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,, FLUID TR.ANSFER'SYSTEM

OBJECTIVE

To provide the student with a c ear understanding of the construction
and operation of the propellant transfer and storage systems. To teach the
studcrit the launch control and checkout procedures of the propellant trans-
fer and storage systell,l s,

I:NTRODUCTION..

The ATLAS "F" series silo propellant transfer system is made up of
be 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 e airborne helium bottles
with chilled helium to pressurize the propellant tanks during flight.

FUEL (RP-l) TRANSFER SUBSYST~M E .

The fuel storage subsystem in the silo is a simplified tUbSystem rn
that the fuel will be stored in the missile tank. This removes the re-
qui r em ent for lar ge storage ta nk s and rapid Ioading equipment for fuel
'Within the silo. The time required to launch the rnis sile has been r-educed
be cau se the fuel is stored in the missile prior to countdown.

The quantity of fuel loaded aboard the ::::"::'e must be r egul.ated to
w ith irr + O. 5% of the required volume. This .is _ e ces sar-y to insure the
correct weight and volume for a maximum range flight. Fuel density, and
hence the weight for a given volume, varies with the liquid ternp er at ur e,

he temperature with.in the missile storage area on. the silo launcher will
be maintained at 700 F + SOF. The temperature of the fuel when loaded
rnay vary considerably more than this: therefore, as the fuel temperature
sxa hi.Li.z e e to that of the silo, the missile tank fuel level will vary from the
d.esir ed level. A fuel loading system capable of tanking the missile to the
p"l.·operlevel and maintaining that level is required. The fuel system per-
form s the following functions:

1
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1. Controls initial filling of the missile f leI tank to the pr op er
level.

2.. Adds to or drains quantities of fuel to maintain the rrii s s.i.le tank
at the desired level as t.ernperat ur e changes cau se expa ns.iorr
and contraction of the fuel.

3. Drains the missile fuel tank as required for missile recycle.
11,500 gallons of fuel ar e r equi r ed to tank th missile.

. .,

The fuel u.sed in the Atlas missile is RP-l. It is a straw-colored
liquid. similar to kerosene. It is lighter than wat er {specific gz: vi':'
O.8_5}, moderately volatile, and its vapor is heavier. than a ir;•. It will

-det ona.te from heat, but not f'r om shock.' Its flash point is appr.oximately
!lOoF.

Fuel Transfer Subsystem. Components
r(AL-
..&ttoPur i.fi cat i.on Unit (_ igur es ' and 2)

The function of this unit is to remove water and impurities f r orrr the
RP-I fuel prior to loading th e mis sile fu 1 tank. This urrit wil.I process
fuel f'r orn the facility underground catchment tank, .or from an Air Force
fuel transport tank truck dur irig rnis sil.e loading. This purification process
is necessary because water in the fuel will cause cox r'os.ion of the rrris si e
during standJ:;>y.·Missiles have a He' expectancy of 10 years, a.ndcdu r i.ng -~:_e
majority of this time there will be fuel in the rrriss iie fuel tank. The
smallest amount of free water would present serious corrosion pcobl ern s,

The fuel purification unit cori s.ist s prir.::o..:cilyof a P rn.p, filter-sepa:::a-
tor and dehydrator. The unit assembly isrno·":':'J:~e'o:. z:.iour-wheel rrio bi..e
trailer designed for intrabase use. One unit is required per base. 'The'i.... i' 1 . t d l' .- -~.~ ';:" '"-( f -A -'. - ~ -, .;. ~ 1';f' {7. '-- " '::-:::--.--;.pos_•...•.ve t lSp a<;:ernen pump e_1Vc_~ _u,-,_ ~.d.)~-::1c. St..:.C'co._~~C. o. . <: •..... u__...•_'-'
and a suction head of 0 to 50 PSIG to a di sclic.z-ge head of 7 to. 65 PSIC~ 7-..:e2.
is pumped through a filter - separator where a.Llcut 5 paz-ts per. million
(PPM) of free water is removed from. the fuel. The fuel from the £ilter-
separator is then passed through the del ydrato:: where. sil.ica gel a.bscz-b s
di s solved water molecules. There is suifi.cient. quantity of silica .gel, in the
dehydrator to pr cce s s 45, 000 gal.Lon.sof RP-l fuel to less than lS'PPM

. . .
total water. content.

The silica gel within the' dehydrator tank must. be replaced after a total
of 45, 000 gallons of fu~l has he en. processed. New' charges .of.silica gel
rnu st-becn ste.Iled befoe e the unit rriay be used again.

".;
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The unit contains a moisture monitor which senses fuel "at the dehyd-
rator outlet and continuously monitor s 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 ho se connects directly to the fuel purifica-
tion unit inlet.

A control p~nel 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 (Figur es 1)

The function of the underground fuel catchment system is to receive
fuel from the rrii s sile tank during unloading operations. It is also used
as a rneans to bring the fuel temperature from extreme a~bient tempera-
ture to between 360 and 750 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 3ZoF to 800F. By using the under- "
ground tank to adjust fuel temperature prior to loading, the rrri ss il e is
capabl e 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: ~ inf.l:o'iV to the tank, ooring d:t'a-!:ning, is throtigh a:
de.s sseerrt to 1 e-rrrev ~1H""e. A pit, located adjacent to the tank, houses
the d'e~eicallt cane! -wad valves used for draining the tank.

Three fuel stubups with self-sealing couplings are provided at
ground level near the silo cap perimeter. The fuel stubups are numbered
F-15, F-17, and F-19. Valves F-16 and F-18 are manual shutoff valves
rha.t are normally closed. Valve F-ZO is a one way check valve. Fuel can
"beloaded 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
;;0 the catchment tank will be loaded through stubup F -19. To transfer fuel
irom the catchment tank to the silo, fuel will be withdrawn from the catch-
nent tank with the pump on the fuel purification unit. Fuel will flow out of

3
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the ca.tchrn errr ta.nk, through F-19, through the purification unit, through
F-17 into the silo. Fuel transferred from 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 cap 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) ta.nk,

r, '

It is also us ed to adjust the rnis sil e fuel level during temperature
stabilization. Because of the extreme ambient temperature s 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
frorn temperature variations. When fuel is transferred from the leveling
tank to the rnis sil e, the leveling tank is pr es surized to 50 PSIG to push
fuel into the rrri s sil,e fuel tank.

The fuel loading prefab consists of a 630 gallon fuel leveling tank, fuel
leveling tank GN2 pres surization supply bortl e, filter, pump assembly,
valves, switches, gages, and associated fittings and piping. All hardv.:::are
is located on a prefab which is'instal ed as a s ingl e 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 pneumat.ic pressure for con-
trol valve operation and pressurizes the fuel leveling tank for supplying
J:uel to the missile for leveling. It is also used to prevent impurities from
ente r ing the system during standby. The fuel leveling tank is maintained
under a blanket pressure of 2 PSIG.

5
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The fuel leveling ta nk is sized for .rna.ximurn fue'l temperature va r iaui ons
to b« encountered. The tank is filled to 0:_'8 of three levels depending on
fuel temperature at tanking. For a fuel temperature of less than SSG? the
tank is left empty. For 55°F to 850F the carik is filled one-hall full' (to
iloat s~itch FS-I 0) and for temperature above 850 the tank is comp .etely
.fi.Iled (to float switch FS- 9).

The fuel fill line to the missile (FFM) ?asse~ through the Launch
-platbrm hot disconnect panel. This panel permits FFM to be co mected
ana. disconnected as the launch platform is raised or low.ered. T'h.efuel
fill 1i.ne, for safety reasons, is separated irom the liquid oxygen fill Ene
on the opposite -side of the launching platform.

Svst.ern Operating Sequence

.Missile Loading from 'I'a.n.kTrucks (E'igure 2)

When the missile is loaded from tank trucks, up to three tr uckLoa ds
of fuel will be required depending on truck capacity. It has been deter-
mined that the temperature of the fuel in these trucks may va-:::yf r om
approximately -400F to approximately + 1200£: Fuel Tanking is accom-
plished as follows:

1...• Connect the discharge line from the fuel' purification trailer to
the refuel stubup F - 15 or F -1 7.• .I F -1 7 is used, .manual valve
F-16 must be opened.

2. The fuel purification trailer is connected to the cl.ectrical power
receptacle and the moisture 'rncrrito.r .is...turned on and all'0wed to
warm up.

3. The discharge line from the firsLtank truckis connected to the
inlet c.onnection of the purification tz afl er ,

4..Fuel delivery from the truck to the inlet of the fuel pu'r.ifi.cat-ion
trailer is initiat d by turning on the truck .purrip,

The panel operator at the .fuel, sub s'ystern logic unit panel -on the
crib third level is informed that preparations for .ta.nk.irighave
been made.

6. The airborne fuel. fill and drain valve is opened by operating its
control switch on the logic conrr-ol panel (Figurt',I). The po sition
of this valve. is indicated by lights on .the pa.nel.,

6
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7• Valve F -1 is opened by operating its control switch on the logic
con tz 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-l is opened by energizing SF -1 a four -way solenoid
valve for controlling the flow of 7S0 PSIG GN2 into the double-
acting piston actuator on F-l. F-l is a four-inch ball valve.

8. The pump in the fuel purification trailer is started. Fuel will be
delivered from the tank truck, processed through the pubfication
trail er,transferred through :he fuel prefab, and into the missile.

9. The panel operator shall note whether the temperature of the
incoming fuel is below 5SoF. between 550F and 850F, or above
8SoF.

1.0~ When the fir st 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 disconnecte.d.

11. The di s char geLi.ne 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.

12. The panel operator shall note whether the temperature of the
'incoming fuel is below 550F, between 550F and ~SoF, or above
850 t.;

13. When the second tank truck is empty, the fuel purification trailer
.'purnp and the truck pump are stopped, and the truck. discharge line

from the trailer is di scorme ct.ed;

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

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

IS. The panel operator shall again note the temperature of the
incoming fuel.

-,
16. Using the information regarding the temperature of the incoming,

fuel , the panel operator decides whether to leave the fuel
leveling tank empty, half full, or full.

17. If the decision is made to put fuel into the leveling tank, the panel
oper ato r opens valve F- 3 by operating its control switch.

7
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18. T'he panel operator shall monitor the panel (Figure 3) and close
valve F-3 when the £uellevel in the Level irig tank reaches the desired
level. This operation is to be completed without stopping rn is sile
fill and before missile rui is cornpl et e ,

19. When the fuel in the missile reaches the 99.6% level, the signal
for opening the fuel fill valve F-l is lost, SF-l is deerie r gized,
and F-l is closed, stopping fuel transfer to the mis sil e,

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

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

- 2. The fuel purification trailer di scha r ge line is disconnected from
the fuel fill stubup F -15 or F -17.

Missile Loading From the Fuel Catchment Tank (Figures 2 and 3)

.Wheri loading the missile from the fuel catchment tank, it is a s surne.d
that the temperature of the Lnc ornkng fuel will be betwe,en 360 and 7SOF.
F'ue! tanking is accomplished as follows:

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

2. 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.

