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Missile Launch/Mlcs:Lle Ozf*cex OZR1821B/3121B-4-1IV-1

- Atlas Branch : _ _ "~ Student Study Guide

Department of Missile Training : 15 March 1962
Sheppard Air Force Base, Texas : ' :

FLUID TRANSFER SYSTEM

OBJECTIVE

To provide the student with a clear understanding of the construction

- and operation of the propellant transfer and storage systems. To teach the

student the 1aunch control and checkout procedures of the propellant trans-
fer and storage systems. '

INTRCDUCTION

The ATLAS "F" series silo propellant transfer system is made up of
the fuel, liquid oxygen, and liquid nitrogen/helium subsystems. These
subsystems will rapidly load liquid oxygen, maintain the fuel within
the missile at the proper level, and supply the airborne helium bottles
with chilled helium to pressurize the propellant tanks during flight.

)
5

FUEL (RP-1) TRANSFER SUBSYSTEM E

The fuel storage subsystem in the silo is a sim&a‘ ifie 7:51.b.>ywv:n in
that the fuel will be stored in the missile tank. This removes the re-
quirement for large storage tanks and rapid loading equipment for fuel
within the silo. The time required to launch the missile has been reduced
bacause the fuel is stored in the missile prior to countdown,

The quantity of fuel loaded aboard the m’::ile must be regulated to
within + 0.5%. of the required volume. This is necessary to insure the
CJrrect weight and volume for a maximum range fi‘ght. Fuel density, and
hence the weight for a given volume; varies with the liquid temperature.
The temperature within the missile storage area on,the silo launcher will
bz maintained at 70° F + 5°F. The temperature of the fuel when loaded
may vary considerably more than this: therefore, as the fuel temperature
stabilizes to that of the silo, the missile tank fuel level will vary from the
desired level. A fuel loading system capable of tanking the missile to the
proper level and maintaining that level is required. The fuel system per-
fcrms the following functions:
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1. Controls initial filling of the missile fuel tank to the proper

level,

{\)

2. Adds to or drains quantities of fuel to maintain the missile tank
at the desired level as temperature changes cause expansion
and contraction of the fuel.

3... Drains the missile fuel tank as required for missile recycle.
11,500 gallons of fuel are required to tank the missile.

Ml £ .~ 3 -1 A —~— - <3 - 3 = e XX P |
The Luel used in the Atlas missile i's RP-1. It is a straw-colored
% y

- nodera ely volaLLe, and i
-detonate from heat, but not from sh

o o= - o -1
h point is approximately

uel Transfer Subsystermn Components
f”"f 33
Sito Purification Unit (Figures l.and 2)

The function of this unit is to remove water and impurities from the
RP-1 fuel prior to loading the missile fuel tank, This unit will process
fuel from the facility underground catchment tank, or from an Air Force

fuel transport tank truck during missile
is necessary because water in the fuel will caus

5 S i g o 5 e~ . S T
This purification process
T s
o

e
during standby. Missiles have a life’ expectancy of 10 vea—:s, and;duri::g the
majority of this time there will be fuel in t} tar

smallest amount of free water would present serious corrosicnpxzoblems.

The fuel purification unit consists np, filter-separa-
tor and dehydrator. The unit assembly is mounted on a four-wheel
trailer designed for intrabase use. One unit is required per base. :The
positive displacement pump delivers fuel from a suction 1lift of 7 to 8- Z3IG
and a suction head of O to 50 PSIG to a di: F
is pumped through a filter-separator wh ts per miilion
(PPM) of free water is removed from the fuel. The fu 1 from the filter-
separator is then passed through the dechydrator where silica-gel . absczrbs
dissolved water molecules. .There is sufficient quantity of silica gel in the
aehydrat«)r to process 45, 000 gallons of RP-1 fuel to less than 15 PPM
total water content.

[ Z ton 6B REICGT Fael

The silica gel within the dehydrator tank must be replaced after a total
of 45, 000 gallons of fuel has been processed. New charges of silica gel
must be’installed before the unit may be used again., y
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The unit contains a moisture monitor which senses fuel 'at the dehyd-
rator outlet and continuously monitors the water content of the fuel.

A control valve is located at the outlet of the unit to stop the fuel flow
in the event of excessive pressure differential across the filter-separator
assembly, or in the event of excessive water in the filter-separator sump.

An accessory hose is provided for use when processing fuel from the
fuel catchment tank. When processing fuel from an Air Force fuel tank
truck, the tank truck discharge hc:z connects directly to the fuel purifica-
tion unit inlet. i

A control panel is provided on the purification unit. The pump and
moisture monitor controls are located on the panel. Power is supplied
to the unit through a single cable. This cable also contains the ground-
ing conductor which is automatically connected by plugging in the cable
connector to the facility receptacle.

Fuel Catchment Tank (Figures 1)

The function of the underground fuel catchment system is to receive
fuel from the missile tank during unloading operations. It is also used
as 2 means to bring the fuel temperature from extreme ambient tempera-
ture to between 36° and 75° F before loading the missile. Missile range
cannot be assured if fuel temperature is outside these limits, or good
engine performance if fuel is outside 32°F to 80°F. By using the under--
‘ground tank to adjust fuel temperature prior to loading, the missile is
capable of immediate launch without limitation.

The tank and lines are made of carbon steel externally coated for
underground use. During filling, the tank exhausts to atmosphere
through a vent. Air-inflew-to-the-tank,—during draiming;—isthrough=a
dessiesnttoremove-metsture, A pit, located adjacent to the tank, houses
the desstcznt-cams-and valves used for dra1n1ng the tank

Three fuel stubups with self-sealing couplings are provided at
round level near the silo cap perimeter. The fuel stubups are numbered
-15, F-17, and F-19. Valves F-16 and F-18 are manual shutoff valves
:.ha.t are normally closed. Valve F-20 is a one way check valve. Fuel can
be loaded into the silo directly from the fuel tank trucks, through the
fuel purification unit and into either stubup F-15 or F-17. Fuel transferred
to the catchment tank will be loaded through stubup F-19. To transfer fuel
from the catchment tank to the silo, fuel will be withdrawn from the catch-
ment tank with the pump on the fuel purification unit. Fuel will flow out of

IXJ
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the catchment tank, through F-19, through the purification unit, through
F-17 into the silo. Fuel transferred irom the missile into the catchment
tank will be transferred through F-16, F-20, and F-18.

