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INTRODUCTION 

Thi� publication coni..ins generai. information covering 
the SATtJaN 11 (S-II) sta.ge of the SATURN V: launch vehicle. 
The S-II stage is designed and manufacture� by the Space 
and Inf'or� tion Systerr:s Division of North !'-rnerican 
Aviation, •Jr.c. , Downey, California, for thtt National 
Aeronauties and Space Administration. 

Primarily prepared for dissemination of 5-11 infor
mation, this manual also contains _general and introductory 
material pertaining to other stages and portions of Saturn 
and Apollo programs. Inclusion of such information pro
vides an avenue for faster recognition and better under
standing of the S-II role in the quest to effect a manned 
lunar landing during this dec:ade. The manual may be used 
for- familiarization or as a reference for general concepts, 
leading particulars relative to the stage, a�d for general 
descriptions of purpose, function, and hardware. Included 
are descriptions of operations and activ_ities which the S-11 
undergoes fr�m the time it leaves the factory until launched 
on its in�cnded mission. The manual does not contain 
checkout, troubleshooting, and other maintenance instruc
tions. Maintenance and checkout instructions will be found 
in the applicable support manuals. 

Only appro,•ed designs and configurations are re
flected in the support manuals. Revisions will be made as 
required to support the equipment at operational sites. 
Fast reaction changes, or those req_l.: · ring immediate 
action, will be handled on an expedited basis. Such 
change• 'will generate interim revision pages for dis
tribution to all holders of the affected manuals. Revision 
page& for fast reaction changes will normally be issued 
within 24 hours after determination of the change require
ment. 

vii/viii 
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1-�. GENER.AL DESCRIPTION.

s�.: .. :·· - :: ... : ! 

SSC'IiON 1 

OESCRtP'rION 

1-?. S:iturn S-ll is the s�c:ond t1taGe o! the S:uurn V l;iunc:h vehicle. Measuring 
33 !eet in diameter and 81.5 feet in lvn�th, t:1c S-II atase is a large, cylindrical 
boos tor. powered by five liquid•?l'Gpell�r.t r�.:kct er.ginea. (See figures 1- l and 
1-2.: Each engine de"·elop,- ap:>roxim�t�l�• 2CC, 000 pounds 0£ thrust. The outer
four engine• are suspenc!::d by gimb�t b.:,£ringa to provide for thrust vector control
about the vehicle pitch, roll, a.nd y3w .iL!:ca. Tr.e engines are po1iitioned by
hydraulic actuators which reapo:-.d to .timuli !rom the auidance system. The
engine propellant is liquid hydrog.:n and hq�id oxygen, which accounts for
932, 000 pounds of the stage c;roas wcii;?\t. oC l, 036, 000 pounds. 

1-3. The S-!I airframe consist:. o: an a.it interstage structure, an alt skirt and
thrust structure, an ·ellipsoid:i.l liquid o>:ygen tank, a cylindrical liquid hydrogen
tank, a forward skirt, necessary fasteners, integral plumbing, fairings,
brac-ketry, and major attach fittings. Installations include plumbing, wiring,
valves, ini;trumentation, electri.-:al and electronic equipment, ordnance, and
eight solid-propellant ullage rocket m:>tors.

1-4. Liquid oxygen and liquid hydrogeO: feed lines are each eight inches in
diameter and routed to each engine from the respective tar.k:;. Liquid oxygt:n
lines extend from the lower end of the liquid oxygen tank sump directly to the
rocket engines. Liquid hydrogen lines are routed along the exterior of the
airframe structure. In addition to a !airing enclosure for each hydrogen line,
ea.ch line is vacuum-jacketed fo�· retention of the cryogenic state of the liquid
hydrogen. Insulation of the ccmmon bulkhead, dividing tankage of the two fluids,
minimizes heat transfer and retainl:i the cryogenic storage requirements of each
propellant fluid. Additionally, the hydrogen tank is insulated to its iull length.

1-5. The forward skirt enclosure houses instrumentation equipment, radio and
telemetry installations, upper umbilical pressure connecti..:·ns, hydrogen vent
lines, ::adio command antennas, MISTR.AM antennas, telemetry antennas, and
GSE electrical umbilical connections. Wit.'1.in the aft skirt and interstage are 
fill and drain connections f.or each propellant tank, service connection&, electrical
equipment, engines and associated accessories. a.nd a.n_a.cce•• door to the engine
area. Eight ullage rocket motors are located approximately equidistant around
the lower peri�hery of the interstage. The inter,tage ij essentially a continuation.
of the aft skirt and is automatically jettiaoned approximi,tely 30 seconds after fir.st
atage separation.

1-1
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1-o. The J-2 �ngines o! tho S-I! i:t,if!<' ,lr� IT':ir,111,ic-tured by the Rocketdyne
:'� -�,;�.::! .:-i North .-\mcric:.:in·��\,•i.11iu11, ltu·. c:ollc••·•i.Vdl•• the �II engines generate
. �.-: .• : :h:o\!:1t o! 1,000,000 P.�unds, burn for l'J� seconds, boo&t the remaining 
i--:.,..:��., t\) ne;ir orbital altitu4'e (after S-IC ·,epa.ration), and at�in a vehicle velocity 
ul zo. S-10 feet per ucond prJor to propellar,t depletion and S-It upa.ra.tion. Except 
iwr the propellant, each engi_ne is self-contained ,nd haa a.n it1tegral turbopump 
for ��ch propellant, a heat ,-xehanger, required mani!olcling ali!ld by-pau plumbing, 
., .. t�i-t t.'\nk, .:a• S,tenerator, �control package, heliw.1 reaula.t�_r, and the necessary 
v.al\•e•. �l major engine a�eessories, incluclina propellant J)fffiP•• are �ttached 
co And move with the reapec�ve engine. \ 

1- 7. .L£ADL'llO PARnCTJLARS.

Overall length 

I)i.lmeter 

Approximate weights: 
Loade d 
Dry 

', 

' 

.o\pproximate propellant capacity 
Liquid hydrogen (266, 000 gal. ) 
Liquid oxygen (81,500 gal.) 

Propellant loa.ding time 

Propellant unloading time 

Approximate propellant fill rates: 
Liquid hydrogen 
Liquid oxyge n 

Approximate propellant drain rates: 
Liquid hydrogen 
Liquid oxygen 

En1ines: 
Thrua t (each) 
�n&tb 
.Diameter 
Weiaht 
Nozzle expansion ratio 

978 inches 

396 inches 

l, 036, 000 pounds 
72, 000 pounds 

932, 000 pounds 
157. 000 pounds
775, 000 pounds

30 minutes 

45 minutes 

10,000 gpm 
5,000 gpm 

6,600 gpm 
3,300 gpm 

200,000 pounds 
116 inches 

60 inches 
3, 000 pounds 

27:l 



t:l:�·,;� r ;.,�kct� 
Le��th 

Th:-ust 
Burri duration .,· 

90 i,-.ches 
13 fachea 

22. 900 pounds
3. 75 secon�s

J.&. PURPOSE AND F��C'rICN. S-Il is the secor.d stage o! the three-stage 
� .. tl.lrn V launch vehicle�.: Stages or.e, two, and three, .... ,�mbled with Apollo 
p.1ylo'ac!1, incl\lding esC�P• systems and guidance equipm-nt, 11tand approxima.tely 
lo-I teee high and have � grou lift-of£ weigh t of o, 315,000 i:ounds. The purpose 
of th� S-ll (after 5-IC •f.pa.ration) is to t."irust tl�e S-IVB (lhird stage) and Apollo 
p:1ylo,u:l to orbital altitup� and near orbital vel�ci ty, then:detach and separate from 
the S-IV.B. The S-1Vl3 ihen t.1\rusts itself and the payload to orbital velocity, where 
the S-IVB engine is sh.ut down. After a planned earth orbit duration and upon 
command, the S-IVB engine is re-ignited to attain a velocity of 34, 150 !oet per 
second and an inltial lunar course for the m.'.lnn�d Apollo spacecraft. A!cer 
separation, the first stage will generally follow a ballistic curve and impact within 
a preselected area of the Atlantic Ocean. After separation, the second stage, 
h.iving attained near orbital velocity, will be subjected to the familiar re-entry 
and heat disintegration pattern. The third •tage. after sepan.tion, will be lost 
in deep apace. Third stage separation occ\u·s at the conc:lusion ol the lunar 
injection boost phau. 