3. The purification trailer accessory hose is connected fror.othe ft::.e~
catchment tank dischar~e stubup, .F-19~ to the trailer inlet .
. (VJftNV L (/f\'-II~ ~-)'tI IS OpeNe() ,

e

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

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

~. The pump in the fuel purification trailer is started. Fuel will be·
delivered from the fuel catchment .tank, .pr oces sed through the
purification' trailer, transferred through the·fuel prefab, and into
the rnis si.l'e,. .

8
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7. The panel operator shall note whether the temperature of the
incoming fuel is above 850F or between 5SoF and 8SoF. The panel
operator shall decide whether to fill the leveling tank completely
full, or one- half full.

8. Valve F-3 is op'ened,

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 (PLeD) sends a signal to the
logic unit closing valve F-l automatically.

11. The fuel purification unit pump is stopped and the airborne fill and
drain valve is clo sed.

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 700 F (Figure 2)

If the t.empe r atu r e of the incoming fuel was below 700F, the bulk
te rnpe r at ur e of the fuel in the mis sil e must increase until it is sta bfl ized
at the ambient temperature which is controlled to 70 .± 50F. As the fuel
temperature increases, the fuel volume increases and tends to overfill the
mis sil.e, In order to alleviate this overfilled condition,. the following
procedure shall be observed:

1. If the missile fuel tank is overfilled the FUEL LEVEL TOO HIGF
"A" and FUEL LEVEL TOO HIGH "B" indicator s on the Propellant
Level ControltDll~t)MJill light red when the fuel LOCAL/REMOTE
switch on the ~anel is put in the LOCAL position. 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
E-3 are opened •.

9
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3. The above indicators are monitored and when they extinguish va.lve
F-3 and the airborne fill and drain valve are closed.

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

5. When the temperature stabilizes, the fuel fill Hne eo the prefab
(FFP), and the fuel fill line to the missile (FFM), are to be.
drained.

6. 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 JPuel Temperature Decreasing to 700F (FigU:re 2)

If the temperature of the incoming fuel was above 70oF, the bulk
temperature of the fuel in the missile must decrease until it is stabilized
at the ambient temperature which is controlled to 70 + 50F. As the fuel
tempera1 ure decreases, 'the fuel volume decreases and tends to underfill
the rnis s ile , In order .to alleviate this underfilled condition the procedure
is as follows:'

1. 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)

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

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

4. When the rnj s ai.le fuel-Lank becomes greater than 99.6 % full valve
F-l- closes automatically. The indicators on the PLCU Panel light
green and the indicator on the Fuel Tanking Panel goes out.

5. Valves F-2, F-3 and the airborne fill and drain valve are closed.
/) tV/? N r ~I ..I 5 CLo). (' p .4 t ') f" -'I /S ~ ~ -
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I0, Steps 1- 5 are per io di ca.Ily r eoe.at ed until ~e hulk ternper.at r e of
the fu el, stabilizes.

7. When the terrip ez atu r e sta bi.l ize s, the lines are drained as in
steps 5 and 6 in the pr ev io.us pro cedur e under M 0 s sile Fuel
Te mpe r a'cur e Incr ea sing to 70°F.

When d_~2.r~--(i:1g the m .s sil e ~·~el'~2.:'_~'i:.:~tctank t:..t:.C!:-:'2, thr e e tar::,- truck
l cads f Iu el mu st be ,::)u:'-~~ed::::OrDo th e :-_-::.:::3::" to th e sur ia ce c:': th e sr ound,
~-.:..;ldetanking sh al.I be a ccornp d sh ed a s :cllow :

1 to The fuel tank ':i:::t::..:l-c, :'~:et Li.ne ..... cc nz.e.ct ed to tr...e refuel st uc.up,
F -15 ~ Oi.:)e:r~-'::::-ucl<: var ·vi:..:.g to

3. -: -2 is co en ed,

5. t r uc k is .t:. _ ~ -. 7"-2.is cl c s e d-\...._-;;

6. The first tarik truck is di scoz.ne cted arid the s eco nd tank truck iLl
Li.ne is c crm e ct ed to ".:he :;:-e£ue~st.ubup, F-15.

8. When the s econd tz.rik t r uck i s ful l., F-2
pump is stopped.

line is connected to tn e ::e£u-c:!..

11. T'he 1c5[:"':u::.:.it co:"_::::01 pz.o el. is rnorriso r ed, Yice" t.ie ;mr:1p discharge
pressure c..cC2.)rs~ th e c~c:~eli:''1.lPl.:.~L~~Jis 8·~O~J·P~.i.. {:':7'~c:l '": nK~.ng:"=>anel1
Supply .Li n e P:::cSS:.Ll·::i~C. ~':'l :'2 __':0::- :02;S ou t .. )

12. The airborne uel £El z.__Q dz-aiz, v..c..""-:Y-=. "..is closed.

13. 'I'he leveling tank vent valve :C~-4 is closed.

12
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1 r-_ J.
.

F - 3 is opened.

16. The defueling pump is sta rt ed.

17. The logic urii t cc nt r o...panel iz rnornro r e d, When the pump pressure
decays, the defu el ing p urrip is sto.?:)ec..

8. NF-l, ...... ,... -=- r1__v "-"_"

19. F-4 15 c c e n ec.

? \~,

Wh en deta.:."..ki:-_:1';:-::,,::::-:_.:...::.:i:..ei.r.;o
procedure shall be io:":"owed.

v-".... -::.
""'-- ••...... the fcl .ov ir:~

I. The rn arrua., ::::..2;1. V2.~.ves ?- .:.S z.nd :..~- ..S ~ocs.ted t::J.C.2;:'- a hand

3. F -2 is o?ene:...

4. The t'·"1 ..•.-...-.•.~

pr e s s uz e QcC2.ys) ". - .~----
5. The Lo gi c u...~.:.-_cc nt z ol. par.e l

IO. The a ir bc.r n e :U6::' £:L 2.:J.d
valve, ?-.:.!: s.ze c.c s ed,

-.' ...cr a;n var '/c t:o..::__k vent

7. ani opened.

9. The :'.o.:)c ur.i.t CC::_'~:":)l ·::'2.:.:el:...:rnor.Ltc r ed , VThen":be ?ump pressu::e
de cav s . the defu2;:.~.ng pump i s stopp ed , {Fuel Ta::__l·;:ingPanel 1 Supply .Lir
Pre33Ll.zoizec. ~_-:.dic;:·;:::,l" :;oes c uz. )

10. NF-~. F-2 3.1'1':::' ...:~-3are cl.o s e d ,

12. The rna nua; ::'-'.el.shuto:'"::valves F-:6 and F-18 are closed.

!3
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:~L2UlD ox 'GEN TRANSFSR S· BSYS':::'·""~:\,.f

The silo launcher Liqu id oxygen system (Figure s 3 and 4) is capable of
r a pi dl.y loading '.;he rrri s s ii e LOX ;;&n~~Q'..:.:.:incrcountdown. App r ox'irnat ely
15: SOO gallon of LOX m.ust be L ari sfe r r ed to th~ rn is s i.le t;nk at a
nominal flow rate of 5000 GPM. In addition, the system. shall be capable
of topping off th<h missile tank to r ep.ler.i ah bo il off losses during hold
p er iod s and to bring th e rr.i s sil e to lC0c!c a ga in s; fl ight pressure during
co rnrn it , F'Lu i t:.:-ar..s:e:..·\,,-::.::.::.be &Cco::-:-.:?::':"s::'edby pr e s sur iz irig storage tanks
wi th gaseous n itr og en ,

L: quid Oxygen (LO:::~~S':Q::age t·-::-; P"" .• = Q 3 a c.'Li..)\_ _ ••••• _ •••.•.• _ .J.. •••.

The LOX stc r a ge tz..nk is u sed to S'~0:;:2 l iqu id oxygen in the silo during
st.s.nd by , GN2 is used to tr a.nsf er zhe LOZ to t".::23 rrri s siLe during :he rapid
ar.d fine 1 a d po r ti.on s c.: the countdown. '::..~:1.is ta.nl 1s a double-walled,
vacuum-insulated, cyl i.vdr ic.a.Iv e s s e .of c z , r,oo ga Il.on capacity, but is
fined with onl.y 2_, .sSG gallons.

The outside dimensions are ':::5 £2et -::2ol1x 12 t e et di am et er , T~l.e
appr ox irn at e \ve:'~)-_·":or :.:_,;;",:c..:.-:~-c~ i~1.clt:.o.:::C 2:~::':::::-1;"2.:'.:..;r c onn ct ed h ar dwa r e
(lugs; pipe fit:ings, E?C.) is lC_, OOJ ~5S.

The tank has its own va cuurn system to maintain the low T)Te s sure in
the vacuum jacket. Maxirnt:;.m. l!<~uid oxy g err.bcil off whi c.i shall not '.:,e
gr eater than 1/4% per day is a Llowe d to e s cap e, and' o s s e s are r e sup pl ied
nc r ma.IIy every ten to twelve c.ays. T'h e t~:,-k is provided wi.th suppo r ;
rings for vertical rnourit ir g and is locat C. .on the e-ighth l ev el of '~~e cr ib
st ructu r e ,

LOX 'I'opp irig T'az.k {?ig'r e s 3 ar.d L1}

The LOX top~);.ng tarik :.2> also used to stor -:}.~quid oxygen i:,- th e si::'o
dr.r i.ng standby .. Li~(c the L<))~ s·~():t'a.bc; 'C2..1"":..~-()C'~<2 is 'u.3ci co -.::.:-z~~:s~C:.;r ·~:1~
LOX to the rni s 8:':".::; QL:..-i:::lg ·~:1.e:-:-:::~pida..:.c1'::iLc :"02.0. pc::::ions of ::~,-eCO"v. .rt-
down and. ·:0 rr.a i.nuai.n :;.:..~t:.~':'oxy gen ev el in the rn i. .:.ile tarik wh il e ho::'d-
ing at th e commit reac..y. r'::_,-e ta~'lk is 2. dou l le-wa· Led; va cuurn-un sul at.ed
cyl indr ica.l vessel wi tr; a ~~ C 2·~~:ilo_ cc-?2..c::":'-~'"anc._fi~lci \V~-~:-:.3~2C ~::~~~0::'-.l.;S••

'I'h e oc.tsi e a.:'::-nens:"onsare z..pp::cxirr:2o'~.2:"y"2..9::eet tdl x 7 feet diarn euer ,
TIe app:..oxirna.t e weigl;r of t:-.6 tarik , ~::J.c::'..l2ir..gexte r ne.Hy connected hard-
wa r d (lugs, pipe fittings, ETC.,}::'s 2::', ;::'00 ~.:;,ounds.

'I'h e ctopp irrg tank, like the sror a ge tank,. has its .own va cu urn sy st ern to
maintain the low pressure in the vacuum. jacket. ~1vlC:.ximumLicui d oxygen
bo il.of nd replenis ...ment of he t pp ir.g ta xk.zmd. sto r a ge tank a r e the
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1S

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



sa rn e , The topp irrg ta nk is al so pr ovided wi'~h support r irig s for vertical
mcunting and is Io ca ted OT1. th e erghth level 0:: zhe crib structure.