The purification unit power receptacle is located at the silo éap near
the fuel stubup connections. :

Fuel Loading Prefab (Figure 1}

The function of the fuel loading prefab is to control tanking or draining
of the missile fuel tank from {or to) an Air Force fuel tank truck, or
the facility storage (catchment) tank.

It is also used to adjust the missile fuel level during temperature
stabilization. Because of the extreme ambient temperatures at site
locations, considerable expansion or contraction of the fuel will take place
within the missile tank if fuel is loaded at these temperatures. The
maximum time required for fuel stabilization within the fuel tank is
estimated to be as much as seven days. During this period the missile
fuel level shall be adjusted in order to maintain the missile in a standby
condition., After this period the missile fuel level need only be checked
periodically as no significant variations in fuel level will take place
frorm temperature variations. When fuel is transferred from the leveling
tank to the missile, the leveling tank is pressurized to 50 PSIG to push
fuel into the missile fuel tank.

The fuel loading prefab consists of a 630 gallon fuel leveling tank, fuel
leveling tank GN2 pressurization supply baqttle, filter, pump assembly,
valves, switches, gages, and associated fittings and piping. All hardware
is located on a prefab which is‘installed as a single unit.

The fuel loading prefab is located at the bottom of the silo crib on
level eight directly below the launch platform.

-

.

The fuel pressurization system'supplies pneumatic preésure for con-
trol valve operation and pressurizes the fuel leveling tank for supplying
fuel to the missile for leveling. It is also used to prevbent impurities from
entering the system during standby. The fuel leveling tank is maintained
under a blanket pressure of 2 PSIG. :
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The fuel leveling tank is sized

1g fo w ue :

to be encountered. The zank is filled to one of three levels depending on
fuel temperature at tanking. For a fuel temperature of less than 55°F the
tank is left empty. For 55°F to 85°F the tank is filled one-half full-(to

float switch F'S-10) and for temperature above 85° the tank is completely
filled (to float switch FS-9).

The fuel fill line to the missile {(F¥FM) passes through the launch
platform hot disconnect panel. This panel parmia’:é F¥FM to be conne
and disconnected as the launch pl
11 line, for safety reasons, is

s
on the opposite side of the launching platform.

Sequence

<

System Operating
Missile Loading from Tank Trucks {Figure 2)

When the missile is loaded from tank: trucks, up to three trucklocads
of fuel will be required depending on truck capacity. It has been deter-
mined that the temperature of the fuel in these trucks may vary from
approximately -40°F to approximately + 120°F. Fuel Tanking is accom-
plished as follows:

1. Connect the discharge line from the fuel: pu*lflcatlon trailer to
the refuel stubup F-15o0or F-17. If F-17 is used, manual valve
F-16 must be opened.

2. The fuel purification trailer is connected to the electrical power
receptacle and the moisture monitor is:turned on and allowed to
warm up.

3. The discharge line from the first tanktruckis connected to .th
inlet connection of the purification ¢

4, Fuel delivery from the truck to the inlet of the fuel purification
trailer is initiated by turning on the.fruck pump.

5. The panel operator at the fuel subsystem logic unit panel on the
crib third level is informed that preparations for. ta.nklng have
been made.

6. The airborne fuek fill and drain valve is opaened by operating its
control switch on the logic contrel panel (Figure ﬂ') The position
of this Valve is indicated by lights . on the panel, i
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10.

133

b1z
13.
14.
15.
16.

17.

Valve F-1 is opened by operating its control switch on the logic
cont»ol panel. This signal is hooked up in the logic unit through
a contact indicating that the missile fuel level is below 99.6% .
full. F-1 is opened by energizing SF-1 a four-way solenoid
valve for controlling the flow of 750 PSIG GN3 into the double-
acting pisfon actuator on F-1., F-1 is a four-inch ball valve.

The pump in the fuel purification trailer is started. Fuel will be
delivered from the tank truck, processed through the purification
trailer, transferred through the f*\;el prefab, and into the missile,

The panel operator shall note whether the temperature of the
incoming fuel is below 55°F, between 55°F and 85°F, or above
85°F. :

Whien the first tank truck is empty, the fuel purification
trailer pump is stopped, the truck pump is stopped and the truck
discharge line from the trailer is disconnected.

" The discharge line from the second truck load of fuel is connected
- to the inlet of the purification trailer and fuel delivery from the

truck is initiated. The pump in the purification trailer is started
and the second truckload of fuel will be processed into the missile.

The panel operator shall note whether the temperature of the

‘incoming fuel is below 55° F, between 550F and Sb F, or above ‘

859E:

When the second tank truck is empty, the fuel purification trailer :

- pump and the truck pump are stopped, and the truck discharge line

from the trailer is disconnected.

The discharge line from the third truck load of fuel is connected
to the inlet of the purification trailer and fuel delivery from the
truck is initiated. The pump in the purification trailer is started

“and the third truck load of fuel will be processed into the missile.

The panel operator shall again note the temperatuve of the
incoming fuel

Using the information regarding thé temperature of the incoming .
fuel, the panel operator decides whether to leave the. fuel

leveling tank empty, half full, or full.

If the decision is made to put fuel into the leveling tank, the panel
operator opens valve F-3 by operating its control switch.
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Missile Loading,From the Fuel Catchment Tank (

The panel operator shall monitor the panel {(Figure 3) and close

valve F-3 when the fuel level in the leveling tank reaches the desired
.level, This operation is to be completed without stopping missile

fill and before missile fill is complete.

When the fuel in the missile reach s the 99. 6% level, the signal
for opening the fuel fill valve F-1 is lost, SF-1 is deenergized,
and ¥-1 is closed, stopping fuel transfer to the missile.

The pump in the purification trailer is stopped. The tank truck
pump is stopped.

The airborne fuel fill and drain valve is closed and the fuel tank
truck cnscharge line is disconnected from the fuel purification
trailer inlet.. '

The Luel purification t““wl ischarge line is disconnected from
the fuel fill stubup ¥-15 or F—i?.

L

igures. 2 and 3)

When loadmg the missile from the fuel catchment tam{, 1t is assumed
_ that the temperature of the incoming fuel will be between 36° and 75° A5
' Fuel tanking is accomplished as follows:

1,

The discharge line from the fuel purification trailer is connected
to the refuel stubup F-17.