1-9. .i:tages one and three of Saturn V al'.e manufactured, respectively, by the
Boeing Company of Seattle a.nd the Douglas Aircraft Company of Santa Monica,

1-10. CONFIGURATIONS. Ten S-II flight stages are aclleduled to be built. 
Structural and system descriptions in this manual, for the most part, pertain to 
th eaf! ten flight stages. Prior to the construction of the flight stages, however,
five noru1ight test stages, of varying configurations, are ;to be produced. These
teat stages a.re used to verify systems perform'¼nce and �ompatibility, to certify
the structural integrity of the S-Il !light stage, to verify pSE of the !light certifi
cation and launch facilities, and to develop and verify follow-on produt:t improve
ments. The five test stages vary in const:-uction with each stage serving as a test
bed for a specific purpose. (Refer to the applicable appendix.} Detailed descrip
tions of the five test stages are not contained in t he manual. Appendixes A throur;h
F describe the mission, test objective, structural and syaten-. differences, and 
list the MCR, that affect the various fitages. Table 1-1 lists all the stage coniitura
tions.

1-S
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Vi'-1 l S-II-S Static Tes: A 
V7-Z j l . Non£ Battleship B '. 

V7-1 z i: S-Ii-T All-Systems Test C 

V7-1 3 S-ll-;l Dyn.imic Tut· D 
V7-1 4 S-II-1� Fa.ci.lity Che cijout E 

V7-1 S thru 14 S-II-1 th.:ru Flight 
S-II-1 ll

l-11. STRUCTURAL DESCRIPTION.

1-12. The S-II airframe is comp;;:ised of forward and aft skirt structure&, liquid
oxygen and liquid hydrogen tanks. an a£-,: intert.:.a.ge structure and a systems tunnel.
For principal dimensions and stations, .,ee iigure 1-3. 

1-13. AFT INTERSTAGE STRUCTURE. The aft interstage is a semi-monocoque
atructure housing the five liquid propell,1nt rocket engines. Made primarily
from 7075 aluminum alloy sheet, the structure has interna.l circumferential
aupporting fra·mes and external �at sections positioned vertically to provide
structural rigidity. Fore and aft circumferential frames e&ch have provisions
for mating and alignment with adjacent structure. At the forward aepara tion plane
(atation 196) tension loads are bcrne by tension ?lates designed to yield unde:·
impact of an accompanying dual exiJlOsive charge. Tension plates ,md the r.x.
plo1ive charges are positionerl ;,::-ound the periphery cf the structure. ":be tension
plate• are attached to vei·tical 1,tringers for load distribution, and each plate is
expoaed to the dual explosive charge, either of which w1.ll £ever the re .. pective
tenaion tie. When the explosi•re charge of a separatio:i. plane ii initiated, eight
ullaae rocket thruaters ait of the s,;paration plane rem.a.in with that portion of
atructure jetthot',.9d during staging. An access door, meaauring ap?roximately
32 inche• by 77 inches, aligns with the tower umoHical arm and h used for inter
•t•&• inatallations servicing.

1-1-i. AFT SKIRT AND THRUST STRUCTURE. 'Ihe aft 1kirt •nd th� ;t
. atructure, like the a.it interstage structure, is aemimor,oeoqueconatructior.
fabricated from 7075 aluminum alloy. Although auembled aeparately, when
mated, the two auembiiea become a single S-11 atructural entity and remai'I\ ao

. uatil Hp&ration occurs during 1ta.si111, The aft aklrt and thr,uit atructure support
the S-II enpne complement. They also with■tand and diatrib'Jle compreuion
load.I from enaine t.'1.ruat, ten1ion load• !rom idle enain• wei&bt when the S-11 i•
vertical, ai:.d cantilever loads from engine weiaht durina 5-II�ransit. Structural
member• ol. the &Hembly include four circwnferentlal support rin1• and an
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;J:.:�.: r si.Ln �t�!!un�ci with h,11 11c..:t:.�11�i. :,i;ui!.,r t.� i.l:.u v! t!ic: ii!.: izaterat�;;e 
,· · .. · •·• l-"',;,'tlr 11tr".1ch1r.1l t>,•.t:n" cxteu.J upwa::-d from the loweT circumferential 

. .- : •-� •::,per rir.;.: and .i�, joined at lhe lowe:- end by the ce'!'ter engine support 
.· .::� .,.�,..-.;.,�!r. When ass�;nbl�d, the structure forms an inva_i-tad cc.ne in• 

. :-,·., �ir..; in �i�e from ap?roxima.tely le iect at the lowe!" circumfc:-er.ti.:.l rini: to 
-.;.c• , ;.£.;c,t diarr.ct<:r oi the S,:-Il air!ram�. The lower circumlecenti.al ring rests 
li;rc•.:-t!�• u,·�r the line o! thr4 t ol each c.utboard engin� while the center engine
,: .• :,'.•(,tl !Jea.m .assembly is di-tectly over tte thrust Unit cf t.'1e cer.ter engine. 
:•t:.:·:- p.dr� o! thrust longero�s extt:nt .ipward along fae conic.al' surface to dis• 
t:-i;,,i;:e !oads frc.m the engin� attach iittings Cuoc;h tho rem3.itfing •tructure to the 
s-:! .;.ir!:-.an1e. B�Z>St loads from the Ii::-st stage (prior to H?aration) are trans
m:.ti«:d throi:&h <:he a!t 5ki.rt structure to t.1le S-ll airframe. Heat shields of pleated 
m.atcri.\1 ,re>unu ti.e center �ngine prr>per and outer engines cQllectively protect 
t.lte st:.;:e base ar«:& irom excessive temperatures caused by recirculation of 
C:\I;lfte ex�\Ht a�aea. 

1-15. LIQUID OXYGEN TANK. The liquid oxygen ta!lk is a:1 ellip50idal c�ntainer.
33 feet in diameter a.nd 22 feet in hf!ight, and fabricated frorr. ellipsoidal 1haped
fore a.nd a.it halves. The forward half section is a common bu�khead exposed to
liquid oxygen or. one side and liquid hydrogen on tht: other. T.1e bulkhead is a
sandwich structure with an insulat:.on ccre to prevent heat tra11sfer and retain the
cryogenic properties of the two fh:.ids tc, which it is exposed. The common bulk
head has fore ... :"' aft skin asserr,blies on either side of core segmentl of phenolic 
impregnated fibergla... Fore and aft skins are each assembled from l 2 thin 
aluminum go1·�s, 12 mac:hin�-rib'oed waffle panels, and an apex center panel. The
forward skin has a "J" section return at the outer edge to permit peripherai
attachment to the adjacent structure. Fiberglas core insulati,,n thickne•a variet
from approximately 5 inches at the apex to 0. 080"inch at the outer extremity. 
Add:.tionally, around the outer portion of the bulkhead, waffle recessions of the
skin are filled with metal honeycomb-core insulatic,n retainec. by a coverplate
welded to the waffle protrusions. The aft half secti':.n of tht. liquid oxygen tank is
alsc assembled from milled gore segmenti; and is not insulated. A sump 
assembly with a fill/drain opening, and opunings fo:- the five engine feed lines, is
in the lowest part of the section and bolted to the tank assembly. .4.11 •ections and
subaasemblies of the tank are joined by welding. Al::.o, a 20-inch acceu door in
the &!t section requires fasteners which penetrate a surface of the completed
pressure venel. The common bulkhead uses vented core segments &rr�nged to
create a. flow pattern which sweeps the meridian and equatorial weld closures. 
Introduction of & gas of known purity (normally heliwr. a• a pur1ing agent) into the 
pa.aaaae network. and subsequent sniffing and analyse6 by leak c!etec:tora, pe:mit 
constant monitoring for oxygen leakage. 

