabled

"Fower Internal" (Figure 65) illuminates amber at the start of the commit
sequence, and will remain amber until the power changeover switch is
transferred to internal and the inverter is in tolerance, upon which, it
will illuminate green. If the inverter fails after power internal, the "power
internal" light will extinguish and the "missile "inve r te r-" light will illuminate
r ed.
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missile
power' Start
internal commit

. A2112· .A J8•...K-4---4:'':?}-fll

missile AC missile into
in sp~c pwr signal
A2 ks A~q2 . missile
missile power Gr~en power
internal internal-..A4SK9

Amber

1--------1 t------J,f~11
A4SK9

inverter inv. inv.
sensors on Freq Voltage

TDPU 60 see sense sense
1~--~tI------I1~.. internal

.A28K6 A28 zi A28 Z2 AC A28KS_ in spec..

..

Start Start into order
Abort commit A28K3
¥ ,. internal internalACA27K9 A28K4 in spec order A28K3

-:A28K2 -=
A28K5

r----
j internal-----~-----~~------~-Jorder

delay I
into order A28K8TDPU 2 see

-,
I
I .

internal
order
A28K2

;;to(

I

external I

)I I 1-----1 order I
. delay J. il I.ext. orderA28K9 M1SS e

TDPU2 ·L __ ...•_....;__ I
-:; see

Figure 65 - Power Internal
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The !'Pneumatics Internal" (Figure 66) light illuminates amber after missile
power internal. Meanwhile phase III is being accomplished. When phase
III is reached, changeover to pneumatics internal is initiated. When
changeover is complete (Valve 802 on the missile is operied] pneumatics
is said to be 'internal' signifying the provision of allowing the infl ight
helium spheres to supply helium to the propellant tanks. This light then
illuminates green. If a pressure fault occurs, the light will revert to
amber, and changeover to an external source is made. This "lockout" of
pneumatics internal is an abort condition. However this condition is dis-
abled after "commit-lockup" occurs (when the launcher platform is lifted
up and locked).
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A8Kl2 missile
Pneu power Amberinto into t!"';!>,I----*Fr----i Jr---~-~f_JI.

P
A.8K12 A~KI0neu
int.

,,~pneu
~ into,fp{45KIO)

Green

~
pneu 1\4%10)J.nto

into
memory
A8Kl3

missilechA.nge
over val.

A8Kl2
Int

change
over~ ~I~ ~A ~--------~

A8K8
A8K12into

Lip Down
and locked

into
memory

A8K13 Lox DrainsIB Lockout complete~----~~~f------~fI------~~,~----------
ON A8K7 A9K2

A8K5 L~ckout
A8K7 A9K7

into
mem y

~

,.
TDPU 5sec AIOKI AIOK7

BCU vent L lox A8K23 lox - fuel
308 closed »23. 5 [>29. 5 psi 1>53.psi

~---iI t------'--'---4 I -- ;t1l-"--L-..J .1-_-&-_
AIOK12 L/P Down, ' ,

an locked f 1~---~~~-- ueEmer. '~ 67 psi
I---~ Af ~~----~

A8Kll Lockout AIOK6
A8K7

A8K!3
fuel> 67
AlOK6

psi

A8K4changeover ,---,
A8K8 ':' 107 &108

Open (PCU)
AIOK17

Figure ,66 - Pneumatics Internal
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The "LOX Commit" (Figure 67) light illuminates amber at missile power
internal, and at the same time two timer s are started. One timer is for the
rapid topping sequence (50 SEC). The other is a 54 second missile lift
comrnit delay tirner. When the 54 second timer is 'complete and "commi't
internal" is pr e s ent, the "LOX Commit" light illuminates green, and the
AMF system is c oimrnand ed to raise the launcher. platform (provided g ui d-
anc e is on rne rn c r y, a..'12 the n ori- es s en ti al bus is turned off, which was a
r e su.it of "rn is sil e ?o'.vc:::.:-int er na l "). Meanwhile, an important signal
known as comrni t inte r na ; (?igt.:re 69) was generated at about the time
pneurna ti c s int e r .ial ~..luminated green. This signal commanded the arming
of th(~ flight pr og r arn rne r arm- safe switch (provided it was initially safe
and the F Ip at zero time), the oil evacuation of the missile hydraulic sys-
t em, and the closing of the LN2 Fine Load valve V - 215.