The fuel purification trailer is connected to the electrical power
receptacle and the fuel purification trailer moisture monitor is

‘turned on and allowed to warm up.

The purification trailer accessory hose is connected from the fuel

catchment tank dlscharde stubup, F -;9 to the trailer inlet.
TMANUNL JAVE E-)b IS ©PENE ;

The logic unit fuel tanking operator is informed that preparations
for tanking have been made. .

The airborne fuel fill and drain valve and valve F-1 are opened.

- The pump in the fuel purificati‘on trailer is started. Fuel will be.-
-delivered from the fuel catchment tank, ;processed through the

purification 'trailer, transferred through the-fuel prefab, and into
the missile. : '
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7. The panel operator shall note whether the temperature of the -
incoming fuel is above 85°F or between 55°F and 85°F. The panél
" operator shall dec;ua whether to fill the leveling tank completely
full, or one-half '

8. Valve F-3 is opened.

9. The logic unit panel is monitored and valve F-3 is closed when the .
fuel level reaches the required level. This is accomplished prior
to the completion of missile loading.

10. . When the fuel.level in the missile reaches the 99. 6% probe,
- the Propellant Level Control Unit (PLCU) sends a signal to the
logic unit closing valve F-1 automatically. '

11. The fuel purification unit pump is stopped and the airborne fill and i
drain valve is closed. :

12. The accessory hose from the catchment tank stubup F-19 to the

purification trailer inlet and the fuel purification trailer discharge
hose to the refuel stubup F-17 are disconnected.

Missile Fuel Temperature Increasing to 70° F (Figure 2)

N ; i .
: If the temperature of the incoming fuel was below 70°F, the bulk
temperature of the fuel in the missile must increase until it is stabilized
X at the ambient temperature which is controlled to 70 + 5°F. As the fuel
temperature increases, the fuel volume increases and tends to overfill the
missile. In order to alleviate this overfilled condition, the following
procedure shall be observed: '
L 12
1., If the missile fuel tank is overfilled the FUEL LEVEL TOO HIGH
""A" and FUEL LEVEL TOO HIGH ""B" indicators on the Propellant
Level Control(plgnlt will light red when the fuel LOCAL /REMOTE
switch on the |pane /10 put in the LOCAL positian. The MISSILE
FUEL LEVEL HIGH indicator on Fuel Tanking Panel Number 1
will also illuminate red. (Figure 2). '
2. To lower the fuel level the Fuel Tanking Panel is switched to
LOCAL Control and the airborne fill and drain valve and valve
F-3 are opened.
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The above indicators are monitored and when they extinguish valve
F-3 and the airborne {ill and drain valve are closed.

Steps 1-3 are repeated periodically until the bulk temperature :
of the fuel in the missile tank stabilizes,

When the temperature stabilizes, the fuel fill line 4o the prefab
(FFP), and the fuel {ill line to the missile (FFM), are to be
drained. i

Valves F-2, NF-4, and NF-2 are opened and when the FUEL IN -
DR. LINE amber indicator extinguishes the valves are closed.

Missile fuel Temperature Decreasing to 70°F (Figure 2)

If the temperature of the incoming fuel was above 70°F, the bulk

temperature of the fuel in the missile must decrease until it is stabilized
. at the ambient temperature which is controlled to 70 + 5°F. As the fuel
temperaiure decreases, the fuel volume decreases and tends to underfill
the missile. In order to alleviate this underfilled condition the procedure
is as follows:

With the Fuel LOCAL/REMOTE switch on the Propellant Level
Control Unit panel in the LOCAL position the FUEL LEVEL NOT
LOW "A" and FUEL LEVEL NOT LOW "B" indicators on the :
panel will be out if the missile tank is underfilled (less than 99. 6%, |
full). The MISSILE FUEL LEVEL LOW indicator on Fuel Tanking
Panel Number 1 will be red. (Figure 2)

To raise the fuel level the Fuel Tanking Panel LOCAL/REMOTE
switch is placed in the LOCAL p051t10n and the leveling tank vent
valve, F-4, is closed.

The levellng tank pressurization valve, NF- l the airborne fill
and drain valve, missile fill valve, F-1, pump outlet valve, ¥-2,
and leveling tank valve, F-3, are all opened., Fuel under pressure
in the leveling tank is forced up into missile tank.

When the missile fuel-tank becomes greater than 99.6 % full valve
F-1 closes automatically. The indicators on the PLCU Panel light
green and the indicator on the Fuel Tanking Panel goes out.

Valves F-2, F 3 and the airborne fill and dram valve are closed.
ANp wF - 15 C LoSEP AN P / “Y IS 4

L1
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decays, the defueling pump is stopped.
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The TCU is also used to drain and vent the main LLOX fill and dra
line prior to launcher platform rise.

)
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Pressurization Prefab (Figure 4)

The pressurization pvefa’ e e
aseous nitrogen for resupplying

control the flow of
Zen storage vessels, It

oQ

ngog 1
<

Pt

is also used to control the pressure in e LOX storage and topping tanks
which is the function to be described here,

ohic control panel on
ng tank liquid level
“ gauges which control
orefab also contains
i, 7\I 2 and N-3 for

pressurization prefab is 1 seveu:lh level of the crib.

Vacuum Pump

¢

rature; therefore,
: cutside surroundings. As
.ge and topping tanks have
constructiorn of which iz z tank within a tank.
Vacuum pumps are usec o evacuate the outer j:.:-.<w on these tanks and
thereby provide insulating space around the innsr tank which holds the
LOX.

o
Liquid oxygen must be sicred at a viry low tempe
their storage tanks mus i
mentioned in their

a vacuum jacket, th

Initial evacuztion of the vacuum =
‘pump which has water cccliag and a lzxg
then maintain the vacuum automaticall

)
(o)
'

o
or
et
46
fu

=chieved with a portable
& capacity. Installed type pumps
y ot 15C microns of Hg absolute.