1-16. LiqUID HYDROGEN TANK. The liquid hydrogen tank str\:lcture compriaea
the main bulk of the Sa.turn ll vehicle; its measurements a.re S6 feet in height
and l3 feet in diameter. Extending upward from station 284 to station 823, the
ta.Dk aidewall ia cylindrical and internally stressed to withatand comprea■ion
loads imposed durin1 boosting of Apollo payloads to near orbital altitude and 
velocity. The bydroaen tank is made irom six cylindrical aectiou tiered and 
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:,\chkd lu i .. •ri:'l. Lh\': c::-,�ire ve:-tical tank atrt.:.:tu.e •. A:1 c:llipsoidiil ,!�rwar�) 
!>ul;.h..-�d. •�gether \\·l�)l the com::.1on bulkhc::ad, c:�mpl:-tC:, the tank enclosure. 
!=:a�h u! t.�c �ix cylind;ical •ections is c:omprised cf iou?' curv-1d. machin�d skins. 
M�chined in:o the cur(red skins are waffle-like protrusions on tr.<: inside sur!ac:e 
with tho w.a.f!le extrer;i.ities io.ppro�imately 1/ 10 inch th!'.;k ;.n:! p:-otruding 
i1??ruxim.:..tcly 1-1/ 2 ·l-nches from the inner surface of t�.c ;.kin. .R.h·otc.:c! to :he 
circu:n£c:rcr.tial wa!f'.� protr�sions are .£langed dumir.um ircr.:r.es. The f:.>.mes 
extend inw;,.rd !or •PP!o.-.::unately 7 inches and havt: liahtjtning holes fr..r ?ropellant 
and cle..a.ning liqu1.ds draining. All ma.in sections and sul,auem'l:)lius o! the tank are 
joined by weldini. The tank sidewall is ex;er:ially insu�ated with � layer of foam 
!illed honeycomb. Protecting the exposc:d surface of th• honeyc:Qm::J a:-e li.minatcd
nylon pa.nels impregnated with phenolic resins. Sidewap insulatic.,n thickneu
inc:ludini protective covering is approxima.tely l. 6 inctes. Forward bulk.'lead
in•..alation ls similar to the sidewall but is only O. 5 inch in thic:tneu. Fina.Uy,
a thin plastic covering envelops and seals the entire insulated 1u:-face. Like
insulation of the common bulkhead, insulation of the liquid hydro.en tank bas a.
network o! pa••a.ges through which an inert gas la draw:1 an:\ sampled tor
hydrogen (leakage).

1-17. SYSTEMS TUNNEL. The systems tur.nal 'has a semicirc�ar sha.pe, 22
inches wide and almost 60 feet :ong and is attached vertically to the outside wall
o! the stage. It protects and supports instrurr.entation, \\iring, and tubing which
connects system components lo-:ated at both er.ds of the stage. Emergina from
th.e aft skir t at Station 199, the tunnel extends upward and ente:o• the forward
skirt at Station 914 above the h�•drogen tank. The ti..nnel struclure conaists of
aluminum floors (which support the instrumentation, wiring, and tubing) and
!ibergla.s doors (cover. ). 'Ti:le :unnel doors are in secti9ns which a re hinsed at 
the base cf the tunnel floor and open to completely �?Xpo�e tr.� tu;inel floor area. 
When closed, the doors form the tunnel proper and are ,eld ir. pl&c:e by quick
locking fasteners. 

1-18. FORWARD SKIRT STRUCTURE. The forward skirt struc:ture, like the
aft skirt structure, is semimor.ocoque and fabricated from 7075 aluminum alloy.
Assembled from four curved sections, each spanning 90 degr«ie1, the 1tr-..icture
has !our internal circ:umierential support rings. Hat t1ectiona attached vertically
to the outer skin ,tillen the completed assembly and provide the capability for
1upport of the upper stage and the Apollo payload. Additiona.Uy, the free apace
prorid&d by the encloaure affords space !or location o! S-ll insta.ll&tions. The
forward circumferential ring has provision• ior alignment u.d auachment to the 
matinc rt1,1 of the S-IVB stage while akin and vertical members o! the tkirt atta.c:h
to a. boltin1 rin1 a.t the forward end o! the LHz tank structur4. The bold.n1 rin1
i• a.n inte1ral part of the S-II LH2 tank structure. Atta.china bolt• 1cuw into
matin1 bouH of th• boltina ring and do not protrude into the LHz preHure area.



!. 1 ··,. • ;:Qt,;U,-).�£:-.'I LOC., "f�ONS.

1 • .:0 • .AFT l!\"'!ERST.o\CE �A. (See figure 1•4.) In additiq� t!o> engines and
cn�i:,� .lC:Ce:h•'-'."iu. lhe a!t..i,riterstage enclosure houses the foU'owing electric:o1l

. • . 
t ! 

• 
-�nd n1ect, .. nic;h equi.pmen : ,• ;.

-0 
• SiJ:r..-11 c<'ndilioner• a� controllers
• T�lcmett.triag e!ecLrop.ics
• Flfgb: control electr�ic:a
• Service and interface· umbilicals
• Electrical power cont�ol units 
• Power distribution panels and batteries
• Jnverter•
• Propellant management electronics
• Propellant feed. ve:'lt, pur2e and hydra.ulic plumbing
• Ordnance ir.s tallations
• Hydraulic pumps and accumulators

1-ll. Equipment not required after first st;,ge separation is located aft of the
second separation plane and remains with an,._• jected aft interstage. Interface
and service umbilical&, together with test and monitoring check points, are
located in the skirt section oi the a.ft interstage area. Electronics and electric&!
equipment arc located in containers attached to and positioned around t.1lc lower
conical surface of the thrust structure. Each. container is ma.de of aluminum
backed fiberglas and haa internal insulation and an access door. ln addition to
electrical connections, each container is connected to a purge line through which
CiNz i• introduced for equipment heating. Rate of GN2 flow is GSE con.trolled in
proportion to requin�d heating.

1.zz. LIQ'IJID OXYGEN TANK AREA •. (Internal and External). Internal LOX
tank equipment includes percent-of-full sensors, temperature sensor•, aaci a
fluid level (capacitance) sensing pre.be. Percentage.of.full sensors are in
clusters of three at six intermediate positions and at the approximate 100 percent
position. Except for extreme fore and aft locations. the sensor• are within a
vertical stillwell to minimize the influence 0£ oscillating and aloshin& fluid.
Vent, pressurization and recirculation lines. and a purge gas distributor complete
the ta_nk internal installations. External tank eq':lipment a.r:.d appurtenance• include
surface continua.tions of internal plumbing, electrical wirine;: and connections lead-

.. in1 from the tank. a.11 access door, and a tank sump. The 1:2.ak sump ha common
outlet for feed lines to the five engines and has a fill/drain opening. Tit.nk vent
valvu are locil.ted externally and positioned near the vent line entry. A thermal
convection recirculll.iion ay1tem cycles LOX through each LOX pump and

_auoclated. plumbin1 for engine conditioning.

1-23. LIQUll) HYDllOOEN TANK AREA. (Internal and External). As previously
noted, tbe liquid. hydroaen tank ia integral to, and compriaes �• bulk of, che s.n

vehicle. llllormado11 pert&inina to tank equipment not related to tanb.1e, fluid.
' 

�.}.,10
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Figure 1-4. Saturn S-:I E�uipmcui;.l,oc&ti.@.(Shee.t...l oi 3) 
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•. -:�:r.-! .,r...i m.ca»ur.;:nwnt, \�i�l ! ,. u.A.a,I 1 .•. ,L:,.., r , . ..:.:t�•,!',,, .:.! th�s mar.ual. In::ernal 
, . ,· �. -;-�.:.,J in:H.111:\l�on» .::,! tho Lll;'!, t .. nk 1:-• .:i.!dc �t!m.:.:r.J.lUrl! s.::�sors, fluid 
.: .. :.-.\�.»i-i .. r-,d tanking prob�,. ovcriil! s1:r.:H.1r11, �nJ :,l'rccnt-9!-iull sensors at 

,r:t,:::ncdia.tt: .md ne�r-extrerie cn.tl .-os;t�vnt, .:.i the t;..nk. lni..:)-nal :-nechanical 
;a,;t.,11:.tiyns include five rec:irculatic;1 ?•Jn'l[):i a11J. ��:i(•Ci<4h:<l �Jumbing, a 
pres i;uri�ation line and mani{old, two v�nt �utl,..t., comm.>n to �ne internal vent 
!i::e. !ive; propellant outlets,.,-";"and a iill line op.:ning. Vent valves and associated
1,J!:.:mbingi_are external, atop·�he t.i.nk. Fiv<: in.sul:!ted er.lin.:i feed lines exit 
from the '.lower periphery o{Jhe t:i.nk ... t�d 1.:r .. ter �he er.�ine area through t.i.e 
11 t.&ge a!t :skirt. £:i.ch feed Hpe is endnsed l,.�, ... r1:r::-.ov.t.b!e !i�rilas shroud or 
J°,d·dng. 'Sh�tof! valve::11 are tn each er.sine il!eJ line up-stre.i.rb of the engine 
LH2 pump. Each er.sine LH2 pump h,u .;n in»�;.tecl :ecircul�tion line from the 
tank and� ret1.1rn recirculati$)n lin� to a common r:-.;.r.i!old. �ecirculating fuel 
condition• the engine LH2 pump. p-lumbin� • .ind engine thrust cone and minimizes 
stratification within the tank. All LHi 111xtern�l reci.rculation, vent. and 
pressurization plumbin� in insulated. 