LOX

COMMIT

G

1
START
LOX

COMMIT
A15K19

(MPI) A45K21
IILOX
COMMIT'I

(Complete)

M!L
DELAY TIMER
54 SEC TJ)PU
A15K9

I A45Kll
Commit

Interna..l

Figure 67 - LOX Commit
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'I'h e "PRCXJRAMMER ARMED" (Figure 68) light illuminated amber just after
!f~::,)neuIY>.atics-Internal" illuminated green, sigx:ifying the arming of the F/p.
In about 15 seconds, the F/p should hz.ve fully armed, which in turn would
cause the ','PROGRAMMER ARMED" li~ht to i.Il urni nare green. The arming.
of the F/ P is not a requirement for raising the launcher platform, but it is
one of the requirements for "Commit Lockup", another important commit
seqtLence command s igrial.

Arm F/P Amber
F /'--P .t:f¥'_ed @,/I

1---"""'11 ~- ;fft- 01·
A3~)p A34K4

Armed

~

. F/P
A34K4 . Arm~d

GreenA45K12

f'-~;yp @;II
Armed A45K12

.

I
, Start
I i C/D
. t I (I ,:_________t-------------I( f-

l,vw A34K5

A34KI
Arm
F/P

'--Jr~
A34K2 ..A32Kl I A34K2 1\3L~K3~--~fV~----Jrf.-- ~j! ,

Art com~l~ F/P F/P
Abort int. Safe Zero

Arm
F/P
A34KI

Ar-m F/P
F/P Formed

i."''::'~ ''''
'-------, v..( ------";(',

A34Kl A34K4

Fi~ure 68 - Programmer Ar:rp.ed
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COM/JIT ITER AL

r+- l +28V DC
\ c- STANDBYL_.~'·,._~_-..JBUS

C~ FLIGHT CONTROL
a R/V READY
TDDO O. 05 SEC

START
ABORT

A'::K24

A45K8

A4 . 9

A45K3

MISSILE

PO ER ITER AL

GUIDA CE
RE DY

P U A .ICS 0
ITER LA.,.-r-E~d

A45({IO

START
CO ITEI""':

821
A45KI

BATTE Y
O~1'

A45~ •
HYD. LIe
P ESSUREB""'"fl-. -,

•.5CRII
A.45KII

eo IT

I TERNAL

RETURN

BUS

Figur e .69 - Commit Internal
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iSSI LE LIFT CO f' r A
~- ... ~. S1" RT

~\

+2 V DC
c- ~-

~--.J

A45K8 ;;:L Start Abort
A_ (,;

GU 0 NCEA~·5KI6 ------- 0' E ,fJORY
AI

A2 NO.
/!. •.5:'22 ESSE TI PO ER

~
F

M/L
A2 L X ! ~E Commit

A45~"'21 Dr'AI CO'1.1 PLETE Start

~~

A45K23

CO:Jl ~j!T
45~<11 I 1~·•.•.R
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! A45~<23_1- ,

, c'
A 5CR23 1\ c: MIL'l~ cl CO~~ !Tc:

S TI

V J'

!
I

'i I
~

u i RETU,
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Figure 70 - Missile Lift Commit Start
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The '1MIL Up and Locke d!' (Figure 71) light illuminates amber when the
missile lift -cornrn it start signal-{Figure 70) is sent to'the AMF logic racks,
and the ~filo doors have begun to open. This light illuminates green when
the Launc he r platform is fully up and locked, Being in the up and locked
position, plus re- summarizing the "cornrnit i.nte r n.al" signal, and the
presence of the flight programmer armed signal initiates a command
called "Cornrn itv Lock up". "Cornrm t-Lockup" starts a 1 SEC TDPU, and
commands guidance to go "i.ne r tial '. If guidance does not go inertial
before this 1 SEC TDPU relay energizes, "eng i.ne sta r t ' is disabled.
Ano ther fUI;'ction of co rnrrut lockup is that of disabling the emergenc y pres-
surization relays, and the "Io ck ou t " relay

MIL UP
& LOCKED

A21K7
MIL
UP &. LOCKED r MIL UP & LOCKEDI A45K13

A21K6
SITE SOFT

IA2lK3
MIL COMMIT
START

? + 28V DC

Figure 7 1 - MI L Up and Locked
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"Guidance Corrirn it " (Figure 72) illuminates amber when the guidance
s y st orn is on memory. Normally, missile power internal places guidance
on memory. Commit lockup will command guidance to go inertial and
when guidance has gone inertial within one second, the lamp is g:reen.