LLOX Resupply

Under normal conditions the store LOX for 10 da.y°
without resupply. 4. cach recuzriy i Ena ] d oxygen vessels in the
silo are refilled to make up i £ since the preceding
resupply. If required c ntdown may be performed
after one loading fc cow a drain before topping

=
off the liquid oxygen vessel

LOX System Dztiz Floew

An explanztion of the _OX system data flow appears under the launch
control operaticn of this study guide. ;
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LN, /HE TRANSFER SUBSYSTEM , *

The liquid nitrogen/helium tran
rapidly, safely, and accurately the missile
helium and liquid nitrogen during countdown

m is designed to load

s Fa - o ~ 3 2
scvheres and shrouds with

]

The LN2/He transfer system
storage taak, LT\7 He heat exchan:
the 7 A
to i vas &3

Economy of weight and space
that the gas be stored at low tempex
Liquid nitrogen (chemical symbol: LN
for the helium because of its very lo
liquid nitrogen is plentiful, relativel
stable enough to be transpor:e

Helium (chemical symbcl: He) was =:
airborne pressurization system for tl

tics:

1. Low specific weizgnt

2, Chemical stzbi
"3. _Good thermodynamic properties

To conserve qw:e aboard the missile,
LN2 during loading cf the sphares.

The space saved within the
illustrated by comparing 2

: . O 2% 5 R
Helium at 707 & 3828

N , o =
Helium at -320 F @ 302

Within the mis ¥
greatly thereby permiiling I

stration

of the advantage gzinec by o be madb
by again comparing gas dencities:

r{el 198Ring! C

L 8]
O
tzj
(®)
w
(e
(@8]
[
|
[9)]
b
1!
wn
O
r
o
n
B3|
3
(8

I\)
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- o g T g B
Helium @ +32°F atmosphercic pressure = . 01114 LBS/F“

1.1N2/He Subsystem Components

. P : T s 247 H <ral O +
g inl 3 > L C3 tructure.

Gaseous Nitrogen Supply (Figure 5)

™y P ey paa s
LOere 1s one gaseocus

during standby for missilc

supply. Q0O RS

Another supply consist
_’m.g-e&hehtoigxowd ressu
cylinder § amse pressurlzed at 4000 PSI and #e 1
boTTIES at level 8 of the crib., The other e cyl
oxygen transfer, G

Liquid Nitrogen Storage Tank (Figure 6)

The liguid nitrogen storage tank consists of two

The inner chamber nus an internal volume of 4600 gal

capac1ty capability of 3600 gallons of liguid nitrog The tanl

ontains a relief valve, rupture disc and
piping is provided for connection to a liquid level indicator mox,.n.\,d on
the liquid nitrogen prefab contrcl panel described later.

inner shell and z structur-

The outer chamber provides support for the
exchanger assembiy. The annular
re

al frame for the entire storage tank-heat
volume between the tanks is maintai

mercury absolute (for effective prevention of heat le akage) UF means of
an external vacuum pumping sys*‘:em mounted on the undersids of the
storage tank,"’
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atmos-

pressur

pproximately
32000 pounds.

’O

= S ~ ot
v owis C».L&.u....v.l\/-

vent;ng system of the _1Cu".; Titr
during standby and ccu
to a liquid level indicater
panel described laler.

The outer chamber provides supsd r the inner shell and a structur-
al frame for ai ament orn torg a;;k. T‘r.;
-annular volume between ihe ta ¢ of 10%nicrons
of mercury absolute, using th em as used for
the liquid nitrogen storzze tank.

The main function of the heat exchang;- is to cool down ambient
helium gas (60° to 80°F).at 2 Zow x '
3000 PS [G to an outlet temperature oi" -2

nitrogen/helium hezt exchanger is

<
diameter and weighs approxi--;:;’;ely
changer is located cn top of the LN

structure.

Liquid Nitrogenr Prefab (Figure 6)

7:r

The ligeid nitrogen prefab is a he
1 i iy above the ligquid nitrcgen tank-hea

level cf ih

senaraie cabinet located on
e

exchang =1 to control 1qu*d

T

nitroger flow from the storage tank through the coaxial .,\2/I~e line to
‘the micsile helium bottle shrouds.
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I/F

#1
6000

PSI

#2
6000

PSI

| PSI

GNp

6000

GN, 4000 PSI

)

GN2 4000 PsSI

13

CHARGE UNIT

1450 pst FCU

1

VENT

91 15 |[EMERGENCY |

2

TO
HELIUM

N

LLIQUID NITROGEN PREFAB |

\/
4 ' AMBIENT é TO ’
| SPHERE LN,
&l O EVAPORATOR
ﬁ Zéi ‘ ; X 201 l
| |LN, COAXIAL
450 PSI !

| -t LINE
! HEAT }
‘ EXCH
|

TO

PCU |
o L
i N~V
I
I TS D R P
| LN, [ l ¢ |

| l

I R AGE 215 213 214 ']
| | I
l ,r |
| ' |

PNEUMATIC DISTRIBUTION UNIT

Figure 6 - Simplified Flow Diagram Liquid Nitrogen/Helium Transfer
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Flow rates are established by means of three pneumatically powered,
pilot-operated, .remotely controlled, preset flow control valy*—\ installed
in p.ar These valves are rated from 0 to 1 0 to A

CPI\Q, res f
P:—zeumatlc control of these valves is:provided by the instrument air S\/stem
through the PDU.

(Figure 9).is passed through a
nitrogen before delivery to the
mnitrogen storage tank shrouds the he
exchanger and missile as well as th
within the missile,

3 o AFimana -
the use oi one or

. Gaseous helium storage tanks (twoc)

2. DPressure distribution unit (PDU)
3. :Liquid hitrogen/helium heat exchanger -
4, - Liquid nitro

5. Pressu

7
6. Helium charge unit (HCU
7<- Mobile dynamic:checkout unit (MDU) is also provided.as.a means

of checking these various. systemas.

¢

24
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The output of the inflight helium tanks is routed to the PDU wherein
the following is accomplished:

it 8 LLBS/MIN at 6000 PSIG is routed through the PDU to the PCU
for st regt nn and flow to the missile fuel

1
and oxidizer tanks during countdown (HNS line).

osegquence “*&SSCL’C‘}
o 3 o

3. 6 LBS/MIN a2t 6000 2SIG is routed through the PDU to the PCU in
1)

para;_eé with item (1) and is used for emergency purposes only
(T"‘T“C‘ e
B i .&-LA» ] e

4. [ BS/MI of gaseous nitrogen at $0080 PSIG from the nitr n
i rough the PDU to ;h- PCU

ticn and flow to the

3

Gaseous nitrogen is stored in the missile sile {8th level) for LOX
transfer, tran f
fect at 4000 PSIG
‘transfer, and 4

essurization. There are 1250 cubic
) cubic feet at 4000 PSIG for LLN2Z

cet at 4000 PSIG for fuel -vve’ g tank pressuriza-
ticon.