Lex Fill Prefab (Figures 3 ar;d 4)

The liquid oxygen fill pr efc.b is us eel. to f'i l te r and control the flow of
Lc;uid oxygen to the ~iC2.uidox yg en s tccag e ::2.r:: a nd t ?p~ng ta.rik, The two
va rv e s tha are loca •..ed .:.::"the ~:.-efab a r e pne c.rnaticall y -oe:-at ed and have
.?O ~ition ieec.back swi tcne s o.n :::2 iu:!.l oper; and. full closed -::..:)sicion. The
f il ~prefab is located. on the seventh level of the crib.

L iX Control Prefab (:::"igures 3 and 4)

T'h e Liqu.id oxygen control ?:::efab ~s L":.S ed to fiHer and cont r o; the
.c; ""',T of i.cuid --,'--'en "'0 th e rn: c- s<je ";,c-':" C" •.••;... to- • - .0' oj an d c'; <> loa;'1.J. .•.. vv J. _ ~'--~U v_ ... .::> •...... l,.... _-J __ ~ ••.. .•...•...J 1,.. •.._J_ ••..•.. "--_ :.L.L_ "-" _"

po r t.i.on s of the count down , It 2..~SQ cor.tc c..s ·:"~e:!low oL~~c:.u:. .. oxygen ::-onl
th e missile dur ing a. rn is s;..e dr a in sequez ce.

The control prefab contains thr ee p::-..eurn at ical ly operated vz.Ive s ; a
10 inch rapid loa valve, a 4 inch fine load. va v , and 2.. 4 inc::~dz a i.r, valve.
The liquid oxygen control prefab is located on the sev errth level of th e cr i.b
st r uct.ur e ,

LOX Topping Control Jrrit (Figures 3 and 4)

The to pp iz g corrtr 01 unit (TeD) is ·L:.sec.to ii:!.t2r an' cont r cl '::~e :'ow of
Li quid oxyg en f r orn the topping tank to ::;.~ :~-:i.:;:Loe.I<~w::'ll z.l so p:.·av~:::'c
three different •.ow r-ar.es with a con stz.nt p:-essuTe in the topping ·~a~-;.~co
Wrth fine to?ping (L-60), rapid :cppi:.c:.:;Co..,-S.::'),a:.::_c.::;1::02' or if ice ~P2:,-,
the flow r a.te is 2' 0 GP!v:__ OpE;~ing iir:-.e ~o::.pi.~-:.g'I"li:.:: r2..:-;~d t0PY~~--5 c, ~..::"':'J
,the flow rate is 50 G_ ~~~ V;T~'::'~ bcth f:r:e a.r-_~ ::~~~:.. -:.J::?P::1g cl o s ed, '~r_8 t~.:=(;d
orifice will a.llow 6 GP.[li ::0 pass th r ough the g:-ound tc:?pir::.gt r an sf'er line
to maio ta in a chilled condition arid be d.u.c~1:Jed·~~'l::ou.s;:"L- 5:::'iLO '~:::'e
Li quid rit r ogen over flow Line .fz-orn the i:.;.Ligh'"h el iurr; s·L.:ouded s. h er e s ,

The T CU is also used to drain and vent the main -,O·~fill and d. ain
line prior to launcher platform rise.

16
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Pressurization Prefab (Figure 4)

The pressurization prefab i s used tc fil'~21'a r.d corit r ol the flow of
gaseous nit r oge n fo r r e supp'ly ing t~,-egz s eou s -.-_::.:::o.;.:::nstorage vessels. It
is also u sed to control the pr es su r e in ~:.·.eLO~C s;;orage and topping tanks
which is the function to be de scr ibed here.

The p r e s sur iza t.i on .::;r,.~ab is ~::;rovi'::'.::dw:~:'-a gr a.pht c control panel on
which are Lo cat ed ::-_(:;~:.~-.:..:.::.oxyge:-::.:::o:.::::.ge2.: '::'~O:?:?:'.::1.g tank liquid level
indicators. Also, ·~:-.2:':-:; 2.:rEO:;:.::essure c-=-.'.tr0_~,-,::.3 c.re::::' gauges which control
and indicate th e s·:,::::::"2.g2ta["~~'.·~~12.6epr er sur c s , '2:"·::.e ~')r(;!fc:balso contains
v ent valves N-4 :::.:.-..::.:.S-:) a:-.:: "?:-es31:::iz>. '{vz..>.:;s 1\;"-1,N-2, and N-3 for
cont r cIl i.n; pr e s cc.r e s i"~ tb~:VlO l:'c~·,l:c:.c::;ygi'~: ,::;~o:':2..:>::vessels. The ~ I"IN'D N-~o
pr e s sur iz.i tio n :;>r,:;::::abis located 0::1. the s eve.:...::·_l ev e, 0:: the crib.

Va cuurn Pump

Liquid oxygen rnu st be .s-~.o::edat a v:_::y low terr.p er a.tur e ; therefore,
their sto r a ge tanks mu st be ::'::~sulated L·:.:.mtr.:.: c.utsid e surroundings. As
mentioned in their de scr i.ption, ::-"e LOX stor::""':;2a nd topping tanks have
a vacuum jacket, :ne con ctr uc tior; of 'V:-.: ch i.:: 2. ·caul<.w:'.thin a tank.
Vacuum p'lrnps are u s ec, '~o eV2.c\:a::~.:::'~c;out er j:.. .::ke·~or; these tanks arid
thereby provide ~r..sulating eca ce 2::0U~'LC.th e ~~-:~:'..:':1"t2.::1.~Z which holds the
LOX.

InitiaJ eva cu a.t.iori oi be v a.cuurn ~2.C~~cti:.: a.chi ev ed wi~h a portable
pump which has wat er cc:::~i~"l .2.~-:'':: a :.::.:..-:;;~caoz.c i.ty , :!lstalled type pumps
then maintain the V2.'::·';'L::r: au:c:;:-~aticaEy :..:: 1SC rrii c r on s of Hg absolute.

LOX Resupply

Under rio r rn al, c c:__2itio::1.s ';;?le sys-:e::L wi l ; st or e ~OX for 10 days
without resupply. }__ ~:.ch :,:cC'2:::~::.yper iod, 'C2: :'i.:.~-.:..:'..d oxygen vessels :n the
silo are r ofi Il ed -;;c ::'.-..2.~:e -.:.p Doile:':£108'::'(:;S sL:':Ic:::ed s in ce the pr e cedirig
resupply. If r equi r ed c?e:.: Lona~:'y> a secon d cou .1: iown may be per Io r m ed
after one] o adic.g -::C co rr.rn it, an hoa:::- ~1.o1d,ar:.:ichen a drain before topping
off the liquid oxyg:::.:.-;.v e s sel s ,

LOX Sy stern Dz.:.:. :':'0\,;;

An expl a.na.r.on cfrh e ~OX sy st ern data Cow appears under the Ia u rch
control OF er at ic n of this study guide.
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LNZ/HETRANSFER SUBSYSTEM

The liquid nit r og en Zh el iurn -::raD.sfer sy st em is c.esigned to load
r a.pid ly, s afely, and accurately th e rni s sd'e s~:l.e_ e s and sb r ou d s with
helium and liquid nitrogen during cou nt dc wn .

The L NZ/He transfer systern c ori s is ~s 0:: ::-re s·:o::2.g-.:; ·~2.:1.ks, =---~2
storage tank, L:NZ/He heat exchanger taz.k, ar.d L>~2 ?:::::i2.b. r':~;.e ~=~::./He
system is Io ca ted on the 7'~~-:a.nd 81:hl ev e.,s of ::~e: c·:-J s:r-:"c~'cl:..-e. (.?:;·-lre 6)

Economy of weight and space r equ ir ed w ich in ':he rn is sil e dictated
that the g a s be s to r ed at low t ernp er at c r es an':':'tr.eri ~-.e:.:eG.'::c:.":~rc us ed ,
Liquid nit:~ogen {ch em ica.l symbol: L~?) v/3..S s cl e cr :....: a.:; 3.. ::e"::..·::'- ::~a:__t.•.......... ." - ..
for the Q.e]iurn because of its ve::y low 0cilin~ ~::'~::':'_~~-:::::::':':':.:.-_ -.-=- _ ~c :)!":.,
liquid nitrogen is pler..tiful, relatively in exp en s.v e , 2.::'l.c.c~-:em::'c.::..~.
stable enough to be L an spo.rced z.nd h(:..:-:.::_edv,::.~::-_c--~·::~.2.~-..z'-'::.

He l iurn (chemical sy mbc l : He } wa s .=,elec.:2':':'':"_2 '~:'leZ2.S rn ed iarr; ...1.e
airborne pressurization system for rh r e e of ~:s ac..v2..:-_t:.s;ecLsci-..<:.rac:2:::'s-
tics:

1. low specific we~2~--':

Z. Chemical st:::...biEcj (Inert)

To conserve S}?2.2ea cc a r d the rni s s i.,e , .::::-_~:::e~:ur.cis r ef r ige r at ed cy
LNZ during Lo a di n ; c.:": ·.:::~esp~:2::-e8.

The space S2-V2'::'w:'·_':_::'~:.'~~ceni.::'ssile:JY re::...·ig2::-2.l:~~l.gth e ::'elium can be
illustrated by con-_?-,-:.::'::_,;;j;"-.c de::_s:Les :....~+7CC.~~ ::..n2c:.: - J2J'--'::'~ .