1-24. FORW.A.RO SKIRT AREA. Within tho ior•,... .. rd skirt area a.re telemetry
tracking and command antennas, ordn�nce cannectors, a. systems umbilical,
an instrumentation and electrical pa.ten par.el, a,ld a.ssocia.ted junction boxes and
the necessary wiring. Mechanical ec..1uipn·.ent includes liquid hydrogen vent valves,
pressure sensing p!umhi:.g, pressure switches, �nd a vent umbiHca.l. Like
similar installations in t.lie a.it int..-: rstar;e a.re:a, eleccronic and electrical equip
ment are in iibergla.s a.luminum-ba-:ked cont.l.iners, Similarly, each container
is connected with a purge line through which GN.:?. is introduced for thermal
conditioning when liquid hydrogen is abo.::.rd. GNz purging frorn installations in
the forwai-d skirt area is discontinued concurrently with interruption of GN2 
purging from similar installations in the aft intersr:..ge area.

1-2.5. CLEANLINESS_

1- 26. Saturn S-ll manufac_turing has made the ne ce. li&ry provisions for clean
components, assemblies, and system:.. Among these prllvisions are environ
mentally controlled areas for compGnent dea.nini .ind aystiem assembly; training
programs for all personnel assigned to the aru.&; 41.11.lity control check p oints 
for cleanliness verification at the c::omponant, .1r.ib-.iuembly, assembly, subsystem,
and system levels. Manufactu::-in� .i.nd !abric�tina techniques are being upgraded
to meet the stringent demands imp,osed on apac■ vehicles. Spedal packaging 
and handling tc-::hniques have been, and are bein1, developed to maintain these 
•tringent cleariJ.ines & requirement■•
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.!- : • 'I11h 11ection. do�cribc• L"1e c:,t::--'·.!:.� & r,;:c:1 • .1 1n tho S-11 •ta,e. 'Ibla 
ln!(lrm:a.d.:>n co-.·ers ch� !ol!owlni rn�jor 11)"-'t..:ms: 

• Electrical
o Orcina.nce
o Propulsion
o 1'vfoasurement
• Thermal control
o Flight control

2-2. The elec:tl"ic:al system c:.:.:::!_'.):-i1se .. t::.:- c!ect:ic=i.l control and electrical power
subsyst\!rr.s. The o:·d:1ahce :iys. :o.:r.-:. c c;r.1;-!'i.,; e .i ti-.e ;;; e-pa.ra.tion, ullage rocket
moto., emergency detection, ;..nd pro?cll3.:'l.t dii::pes:-sion systems. The propuhion
aystern comprise:; the pre:;suriu .. t:.01�. :lro:a�la.r.t iecci, leak detection and
insulation purge, engine c:omrartn:en, c�r.c.itior.ir.i;, and propellant ma11agement
systems. The measurement syster •• cu�prises the telemetry, in5trumentation
and a:1tenna subsystems. The flight C":o:itrc.l .system is comprised of the flight
control electronics and the engine ;..ctl.lation subsystems.

2-3. ELECTRICAL SYSTEM.

Z-4. ELECTRICAL POWER SYSTEM. nie e!cctrical power system consists of
ai.x c!-c bus systems. (See figure 2-1.) In 4dditicn, a ground a-c bus system
isupplies 400 cps power to the au."<ilia.ry hydraulic pur..p mutors. For fii.ght, the
electrical power system buses are powered from four 28-vdc batteries. Each
battery employs silver-zinc: cells using a pota.�sium hydroxide electrolyte. An
integral heater and temperature pre.be are includec! in each battery. Power to the
h•aters is supplied from GSE, and the heaters are operational only during ground
operations. St,3.ge-mount.ed, motor-driven power tr.:.nsfer •witches are employed
to ::-emotely disconne.ct all batteries from the buses until just before launch. 
During checkout_ and prelaunc:h, all electrical power ia supplied from regulated
d-c grour.-:\ power supplies.

l-5. The motorized power transfer switches are 2POT, having a make-before
break-action (MBB). The MBD design prevents power interruption during tra.nsfer
from ground power to battery power. The electrical p,,>wer system is comprbed
of tl'.e following bus systems:

• Main d-c bus
• Instrumentation d-c bus

2-1/2-2
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o :::utiN1 d-c !..>u,.
• :Z..: .. te: d-c: bus .
• G ro��d d- c: bu�

.!-n. �fairt 0-C Eus.' The main b.atte:-y provides ?8 volts de io the main d•c: bus. 
•!°he m .. i� d-c bus distributes d-c pc.wer to the fyst<:r.:1 lqad:i .,s shO\\'n in fig,ne 2-1. 
Pvw<:r durins; ground ·operation is :.ap?!ied from a 1·e�ul&ted d-c ground power 
r•.Ji?l:t �:;ing rc:note .s�nsing for re.;ulation c:on�.rol. T:::-,;nsfer from grol.lnd power 
t.;, b:..ttery power is accomplished with .l. motorized power transfer sv.itch. 
r . .!ll:i!i.a.ry cont�c:ts on Jh.:- power t:at�sfer switch are use� to indicate ,witch posi
t.en. .\.n .idditiona.l ir.otorized powc:- tranrfer switch is :Cmployed to apply power
tu the !J!"C.pell.::.nt ma.r�gement syt tt::-n.

2-7. !n.-,:rumentatio':l D-C Bus. The i:lstru:nen;&tion battery provicies 28 vo!ts
c.: to the instr\mier,tation d-c bus. The instrumentatior. d-c bus provides d-c
p.Jwer to ihe system lo<lds as shown in figure 2.-1. Power during around operation
is 1tuppliec! !.rom a regulated d-c ground power i:upply u:iing remote ■ensing !or
:-e.ul.ition control. Trans!er from ground p�wer to battery power i• ac�ompli•hed
\\'ith an �.BB. motorized power transfer ti'Nitch •

.!-S. Recirculation 0-C Bus. Two 22-volt d•c batwries connec.:ted in aerie• 
a·.:pply �o volts d� to the recircula:ion d-c bus. The recirculation d-c bus 
suppliea d-c power to !ive recirculation pu.--np-motor inv�rters. Power !or ground 
C.?ero1tion i1 supplied by a regulated d-c ground power supply usb,g remote sensing 
ior re�nl.ition control. Trana!er from ground pow�r to battery power h accom
pliahed with an MBB, motorized power transfer switch. The live LH? recircula
tion pump motors receive power from the inverters which convez-t the 56 volts 
de: to lhree-ph.se, 400 cps, 42 volts (rms). The !ive inverters are turned on 
icdh-idu.a.lly by !ive m..gnetic latching relays for checkout and operational purposes 
and o1re turcr.d off prior to the first plane separation by resetting lhe five maenetic 
latchin& rel•ys by •witch selector command. ,;_: 

Z-9. I,;nition 0-C Bua:. A center tap from the recirculation d-c battery system
auppliu ZS volts de to the ignition d-c bus. The ignition d-c bus 1upplies power
to the five J-Z engine ignition buses. Power during ;ruund operation is l\ipplied
from &he main d-c bus regulated ground power aupply. Tr&na!er fa-om the m&in
bus 11"0\lnd power supply 'to battery po...a•er h accompli■hed with the aecond set of·
conta;ta on the m:dn bus power transfer switch.

2.,10. Heater D-C Bus. The heater d-c bus receive• 215 volu de from a 
re1ulatecl around. power supply and •u?plie■ this power to the bu• lo&d1 •• aho'Wll 
ln fiaure 2-1. 

l 
' 

2•1 l. Oround 0-C Bu,. The grourd d-c bus receives 2� volt• d.c from a 
re1ulated 1round powe:· supply. The ground d-c b� auppliH power to the bus 
loadl •• ■hown in fi1ure 2..1. ._

r
• •  



\ 

t 
� 

Z-1 ?. EliECTr�C.\L CONTij.OL SYSTEM. nu: electric.:..l control system controls
\·:.rlo..:,- st;10e;,.moar.tcd mcch�nic..11 1:y:.tc•1m: to imp!emer.t their:j1ormal 1light or
� : :.·.�-� �'?C ra.tion. All ,-,f tlw :,•l<'cl rh:.,1 sulc,HlOi<lB, switchea, c�nectora, and 
, . : ,. �- .• �,!.:;; th;.t �re intei;raf�ith the related mechanical syste� 11.re cc,mponents 
..,: :!�L· �icctric.al control syst•m. Elect.deal control la provide4 to the following 

. 
� � 

: ·.· ·� !L•:��i,; •• 
� � 

• Propellant feed system
• Pr6pellant utilization_i;ystem
• Recirculation system '.
• Pressurization syste�
• Flight control system
• Engine systems
• Pr<>pellant depletion �ngine cutoff

Z-13. Propellant Feed System Control. The propellant feed system consists of
the propdlant fill valves and the individual engine prevalves. Electrical control
o.C the propellant fill valves is a GSE functio·n and is routed thro1.1gh the lower
launch \lmbilic.tl. The two propellant fill valves (one for the LOX tank and one for
the LHz t.ilnl,) are pneumatically actuated and electrically controlled from GSE.
T�.: fill V.illvea a.re operated only during propellant filling or draining operations.
The sequence control package (located in the aft skirt area) contains the necessary
circuit• to operate the prevalves in the proper �equer,ce. Thia i• accomplished
by trigering the solenoid associated with a particular prevalv9. Whenever a
cutoff si&n&l ia •ent to an engine, it is followed, after a time <U-lay, by a aigna.l
that operates the prevalve for that engine.