The GN2 is routed, monitoréd, and controlled by the pressurization
ab panel during all resupply operations.

o
(63
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ILAUNCH CONTROL AND CHECKOUT OF FUEL, LOX, LNZ/HE
SYSTEMS

The launch control system uses a simplified operational technique
called the “'unitary concept". ‘L;ni tary concept launch .control eqaipment
makes it possible for a single ope rator {the Launch Control Officer) to

N

conduct the countdown and to la:

indicate the
own. A mal-

1 the launch

vn patch or the ,

control con :
rower and s::"~sir.

Fuel tanking ; ! mpisted prior to countdown; therefore,
the fuel transfer

The only operatio
gystem is fuel line d ainage*

in launckh conirgl operations.
ing countdown in the fuel sub-

'-4

o

t is imporiant to note, however, that the
proper fuel level must be attained before countdown can be completed.

I.aunch Control Consc

sec ik

group of five green/red indicator sub-
systems during both standby szar.ciby, ‘,ea: indi—
cators reflect the readiness

time, whether in standby, countdown, comrmnit or

loft hand corner of the fi

st panel of the logic u;zi‘: Subsystems. _Lney
will be illuminated green i e

m is operating properly. If
is is not the case, the indicator will not be illuminated. Therefore, the
lz.unch crew can immediately observe which system is at fault.

[
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v

The logic unit may be observed only if the entire system is reverted
back to the standby status. The logic uanit for propellant transfer.is '
located in the silo and no one normally is permitted to enter the silo
during countdown. i |

A red indication during of the
countdown as all indicators in this patch must been green to start the
countdown,

: It should be noted that a red illumination of an indicator in the
Y
£

malfunction patch will cause a standby status indicator to illuminate red.

The

Iy

ollowing presents the 1l

standby status indicators

The LOX and FU
the status of the LOX,
This indicator is green for the f

&

1. Logic unit stan

2. * LOCAL/REM

4, Start countdown command present

The malfunction patch is
This is a group of thirteen
fault location. The faults indic
that demands immediate correctio
a fault of a marginal nature whi

T‘

=
site or weapon mission, does not represent an immediate danger or

David Jenkins 556th SMS -scanned by Jeff Stephens- atlasbases.hdmestead.com
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greater than 99.:25%

5. A 40 SEC TDDU timer, {commit delay timer) has run out,

The indicator must illuminate gréeen before commit sequence can be
started. ]

Launch Control of Fuel Subsystem

e -

Conditi 0.18

g 7 Rl he ~= 1 A 303 D TN CYT T
1., Fuel tanking panel number 1 in "REMOTE!

¥ - ~ 3 ol - e A aia
2, Propellant level,panel number 2 in

-

3. System power switch "ON'

4. Oystem power switch "ON! Propellant level panel number 2.
5, Airborne fill and drain valve closed.
Countdown Functicns

The only automatic function by

drain the fuel ii_; line to the prefab
(FFM). This is accomp
pe“rxlttln y the fuel to d

will monitor'the missile tank fuel level
3-second monitor
‘percent and 100.4 percent. Aft:
the PLCU is dlsu.blg—;- ;

I
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Commit Sequence

At commit st
these valves not cl

o

Start Abort

The abort signal will cause valves F-2, -3, NF-2 and NF-4 to cpen.

N
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I.aunch Control of 1LOX Subsystem

System Operation

At the start of countdown, the LOX fill operation begins, The LOX
system operates through the following sequence au comat; lly.

During a normal countdown

> missile ready for
‘commit), system operation is contrclled by the launch control logic units.
VWhile the missile is ] 3 : : LOX, any
I OX which beils of

b
is vented out of the silo by a vent mechanism (Figure
7 Ywhich draws the gases out of the missile shaft, =

<

The gaseous oxygen vent me

bent through a 90° angle. It is part rigid, and It pivots about
an axis which passes through the duct at the L Also attached
to this assembly are limit switches, brakes and counter system.

Prior the missiie boiloff valve is closed.
Within the % 1t gainst the boiloff
valve swings to a vertical position £o clezsr missil The gascous-

Prior to countdown the system is in standby. -

Standby is established by monitoring of:

<

1. L=-7 mair storage fill valve closed
2. Not on loczal power

.t 33 Y e . G o 3
-60 maiz lire drzin nressure valves closed

z e L3 S 2 = - =3 £
N0 DU STOT 2T calin vent onen

5. I,-16 missile drain valve clocsed
6. I.-1 1LLOX fine load wvzlive closed
7. L-2 LLOX rapid load valive closed

€. N-4 topping vent valve open

O

. System power on
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At countdown start, missile fuel tank flight pressurization is

initiated.
When the fuel tank pressure has reached 53 PSI and the missile

L.OX tank pressure is less than 17 PST (boiloff valve cpen), the

s
1.OX logic unit receives a signal, '"Pneumatics Ready for 1L.OX
Chilldown'. :

This signal causes the following to take place: (F

a. Storage tank vent valve, N-5, is closed,

b. ‘Topping tank vent valve, N4, is closed.

e PR e .
tanx vent close

te, the ;Ol: ILINE

zation valve,
tank pressu
up through

<

When the €0-second chilldown timer iz complete;
a. Pressurization valve, N-2, is opened and.storage tank pres-
sure is controlied at 135 PSI.

(O8]
o
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g

c. RAPID 1.0OX LLOAD indicator illuminates amber.

6. - When the missile tank 95% sensor is re:

It
nl
9]
G

£

2. Rapid load valve, L-2, is closed.

b. Rapid topping valve, 1.-50, is opened

c. RAPID LLOX LL.OCAD indicator turns greecn,

d. FINE LOX LLOAD indicator 1111.:."::11na.tec amber.
7. When the 99% csensor is reached:

a. Fine load valve, 1,-1, is closed.

b. Pressurization valves, N-1 and N-2 are closed.

. Airborne fill and drain valve is closed.

e. Line drain prescurizaticn valve, N-60, is opened. 135
of nitrogen enters the line .

90

£, Line crain timer, - STC, TDPU, is started.
é0 ;
g. Commit delay timer, && SEC, DPU is started.

h. FINE LOX LCAD indicator turns green.’