. He l iurn at 700~ ,'::-> -:: - ~ -: '~.cTG - ~ C -r PS I .~r~3_ ...:8 'v v_o.J.L. -_~/-.J~ / __

Within the ll.:'~.Ssi~2: the h.e at.in g 0': -::~_e gas "t:.:oIcreuse expa.n d s it
tl th e , - .~.~- .. .: '--,...- ,..0 " "._' z at i ,..,---f '" vol ~"o. "n "1 st r at :0'grea y _reoy lJ"---LYL ng ..L_C p.vS_1.: 10__~~ _ '--. r: .lLU 1 n

of the adv. ntage g2.:'r_ec.by r.e at ing to an ave::-aze 0= +Z500F can also be made
by again comp2.:'<::_S 15<:_5 der.c itie s :

Heliu n @ - 32(,0'-' G 3000 PSrG = 5.9 LBS/:C'_ 3
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.01114 LBS/FT3

LI"2/He Subsystem Corrroorien ts

=_E: aurn Storage Tank s F'igur e 5)

T vo ta nk s , Nuzn be r 1 I; 1Llr.:-. i.:::l'::='::':3~'"':storage and Nurrrb e r 2 h e Liurri
j,::-."Lig"1tstorage have a cap a ci ty of 25 I CD FT each arid are fi.l.led wi.th
h e.ri u..... to a rio rr.i nal \vo:c~~i::-,:;')reSSure 0: 60 0 PSIG, These ta r.k s are cylin-
d r .ca.l with s ph e r ica.l e n d s ,

The h el iurn is r c ut d. t~::ro~gl'"' .•. the r.n eurnat i c di s cr ibut io n un:'~ (?DU
wherein 25 LJ3/1 _L\J 2."'- 3G2C ?S:::C is r-out.e d to l::-.ern is s i.l e a ir bo r n e h e l iu m

bo rtl e s : a to taI 0_ ~~ LBjN'.."S.N 2.: 6000 :?SIC is z oc.te d to th e pressure control
urrt (peU) £01' subsequent pressure r(:;ul:::"tio::-~and f!.ow to the rrri s s i.,e f1.'.cl
and. LOX tarik s du r ing co untdown an d Cl-:-:3::ge;.,,:c"/ puz-po se s , T'z.e hcli.:.:.r.:.'J.
stc.r age tarik s a r e Io cat ed on t~e 8'1·~level 0': ':2.e crib st r uct ur e ,

Gaseous Nitrogen Supply (E':':5U:"-25)

There is one gaseous nit:rogen StOT2.g8 ·ca.:r:~'- )i:.~:'chsu'ocl ie s t~ e peu
du"~ing standby for missile t.arik pr e s sur iza.tic n, Th is is tri e ground pz e s suz-e
sup pl y , bDDO ~ I

.ON
Another supply consists OJ: ~ ga seous n.it r ogen cylinder,! ~

.t.o'f<~e'ier-tojrovide pressure fo r transferr'rl§-liquid nitrogen. ~'C_*2
cylinder' .~ pre s su r ized at 4000 PSI and ~ located ~S5.c_lt-l"'l"f.--e"":"'e!'l
boLLies at level 8 of the crib. ~'he other ~ cvl i.nder s are for Lio ri d

~O J -
oxygen transfer.

Liquid Nitrogen Storage Tank (?:gure 6)

The liquid n itr cgen storage tank cor.s i st s of two coricent r ic c~...z,o::be::':::.
The inner chamber has an internal voi urn e o£ ~C2 '; g::...~lcns and a :':ull
capacity capability of 360' ga.Il oc s of Eq'2ic. ::.i":.:rog2r:.T:-le tank sy st ern
contains a r e ief valve, r upcur e disc an rnan ua l V2::.".-= sy stern, L'1. addit.i.ori,
piping is provided for corm ect.i.on to a li ui -'1 Level indicat or rno c.nte.d on
th e liquid n itr oger prefab control pa ne described Later .

The outer chamber provides support for the inner shell and z. structur-
al f r arn e for the entire storage tal'l~z-hea exch a.nger assembly. The annular.
vol ume between the tanks is maintained at a pr e s sur e of 1rPrnicrons of
rne rcury absolute (for effective prevention of heat eaka.ge ) by means of
an external vacuum pumping sy at ern rr:ounted on L e underside of the
sro r age tank ..
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The liquid. nitrogen storage tank stores liqu id nit:-ogen at atmos-
pheric press~re i.. standby and. d al iver s li::::.·-::2.n::.-~rogE:nurrd er pressure
to the missile during count do wn , T::e ~-T2 ...:·~O:::-2.ac '::a:.-.lzis approxi::nately
23 feet t3..11 and 8.5 feet i.. d'iz.rrie.t e r 2:..:..:::W-2~~~'lS ::..?~:):.-,~xir:1ately32000 pounds.

Liquid l\itrogen/Heliu:;:- .. :""0.: "!"xc.-:..:.~ <. ,v'J

~he Li qu i d :1.:·..::·vl.2::- ...."h e l i urn :-_2.2..: ~_ ..c.~·--:a:-_~..=::. .• t a _~, c c.n s i st s 0.: 2..~_ i n.ne r

and outer conc eru ri c shell. :'::'e :':::::':':2:::- 2harr'-.:~r is rnz.de or st c iril e s s steel
and has an irit er na , VC.U::-De 0::: 2.:?=:rox:':::-:ately~000 ::;allons w::£~'l3.. riE
capacity of 12('C g:::'~~0:1..r~'~:et::...:-.~: sy stern is ':;-::"~)E:dto the :::-c~::"e£valve a rid
venting .3yste:.'Y.l o~ ·~l-_.:::: li~u~::' n:....:r2ge::.. s.~vra~..;;"'::2.L.l..: to v err; :.~::.::-::o;cnv ap or
during standby ai.,i ccunzd c wn, 'p'ddi;;~o...al F~~:;,ingis prcvided for connection
to a liquid Lev el i:-.'::~c2.tc:r-:rnC;':'::'-lt..:;C..or.~:-,e Lc ui d r.itrcgen prefab co nt.r o.l
panel de scr ibec ':-.':"::::::.

The outer ch arn ce r D::"-OV~C.2S SL:":: • cr t fo ;- tc.e s~-:ell arid a s~::-·...:.ctur-
al frame for 2..Lac~'lr-.:.entOI'. ':op c: the liquid :-L~:,:cge:'lsto r a.ge tarik, 'l~rc':;

1 '1 ' ~.'-... -.. '.'.. "-~1.", '",. ,,; ,- ;~.,' "- ~ -.' •.• -- .• 10° .armui ar \0 urn e oetxv ee..i.'L.:..c rar.x s 1;:, rna mt a i ••ea 2.,~ "- pr e s su r e 0-,- rrn cr on s
of rne r car y ab sclut-; , u sing the same vacu urn purnp ing system as used for
the Liqu id nitz c ge.. scor aj e ta nk,

The main function of the heat exch arig er is to cool down a:-~:b:",:r:t
h el iurn r.as (0/00 to 8'''°"f<~' ::1/' ~ ·:··w l'a'-'~ of ?;::; " ~./' =: ,"., ·~·i '" pr" s sur e ofJ... t> \J _ J c:.. .•.• __ ...J _ ...,- - -.lJ .L.J.L..i. . '- C!. C>J ..1.._

3000 PS,~G to an: outlet terripe r atu r e of ..30CoF d.ur ing countdown. ~he :iquid
nitrogen Iheliu~n :-.ez...: c:.::hanger is app r oxi.rnat ely 6. 5 {eet tall :G 8.5 f eet

diameter and weighs 2.?proxir.'12.·::el.y_~:,OOpounds. T'ae i.X:·:2/~~=e~e2.. ex-
changer is located en 'sop or L.E: L_12.-::z...nkcn t:-.e St~'l.:.2V2i c f the crib
structur e.

Liquid Nit r oge r. ::?::efab (F'i.g ur e 6)

ThE l ioc.id r_'~.::.::::22U pre£ab is a sepa r a.te cabinet located on the 7::..h
level c.; '~~e cr:'::: s'::..:::-uC'xredir e ctiv above l:i:.3 l iqui d rricr c.gen ta nk= hea t
excna:-.":'':T 2,c...se:(~:bly.':::'hemain £Ur:C'C~0:J. of this unit is to cor.tc ol Ti qui d
nitrog e:: flow f r orn the storage tank ::~.:..'ough the coe.xi aI :""N2lEe line (;0

. the rn iso il.e helium bottle shrouds.

2~
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F ow rates a r e e st abl i sh e d by means of thz ee prieurn at ic al Iv powered,
polot=ope r at ed, r emote ly controlled, pre s.et !lOW corrtr ol val yp installed .:»
in parallel. T. ese va ves ar e rated. f r orn 0 to 10 GPM, 0 to ~ GPM, and
o to ~OOG::?.1., r e spe ct.ivel'y, of L~\J2 an at a wor l ing p::-essure .of 100 PSIG. ?

P'1.eumatic cOD..trol of these valves is 'provided by the instrument air system
.through the PDU.

This cabinet al so r.cu se s th e "!-"'::\?/:..::.::: ..;';:':2.': exc:;.c..:::,.ger capacity gage
-r -. '7)0 arrd Lhe T ,. / ....:.. ···~·~~C" ta nk ~~-,~~: ... c-ae T'; i7?l 0 it s ~T' t r u~ '-4'-1 _!.. ~_ 2' __e ::>",v_ ":"6;;:; c..,LLL '-c..~~ _:...~.6d.,:, ~~ __ ,,"".J.. ~. - --- - -

'm ent panel. Valving is ?::ov~c.,:::c.:0 iso~::::.":2th ese gages :::.-omt•..e system for
ca l i'br at ic n or r ep La c e rn en t ~)u:,"po sese _":'_:",,-'::~io::2..l va.l vi.ng is p r cv i de I in
th e prefab to cont:. 0' the Li [u i rrit r ge::l filling sy st ern and t}... storage
tank and heat exchanger v err; system .a.s z equir c.

He..ium f r orn two st or a ge '.Jottles, ::..0 .....2:::.::.~ 0:'1 t~-:eei ght, s::"o L::v!21
{Figu"e 9} is na s sed d-.,.. "g'~ .. h at e"~·"~'"')O~·· .:»; .• cool inz by ,:-.,~~_,_ - _ __ "-- c... _ __ '- _ __.::;, u .L_'-_ L!..l.,\';"

n.it r ogen before deEvery to th rrri s sil e , Lic~::...~::'niLogen -3.:: lTI th e ::'ic:.u~
.nitrogen storage tank shrouds the h el iurn t r a ....sfe r Lirie b etw een '~:1eh eat
exchanger and rn i s s i.Le as well as the a ir bo r ne .he :'ur.:-l s::o::-age,:'::;o·~tles
wi th.i.n t e rni s i:e.

T~1.eabove rn ent.ione d f nc ciori s are .accc.rripl i ahe d by
more of the followi:c~gunits:

1. Gaseous hel iurn st cr-age tanks {two j

2. Pres sure d.i stz ibut ion .unit {P

.., T' ',.::j " Ih l' . •. ,»; -Lz.qua o ..n:rogen e iurn n ea •. excnarrg er

4. Liquid ni r ogen stc r ag tank

5. Pressure contr-ol unit (FeU)

6. Helium charge ur..it (BCU)

7. Mobile dy na rrxi.c ...checkout unit (WillU) is also pr ovi de dia.s a rne ari s
of checking these various. sy lems.
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The output o£ the in£Lgh-: __el iurn tanks is routed to the PDU wherein
the following is accomplished:

1. 8 LBS/h:2:N at 6000 PSrG is r ou te d fh r ough the PDU to the peu
for subsequence p r e s su r e r e gul ar ic n and :low 'W the rn i s s il e fuel
and cxi di z er t a.n.xs d'~i: __g CO":..:.r:: own (:-::NS li~e) ~

2. 25 L::S2.:~.~=:'-Jat 3000 .?2::G is r c ut ed ,::'.::rou.gh the P':='U tc th e ::....._2iHe
heat e::"':''::-~2.n2:3~wh e r e :: is cc c.le d a.n d routed .~.:::> th e rn i z.sil c
air borr .•.e h e l iurn ioot tl e s (HRS line).

3. 6 L5S/:!\t.:::N at 6000 ?SIG is r out e d through the PDt.; to the FeU i.n
pa r a.i.le I with item (1) and is used £0:': e rrie r g er.c y purposes only
(HES line).