,; 

2-14. Proeella.nt 'Utilization System Control. Electrical control oi the propellant
utilization syatem ia performed in the following three areas of;the system:

a. Control of the propellant utilization (PU} valve so as to minimize p_ropellant
reaidu.ala. 

b. Control 0£ propellant loading by providing primary 1rignajls for controlling
vehicle loaclin1. 

c. M&•• indication by providing accurate propellant mass information for 
tclem•try ■i1nal•. 

2-lS. The system ia oi the cc.:1tinuous capacitance type and works on a.n analog
ai1u.l. In addition to the continuous system, there are 16 discrete li4uid level
••n•ora ift each tank. 'I'wo of these provide backup aigna.11 for f&•t fill, shutoff,
and overfill. The remaining 14 sensors per tank provide propellant volume
information.

Z-16. R•circulation System Control. Electrical controls a.re provided for
.1lipt operation. around operation, ayatem checkout, leak checks, a.ad pur1in&
operation•. The five LHi pwnp• are ata.rted on the around by �vidual
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r.-.r,:o:. r � ., !": c.: ::::,�. ::di; �!".:..r.� G!#·: .111.I ,Lr.: �. 1,n•tt:!cl i.1 .;eq1&c'l'!c<: to r:-1inirr1ize starting 
·,;rrt:·t�: :.;:-•. 1::. 'i'hc LH2 pu1:1?.; m:ty be: .,io:>ped on the iS"::.unJ by rese�ting !he

;:-::.:>:,.;.r ,q.,:-t lvc:l:-.in wfth a recircltlatior. control ::-,set co!n:r.and. In!light £hi;tdown 
o: th\: Li:.! i•;:;nps and t.'lie rccircuh:tion va .. vea; is ..-cc:>�"l'\l)li"l�i:J !>y rei.etU.n� the 
mo:'-i:- a;!,,r: loc!---ir, wUh a command from t.he switch s.;;IJ,:ctor. The !-Witch 
.;<:!actor (1c;c:�t<:d in the a!t 1:1kirt area) originates the recirculation i,too commancl� . 

.ir.d tr.i.nsmiti; the command to fa,... electrical control r.y�:.em logic. Tne I.Hz 
purr.p£ stoi>, and the recirculaticn v.:i.lves ret·...:�·n to fne du-energized position. 
Tne rcdrc;.ilation valli,es are ener�ized on the ground by t.'lc recit"culatior, valves 
corr.m:&nd !:-om GSE. :-_Engir.e feed syster."l lea!<. check and purae op11rations require 
the cor.tro! by G�E of tbe LHz prevalves, the LP.z recii;cu!.:i.tion valves. the J-:? 
engine b!ced ,•ah•es, the LOX reti:.rn valve, ;..ncl the LOJ overboard valves. The 
cor.t�ol c •• p.!bil:ty is provided to GSE th:-ough the launch umbilical. 

2-17. P!·,:;ssur:.:·.:ion System Control. The fiow cf pressurizing gas to the tanks
is cont::-ollc<l by� pri;:ssurc regulator system. Built into ea..:h regulator is a
solc:u,:d a.ctua�ecl step pressurization function \vhich drives the regulator to the 
full oper. positi<,.,, and pressurizes the tanks to the cracking pressure of the vent 
vah·c s. The control system as soci ... ted with each tank contains three pressure
swit�hcs, a prcssur:: regulator, control relays, and two solenoid valves. The
switches all sense the same pressure; h owever, one operates at a lower pressure
(:.3 psi;,.) and provides information tr.rough the umbilical for GSE use in checkout
and ?rl.'.•;>ellant tanking. Each of the other pressure switches operates a relay.
When both relays for a tank systenl operate, a solenoid is actuated which shuts
of! the £low oi pressurizing gas from the helium receiver. The pressure regulator
utilizes a pneumatic feedback system to continuously regulate the flow of pressuri
zing gases from the engines in flight. Near the end of S-II boost, the regulator is 
he�d open by the de-energization of a. solenoid. This control !unction is initiated
by the switch selector and ?rovides a step increase in tj.nk pressure.

Z-18. Flight Control System Control. Electrical control of thi• system is per
formed in two areas: hydraulic engine actua.ticn and flight control electronics.
The: first system provides hydraulic power to gimbd the four outboard engines
in respona;e to outputs from the hydraulic servo valves. The hydraulic system is
locked up and unlocked by logic in the electrical control &ystems directed. by inputs
from the switch selector. The second system consists of electric-.1 wir�s.
actuator position transducers, the flight control switch replacement assembly.
and the i;ervo valves-. This system responds to signals from, and provide• inputs
to, the IU computer.

Z-19. Engine Systems Control. This system consists of five J-2 rocket engine•.
The engines are started and cut of! simultaneously, but capability ia provided of
individual CSE control to implement checkout requiremeQtS. Each engfae provides
a·number of output• to indicate operational condition. Th.fee of these output 
1i1n&la; en1ine rea.dy, mainstage ok, and er..gine cuto!! � are used for vehicle 
control. The fir"t ai1nal, engine ready, is sent out to Q$E !or use as a condition 
tor C-5 launch. 'Ihe second signal, mainsta.ge ok, indi�tea that the en1ine 

,·: 

·2-7, ..
. ; .� ·-• :.·.·· .. 
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]1;1 .. :c"'ch.:J the 90 111:r.;c:11 tlirui.t ()OinL. Thii. ir.!ormati"n b »,•ed by tho 111..:.rt 
;lh•'"" !imitin� circ:i:it �nd s�p.lratlon syi.t-.ims. The third sisl!'-1, t' ♦-·1ine cuto!! on, 
ir.Ji.c .. t&:• '11.-t th(' eni;ino ha� been cut off, and it i• uaed by th\ IU, and prev-lve 
,;ontrol �ircui,•. The or.gine-conlained. c�gine failure acnsin, :.tnd ahutdown 
(EFSS) •Y•t"m b duisned f9 · shut down 1£ LOX injection pru �uro dec,y• below a 
pred«:termincd v�lue or ii the gas generator combustor tempefat�1• e,cceed• the 
red line v,lue. The stage c9ntains a sta.rt phase limiter, a f�ctio:l o! which ia to 
assur� cs»:inc cutoff if a se'lllence stopp�ge occun during the ,nilial po�tion of ih• 
a;tart aeqs.�nce. To accompftsh this, a switch a.elector output �i• uhllsed (signal 
lrom lU) t(, c1:t o!f the engines i! the time from engine st,rt to main ahae OK 
excecda- a predetermined vafue. 

2-20. Prc.:,pc.-11.int Depletion Engine Cutoff Contro� El4:ctzlc;d control a! the 
system ii; ma,ntained tnrough the,. :: of five point se:lsora in eil.::'l l.tnk plu• 
associ,,tcid electronics in electrical container 214. The liquid level paint senaor 
c�ntroll�r provides constant current to the h-:>t wire sensoJ"■ ilQd lhe va�b.lion
in vc,ltage across each sensor, cue to a change in sensor re•hit&nc:e, provide•
:he initiating signal for the system. The output from each controller h&• a hme
delay to provide a.n adjustment to allow the cutoff signal to occur when tbe 
propellant level is below the sensor units. The sensor outputs are voted by a
two-out-o!-five voting logic so that a single dry signal cannot initiate enaine
cutoff. A further protection against inadvertent engine cutoff ia provided by the
arming functions irorr. the switch selector.

Z-Zl. ORDNANCE SYSTEMS.