8. When line drain timer is complete:

a. Drain valve, 1L-16, is closed,
b. Line drain pressurization valve, N-60, is closed.

c. Line vent valve, N-80, is opened.
d. Line vent timer, 40-SEC. TDPXPU, is started.

e. Storage tank vent valve, N-5, is opened.

o
=

9. Whexn line vent timer is complete: the line vent valve, N-¢
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13,

Comm it

ll

The topping operation has continued to fill the missile to 99.25%.
When this sensor is reached:

a. . Rapid topping valve, L-50, is closed.

b.. Stop topping timer, 15 SEC. TDPU, is started.

When the stop topping timer is complete:

a. Fine to;:.ping. valve, L-60, is closed.

b... The 6 GPM orifice continues toumaintain toppin;
Excess LOX flow goes through check va

drain to LN evaporator tank on.Level 8.

The LOX system is ready for commit when:

TDPU, has run out.

b. - Missile 89,
FUEL REA
color.

this time the LLOX AND
8 gr aen. It has no amber

If the missile is held a
oxygen:in the tank will
uncovered, When .
is opened . When the sensor is wet again the
15 SEC. TDPU, is.started and when run out, os
This cycle is repeated throughout.the hold, up to one hour.

When the commit sequence .is siarted:
a. Fine topping valve, L-60, is opened if ¢

b.  Rapid topping valve, 1.-50, is opened.
P bing

¢. A not 100% LOX topping timer, ?G"SEC; TDPU, is started.
(100% sensor failure timer).

——

70
d.. A missilée 1lift cox :n_, delay timer, Jéc’SF‘C. TDPU, is started.

2

When the 100% sensor is edand the 100% sensox failure timer

has run out:

®
H
0]
8]
%)
s
®

w
s
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a. Fine topping valve, L-60, is closed.

T B

b. -Rapid topping valve, 1.-50, is closed.

Cs Toppmg tank pressurization valve, N-50, is closed.

d. Topping tank vent valve, N-4, is opened,

3. The LOX COMMIT
after the commit
a. Start LOX commit relay encrgized,

b. Missile 1ift commit delay timer not run out.

4. The LOX COMMIT indicator illuminates green when:

.a., Missile lift commit delay timer has run out.
b. Commit internal relay energized.
Abort
1, Abort signzal is received from countdown sequencer.

= -

T

3. A drain signal is generated when the LOX tank is|leosstmmilao:
. N . . - } —- b
4/»'& §psi % L/PIS ’U W AND LOCHED 449 L_/z/orz_e:s L7 74
. All loading valves close. > FlBoRT |
5. The airborne fill and drain valve opens,
6. When storage tank pressure rcaches 25 PSI the drain valve is

= e P o
ion of timer, th

rak
{111 and drain valve is cilosed,

(e}
e
=i
1]
o
i
&)
H
®
o3
gj
+
13
¢}
(85
%
b
¢
€
o
o
[N
g
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Oxygen Boiloff Vent

Figure 7

36
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LAUNCH CONTROL OF LN,/He SUBSYSTEM

Standby Conditions (Figure 6)

In standby, GNp is furnished to the pressurization control unit (PCU)
for pressurization of the airborne LOX and fuel tanks from the tank desig-
nated ground pressurization. Helium is supplied from the helium bottle
number 2 (normally) to the PCU for an emergency supply. Helium bottle
number 1 in standby for helium load fo inflight bottles. Helium supplies
number 1 and number 2 must be above 4000 PSI. The automatic valves of
the LN and He systems must be properly set.

Countdown Functions

1.  When the start countdown button is depressed the liquid nitrogen
’ relay is energized. At this time:
a. Liquid nitrogen storage tank vent valve, 201, on the liquid
nitrogen prefab is closed.

b. LN; tank pressurization valve 39 is opened and tank pressure
is controlled at 100 PSI.

c. LN2 transfer valves 213, 214, and 215 in the liquid nitrogen
prefab are opened. These are medium load, rapid load, ‘and
fine load valves, respectively. .

d. Inflight helium cylinder Number 1 is selected and a normally
open valve in the pressurization distribution unit allows helium
to fill the ambient missile sphere,

180
"e. A liquid nitrogen rapid load timer, 68 SEC. TDDO, is
started.

f. A LN2 medium load timer, 390 SEC. TDDO, is started.
g. A helium load timer,120 SEC. TDPU is started.
The LNz LOAD indicator illuminates amber at this time,

2. When the helium load 120 SEC. TDPU is completed valve 26 in the
pressurization distribution unit is opened to allow helium flow
through the LN, heat exchanger to the missile spheres. This flow
is modulated by valve 11 to control flow at 25 LBS/MIN @ 3000
PSL

37
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At this time the HE LOAD indicator illuminates amber.

180 :
3.  When the rapid load 3e8-SEC. TDDO is complete the LN, Load
indicator turns green. The rapid load valve, 214 is then closed.

4. When the medium load 390 SEC. TDDO is complete the medium
load valve 213 is closed,

5. When the helium pressure in the inflight spheres reaches 3000 o+
50 PSI valve 11 is closed. At this time HE LOAD indicator
turns green.

Commit Internal

At commit internal all nitrogen and helium supplied, with the exception
of the helium supplied to the PCU for emergency use and GNp supplied

to the hydraulic reservoir, are stopped.
Abort External

The inflight helium bottles are vented through the HCU. The normal
helium supply is returned to the PCU. When the IFH bottles are vented, the
countdown signal is removed and the system is returned to standby.

Vent Ambient Helium Bottle

The eagine control (ambient control) bottle is vented through the
DSU via the helium heat exchanger, after a 2 hour time delay.

He

CHECKOUT

The subsystem checkout is performed by the mobile checkout and
maintenance team (MOCAM) and is done by the Liquid Fuel System Special-
ist Technician (LFSST) under the direction of the Ballistic Missile Analyst
Technician (BMAT). Once each month the logic unit panels are put in
local operation. The checks consist of manually operating each of the
automatic valves from the panels and a man observing that it strokes Wu‘q—
in the proper time limit. This check is called a "dry check. Once
every six months, just after recycle, the transfer lines are filled with
fluids and visually checked for propellant systems leaks. The gas lines
are soap checked for nitrogen leaks. This is known as a "wet check'.

The systemns are then returned to the standby conditions.