4. 9 ~3S!~'vL~':' of gz.c eou s :'..itrogen z..t SaGO ~~SIG £:::om th e :'litre::;.:.:::.
g:::-o-~::-_d.?::" _,:;urizatio:: ·.:a k is r oute d t1:.ro"Jgb. tn e P:;:)J to th e :..:::CU
(::;\TS line) io x sub s e c u e n t p r e s s c r e reg ul z.t ic n and flow to the
rn; s s::"'e fc.e~ ar.d o.xic.iz e r tarik s dur ing s taridby ,

Ga s e ou s nit r og er, ::'5 S"C02:C2 in th e rr.i s 3::'12 SLC (8:""::llevel) for LOX
t r a.n sf e r , Ll'J2 tra~-_s":e":, arid Lcd tank p:..'ess1..~riza·:ion. There aloe 1250 cubic
fed at 4000 PSIG fo r LOX transfer, sca cubic feet at 4000 PSIG :or LN2
t r: nsf e r , and 4 cubi c feet at 40CO PS::G for fuel :'.oe:veling tank pressuriza-

tion.

Tf'_2 GN2 is route d, rno nito r cd , and controlled by the pressurization
prefab pan el dur irrg all resupply operations.
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Gaseous Nitrogen Subsystem_ Co rrrp o n e rit s

GN2 Storage Vessels

"'Mllt.f
A bank of o&£ce'ff bottles of GNZ rnalce s up the ;main gaseous nitrogen

storage facility. ~ bottles a r e manifolded together and u s e.d for LOX
transfer. ~ bot lC$ 3ri ,-,_.ubA~l..49"l-Qee~-,- c;.hfr used for liquid rrit ro z en
transfer and in the nitrogen control un it . The acditional smaller bottle
that requires recharging is located. in t r;e fuel-leveling pr efa b (4000 PSIG).

Pressurization Prefab

The pressurization prefab is used to :Zilter and corit rol the fl ow of
gaseous nitrogen for resupplying th e zaseous n it rc geri storage vessels.
It is also used to control the p r e s s ur e in the ullage of the LOX s to r a g e

and topping tanks.

T'he p r e s su r iza tion pre fa b is p r ovi de d with. -:i graphic ccrit r ol ~.)3.:rlel
for pe r for-rn ing manual gasecLs n::~:::oge:-lr e sc.pply o:?e:-a"Cions.

Two resupply lines are r cut e d i:':;:-':L:' :::~!..~corme ct ior.s 2.: 2::'~2,dc;. ....;-/<.,_.

Shut oif va.lv es - r e p" 0"; 0.'(:;"0." '-0 DY''-'' 7'- -: ~ .., .:C·:""\"' 'i-~ .. e,.., '" \1- -.-~0" ,'" .~.--,. -,. ," -.,:~J._ " ,C1 d... ~ '<i.... l,...:. _ u~ ..•• ~ ._~....;I <,y .•••'- .,.l.._-':;" _~ __ ....._0..} •.•.••'-""'_.__\,.~ '-_

storage vessels" Al so provided are shutoff val ve s betwe en tbe vessels
and the user s and a va lv e to al l ow '.:~:..~ 'vessels ·~obe bl own do wn tr':'l"'ough
the main liquid oxygen vent Lin e ,

The pressurization prefab contains the following va.Iv e s for cont r o Il rng
the ullage pre ssure in the LOX storage tank:

1. VeYltvalve N-5

2.. Relief valves SV- 6A and SV --~.s

P_essurizing valves N-l, ;:\;"-2 :..~-:::~\r-3 . ,

The pr e s sur iz.ati on prefab cor~·c2:£::__.S :1__,::; fCllov.ri:c.g v al ve s rOT cO:_-::'~_"0=-_:::':Z

the ullage pressure in the LOX t.opp irig tank:

1. Vent valve N-4
i

2. Relief valve SV-5

3. P:c.essurizing valve _T-50
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~...:.AUNC:£-ICONTROL AND CHSCI(OU~ OF FU~L, LOX, LN2/HE
~;YSTEMS

The launch control sys'.::em uses a s irnpl if ie d operational technique
called the "urrit.a r y con c'epu'", Unitary concept laun -i vc o'nt r ol equipment
makes it possible for a single operator (the Launch Control Off ice r ) to
conduct the countdown and tc :"c.unch -:::::;:;cl::'ssile.

A launch c c -,:':-c:"CO::'':C_2: :;::-2:c :;~-_:s 2. S"'::':-:::T2.:-Y C.=-2?"-2.)' to indicate the
;:~2.ndby s ta t u s c ; .:~-_erni s s i,e z z.c.]:»: C~~·2 ~:"o8ress c ; ":::()L:~-:.~c.0\Vn. A mal-
f unc zion of a r.y s uo sy s t em will ~:ctHl,-ec.:.:"~·~'2ly~cenciiy ~:s21::: on the launch
c ont r ol coris c.le , (;;::.tl-_eri:::-c t;::e s~ancl0y ~J2.-:::c~J.of the co~:.::::c.ownpatch or the l

and se.rsinrr ~ ('''''''a°1:,r.c ti.cn .,,- cc h )f·ower -- oe--..:.:I.!. ....6 ~ f7J..- ..:...!. •.•.•....:.- t.._ '_J.. l.....c; •..~.:.- •

Fuel tarikrng an.:'. leveling are co rnpl et ed prior to countdown: therefore,
the fuel t r ari sfe r sy s tern play s 2. sr.:12.11 pz..:,.-t ir; l aur.cn cor.t r o , op er at.ion s ,
:,'he only operation that is s equ enc ed c1.u':'ng courrtdc vvn i.n tn e ":uel sub-
sy st ern is fuel line drainage. :::.:::is i:-:-::?:):-C?-~lZ 'co note, however, that the
proper fuel level rriu st be a.tt a in ed before countdown can be completed.

Launch Cont r ol Console

The s ta ndb y s rat us pa tch lor LC=: a; ..2 fue l is 10c2._23. i::. !;~_2 rn idd l e
s ec t ion s of ~he L:"L:.!'_chc orit r ol con s c.L, "):.:.~~"'~,T'h is P2.::~:' ;::L'-S~:;~S of a
group of five green./red ind ica cor s V/~,~;::!--_ i~~play the S: ..._:::C,,30;' _.1.1 s ub-
s y s t ern s durir"g ::'~tb. standby and co u.irdov.n. .Du r ing s rar.db y, t.h e s e indi-
c ato r s reflect tLe readiness for count dowr; sta e of their :::-"'::;F~ct:v.::: sub-
systems. Durir.:.s countdown, ea ch inc icat cz displays the s~a:::~sof its
r espe c t iv e system at all t irrie s b y ea ca 5/£:;:2,"i'. I::lodify::.:::::; i...:;~:'.putG to the
iud ic a to r s if z.._~y inc l ude d co.ncit ion ::-'~;'''''::1.:toredc..::.ring e -a:lcby ~s rnc d.ified
d .i r irig c o unt dc wn, T'Li s r.:.'1e3.~S zha c c:...ci~ s ub s y s t.e rn p rc vi d e s 2.n i!:~J;..:!.t

\IV hich r ep r e s en t s :.::5 bes _ info :;:-11.'12. tiori S cc ~:3 ov e r aLl c ond i ti on at any
time, wh e th e r ir; s tar.dby, C~)u:1.::dOWL, '::O~-,.l:n~t 0:: aoo::::.

'...A_ sub sv ct e rn , su ch as fuel, n ot ~c~~~~ in its p r op e r GP;~;r2:~::-.::.g c c nd it iorr
during 2.::.}' 8£ :::~'lea ccv e l.'1.'1er:.tic,J.'leQ p~.:..:_s;.:;s \~/:=-l ca 1Se i-;:s ~_:ldic~:'~:~:J::Cto
i.lLurrri.r.are red. and a.l so scurid a n a..uc:.~::'~e::.~a..:::c:J. A r ed >_Cic2.:~on r efl ect s
e ith e r a sub s ys t er .....L! rn al Eun cr ion .. or -::~""le pc ss ib cl ity :~2.-~ ..: . SLGSyS·t::;~':'lis
- .;.' 1,-.. --1 - .I.•• ~ .•• °t r":"-:;l. ..•..•..• - "::}.::' :::.~\--.. -·"e·~~o-Q' .I:-r-o·'"Y1 .. '.:c. s-'~ Q t ernlll. -,-cs .•.vC:;t.~-co_.t._o~ moL..,-. 0.;.. power c__ .u cz «: vc -'- ,,_1.~ u!.)~ys e •
IH as rn uch as '~hc;sta.tu s of several SUb2yS''::''~TDSis reflected ::'~1s.n indo cat z ,
the l auric h cre'.,v must :;0 to the Iog ic un it c to cb s er v e t] e syS'CC::'~lin standby
::'!ldicato:.:s c: t1:.e sub sy sterns , ~hese ::'n<;:'-::c:':':()rsare located :'n the upp er
l cft ..ha nd corner of tr,e first pan el of ~~-:eIo g; c ·c::.~1.i·ss bsystems. They
\\ ~l be illuminated g:ree:::1if their sub sy st ern is operating properly. If
1:~_isis not the case, the indicator wiLI not be illumina.ted. Therefore, the
Ia.un.cri crew can immediately observe which system is a..: fault.
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The logic unit may be observed orrl y i.f the entire s'y s t ern i s revert d
back to t.h e standby status. T~J.elogic t; ri t for p r op eIl ant tr a n s fe r is
local ed in the silo and n o one normally i-s e r rn itt ec to enter the silo
.d.ur ing c ount down.

A red ind icat io n during sta.::.dby w iIl pr ev erir the ini t ia t iori of th e
c ouritdow n as a Il ind ica tor s ir; t::,is pa tc r, rriu t oeen green to start the
c o un tdo vvn.

It s io uld be noted th at a 4 ed iIlurn ina.tion of an ind ica to r In the
rna lf anc ti on p tch wi II cause a s ta ndb y c ta tu s irid ic a to r to i l Iurn ina e ~.~

The following presents the'!Lc g;c CO::'':::'':'~J.ons
standby status indicator s to il~u:c",iL3.:;2g r een.

will cause the

'The LOX and E"UEL ind ic a toi- or; t he s ~z::.~cl~ys ta tu s P2..t·c:-_ re fl ec s
the status of the LOX, bel and p r op el Lan c Ie ve l contr c , {P:L-CU) sub sy s t e__as ,
This indicator is green for Lie following c ond iti on s , cthe: wi s e it is reel.

1. Logic uni t s taridby bus er.e r g iz ed , arid

3. or

.1:. St r t cou tdown co rnrria no »r e s en;

'The rnaIfu nc ti on :patch is at tl':e rni d "Ie C~-:~~[-.•.e left ed.ge of tile ?:;!.!1I.,;l~

This is a g:::-ou_of tn ir te en arnb e r ,' r ed :._,,::Lcato:::'s use - to su:?~:)lyadcii ti oria
fault location. 'I'h faults in ica ted a r e e.i tb e r a c r it ic al NO/CO func tion
that demands imrnediate correction b eca u se of a ha za r d to the s it e , or
a fault of a rria r gin al. nat ur e which, r.rough ~t"could have 2.:_ e ff ec ; on the
site or weapon mission, o e s not r ep r-es ent a n immediate da ng er 0-
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a mandatory NO- GO cond it ion. The' arnb e r c ol o r in this patch is used to
iridic at e a marginal fault, wh e r ea s .;r"c red is used {OT a NO-GO fault.