•.

SIB}
I A45K8-7 START

/ ABORT

A45K12 -

F/P ARMEII

A45Kl3 -

M/LUP&L'I

A45KII -
COMMIT

INTERNAL
COM1v1IT
LOCK UP
A45K14

A45K14

Guidance
Go

Inertial

Guidance On
Inertial

A31K23

Guidance
On

Inertial
A45K17

GUIDANCE
COMMIT

I A45K17
GUIDANCE

ON INERTIA

I Figure 72 - Guidance Commit
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The "Engine Start" (Figure 73) light illuminates amber when commit lockup
is gene r a ted until eng ine start is initiated. When the engine sequencer sends
the engine start signal to the rocket engines, this light would then illuminate
green. In actual practice, one should never see the "Engine Sta r t!' light
i.ll ur.ii na te amber because the "Engine Start" sequence, if normal, is very
rapid.

IVV Engine commit
AmberStart lockup

, I ~I'
A45KI5 A45K14 A45Kl5Engine

Sta t 9t rtcommit Engine
lockup Abort cutoff Guid NOT

I I,,"" /1/
'j I ':f1 inertial Eng.

A45KI4 A45K25 A45K18 TDPU 1 ec Start
Guid ON .A 51<15

En~ine A45K24
S~art A45K15. inertial,

1Engine A45KI7
Start A40K2

Green -
Figure 73 - Engine Start

As long as guidance is on inertial in less than 1 SEC (after commit lockup)
the engine start sequence will be enabled. The countdown sequencer com-
mands the engine sequencer to start the booster eng ine s, and after O. 55
SEC the sustainer engine (the vernier is st.az ted in flight by a signal from
the rocket engine relay box). At L1).esame time the booster engine se-
quencer, a 5 SEC engine shutoff timer is started. If the missile is not .
away (I" riseoff) in 5 SEC an engine cutoff command will be sent (VECO,
SECO, , BECO) to shut down all engine s. The abort sequence is enabled
b efor e "c ornrni t= Ioc kup " and after the 5 SEC eng ine shutoff timer runs out
(The ABORT sequence is disabled during this short time of about 5 1/2 sec-
onds).

The "Missile Away" (:figure 74) light illuminates green when the "I inc h!'
microswitch on the launcher platform detects 1 inch of missile movement
upward. If the missile is "awa y ', this light will remain green even though
the abort sequence is initiated.

missile
i-----a-Jrj:y

Green

~-- !I
"

A47KII

Figure 74 - Missile Away
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The "Abortll light (Figure 75) illuminates amber if, when a 4 minute time
has expired since the LOX 54 SEC TDPU relay energized and the "commit-
lockup" signal has no t generated. It illuminates rea. if guidance does not
go ino r tia l in the one second allotted time, or if the missile is not away
in 5 seconds after bh e engine start signal to the boosters was generated.

Engine
c toff TDPU.-----1 5 sec

A~OK3Engine
Start
M' si1e
& Engine

Powe r
HI-~----'

commit A39K3
lockup A45K24

~--A-445~14 -- Guid ~OT
inertla1__ TDPU 1 sec

Engine A45K18cutoffA39K6

A39K6
Engine-
cutoff
TDPU 5 sec-A39K6

~--~~n~l-l~n~e------~VECO
cutoff

M/ L Not Up and
'Locked 4 Min TDPU Commit Lockup
t-----Illf----.Jt

A45k27 A/sk14 Amber 1
",.