2-ZZ. SEPARATION SYSTEM, A dual.plane method is u1ed for S-IC/S-11
sep�r&tion, and a •ingle-plane separation is used between the S-11/S-IVB ataaea.
The ••paration methods may be divided into five functional areas for tho S-lC/S-ll
and two functioul areas for the S-ll/ S-IVB. Since separation ia a major operation
of the •ta1• f1.1nction, an extensive detail of the complete •eparation pha•• i•
carried in •ubaequent par2.graphs. The separation !unction• a.re•• follow•:

a. Acc•leration of \he vehicle during separation. In order tc, •t&rt the
engine• in th• s.u atage after !irst s�paration, propellant aetclin1 ia roquired. 
Thi• ia .accomplished by the firing of eight S-ll ullage rocket• positioned around 
the S-lC/S-11 interataae skirt, thua maintaining a positive vehicle acceleration. 

b. Severin1 S-IC/S-11 st.agea. A linear-shaped charae b 1.1aod to phyaically
••v•r the ata1•• at the first separa.tion plane which ia at •tation O or tho S-11 
inter1ta1•• Thia function is electrically controlled by the S-IC •ta1•• 

c. R.otardina the s-IC stage. Retro rockets, controlled and located on the
S-lC i,taae, 't'fill be i&nited to decelerate the atage,

d. S.verin1 of the S-11 interstage at the second separation plane. A linear
ah&ped char&• l• alao uaed !or ,epa.ration .at thia plane, which ia at atadoa 196. 
Tbb operatioo ia controlled by S-ll ata1e electrical ai1nal•. 



c. Rct.:.rd�n,; �r.e:iptcr:nage. ..1.fte:- J-2 E:nl{!:\'!: st:::.opi:eati"r., !he ccimbined
,·!:,r.:: a: t:�d S-ll a; w�ft thriu. t r.r.d the t"CZ!.Ction of the J -a et,gine exhaust ph.:me 
:::�,,:n,;,•·;-;.;.-�L foi-�<:a Will �vv.:: :ho: int.?rst��c: a.way !:-Of?! t!H: S-11 stngC't. 

I. �"v"ring of th,.S-tI/S-lVIl 1>:ai;as. A mild d,:t<n\;•tl:-.;,s foso h ,u1 •. d �
p!�ylii.:�l!y .iever Lhe•f!-IVB intersiag,3 iat the S-lVB i:,:eutage mci.ting p!�::e 1oc.ted 
;,.t t,t;.,tion l790 of the � .. tur:, V l.a.unch vehicle. This l.l.d�on is cc-r.trol!cd b7 the 
C: I· . . .; l -- . " • ,., ;e. . . • 

�- Re-:"':-c!in:; tl,e 5-Il .,;tage. 1:·m1r retro rockets e�t.ec!ded aro\ln(. tho S-!VB 
ir.Jcr1nai;e ii;nite to dec:elerote the S-Il stage !or c:ompl�te supa.r.i.ii"n• I0ni.lior. 
�s c:vn:rolled by the 5-II stal:C• 

.?-23. S-11 Ser,:lration System Descrietion. n�e sepa.:-... tion system :·eceives its 
c:lcct:oi,::al iJOWcr from the main Ze -volt d-c bus. The system conaiat• o! pArallel 
independent •ratems down&tre.1m !rom the controllo:-, except !or the linear-shaped 
ch�r�� .iucmblies which are initiated at both ends. {Se� fir.urea z.z and 2-3.) 
Sep .. r.stion i• achieved by severing ea.ch separation pfa:ie atruct11re whh a linear-

. sh.aped charse aasembly. InitiaHon of the linear-;ih�ped ..::ha.rge assembly is 
accomplia.hed by utilizing exploded bridge-wire systems (EBW ). Powe!" is applied 
to eacil of &he EBW firing unica, a.nd veri!ic"'tion oi capacitor full char1e vo!taao 
is accom?lished in flight. Safety is assured by rendering t.�e system inoperative 
by .pplici1tion o! the lift-of£ signal �rior to launch ilnd by api,lication oi retu1'n 
bus EBW trigger lnp-.:t until the proper command is received from the controller. 

2-24. Provisic>ns are included to lock out the second. separation plane event if
an outboard engine is "ut with capability of growth to an engine-out condition.
The ordnanc� arm comnu.nds .accomplish readying of the applicable EBW system•
£01' subaequent ignition of the ordnance compone�ttt. Signals from the controller
trigger the applico1ble EBW gap ,witches causing dhchari• cf the atored enercy
o! ,he capacitor in!o the EBW det..,nators. The EBW detonators initiate detonation
o{ the COF manifold dinribution aystem to the pyrogen initiator, and the
linear-•haped charge assemblies. The interstage mounted ullage rocket• a.re
ignited by the COF pyrogen initiators resulting in a. positive Ci-force on the S-U
atage during S-IC/S-II separation. The separation planes are severed by
double-end inhiated, linear-shaped charge assemblies ca-.:s!ng 1011 of structural
integrity between, and resulting in physical .eparation oi, t.'ie s .. IC/S•Il staaes. 

Z-2S. Complete Separation system Flight Sequence o! Opera.non. Th• switch
selector employed in the separation •ystem becomes operational whon the main
d-c bus is ener,lzed. At lift-of!, the separation syatem is activated by a life-off
relay, and the separatic.n power bu• is energized. This gives the aystem the
capability of responding to the aequenced •timwi of the switch selector. Prior
to ahutdown o! the s-IC atage, the system is commanded by the 1natrumentaticu
computer to arm the S-lC/S-ll 11eparation ordnanc•. The awitcb aelector
sequence• the controller, thereby latching onto th" ordnance arm.
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:-!-.!ti. F,):iow:.�i: :-,•.:,•1;,t -.>!'6-IC :H·v:>1::l;.1-::t. .:!epl,Hio •. (engine c�to!i) signal. the 
�y,.h.•1t, i,- co:r.:·.·",:-.d.•d to trliJge: ull.-�e r;;ck.:t igr:.i.tion by the iastrum1.?ntation cc;m
��uter. · 'l"i:" i;�lagc tri�ger ,witchir:;_� d�wi-:<: iii ,;cque:nced by t:.e switch selecto:
thro..ig!. the, controller and �tchcd 0:1. This &-\.•!e"s�., the ele..;t:-iQl impulse !or 
S-II u11a$:e rocket ignition. :?When t.'lc- wln.:.le .. ccelc :ation lev,1 has decelerated
ta :..ppro�imjte 0. SQ or less, the comi'·.1ti:r c:ommand11 first s•paration and 
S-iC/S-1}-'r�tro rocket igni�n. ., 

Z-Z7. First-plane sepa.ratie>n unlo�ks th� ci:cii s!'-tie;r. 11y�tem Q>Y means of an
umbilical disconnect) ensuring £�rtr.el" •p;;.c::::� ;,er!ormance a, re�uired and
prevents premature system �peration. ·,\.hen the .;, .1tboard J-J engines reach
?C-pcrcent thrust, a 90-percent thruttt i:i:;n.:i.l u committed tdathe cor.troller.
Approximotely 30 seconds aft�r £ir6t �ct1.:u•.t;on, when the separation transients
ate d,lmped out and the c!yn<lmic press�a·.e i.a .:i.j)�>:·0::im<\tely zero, the instrurr.cn•
cation computer commands u.cond-pl-r.e ser,:u.tti�n. Upon ;;:eceipt of thh signal,
the switch selector sequences th-, ccintrolle r, fuifilling this necessary condition
!or second s·.9paration. This concludes the nec:ea Sary anc! sufficient conditions
!or tiecond separation. thus triggering ,e.:ond 1epa.ra.tion.

l-u. Appro:-imately 10 1econ�s prior to t'he S-11 propellant depletion signal (J .. z
engines cuto!!), the computer COIT'ma.nds 5-W S-IVB separation or-!nance arm.
This signal ls committed to the controller by the switch selector latching on t'.ie
S-ll/S-lVB separation switching device, enabling the ordnance to arm. The
controller receives a propellant depletion •igna.1 !ro:n the S-ll propeUant
management system. This signal conditions the separation system for triggering
S-Il/S-lVB separa.ticn and retro �ocket i&nit�cn when commanded !:>y the computer.
S-ll/S-lVB physical sepai-a.tion oceura near the forward end of the S-lV interstage.
The S-11/S-IVB retro rockets, which are moanted on the S-IV interstage, !ire to
ck;celerate the S-11 stage. The S-IV interatai,e and retro rockets remain with the
S-11.

2-2CJ. tJLLAGE ROCKET MOTORS. Eight ul!ai;e rockets of solid propellant
con!iguration are used to impart a 0. 10 relative acceleration to the S-II stage
to insure a head pressure on the, propellant• during die separation phase. (See 
fisure 2-4. ) ·The motors are mounted extern.ally 45 degrees ap-.rt on the aft 
inteutage between at.ge station• 77 and O. 