. J·ny of the malfunction lig ht s tu:cni:c.g red also cause a status indicator
to the right in the s ta tu s pa tc h :0 tt.:.::::"L re d, In :~:is rna rine r , L e mal-
func t io n lights do provide some de te.il of the sum: ....na r y status displays;
however, in no case do they pc cv id e the full detail. The malfunction
i:ldicators are nc r rr.a Ily off uril e e s a :2.ult ex is t s ,

CXC~Pi f>~Sf'OAlpFfii:
The illumi::-_2..·:~()n of :::.ny i::-_c.icatc:.:"~ this s e.cti.cn (\V;-_.::c:"e:.: a rrib er or ~~~ ~

d) '11 ' '" , , ,.:; ~." b' dr e wn.i. 2..l.S0 cause an 2.-':'Q:!.().:.eara r rn '':0 80',.2:,,,,-. ".'.'_c:. 2..2..:"::'.:1 r.Cl2.y e s i.Len c e
l::y the ALARM R'7S::=·J..':::uttO::1.0::-. the co:.;sole, but tile :::1.c.ic 2.:::'::'_' wi l! remain
i~lu:"'1.1.i:lated urrti i .~:"l~r::~~unctio:rl has "'.Jee:.:..co r r e ct e d , ~~"leI~:;'c\.ving
pre sents the logic conditions that will c au s e the malfunction indicator s
to illuminate arr.c er or red.

T'he FUEL ~.sVEL ~::.·:li{:ato:-ir, ~~-:el.:'la=-:t:~-:ct~o~pa t ch dis cl a ys the
Lav eI of heel w:..'d....in the rr.i s scIe. TJ:-..e ino.ic a.to r wi~~ illu:-::il"i2.tc :."ed ~f
e ith er fuel 1'2.0v;il ~-:.rcb2s i~-,-G.~cated r y, 02" Goth the f'ue , Il~:igh' _::::.-obes
i 'J.dicate we t. Acc or d irig tc the desl::;:::' cf th e ?LC'J, the uni ; is not acti-
vated until t21.e co un cd owri :8 3~2.:.'·ted.. 1'hen, af t e r 0.. 2 s e co rid \~:~;..rrr..;..~p
p e r i.od, 2. .3 see T.:.C. c he ck is :::.a-:-le of t2:l~ f~~21 level. If 2. rna.If ur.c t ion
cccurs dL:::~.::g this ~')e:~iod, c::-.es i.gna i :..sIc cke c up. Only 3 sec orid s a r e
c Ilowe d fc::: chec~~:'::1.gt~....e f uel level.

Twc fu el s en so r s z.r e ';)::-cvided 2. ..:; bot~'-:'.:~l.ehi.s:h and low fuel l ev el s
to i.rripr ov e T(:;L.ab~L'.:y. Iria erriu ch as 2. sensor :::a~:ure r oduc e s a "W.::;V1

i.ndica.ti cu, bC'~~~,S2;~.':;0.:;:'S rn u s t :~l.dicate "wet" 10-:': ...:'2.iled)to a ct uate -.:::ie
rUEL -:......=:V=~i::_c:.::..:::2.~C_ ,

':'h::::ccuncdcwn 8-::':= ..':1:.5 F2.tc::"! co::.t2.::'ns a gl'ou:? of a rn cez !g::een :~"Jicator s
v/h ich C.~~)~-2":':t:-:.3 s ..-:;....:·-..::..3 c~ s ub sv c e rr; ~:·__-.:,.::ess-2s 2.S ·~:1.ey z r e c~~·~iv2..·~~('·_and
c.om'ol ece d du:c~::·-:···..::l~ccountdown SeCUci1.Ce •....~:l z..::-:1::'er i::''ldic.2..tio::-l s ioni f ie s- ~ - -
the S·,C..", ••:, r''- ;:,'s"~~·"y"'';'evv-..DY-OC"''',<'' «,,,,~,..,~.C' va.Lve s ,,~,,-·~'''''e'Y''l'y po s it.i on cd Tn!..L •.•••...•.•_ ••...••..• _ a. '.__ ..... 0.,.; •.. .l..!..l .!:. _ _ •..•.. .:> •..... ....L_ •. _;;...<..;:::. ' .::.1 ..::-'_ '-'J..;..J J_ ;;:,...... __ '-' L_

LOX sys t err; :':.:...:.'c·:_i:'::'dowl"cp r oc e s s}, z.nd a g::-een indi cat i.on s igrrifi e s ;:' e

':'he £ollow:.~-.g d cta il s t__e 10:~ic co::-~d.~·~io:-.stb.at c au s e il l urn ina t io n
el£.tl').\:; -:;"~';:./~_a.:.::.c. ~C~,= RE_l·~·_~~-=.I"'!:.~!.dicatcT in tce c 1..l:~tc.()wn s ta tu s pat ch ..

"'.c:"!e=-2IX a:!':2.?0EL R:::..AI: Y indicator wil.l i.ll urn in at e green providing
the i'c..:"low::.r_gcG~-.G.it::'onsa r c rn et ,

1. w ?uel. level not too hig:,,:~ an J

2. Fuel level nor too low
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a mandatory NO- GO cond it ion. 'The' a rrib e r colo r .n this pa t ch is used to
indic ate a ma rg ina.l fault, wh e r ea s ~!-.e red is used (or a NO-GO fault.
i ny of the malfunc ti on lights tur n ing r ed also caus e a status indicator
to the right in the status pat ca :0 tu:..·::J.r ed, In t~lis rna nrie r , t ne rn aI-
func t ion lights do provide sorn e de t a i.l of the s urn rna r-y s cat us displays;
h owe ve r , in no case do they p r c vid e the full detail. The malfunction
ind ica to r s are no r rnaLlv off unie s s a ::C:.ulte:.:is~s.

red wil. also ca-US2 an a.:.(E!::'~ea.la r rr; ·~oecund , ::'::-.2: z..~:::':"'::.'1 rn:::.ybe silenced
1:y the ALARI'L R=S='~ ':,uttO::l 0:-. th e cor-sole, jut th e ~nd.ica·~,::;,_·wiE r ern ain
id.urn ine.te d unt i.i '~h<:; :c-."'c.:;,:-:unctior.. has ';)ee:" co r r e ct ed . :'~:'le:;:'0:~G'Ning
pre s erit s the logic conditions that will cause the rna.Ifun ct ion indicator s
to illuminate arr.c er or r ed,

The FU~L L£VEL ::'2.~.di.:.:ato::: ir, :.·ce ~-:''1a::':u:.-:.ct~onpa:c~l. discLa y s the
1eve l of fue i wir Li n the rr.i s s il e, T'r;e ino.ica.tor wi::'::' il l ·:-:'-::'~'l2.:e::ed ~f
either fuel "Low " ~:robes i:,·.ciicatc:d r y, or Goth the fue, !!~:~gh"~:::..ob e s
i l.dicate we t. _-\cco::d:'r:.g to ;;~'lede eisn cf tl~.e?LCU-, the uni: is not acti-
vated unt iI t:1e cOL:-_~dcw'r.:. is 3 .a r ted. T'he n, af t e r a. 2 s e co nd \'.::::.rYr.'...lp

pe r iod , 2.. 3 s ec onc, che ck is :-_-_::~:leof ~he fuel Lev cl , If 2. rna lIur.c t ion
ccc ur s dU:':~flg this ~e::iod, c':-.es ign al ~s Ice ked up. Only 3 sec orid z 2..1'e

allowed fe::: ch ecxi ng t~'le fu el Le vel.

Twe :::-.lcl s en sc r s z.r e p::::ovic.ed 2..:: bot:-:.-:~l.e hi.s;'!:land low fue l Le vel s
t o l·n"'p·-r.,-,,-,,-;:::>~~:':"'r Irrasrnuch a s ~ sen e o r .o·;:;:'''re pr o duc es ~ "V'-··;-;!J l. __ .1. •......VC ..!..G u .....". _.J.";" ~_ •• "--I"....,,,_.:::; '--.;;> J,. •••• __ '-'"' __ ~_ _ -.,....;.,. c.:. .c ....

~~dica:::.2.·_1;: bct.; 5..:;:.-_':;C::3 rn u s t :~l.diC:2..:e H\.vetll '0-;'-' ~~2..~leG.)to z.ct.r.ate:~e

~ ...ie CC1...":.!J:::C.OV/:.:1 S~-=~'':USF·2..tc:_ con...t2..~~S 3. group of a rnber / ,g:ceen :'~·__(_icator s
¥\'!hic::' C~i.Ji2·~ t:-:.c s·::::.......:-..;.:3 c:':: sub s v e t ern ?:..-'::.::ess6£ a s '~~"l y 2.. ...:: c...::tiV2.'~2('~arid

. 'd' " t ' " .,. ." .. f icorrliJle'..:eQ u:r::::g ~.::nc: coun co wn s e qu e n c e ••. ~!" .•.2..::-~:)e!"1:''lQ.1C2.."'CIOI1 Slg~11 a e s
the sta.rt 0:: a s·.;.bsystem pr oc e s s (s-..:.chas valves p:"'c~Jerly po sit.i on ed in
I..IOX sys t ern ~;:::.~c"t.~!"3..dowr:process;; a.nd a gr een rn d'icat ion signi£:E;~ ~he
corrrc l et.i.or; c£ a p=-GCcSS~

_he fo~.:.ow:'::.__g G(;ta.i'is "t~e 10J:ic c0=-!d.~~io:.""_sthat cz.u s e :llur.::-~in tion
of the ~"::.,''.2~C:.:.-_~ ~ :.r: R:?r.l_2'! :":.-_dica·.:.::.rin tr.:.c co ur.tdowr sta.t u s paz cc ..

~:·~e=-OX ar.d ?UE":" RE AI: Y indicator w:_l illurr.inate gr e en providing
the iG=-lo\~l~r.g CG~·.•.di ioris are rn ct ,

?uel level ::10t too hig:;" and

2. Fuel level not too low
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5.

-,;.bo:::·t s~gnal not pre sent

5. ti rne r ) has run out.

The in dicat.o r must illuminate green before commit sequence can be
started.

'f

::""cunch' Co nt r oI of Fuel Subsyste:-n

c d' r' , ":"t-'...J:an oy ,-,onc..!.~::O:lS

/
1. Juel t.arik irig pa n el. nurnb er :,. in 11 E1f-O'r:S:::".

4. ~;ystem POWcY swit ch "ON" ?:::o:?ell2.::~'~level Danel .x:rr...':::e:.- 2.