To check out the launch control console and logic units, the launch

signal responders are used by the launch crew. This will be performed

38
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under the direction of the BMAT. This check will be performed as often
a.s required to maintain the launch control equipment.

SAFETY PRECAUTIONS »
S}enera.l

_ Avoid direct contact with storage tanks. Do not lean on or otherwise
contact storage tanks with hands or any part of the body. Never allow tools
or other objects to strike the tanks. )

- Observe NO SMOKING rules. Smoke only in designated areas. In
storage areas smoking is strictly prohibited at all times. Do
not carry or strike matches anywhere.

Petroleum base liquids will burn or explode violently in the
presence of liquid or gaseous oxygen. Approved petroleum base
liquids having a low flash point; such as RP-1 fuel, hydraulic
oil, and lubricants.

Most missile systems are interconnected or interrelated. An un-
scheduled operation of any one system can create hazardous conditions
for another system. Always coordinate all activities.

Inspect all fuel storage and fuel transfer areas for general cleanliness
and presence of unnecessary tools or equipment.

Fuel (RP-1)

- RP-1 Fuel is toxic if inhaled, and can be fatal if taken internally.
It is insensitive to shock but will explode when heated or vaporized. Mixed
with liquid oxygen or other strong oxidizer, the residue, or gel will
detonate on impact. Maintain adequate ventilation in any area where RP-1
is being handled. Wear protective clothing as may be required to prevent
the fuel from contacting the skin.

Liquid Oxygen

Liquid oxygen is a pale blue, clear liquid with a temperature of
-297°9F. It is not toxic, but will cause burning of tissue on contact
with the skin. Liquid oxygen is a fire hazard because it supports and
accelerates combustion. Liquid oxygen is stable against detonation and
mechanical shock, but becomes explosive when ' contaminated with organic
materials. It reacts violently with grease and oil. When combined with
RP fuels or alcohol, it forms a gel which can be exploded by shock or
readily set off by a spark. The explosive potential of well-mixed gel
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is nearly twice that of nitroglycerine.

If quantities of gel are formed near you, report it to your safety
representative and evacuate the area until it is declared safe.

Handle '"thermos bottle' flasks of liquid oxygen with.care; the
vacuum insulating walls are easily broken. Do not shake flasks. The
upper inside of the flask is warm compared to the portion of the flask
in contact with the liquid oxygen, and any liquid oxygen will splatter
violently.

When pouring liquid oxygen from one container to another, take
extreme care to avoid contact between the two vessels as the inner con-
tainer lip can be easily broken. The vapor visible when liquid oxygen is
exposed to air is condensed moisture, not gaseous oxygen.

When piping or pumping liquid oxygen from one container to another,

"~ clean all vessels or piping carefully before use. Take precautions to

prevent contact between liquid oxygen and organic material.

Do not restrain liquid oxygen piping from axial movement; allow for
expansion and contraction. Liquid oxygen cannot be contained in a
closed system; there must be pressure relief valves in the lines. The
expansion of liquid oxygen into gaseous oxygen causes sufficient pressure
to blow up an entire system. Do not touch liquid oxygen transfer lines
or equipment during, or immediately after, transfer.: Skin will stick to
the equipment, and flesh will become badly burned or torn.

Do not use petroleum lubricant or organic packing materials as they
can cause explosion or fire danger.

Clean all liquid oxygen transfer equipment with trichlor to remove
grease, oil, and organic material. Purge pipelines and valves with dry,
oil-free nitrogen before using them or making repairs.

Liquid oxygen is stored in vented, stainless steel contains protected
with bur st-diaphragm devices and relief valves, Interior insulation usually
consists of a vacuum jacket filled with a suitable powdered insulation.
Handle the containers with great care to avoid damage to the ‘'vacuum bottle.
The containers will continuously vent gaseous.oxygen into the storage area.
As oxygen is heavier than air and tends to accumulate in pockets, good venti-
lation is necessary.

Do not drain or blow liquid oxygen into closed areas as this will create
an extremely serious explosion hazards.
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Vented‘ga.sevsn must be directed away from personnel or flammable
meterials. Do not vent liquid oxygen into asphalt, macadam, or other
organic surfacing material. These substances become potentially explosive
in contact with liquid oxygen. The storage area must be cool, well
ventilated, and away from {fire hazard, open flame, or spark source. Never
store liquid oxygen in the same area with fuels such as alcohol, RP, oils,
or any other hydrocarbons, Liquid oxygen should be stored alone or with
other oxidizers. Storage in the same area with liquid nitrogen, gaseous
oxygen is permissible,.

All personnel who work with liquid cxygen must wear the following
protective items.to prevent contact with the skin in case of spillage;
locse asbestos gloves, a face shield, a loose plastic apron, and rubber
boots. Care should be taken to prevent contamination of the clothing.
Any clothing that is splashed or soaked with liquid oxygen should be
removed and aired immediately as it will remain dangerously flammable
for about two hours. Such clothing burns so fiercely when ignited that
it is impossible to prevent serious burns. Before entering liquid oxygen

'~ arcas be sure shoes are free from grease or metal filings. If liquid

oxygen contacts the skin or eyes, it is likely to freeze these tissues

and result in blindness or permanent disfigurement. Wash affected areas
immediately with large quantities of water in order to remove the liquid
oxygen and to heat the skin. Safety showers are provided for this purpose,.
Fires in which liquid oxygen is involved cannot be smothered as liquid
oxygen furnishes the required oxygen to support combustion. Water (solid
stream or fog), chemical {(powder) foam, carbon diexide, and inert gas
are suitable fire fighting agents for liquid oxygen fires.

Helium

Helium is an odorless, tasteless, colorless gas. It is chemically
inert and is not combustible, explosive, or corrosive, As with GN,, the
only possible hazards connected with the use of helium are those caused
by the high presdures used and the shortage of breathing oxygen because
of extremely high concentrations of gas in the air.

Use the same precautions as are observed in the handling of compressed
gases.

Liquid Nitrogen
Liquid nitrogen is clear, colorless, and cooler than liquid oxygen.
It has a temperature of -320°F and is chemically inactive. It presents

no hazards other than those caused by its low temperature or the shortage
of breathing oxygen because of extremely high concentrations of nitrogen
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in the air. Take the same precautions with liquid nitrogen as with liquid

cxygen to prevent "burn'" and damage to skin and eyes.