2-30. The eight ullage roe?•et motou will burn !or approximately 4 seconds and
produ-:• a thrust o! 22, eoo round• per motoi-. Each motor nozzle is canted 10
de;�••• from the S-Il stase cente1 line to eliminAte ullag• motor exhaust plume
imp�.1.1ement on the J .. 2 enaine no-'&le• •ncl also to reduce the motor-out moment 
i� r a54 d an ullage motor mal!�netion.

2-31. In operation, when the El\W firina i.nit h triaaered during the aeparation
phue, a voltage of approximately 2200 volt. i• eont to a manifold auembly
detonator. Tho ma.nifold with an EBW installed provides a mean• of simultaneou•ly
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:: : ;::: .• :: :?-.,· ::��-•:�.: :-ockc� moto:-i. .• J.. ccl'i:°i:�.!c! c.:-�or • .-.•• ;.;.: f .... H:Js :-o:.:.ted fre,r:-. the 
:; .• -.::·,; ;! :� e .. :.-:·. ir.<!ividi.:al :-s,.:k�t :r..:.-t.):- ·.:�<l :l:·c;,.::.g,,.t\!s t;i� ;�:c•ni chit.r6e at a 
: ,:,· ,.: -�?i>:-o:: ...•• :t<?ly 22, ooq !eei. p�:- =•�.:,md. F.:.,.ill.::-'= of ;.,.ny 9ne ·.".!age mot.>r to 
:�:-,· \\ill n;;,,t ::�.;.tcrially a!iect 11ighi st;.,.hili:.:..:.tir.n or se� ... rationi� 

,:. ;,;:. ;:;�1ERGEXCY OETECT!O� SYS7Z��- ':'ht: Sat:.::-r. V l;;..�ch vehicle ut;lizes 
.�n inte" ra'ted emc·rgency det�ction sy, · . .::-.1 w:-:.ic:: win r.e:-.;;e r..al.fo.nctions in any 

0 

:,;o.:,,:�c:r s;;,.se. Power suppl-f and logic ci.:c:.:it.,; fo:- :r.:.s �,•.Hem are ins�lled in 
t::c ir. .. tnpnentation unit loca.Jed forw:.L:-c! l.i� t:�� S-1Vi3 ,Hage. T.his system is not 

�. � 

fally defined at present. Ho·wever, the srst.::m w:.1.1. be f-T0vided on ar,d about 
c·.·ery system of the S-Il to s�r.se ;.. fa:.1ur-= .;;.nd t:-ansmit a. signal to the Saturn V 
vehicle instrument unit corr.p�:-tmant for: -:iistri.buti.ur:. and execution. The !ailu:-e 
w;ll be classi!ied c-.& catastrop!'li.c: or criti.:al. Cata.stroc>l&ic iailures will 
i.-nmediately ir.i.�iate an abort sigr.a.l. Critical-type failures will require an 
amplifying information signal prior to initiating�." abort. Examples of a few 
S·II sta,:e detection emergencio!a to be senliled ar� as !ollowa: 

• tJllage overpressure or under!)reuure in the propella'lt tanks
• Voltage drop on the main d•c bus
• Separation system rr.al!unctions
• Loss of engine chrust or fliiht vector ccntrr,�

2-33. O;,erationally, the err.ergency detection sy&tem will sense vehicle systepi
!ail.1re or malfunctions and relay che signal■ diuctly to t.'ie instrument unit !or
immediate actioQ. The system h closely mo:-.itorecl during ground (CSE) opera
tions. System base location is presently sl.ted for &he instrument power distri
bution J.box in the forward skirt area.

r Z-34. PROPELLANT DISPERSION SYSTE:�!. T"i:H propellant dispersion system 
L ior the s.II stage is an integral part oi the 5.iturn V l�unch vehicle flight termina

tion system. (See figure z.s. ) The iun�tion of the vehicle £!ight termination 
sys.em is to provide range safety in the e·.-e:.t oi • ,•ehicle sroa.s malfunction and 
consists (in the case of the S•Il stage) of rupturin.; the pro?•lla.nt tanics by 
explosive means and of shutting the engine� dov.'ll. Flight termination is manually 
initiated from the launch site by the ra.n�e safety oificer by use of a UHF ra.dio 
command system which transmits a coded outp�t ,1.-iLhir.. the frequency range o! 
405 to 450 megacyc!es. Flight tern.ir.aii.on w:.t.i .. ma.nned payload consists of 
the following three operations: 

a.. Thrust termination by &hulling off propcll.nts to the engines. 

'b. Ejection of the manned p;ayload from the Saturn V launch vehicle (accom
plished throu�h the Saturn V ina;trument unit). 

c. Propellant dispersion of all stages by rupturing the tanks.
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: .:, � \',u ��a.:e:,cnd,:nt prcpf:l!a.nl cispersion s;•:;tc,:-:-;,, _;,;: "· -.�lc,:;�c! in the S-!I 
: , .·.· .,r:·.: i::du<lc two rccc:vers c<1pabLe of rt:cei•:ing :,nd C.•:!Ct.:,JJ:r:g tn.e propellant 
;.-: .. -.:-�:: :: c.:: 1�::-n�r.d. Each·rar.ge sai'.:ty cor.1:-:--.:.ind :-ec..,:•.·'":- �s c.:..pi:1.b!e cf i:-::.tiating 
. _.;�:,,r:-,.,:·.<l si<;nal tc th� aJ:sqciatcd pr.:ipell.H-.t d;spcr:.i.on sy:.,crr.. The :,ropallant 
..!:,-.pc:-!'iur. sys:.cms are capable of dbpersing L"'ie prc.t')1:::� .. :-.t!> :fi.:--,.:gh use oi a.n 
�•�;plc,;:.vc ch;.:-gc of suffic:ie� size to ca.use ta.ik r-.:?tur 1.?. The _P :sopclla,-.t cis
,,.-:-:,io:1 contrc.llers are �he '1;pntrol centers fo:- c.:i.ch prop,d.:.·.: C:b?e:-sion &ysterr.. 
�fr.en the l'.:!nge safety comm�nd receivers initiate � .;;01.nm_nc fiigr.a.l, the 
:J:-upcib.n! c!ispe:-sion control�ers trigger the cxploci:ni; brid;1e�wi'r1: firing uni�s. 
:.::,:-ting the sequence to dcto11ate a line: .. r-sh�;;ed d:.;;.:ge. P .. 01risions !or a. time 
c.id;.y .. :-e included for a ma.nped ?ayloaci tv ::i.:ic::.·.,· :::,;.- p:..·/!-11i;;'. c:jectior:. anci engine 
shutdown be!o;-e destruction.·' When triggered, Ll-i.e explcdi�g b"ridgc-wi:-e iirir.g 
units produce 2200 volts fi.,r detor.a.tion, A safe ;,i.n� a.rm de·.,.ice is locc.ted between 
the EBW detonators and the explosive t:-ain. \':nen this device is ar:r.,ed, it will 
allow the detr,r.;:,.tor to transfer its signal to the exploi.ive charges through the 
coniined detonating fuse, which will be jacketed to pi!rr.iit containment of detona
tion. The detonating iuse w�ll transfer the c�arge ... ta. rat<! of approximately 
22,000 !eet per second. 

z.36. PROPULSION SYSTEMS.

2-37. The propulsion systems are m ... de up of the preuuriz<&.ti.cn system,
propellant feed system, engine system, lea.k detection anc insulation purge
syi:em, engine corapartment conditionir:.g system, and p::.-opell.Lnt milnagement
system. These systems and their res?ect�ve sub5y1:,te-ms ccrnprise the S-ll staee
propulaion systems.

2-38. PRESSURIZATION SYSTEM. The pressuri.ntion 5ystem is utilized ior
the following functions (See figures 2- o and Z.- 7. ):

• Propellant tank pressurization
• Vent valve actuation
• P.irging of liquid hydrogen tan.1<. pressurizing line
• Engine recirculation system valve actuation

2-39. Propellant Tank Pressurization. l'ressuri::ation o! the propellant tanks
is accomplished by two methods. Priar to launch, propellant tank pressurization
i• ... ccr:,mplished wit.h gaseous helium irorn a eround source. During S-IC boost
and 5-11 eneine start transient, preuurization of each propella.nt tQnk is o'.ltained
from lhree aeparate high-pre■sure helium (ga.•eou5) receivers (one for LOX tank
and two Ior LH? tank). The pressure level of ea.ch tank is maintained by a com
binaJ,ion of preaiure switches and solenoid valves. After S-11 engine start, tank
pr•••uriza.tion is ma.intained with 1,ueoua 0"-Yaen and ga.aeou• hydrc;gen bled from
the ea.pne•. The ulla.gt: presaure sensing pressure regubtor controls the flow
of paeou• oxygen and hydrogen to maintain desired t&nk pressures. To protect
aa&in•t overpr•••urization, each propellant tank i• provided with two vent valves.