Count dow.i F'un ct icn s

The onLy a.utorn at ic Llr:.c·~ionby tl-:c :UE:_ sy st ezn c.ur:'::_z CO"C.L;;d.OW:::is to
dra.in the fuel fEi line ·~o the pr e fa b (FF::'=-) a.rid '':>_2 =~:2:1:'::L t c '~~"lernis sL.e
{FFM}. ~~his is ..c corrrpl i sh ed by p eni rig F-2, ~j::~-2,' 2.:ld .J:?-~:,
p ez rn itt irig the fuel to dr a i:n f r om lines F:::~?arid ~?FM into th e fuel
leveling tank. P_t rh e same ti:ne th e pr op el Iz.nt lev : :::0:'1'::_ 0::' urri; (?:':":C-:.::-)

'11 'n-"" r+ th .,.-.,--,.,....·l,~;. #. ~'-. f,o.~,' 1 1 (2 c::.c., •.....orid - .- _.., - r.~ .."VII lTIO_~l .0_ ~_ e ..•,_'"Sl_~ Ca,~~,-_U,--_ ~eve_. ~.'-~\..h~ WC_J..£1up WIv ....• c-

.. 3-second rnorn.to r per i.od for 5 seconds total), £0:::- a evel "'.Jetwee:l ,9.-4
percent and 100.4 percent. P_ite:r this 5 second per icc '::l"lefue l portion 0'"

the PLCD is isabl e .

Commit Sequence

At commit start valves F-2, F-3, ~,.t-.::.., and Ki~-4 a r e closed,
these valves not closing will Lot stop or e~"1g&_·:..>~1.·,::he cc unt.down.

Start Abo r t

The a bor t s ig na.l wi Il cause val ves F- 2, F- 3, NF- 2 and NF- 4 to open.
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Lau!1.ch Control of LOX Subsystem

System Operation

At the start of countdown, the :"OX fil operation begins. The LOX
system operate s through the fol l owi.ng sequen ce automatically.

During a normal cc untc.o wn (ccur.cdcwn ~:-~2..r::::0 missile ready for
commit), system op er at ion is co nt'r cLe d by 1.:::-.elaunch control logic units.
"\Tr.ile the missile is st:~_ ir; -:::~.2 silo z.n d is "beir..g :~llc:d wi tr; LOX, any
LOX which boils 0:: is v enr ed OJt 0: ::l:.e silo by a vent mechanism (Figure
'I' )Whl'cb draws +;., rz: 0- S ""5 out of ....h e 7",""'" '1'1·e ~h-'T'-_ •.•.•.........bCi. c; I,... _ l,. -' o..J ;;::' __ C_"""

The gaseous oxygen vent rrie ch z.nisrr; cor. si st s of a lenx:::::.of ducting
bent through a 90.0 angl e, It is part ::-ir;i.::i.,ar.c p2.:....~ fl exi.ble , :::t pivots about
an axis which pass:::s through th.e duct at the r::;):t angle b erid , Also attached
to this assernbly z.r e limit sw it ch es , b:::..~~es2..::-.-:: c cunte r we iglr, system.

Prior to l.a uac r.e r ;:,l2.~£;)r::-::. r i se , ~~-:,.crni s s i;e c oil off va lv e is closed.
V:ithin the f i r s r 'cwo fee; of :..-ise the p::?e wi t.; its e rid a ga.in sc ::~~.2boiloff
v al.ve swings :0 2. v e r t ic z.l -c03~'::Oi1. t o c Lea r rn is s il e. ·~""'I~'legas,~ous-
o:cygen vent rne ch arii crn a s s ern.._~y i3 un ic.ue ~o ~he silo and is located on
t l.e second level of :~-.ec r ib S~:.:t..:.ctu:;:,e.

Prior to count:':' wn tr,e sy st e.m :'5 in sta ndby ,

Star-coy is e sta bl i sh e by rriorrito r rng of:

L-7 rria ir; storage £ill val v e closed

2. Not on local power

3. N-60 L"12.:::::. Er..e Ir a i.n :::::'ess·-:.:.::.-evalves closed

5. ~-l6 rrri s s il e dr a ,n valve cl c s ed

7. L-2 LOX rapid l oa d V&.3e closed

8. N-4 topping vent va ve open

9. Systern power on
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1. At countdown start, missile fuel tank flight pressurization is
initiated.

2. When the fuel tar..:'z pr e s su r e ha s reached 53 PSI and t:'1E:: rrri ss il e
LOX ta _k p r e s sur e is l 55 th an 7 PSI (bo il.off valve open), '::_e
LOX •.ogie uni t receives a sigr.a l , IlPneumaties Ready £0::: LOX
Chillclown'! •

3. This signal causes C c fo l low.irig to take

a. Sto r age tank vent valve, N - 5, is cl.o sed ,

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

~:Air borne fi:!.la.r; :cc..:,,~vz.lve :'8 opened.

Fine to oo in c vz.Ive L-60, is ocen ed '">longwith the rz..-;.id l oa d
~~;:t-tL' L "-:. _ij~, Wi~h rnis ':;<:.<2: t::..:-_~;u;e 5 sure s : 0:.._;:?J. u.

"or~Cfe "'~T' - ve'r,';- ~'l~«-="rl and .!$.-"'·"'~c~-de l·l'o.:OW'" '1'~- ""'A .~...,yL •....•..0 _0-___ ,l.._ ••••• ,,-_u c\..!., . __ \,.....1.~.I._ .•..1. ~c __ J..u .

cc.rapl er e, the LOX ~:::J= tor
.consol e :ll-c.T:...in.2.·~<3s :::"::-..::·')CI'Q ------------ __ - •••••••

4. Wh en storage tank v ent is cl osed ;:):.:e':':;::Lr::Z2.tion valve, N··..> ,..
pr-es suzi z.a.ti.ort p r efa.b ~s 0.i')(;:'!.~Q ::"':-_c_ --'L:c:......::.gctz.. ~-press ~:::2i.:J

cor.tz-ol Le d 1:0 18-25 ?S~" VT£:cl: :op~:.:r..~~2.!.12.< v e n; i Cl0 (;C__ ::."~':':;'-1~"'~-
z at i or; va I ve , :'{-::O., :"1'"'.;. ?resLu:...~iz.E~·~:_"')::-': ~J:=3£~" :3 op en e d 2.::~'::'·":C?~)::~(:.;
tank pJ:" 25 sure :'s CO:-:'':!,'' Lled to 160 ?S~~"'~: _uicl cX'ygen Y"-O\"V(:~::Cl!~2..·.':':;S

up through the lines 2..:'1 _ into IT_:'S s~~e ::~::.:-:.~;:.

ti-O
5. Whe i E'le..f:;U- s e cor.d ch il.l dowr; t irr.e ; i.: :~:--::-;?lete:

a. P_ es su r izat.ion valve , S-2, is oo.en ed and storage ra nk pres-
sure

b. LOX LINE FILLED i.ndicaror ':u:::ns gr een ,
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6.

c. RAP~D LOX LOP-!:) i.nd.icat or i.l.Lurrri.r.a.t es amber.

When the rrri s s il e tank 95% sensor is r ea ch ed ;

a. Rapid load valve, L-2, is closed.
, :j

b. Ra;::'d topping va iv e, L- SO, is op en ed .

c. RA:-::':.sLOX LC.~~ i.n ci ca to r turns g!:"C;2:''l.

d. F!. T= -,OX LO":-=- indicator illuminates arnb e;.

7. When the 99% sensor :'8 reached:

,:
e.

'-.../

£.
.:;-
1
1
:j g.
i~

h.

a. F:'ne lead valve, "L,-l, :.s closed.

b. Pre s surization valves, N-1 and N-2 are closed.

.Ai r bc r ne ::i11 arid c.:::ain valve is closed.

D'ra ;n valve, L-16, is o~::.ened.

L'ir;e drain pr e s sur iza.t.ic.n valve, N-60, is op en ed , 135 PSI
of rii.t r ogeri enter s the line.~,
Line c.:..-aint irri er , ~ S:2C. ':::'DPU, is started.

60
Comrrii t delay timer • ..!-e' SEC. TDPU is started.

FE\IE LO.: l.,OAS indi cat or '.:urns green.

8. When line drain tirn er is cc mpl et;e:

a.. Drain valve, L-16, is cIo sed,

b. Line drain pr e s su r izat ion valve, N-60, is clos d.

c. .....,:.nevent valve, N- 80, is opened.

d. Line vent timer, 40-SEC. TDPU, is started.

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

~
9. V/he!_Line vent t irne r is cor:-~slete: the line vent valve, N-80,

is closed.
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10. T he topp ing operation h a cont inued to {';11 the """'1" s 51il e to 99 ') 5at_ _ - --. ---. ~- _.l ~H , _v • ~ IV.

When this s en.sor is reached:

a. Rap id topping _valve, L-50, is .closed.

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

1L When the stop topping time!" is complete:

a. Fine topping valve, L-60, i s closed.

b. The 6 GPd orifice continues to rria ir.t airi topping Ene chi.Il.,
Excess LOX Low goes -::hrough check valve, L:-52., into LNZ
drain to LN2. evaporator tank 01- .Level 8.

12. The LOX system is ready for cornrn it whe n:
to

a. Commit delay timer, ...:,.Qo SEC. TDP-J, has run out.

b. Mi s sil e 99.2.5% s eri so.r ri s wet. ~il_t this tirne the -,-,0 _~.LND
FUEL REA Y indicator i.Il.urn irrat.e s green. It ha s no - rnb er
color.

13. If the missile is h eLd at this time and not c rrrrn i.t ted., th e :"..iqu:'d
oxygen in the tank 'ii" bo i, c...wayurit i.l th e 99 _25"k sen so r i s
uncovered. \ ':.'1. en the sensor is dry ".::hefine top~')ing valve, L- 60,
is opened. When the sensor is wet again the stop topping timer,
15.SEC. TDPU, i s i st.ar ted arid when r.:.n out, L.:-6v is cl o se agaz.n,
This cycle; s repeate f rroughout t:-_ : 01 ,'- up to one hour.

Commit

1. 'When the comrrrit s e.quence i s etaz.t.ed:

a. Fine topping valve, L-60, is cc er.e d i£ cl c s ed;

b. Rap id topping va.Ive , L- 50, is op en d.,

IS"
c. A not 100% LOX opping timer, -5'0"'SEC.T~::?U; i s sta.r ted,

(1 0% sens r fa i.l ur e tim r).
710

d. A missi e Eft cornrrii.t del av tirn e:r, h4""SEC~.T PD, . s starte .•

2. 'When the 100% S __sor i::: reached and the I 0% sensor fail ur e tirner
has run out:
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a. Fine topping valve, L-60, is closed.

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

c. Topping tank pressurization valve, N-50, is closed.

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

3. The LOX CC~::\~IT :'::'~C:C2.i:O::: ~~~'-L,--:ir:2..te3arrib er almost immediately
aft er the cornrri .t secc er.c e L: Si:2..::-·~3d. The co.rdit.ion s are:

a. Start LOX cornrrrit :.:-21ay e;:;.~:.:-gizec..

b. Missile ~i:t cornrrii t delay '~i:;Clernot run out,

4. The LOX COlv.:~Vl:::Tirrdica.tor i.Ilurn i.n.ate s gree:l whe n:

. a. Mi s siie lift commit delay timer has run out.

boo COr.:1!Y:~t i:::erT!.2.~ r e Ia y en e r g iz e d,

Abo r t-

1.
Abo r t s:'gnc..l i s received from co ur.tdown s e qu en c e r ,

2.