A45K24~--~~--------~J,~----~Guid NO'l'
inertial
TDPU lsec~~~r-----4fj----~

missile Engt,ne A39K6away cu~off
A47Kll Figure 75 - Abort

RedGui ance
inertial
A45K17

103

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.homestead.com



._------------

OZRl82lB/3l21B-4-IV- 3

The ABOR T PANEL: (Figure 76) The lights in the abort panel illuminate
amber or green for lamp test. When the Abort pushbutton is depressed
during countdown, the abort sequence is initiated, the indicators in the
aboc-t panel are enabled to i.ll urni na te.

The following discussion is for "Missile Not Awa..y".

Abort
Complete

Pneumatics
In Phase I

Hydraulic
System Off

LOX Drain
Complete

Abort
External

Helium Vent
Complete

Site Hard

Start

@
Figure 76 - Abort Panel
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The start abort signal (Figure 77) causes: the AMF system to begin
lowering the launcher platform, the inverter to shutoff, the power change-
over switch to go back to "ex.te r nal ".

IISite Ha r d" (Figure 78) illuminates amber when the Lip has started to
lower (if it was not down and locked). It illuminates green when the
launcher platfor'm is down and locked, doors fully closed and c rib locks
r et sa c te d ,

;: +2SV DC SiB BUS

A45K24
GUID

NOT
NERTIAL

1SEC TDPU

ENGINE
STAR;r'

A45K15

A45K14
COMMIT
LOCKUP

A45K18
ENGINE
CUTOFF

ABOR T BUTTON

A46K23
Start Countdown~~~~~~~ I

Figure 77 - Start Abort

SITE
F.ARD

A2lKB
START

TO
LOWER_

Figure 78 - Site Hard

A45K8 l
?A47K23

START
ABORT

START
ABORT

A46K19
SITE HARD
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"ABORT, EXTERNAL" (Figure 79) light illuminates amber when the launcher
platform is down and.locked, and illuminates green when pneumatics is re-
turned to phase II, the L/ P is down and locked, and missile electrical
power is external.

Abort L/ P Down amber
EXltvnal all Locked ®

~fK14 A45K26 l
Abort

External,

o-~I '
,) A47K14

Green H
A47KIO A47Kl

f/J II Abort
External

~/P Down
and Locked

A45K26

Mis sile
Power lnt

A45K9

Figure 79 - Abort External

The "abort external" is important command signal. It initiates such events
as the venting of the supercooled bottles, and the draining of the mis sile
LOX tank (provided LOX tank pressure is less tha n 8 PSI as monitored by ,
P. S. 326, and that the LOX storage tank p r.e s sur e is less than 25 PSI).

The "Helium Vent Complete" '(Figure 80) light illuminates amber- when the
"abort external" signal commands the ve nt ing of the supercooled bottles.
When P. S. 322 detects less than 50 PSI in the spheres, a tenminute timer
is started. Ten minutes later this light illuminates green.

A~~lh
sub-ecoo l.e d He vent Amber

T?E bottles c~7lete
I------\l!------)r;@-:g'

Fe ven t A::OK15
comT)let~10K15

1----411------ ---,.
Ee vent A~7.r\:13)

complete Green
I---~ f @..f'6

He vent
~omDlete

-z: A47:G3

Figure 80 - Helium Vent Complete
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The '!LOX Drain Cornpl.e te " (Figure 81) light illuminates amber when valve
L- l() is initially opened. It illuminates green 1500 seconds later, signifying
dr a in complete.

Lox:
Drain

1""'------.;:)'(f-----lH-
L-16 A15K3
closed
Al5K21

1

,.0...-.---, t-I ---11 r---.q--__
146K1 Drain

I .,t.'3.rt rrv

~

v/J limAr
Al5K25

!; I:i"----~Lox Drain
I' Co~plete Green

~ /16"K - ~, .r.-~_ ':'~11.S
I' I ();

~ . .'