Do not expose quantities of liquid nitrogen to the air for any length
f {time. Exposure of liquid nitrogen to air will condense the oxygen in

the air to form liquid oxygen on the surface of the liquid nitrogen and
on the outside of the container. Liquid oxygen is present if the surface
oz the liquid nitrogen is bluish in color. If liquid oxygen has formed
on the liquid nitrogen, the liquid nitrogen must be handled with all the
precautions required for liquid oxygen.

Take the same precautions for the handling and transfer of liquid
nitrogen as for liquid oxygen. Always treat equipment used alternately
fcr liquid nitrogen and for liquid oxygen as if it contained liquid oxygen.

Containers for storing liquid nitrogen must
established for liquid oxygen containers. Liquid nitrogen has an ex-
tremely high vapor pressure. Be sure that liquid nitrogen storage con-
tainers are vented to atmosphere at all times. The constant boiloff,

conform to the standards

if not dissipated, would quickly build up tremendous pressures and rupture

the container. . ; .

To prevent liquid nitrogen from contacting the skin or eyes in case
of spillage, wear loose asbestos gloves and face shields. If liquid
nitrogen contacts your body, immediately flood the affected area with
quantities of water to remove the cold liquid and to heat-the area. Safety
showers are provided for this purpose.

If liquid nitrogen isw spilled, the primary hazard is that the material
contacted may be frozen. No cleanup procedure is necessary; most of the
liquid nitrogen will boiloff almost immmediately, and the residue is not
hazardous.

‘Safety Rules for High Pressure Gases

1. Do not disconnect internal tubing or electrical wiring, or
attempt to replace components until the nitrogen supply has
been cut off and the system bled, the control box is drained,
and the electric¢al current is off. If the equipment is not
depressurized, escaping gas can injure personnel.

2., A1l high pressure air hoses must be sand-bagged at intervals not
to exceed 6 feet.

3. All hose fittings must be inspected for tightness before and after
use. When caps are removed from hose sections, inspect hose
interior. 2
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10.

11.

12.

13,

14,

15,

16.
17.

18,

19.

All new hose must be cleaned prior to its use, and hydrobtated
to a pressure of 1 1/2 times the working pressure.

Do not break hose connections without first bleeding off all
pressure,

All hose not in use should be plugged and stored in a designated
area,

" All hose in use shall be replaced if condition of the hose is -

doubtful.

Do not tighten hose or line connections if the system or hose
is under pressure. :

Do not use lines, {ittings or other high pressure equipment at
pressures exceeding the maximum work pressure.

Only qualified personnel should install stainless steel lines.

. All new stainless steel lines must be cleaned and hydrostated

before use.

stat1ng date of manu_facture, when last tested, and maximum
working pressure. _

All receivers should have shutoff and safety relief provisions
(valves) Shutoff valves should not be located adjacent to

receivers.

A DANGER sign should be displayed in all areas containing high
pressure gases,

High pressure bottled gas must be plainly marked.

Do not operate high pressure gas equipment unless two or more
operators are present.

Operator- will be responsible for keeping all gases free from
dirt, oil and other contaminants.

Use only approved lubricants for high pressure gas compressors.

Learn the markings and threads (right or left hand thread) o
all gas cylinders and bottles.
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20.  Always know the working pressure of any fittings, valves, gages,
etc., in the system. :

21. All high pressure systems should have at least a gage, hand valve,
and a relief valve,

[

22, All gages should be run through a drying system before being. used,
23, Compressed gas cylinders should be clearly labeled.

24. Regulators and pressure gages must be used only with gages
for which they are designed and intended.

s \11 high pressure gas cylinders are provided with "rupture
discs' as a safety device. Do not attempt to change or replace
these discs while pressure remains in container.

SUMMARY

The Atlas Weapon System is so designed that a single operator may
launch the missile. This is accomplished with the use of the launch
.control sonsole (LCC), which will show the operator the status before
and during countdown. It will also give indication of progression through
out the countdown.

Because fuel is stored aboard the missile, there is only one
that must be done to the fuel system at start of countdown, the missile
fuel tank level is monitored. If it is_between 99. 6 percent and 100,4
percent from 3 to 5 seconds after start of countdown, the LOX system
will be sequenced to begin LOX load. At the same time the LN2/He system
starts to load LN to chill the shrouded sphexes, then after a short
delay He load will be started. : y

These actions plus others must
Commit'" indicator on the LCC wil
transfer, GNZ is used as the pres
to the missile. 3

When commit is started, the LOX system tops the missile L.OX tank
between 99.2 5 percent and 100 percent full and LN, transfer stops. If there
has been any drop of pressure in the He spheres, the heliu i
will resupply and maintain them until the missile is away.

O
ol
o
H
o
(¢4
)
o]
+
o

The major checkout and maintenance will be performed-by the MOCAM
crew under the direction of the BMAT The daily inspections and minor
checkout is performed by the launch crew under the direction of the BMAT.
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QUESTIONS

' e

10.

11,

12.

13,

What is meant by the standby condition for the fuel subsyste'm?

What automatic function is performed in the fuel system during
countdown?

What conditions are necessary in the fuel system before LOX loading
sequence can Start?

When does the gaseous oxygen vent mechanism swing away from
the missile?

What is the maximum time topping will last during the commit
sequence?

 What is the desired pressure for the helium in the missile spheres?

How long does it take to load LLN2 aboard the missile?
What is GN}_ used for during countdown?

How often is a '""Wet Check' performed?

What is the purpose of topping?

What is the medium used to transfer LGX?

5 1]
‘How often will the storage and topping tanks be resupplied?

What are the five major components of the LOX system? ‘

45
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14,

[
n
.

28

18.
1A9_.
20.
21,

22,

e

24.

25,

What is the purpoée of the heat exchanger?
Why is the liquid nitrogen put on board the missile?
What is the main function of the liquid nitrogen prefab?

What is the advantage of having a vacuum chamber between the
two concentric tanks on the liquid nitrogen storage tank?

What is‘the primary purpcose of the fuel leveling tank?

What are the dange;rs of handling RP-1 fuel?

What. is the purpose of the fuel catchment tank?

How is the RP-1 fuel kept free from contaminatio.n‘?

What is the GNZ pressure used for LOX transfer?

What a;'e the functions of the pressurization prefab control panel?

How is GN2 used to transfer LOX and LNz ?

At what pressure is GNp normally stored in the silo?
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