6. When storage ta r.k or e s su r e r c ache s 23 :..::;S:':'c:'1e drain vz.iv e is
cper.e d controlled by 2.. 1§ gO 9 .::,~e..-€. :~~-:::-_e:.:-.

~5111/1Y

7. A'~ exp ir at.ion of t irne r , the drain valve is cl c s ed and th e ai:.:borne
~i:land drain valve is ':::"0 sed.

8. System is r ecur ned to s':Ccndby.
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LAUNCH CONTROL OF LNZ/He SUBSYSTEM

Standby Conditions (Figure 6)

In standby, GNZ is furnished to the pressurization control unit (PCU)
for pressurization of the airborne LOX and fue,l tanks from the tank desig-
nat ed ground pressurization. Helium is supplied from the helium bottle
rrurrrb er t Z (normally) to the PCU for an emergency supply. Helium bottle
nu.nber 1 in standby for helium load to inflight bottles. Helium supplies
nurnb er 1 and number Z must be above 4000 PSI. The automatic valves of
the LNZ and He systems must be properly set.

Countdown Functions

1. When the s tart countdown button is depres sed the liquid nitrogen
relay is energized. At this time:

a. Liquid nitrogen storage tank vent valve, ZOl, on the liquid
nitrogen prefab is closed.

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

c. LNZ transfer valves Z13, Zl'4, and Z15 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 rrii s sile sphere 0

180
e. A liquid nitrogen rapid load timer, ~SEC. TDDO, is

started.

f. A LNZ medium load timer, 390 SEC. TDDO, is started.

g. A helium load timer, lZO SEC. TDPU is started.

The LNZ LOAD indicator illuminates amber at this time.

Z. When the helium load 120 SEC. TDPU is completed valve Z6 in the
pressurization distribution unit is opened to allow hel iurn flow
through the LNZ heat ,exchanger to the missile spheres. This flow
is modulated by valve 11 to control flow at Z5 LBS/M,IN @ 3000
PSI.

37

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



J.t th is time the HE, LOAD iridi cato r illuminates amber.

3. 180
When the rapid load ~SEC~ TDDO is complete the LN2 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. \lhen the helium pressure in the inflight spheres reaches 3000 +
50 PSI valve 11 is closed. At this time HE'LOAD indicator
turns green.

Commit Internal

At commit internal an nitrogen and helium supplied, with the exception
of the hell urn supplied to, the peu for emergency use and GN2 supplied
to the hyd: aulic reservoir, are stapped.

Abort Ext er na l

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

Vent Arribi ent Helium Bottle <:>

V:8 The engine control (ambient contr o ) bottle is vented through the -:.
tr:u a..U)viathe helium heat exchanger, after a 2 hour time delay.

-rl{~id
CHECKOUT

The s bsystem 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 oi 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 cf the
automatic valves from the panels and a man observing that it strokes with-
in the proper time limit. This check is called a Iidry che ck'", 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 sy st ems are ,then returned to the standby conditions.

To check out the launch control console and logic units, the launch
signal res onders are used by the launch crew. This will be performed
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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 •
General

. 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-l fuel, hydraulic
oil, and lubricants.

Most missile systems are interconnected or interrelated. An un-
scheduled operation of anyone 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-l)

RP-l 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-l
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°F. It is not toxic, but will cause burning of tis sue on contact
with the skin. Liquid oxygen is a fire hazard because it supports and
accelerates combustion. Liquid oxygen is stable against detonation and
rnecha ni ca.l shock, but becomes explosive when' contaminated with organic
materials. It reacts violently with grease and oil. When combined with
RP fuel.s or alcohol. it forms a gel which can be exploded by shock or
readily set off by a spark. The expl osiv e potential of well-mixed gel
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is nearly tw ic'e that of nitroglycerine.

If quantities of gel are formed near you, report it to your safety
r epr e sent.at ive and evacuate the area until it is declared safe.

Handle "thermos bottle" flasks of liquid oxygen w ith-rca r e ; the
vacuum insulating walls are easily br okeri , 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 anothe r ,
clean all ve s'sel s or piping carefully before use. Take precautions to
prevent conta ct between liquid oxygen and organic material.

Do not restrain liquid 'oxygen piping f r orn axial movement; allow for
expansion and cont r a ct ion , Liquid oxygen .cannot be contained in a
closed system; there must be pressure relief valves in the Lirie s , 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 expl.osi on 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 device s and relief valves. Interior insulation usually
consists of a vacuum jacket filled with a suitable PQW dered insulation.
Handle the containers with great care to avoid damage to the 'vacuum bottle.
The containers wrl.l continuously vent gaseous.oxygen into the storage area.
As oxygen is heavier than air and tends to accumulate in pockets, good venti-
lation is neces sary.

Do not drain or blow liquid oxygen into closed areas as this will create
an extremely serious explosion hazards.
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Vented gases' must be directed away from personnel or flammable
rnat er ial s , Do not vent liquid oxygen into asphalt, macadam, or other
or ~anic 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
othez oxidizers. Storage in the same area with liquid nitrogen, gaseous
oxygen is permis sibl e ,

}UI personnel who work with liquid oxygen must wear the following
protective items -,to prevent contact with the skin in case of ap iIl a.ge ;
loose 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
areas 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 dioxide, 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 corr~sive. As with GNZ' the
only possible hazards connected with the use of helium are those caused
by the high pr e s sur e s 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
ga s e s ,

Liquid Nitrog en

Liquid nitrogen is clear, colorless, and cooler than liquid oxygen.
It has a temperature of _3200F and is chemically i.nact.ive , 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
oxygen to prevent "burn" and damage to skin and eyes.

Do not expose quantities of liquid nitrogen to the air for any length
of time. Elxpo sur e of liquid nitrogen to air will condense the oxygen in
the air to form liquid oxygen on the surface of the liquid nit.r oz en and.::> .

on the outside of the container. Liquid oxygen is 'present if the surface
of t. e liquid nitrogen is bluish in color. If liquid oxygen has formed
on the liquid nitrogen, the liquid nitrogen must be handled with all the
pr eca.ution s required for liquid oxygen.

7

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

Container s for storing liquid nitrogen must conform to the standards
e sta blish ed for liquid oxygen containers. Liquid nitrogen has an ex-
tremely high vapor pressure. Be sure that liquid nitrogen storage con-
ta in er s are vented to atmosphere at all times. The constant boiloH,
if not di s aipat ed, 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 ar e provided for this purpose.

i

1£Liquid nitrogen is spilled, the primary hazard is that the material
contacted may be frozen. No cleanup procedure is necessary; most 0 the
liquid nitr ogeri will boi loff almost immediately, and the resiciue is not
hazardous.

Safety Rules for High Pressure Ga.ses

1. Do not disconnect internal tubing or electrical wiring, or
attempt to replace components until the nitrogen auppl y has
been cut off and the system bled, the control box is drair .•.ed,
and the el e.ctr i.cal current is off. 1£the equipment is not
depressurized, escap'ing gas can injure personnel.

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

5. Do not break hose connections without first bleeding off all
pressure.

6. All ho se not in use should be plugged and stor ed in a de signated
area.

7. All hose in use shall be r epl.z.ced if condition of the hose is
doubtful.

8. Do not tighten ho se or line connections if the system or ho se
is under pressure.

9. Do not use lines, fittings or other high pressure equiprnerit at
pressures exceeding the maximum work pressure.

10. Only qualified personnel should install stainless steel lines.

11. All new stainless steel lines must be cleaned and hydro stated
before use.

12. All high pressure air receivers should have identification pl at es,
stating date of manufacture, when last tested, and maximum
working pressure.

13. All receivers should have shutoff and safety relief provisions
i

(valves). Shutoff valves should not be located adjacent to
receivers.

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

15. High pressure bottled gas must be plainly marked.

16. Do not operate high pressure gas equi.prrierrt unless two or more
operator s are present.

17. Oper a.tor- will be responsible for keeping all gases free from
dirt, oil and other contaminants.

18. Use only approved lubricants for high pressure gas compressors.

19. Learn the markings and threads (right or left hand thread) on
all gas cylinders and bottles.
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20. A~ways know the working pressure of any fittings, valves,gages;
etc., in the system.

21. All high pr e s su r e systems should have at least a, gage, h arid val ve ,
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 ,inte,nded.

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

SUMlvt.!\RY

The Atlas Weapon System is so designed that a single operator may
launch the mis s il e , This is accomplished with the use of the launch
.cont.rol con sole (LCC), which will show the operator the status be for e
and during countdown. It will also give indication of p:r:ogres sion through
out the countdown.

Because fuel is stored aboard the rnis sil e, th er e is only one thing J
that must be done to the fuel system at start of countdown, the rrri s si.le
fuel tank level is monitored. 1£ 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 LNz/He system
starts to load LN2 to chill the shrouded sphe r e s, then after a short
delay He load will be started.

:,

These actions plus ether s must be cornpl er ed before the IIRea 'y £0:.:
Commit" indicator on the LCe will illuminate green. During pr opel lant
transfer, GN2 is used as the pressurization rrie d iurn to transfer propellants
to the missile.

When commit is s ta r ted, the LOX system tops the rrri ss il e L.OX tank
between 99.25 percent and 100 percent full and LN2transf~r stops. If there
has been any drop of pressure in the He spheres, the helium charge unit
will resupply and maintain them until the missile is away.

'I'he major checkout and maintenance will be performed-by the MOCA..M
crew ill der the direction of the BMAT The da ily inspections and rrii nor
checkout is performed by the launch crew under the direction of the :eMAT.
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QUESTIONSv
1.· What is meant by the standby condition for the fuel subsystem?

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

3. What conditions are necessary in the fuel system before LOX loading
sequence can start? -

4. When does the gaseous oxygen vent mechanism swing away from
the mis sile ?

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

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

7. How long does it take to load LN2 aboard the missile?

8. What is GN2 used for during countdown?

9. How often is a "Wet Che ck!' performed?

10. What is the purpose of topping?

11. What is the medium used to transfer LOX?

i

12. -How often will the storage and topping tanks be resupplied?

13. What are the five major components of the LOX system?

a.
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b.

c .

.d.

e.
/

14. What is the purpose of the heat exchanger?

15. Why is the liquid nitrogen put on board the missile?

16. What is the main function of the liquid nitrogen prefab?

17. .What is the advantage of having a vacuum cha.mber between the
two concentric tanks. on th e.Liqu.id nitrogen storage tank?

18. What is the primary .purposeof the fuel leveling. tank?

19. What .ar e the dangers. of handling RP-1 fuel?

ZO. What is the purpose of the fuel catchment tank?

Zl. How is the RP-l fuel kept free fromcontaminatio.n?

ZZ. What is the GNZ.pressure used for LOX transfer?

Z3. What are the functions of the pressurization prefab control panel?

Z4. How is GNZ used to transfer LOX and LNZ?

25. At what pres sure is GNZ normally stored in the silo?
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