Amber
~11

LoxDrain A46K~'::'
,:",,'Complete

Figure 81 - LOX••.?..=,in Comp ete+(.,'2J5D ~':::1 . ·
\V:~(;:.. LC~-= <i:::ainis complete {ISOO SEC}, the signal I!LOX drain comple~e"
st._~~ otf be l:':'=?J, and commands the return to phase 1. (I-{ ~M I W )
'L1'c; ,I-iT::..·.::2..~:~:::.s System Off"! {Figur e 82} light illuminates amber when
L':::{: c.i'2.i:-. ~::; c cmp Ie ;e. The HPU is turned off, and when pressure decays
to :e.33 L.':::':'-_ 1.750 PSI, it il Lurrrina t.es green. Ti'me from amber to gree::1 is
a bou.. 4: to 5 s e c o rrd s ,

Hyd
System

Off•• J..

{
r:

t
I.....L

A3l LOX Drain
:!:.~4-1- Complete

A38K~J/ Oiln- Evacuate
,

A4:6K16

A38K7
i/-r Hyd

rr ~I r-res sure

Hyd r a ul ic
System

Off

A G

lA38K7
Hyd r a ul ic
Pressure

'IA46K16~T
. Hyd Off

A38K4 .
LOX Drain

Com l ete

f
Figure 82 - Hydraulic System Off
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The "Pneumatics in phase I" (Figure 83) light illuminates amber at when
the L/P is down and locked. It illuminates green when phase I pressures
are present.

Lip Down FeU in
and locked Phase I

~--~~f------~~~--~~P
A9K3 A8K9
peu in Lox Drain

Phase I co~plete A9K2
!------It ti'-----..3 Pneu in

A8K<j "- Phase I
Pneu In Green .:: A47K17

Phas~ I 1h'I.
"~----i~/'

A 7K17

Amber

AIOK22
A8K18 AIOK3 A8K17

AI0K7 AI0K18 Valve lox lox
117 fuelfuel Val 119 8 . >8psi '" 1.65psi» i3psi 0Ttrn Open >, PSl '*" ~r

~----::t-(F ·i';....---1iJf-----rd..--~"I;;--~ ----. peu in
Phase t
A8K9

Figure 83 - Pneumatic in Phase I
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The "ABORT COMPLETE" (Figure 84) light illuminates amber at the start
of the abort sequence,' and green when the abort is complete (not in count-
down .. not ready to start countdown). Not in countdown indicates the start
countdown relays de- energized during the abort sequence. Four conditions
would ca us e this: hydraulics off, LOX drain complete, Helium vent com-
plete, pneumatics'in Phase 1.

Start
Abort

1---~"...7.'1-----1 J---~~~___j,.
Abort A45K25

Green
A~rg~~ll-te__ ~~I'

Amber

Start
Abort

A45 8

Abort
complete

----tl---
A45K19Hyd off

Abort
comnlete
A45K19

A46K23 A44K23

A46K16

Pneu in Phase I Start
I~ C/D-1 A47K17 StartLox Drain Comp ,

A46K22 C!D
A46K23A46K18 StartHe vent Oomp~ Ready

A47Kl3 C/D for A44K23:tr- -L~ C/D

Figure 84 - Abort Complete
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READY STATE PANEL (Figure 85)

This panel is at the lower left corne r of the console, consists of a switch
wh ich sends a signal to the Squadron Command indicating the "readiness to
La unch" status of the complex. The signal controls indicators on a display
panel at' that location.

The signal If In Commission" means that the complex is ready at any time to
go into countdown. "Out of Cornrrii s sion." means that the site is incapable of
completing a countdown at this time.

The setting of the selector in this panel is done by the
is ba sed on his knowledge of the complex's condition.
entirely manual.

launch operator and
The proces s is

Figure 85 - Ready State Panel

TEST PANEL (Figure 86)

"Lanlp Test 111 and "Lamp Test 2" are pushbutton controls to test all con-
sole indicator bulbs, except for those in the countdown clock.

"Number Test" actuates a circuit which tests the lamps in the countdown
clock. This control starts a stepping switch which then automatically steps
through and turns on all number I lamps then 2, 3, ETC. This test pro-
gresses one number at a time and each stay s on for one second. The plus
indicator stays on for half of the steps and the minus for the other half. If
this control is actuated during countdown, the Clock will display the count-
down time with the numeral test display superimposed on it. ..

Figure 86 - Test Panel
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The tlAlarm Re set " control silences the console alarm after it is turned on.
However, the indicator di spl a ying the malfunction will remain on until the
malfnnction has been corrected. The alarm will sound for a malfunction in
the powe r and sensing panel, a red "p r e s su r e mode" light in the gage pres-
sure pa nel, a red light in the standby status panel, or a red abort light in
the commit panel.

COMMUNICATIONS SYSTEM PANEL (Figure 87).

The communications system panel is the large horizontal area at the bottom
center of the console. This group provides the various communications
required by the 'Launch Control Officer.

PANEL FUNCTION

OPS Squadron operations - the d~tx"officer for the
Squadron Commander

AOPS Alternate Squadron Operations - an alternate
operations officer located in one of the complexes.

JC Maintenance Job Co nt r oLj- the central maintenance
control at the Squadron Maintenance Area (SMA).

CSC Central Security Control - a central control point
to insure the security of the various parts of the
squadron - located at the SMA.

GH Ga tehou se - the personnel and vehicle entry point
to the par tic ular rni ssile launch complex.

DIAL 1
DIAL 2

These are the two c onve.nt iona.I dial lines
available at the console.

APCHE Automatic Programmed Checkout Equipment .:
this is a direct line within the complex connecting
to the mobile checkout trailer when it is present.

~

oO'S 5~ 6 l) () (J1 00 0 6 0 0 0

~

0

0 0 0 0 -0 0 Q 0 0 0 0 0
r

Figure 87 - Communications System Pane l
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LU Logic Units - This is a direct line to a group of
. th r ee communications panels located beside the
various Logic Units, Launch Signal Responders, and
,inertial guidance and re- entry vehicle ground elec-
trical control units.

The last two channels are intended to support the rapid information re-
quired to bring a site to a tactical configuration if checkout is in progress
when an alert occ ur s.

Twelve illuminated line selector pushbuttons are located across the bottom
porbon of this panel. The same number of telephone type indicator lamps
are situated immediately above these pushbuttons. The two end controls
"Hold!' and "Release" are bar knob pushbutton switches. The remainder of
the· a s soci.at.ed communications circuits are located elsewhere in the con-
sole; the dial is in the right leg, the headset jack~ (two sets) are in the left
leg.

••

The operation of these controls is as follows: As surne that the console
operator desires to dial a nurnb er , he presses the line selector pushbutton
for "Dial 1". The pushbutton is a momentar y control and, as such, re-
turn s to its norma I position on being released, however, the button illumi-
nates indicating the line is selected. The operator then proceeds to dial
his number and conduct his conver sati on. Now assume that a call comes
in from "GB" during this conversation, the line selector for "GB" flashes
and the ringer so unds., The operator desires to retain his "Dial I" con-
nection vhiLe answering "GH" so he presses the "Bold" control at the left
end of the panel. The "Dial I" call is thereby placed on hold and the upper
hold indicator illuminates and the line selector light turns off. The opera-
tor then pres ses the "GB" Irne selector pushbutton and it become s steadily
i.llurn i.ra ted indicating that it is now selected. Be conducts his conversation
then "hangs up" by pressing the "Rel ea se " control at the right end of the
panel. The "GB" selector pushbutton light turns off showing that the line
has been released. The operator then returns to "Dial 1II by pressing that
line selector, which again becomes illuminated while the hold light turns
off. On completing his call he again "hangs up" by pressing the release
control. This causes the "Dial 1II selector light to turn off.

Present Air Force planning indicates that the communications system as
described in this section will be revised to conform to the requirements of
each complex. Inasmuch as the Air Force plans to accomplish this change
(in the field), the proposed changes to the operation of the communication
system as described herein will not be discussed.
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p'UBLIC ADDRESS'P.t:-NEL (Figure 88)

The ~Jublic addres s panel is at the extreme lower right corner of the con-
sole. This panel consists of five illuminated pushbuttons of the same type
used in .the communications panel. The signals from this panel are handled
by the communications system.

ALERT

@
STI<IKE

@
Lee
L58

ALL AREAS ONLY

@ ©)

Figure 88 - Public Address P.anel

The ALERT and STRIKE buttons put special tone signals on the PA system.
The alert signal is used to signify that an alert situation exists and the
complex should make ready for countdown, if not already in that condition.
The strike signal is used to indica e that the cornpl ex is going into count-
down immediately. The alert control is guarded by an open face cup that is
yellow inside. The strike control has a similar cup colored red inside.

The ALL AREA control permits the operator to speak through all speakers
on the FA system, both inside and outside of the buildings. The LCC/ LSB
control restricts the PA system to only those ou lets inside the launch
control center and silo. To. speak over the PA system, the operator de-
presses the proper one of the two controls and speaks into his regular
communications headset-mike while the control button is depressed.
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Figure 89 - Logic Unit-l (Left Half)

114

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.homestead.com



--- ----. --------

OZR1821B / 3121B-4- IV- 3

]
LOX TANKI ,G] ]F' C LITY]

PAN ELI') @~:> I @

]
LOX TANKING]" ] L F ]"

PAN EL 2 @! P AT~OR @
"" I _PANEL I

]
LOX TANK I G] I"] L N 2 - HE] Q

PA EL 3 @ P I ~

Figure 90..: Logic Uni t-I (Right Half)
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M 5 L GROU D] ] AUTOPI OT]
POI E R @ PA EL 2

PA EL 2 '

(LU':- 21
E- 'TRY
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P N EL I
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PANEL I
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PA N EL 3
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Figure 91 - Logic Unit-2 (Left Half)
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Figure92 - Logic Unit-2 (Right Half)
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DEFINITIONS
" i

1. Logic Unit - A master 'control device containing the necessary
circuitry to control the launching or abort sequences of all missile
and all OGE subsystems.

2. Subsystem Sequencer - A functional division of the Launch Control
logic units into subsy sterns such as:

Pneumatic Subsystem sequencer.

LOX Subsystem sequencer.

3. End Component - A piece of OGE or missile equipment (outside
the logic units) which controls a process upon receiving commands
from the subsystem sequencer.

4. Process - A process is defined as a series of actions or changing
conditions controlled by the end components such as:

Pressurizing

Filling with LOX or fuel

Activating a battery

Heat ing gyros

·5. .Launch Signal Responder (LSR) - A device containing the
necessary circuitry to simulate the OGE and missile end col?-
ponents, and check the sequence of operation of the logic units.

6. Responder subsystem - A functional breakdown of the LSR by
subsystem analogous to the subsystem sequencers.

7. Major Command - An interface signal between sequencer s in the
launch control logic units •.

8. Major Incoming Command - A major command received by a sub-
system sequencer.

9. Major Outgoing Command - A major command sent out by a sub-
system sequencer.

10. Minor Command - A control signal to an end component in the
missile or OGE.
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11. Process Condition - A term which defines the status of the process
such as:

LOX tank full

Pressure rising

Door s open complet e

Elevator rising

12. Response- A sigI(-al from an end component indicating a specific
condition of the end component, or ofa process condition.

13. LSR Interface Signal - An interface signal betwe'en LSR sub-
system analogous to the major commands in the logic units.

14. Subsystem Sequencer Step - A term describing a discrete change
in one or more of the minor commands which will be maintained
over a definite period of time.

15. Subsystem Sequencer Step Number Steps will be numbered in
time sequential order.

16. Subsystem Sequencer' Step Name - The name of a process and
whether it is being pre - conditioned started, or stopped.

17. Internal Sub-Routine - A logic operation generated and used
entirely within a subsystem sequencer to initiate a subsystem
sequencer st ep,

18. Subsystem Matrix - A sub sy st ern matrix is a reCtangular arrange-
ment of terms describing the posit ion of the subsystem! send
components at each' subsystem sequencer step, in vertical columns
and inhorizont.al rows.

19. LSR Relay Matrix -LSR relay matrix is a subsystem matrix
representing the end components position in terms of relay opera-
tions. .

20. Subsystem Sequencer Status - A term describing one of the three
phases of the launching sequence, or the abort sequence:

Standby

Countdown
Commit
Abort
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21. Major Commands Routed Through Sequencer - This term refers
to major incoming commands that are not used to initiate any
change in a subsystem sequencer, but are changed in meaning
(by the addition of a relay contact or contacts) and transmitted
to another subsystem s.e quenc er ;

SUMMARY:

The launch control equipment associated with the "FII Series Atlas
rn is sil e is made up of five units. The se units are the launch control
console, logic unit NO.1, logic unit NO.2, launch signal responder
unit NO.1, and launch signal responder unit NO.2.

The launch control console is the only console necessary to complete
a launching sequence. This console consists of all controls and status
indications necessary for one operator to launch the missile. The console
is located in the launch control center.

The units responsible for monitoring and controlling all missile-
borne and OGE subsystems during standby and countdown are known as
logic units one and two. These units, referred to as sequencers, are
located on the third level of the silo.

Two other units, known as launch signal responder NO. 1 and launch '
signal responder NO.2, are responsible for .checking the proper operation
of the Re la y.Log ic units and the Control Panel. They may also be used
to exercise the logic units between. missile rotation periods, as well as
exercising the launch crew.

QUESTIONS:

1. What are the two primary purposes of the launch control system?

2. Give two reasons why it is not possible to "hold" at just any
arbitary point during countdown.
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3. At what point during countdown is a "hold" possible?

4. How long can a ''hold''continue?

5. What are the main pieces of launch control equipment?

6. How many men are necessary to operate the launch control console?

7. How many areas are there on the launch control console? What
name is given to the areas?

8. What color combinations are used in the launch control console
indicators?

9. How is a "target selection" made on the launch control console?

10. What are the "color" possibilities of the target -patch indicators?
;<'

11. What is the purpose of the HIGH-LOW indicators in the target
patch?

12. What is the purpose of the pressurization patch?
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13. With which patch is the audible alarm associated? How do you
silence the alarm?

14. What is the purpose of the standby status patch?

15. Give a purpose for the countdown status patch.

16. What does the signal "In Commission" mean?

17. Who sets the "Commission" selector in the readiness patch?

18. In which patch are the lamp test buttons located?

19. What are the two purposes of 'the relay logic units?

20. How many logic units are there? How many panels in each unit?

21. What are the two operating modes that are possible with the
logic unit sequencers?

t
22. What three categories of signals can a subsystem sequencer

generate?
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23. What chassis .drawers does logic unit NO.1 contain?
NO.2?

Logic unit
,

<'

24. What is the purpose of the launch signal responders?

25. What two steps must be followed in order to perform-an LSR check?

26. Gb~:e three functions of the LSR's during checkout.

27. What steps must be followed in preparing for a responder checkout?

28. At what point during countdown is the inverter started?

29. When ,does the autopilot subsystem start arming the flight
programmer?

. \

30. What swmnary is necessary to get a ''Missile Battery Activated"
AMBER? ,

;:
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31. What sUmmarywill cause a ''Hydraulic Pressure "GREEN?

32. What does a "LOXCOmmit"AMBERindicate?

33. If a start abort signal is present, will the "Progrannner Armed"
indicator illuminate AMBER?

34. What will cause a '~.issile Away" GREENindication?

35. What sunanary is necessary to give an "Abort Complete" GREEN
indication?

185

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.homestead.com



OZR18Z1B/31Z1B-4-IV-3

DOWN RANGE CAO~~ RANGE

~, ~

CORRECTION (ORRECTION

T., t.. . e@~e -
I~I

[±J 15~'9115r91
@.
-=-1

I

-/
I~~~~ ~I

~~~~ I~

Y"
0"'" OS 6 (5 ()0 (J' °0 AC) C5 0 0 o II~IJII t;'i

l~coc~II.O
ALERT STRIKE ALlAR[AS O"'lv

0'0 o 0 000 0 0 0 o ~II@ @ @ @

~~~~

~

~'~IM*Ti'f~j~~~
'~'~tNT~~~~

.A
1

~

~~~,',~~~

@
@)

~
OO'~ll
O/STllIl'

[Pl.4JIf~Qj
[j

\"

Figure 154 - Launch' C.ontrol Console - Silo

'l() J.~,

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.homestead.com


	Table of Contents
	Launch Control System and Equipment
	Equipment Description and Function
	Electrical Circuitry Operation
	Logic Units
	Launch Signal Responder Operation
	Launch Control Checkout
	Launch Control System Operation and Checkout
	Logic Units
	Definitions
	Launch Control Console