,;.AP-.,,,.__._. __ ... _ 
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:-�� ,:-: . .a:l: .!Jy c.per.-.d to -.·c:::.t \l.o t.;.�t -!-.:.� r.tt r,:..,?.:l!-nS ,.k.,.t;n; • 

.. 

,: •. ;:.,. :nhi.l pre11urh.itic.,n ,;,! l?l" l�(!�!d oxyge::s t:ir.ir i1- a-:c,;: •• ,!:.-hc.-c! !:-o:n a 
•• •I··•"-··--•"""- \.'.lie ii'•-,� I .,, ••• V ·'··--·-· •• • ....... ·-· ••.•• ··• • '-'••· Wl & ........ • -�· �--' •t .� ... .,,

t
· l•· ,., n .. • �c'"US ':, .. ,,...... -a ■'!. ... -i. l • . . f ... , .... •'-• 1

1,'ll 
ci:11c:c,r.r.t:ci :it�in� to t __ o !iq:.ud OX}"!!:·n t!l.r.1', l: ?�••«-- ::·,rc..·.i;;h .a. J.i,;.'l-,re:••ure 
rcct!l\•or �nd a norm:,;lly O?cn .c.!11n�!c! v.-.'.,•c. Th� �c.l1:aui� •:·.h•e h c.:.i-.:ro!led 
�;- ,two z,:-01•1.:ro 1witw-•• p::ctun1�tt,1&.l�-,- 1:\ p;a.:-al�<-i �lld :!�c:tri�r.l!y tn &e:iea, 
Tl:� preuure ,-..itche·s scn1e ulJa,e preuuu w�:hl:, :h.,:?iquhl ""Yi•" t£nk •n4 
m:.int:.in a pressure le\•ul of 3o. 0 to 3·7. 3 pi.�. W!u•r. :t .. �:cuure v.ithin :he 
�;��id oxy:•n tt.r.lc reach«:• ha p':'P.•�r!b•d le-.·el a.nd t�,., �•,!tt::o:d valve 1a cloHcl, 
L'le h!sh-pressure rec:oiver h pr�ssu:ized to t:r. r.�rrr::..1 o;aer.&tir.& 1"a.n1.e o! 
lCOO (+250, -0) p•i;. · Ourini S-IC ':lcost ?hue ar.d s-u· en;ine ,tart tnn•lent, 
p:euurlzatlon o! L�e tiquid oxy:en ta::k b m .. int.'\inec! �·it.', �tll·Jm aiored ill the 
nt;h•prcssu:e receiver. 

Z-4!. .-Ute:- S-!I e�ginc start, prcssuri::ation is :::air1t,iir.ed wit.� ��uoua oxygeu
obt:;.inc<! !ro:n heat e�chr:.nge!"s loca.:ed ie th� tur:,be e::-�h;.\lat sy.1:orn oi each J-2
rocket engi:le. !>-.iring the c?'id:.�er turbcpump �iacha.rge pl"u11ure btiUdup period. 
Jiseharie p:-1:ssure reaches approximately l OC r1si;:; the he-�t exch&nger &ati!lood 
check valve, opens and li�uid oxygen ilows into the heat excha.nger. The heat 
exch.n:er forms a part of the oxidizer pump ;-.;.:bine exha'!!11t d\.ct and b heated 
by the tur!>ine exhaust, As liquid oxygen flows through the heat excha.n1er, a 
heat trans!er occurs, and liq1.:.id oxygen is converted to gaa;eout oxygen. From 
ihe heat e,:c:hanger of each engir.e, the gaseous oxygen flows through a.n isolation 
check v .. lve and is collected in :\ common manifold. The check valve prevent• 
the 1ou o! preasurizcd gas in case o! a line failure between or.e o! d1e engine• and 
a check valve. The g�.eo..:s oxygen then !lo·.vs to the liquid oxygen unk pressuriz
ing line through a pre�su:e regulator. The pressure regulator ia never !ully 
�!osed, and ullage pressure withf.n t.'lie liquid oxygen ta.nk is 1en1ed to control 
!urd-.er openins. A pressure level of 36. 0 to 37. 5 psia is mdntainoci by the 
reaulator. The gaseous oxygen enters the liquid oY.yg, ·a.nk preuurizing line
at a junction point downstream o! the pressure regulat- and the solenoid valve.
Both gaseous helium and gaseous oxygen are di1tributed withbl the liq;..tid oxygen
tank by a gas diltributor which is designed to reduce the velocity and imping-,ment
an1le o! the incomina gases.

2•42. Liquid hydrogen tank preuurization is accomplhhed initially and prior 
to S•ll en;ine start in the sa.me manner aa initial pressurization o� the liquid oxy-
1en tank. The presaure switc:hes and solenoid valve combina.tioft maintaift � 
preuure level o! 28. 5 to 30. 0 paia. Because 0£ the larger volwne of the liquid 
hydroaeft tar-Jc, two high pressure receiver• are u1ed to •tore the aaeuous helium. 

2.,u. Pr•uurization alter S-Il 1tngine atart b inainuinecl wiih aa■eoua hydro1n 
bl•d from eac::h enslne. The J.Z rocket engine thruat chamber la o! tubulu CQ'D• 
1inaceion •nd reaene!'a.tively cooled when li(luid hydroaen pauu through it bafore 
lt enteu the combu•tion chamber. A heat trans!er occw-• .nd tb• liquid hydro1ea. 
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i;; ccir..,·crlcd t .. i,;-'f.:oi:-. hyd,-.�,��-u. l·'ruin ... bleed ii.tting !oc.:.i.ted,o!'l the upper fuel 
� I • � r.· •• �n!.i�,� .o! c;,.::l en.-:;inc, s:a¥\lUs hydrogen nows throui;h �" is�Uat...on check valve 

ar.d i.� c·oll;:c:t�d in a common m.1.ni!old. T:ie .:heck va.lve r,:•ev.:..pt• the loss o! 
prcsan�:i.::e:1 g4:; in case o! a.)ine iai�ure be::twecn one oi tne enat�es a.nd � check 
vo1,l\•c:. ':'ht.\' , .. s-,ous hyclrogen thc�'l !lows to the liquid hydrogen.'tank pressurizing 
lir.o throuS,h a prcuisure rogu.fatol". The preuurc regui&tor is bE:ver fully closed 
ar.d uU�.:o pressure -.,.ithin dte liquid hydrogc:n tank is sensed to control further 
cpenir.h. A preuure level aJ 28. 3 to 30. 0 J,,Sia. is maintair.e_d Jy the regulator. 
Th� b"seQ�ts hydro

L
-:en enter-. the liquid hyd.ro�en t.ank pressur\zing line at a 

junc:ion P.Cir.t downs•.ream o(the pressure :-egubtor and t.�e aQlenoid valve. Both 
ga.Hous )!elium ar,d Jaseous hydrcgen are distributed within t� liquid hydrogen 
t.ank by a.gas diitributor whi�h is designed to redi:.ce the velod.ty and In,pinger."le!lt 
"'ni;le o! �e il\.c:oming ga.ses. · 

?--&ol. After a prescribed period of S•Il flight time, step prusurization is 
initiated to As •ure the net po•itive suction h�ad requirement• of the rocket 
engine turbopmr:ps. A command ls initiated in the instrument unit and tent to 
tr.& s-11 •�,• switch selector. A signal from the switch .elector h 1ent to the 
se4uence cent.roller which locks both propellant tank puuure re1ulatora fuJ.y 
open. Preuure levels within the propellant tanks are uot ccntrollecl by ihe vent 
v�lves. The vent valves sense ullage _i.·euure to maintain a pre1aure level of 40 
to 4? paia in the llquid oxygen tar.k and 37 to 39 psia in ti.e liquid hydrogen tank. 

2-45. Each propellant t=Ank has a third pressure ,witch which la used during
propellant fillin1 operations. These &witches sense propellant tank preuu-re
"Nhich would be unsa.fe for personnel. The switches are actuated at a preuure
level of 21 to 23 psia. Actuation of either swltch completes a CSE circuit and can
be u•ed to sound an alarm or reduce the flow 13f propellants.

2-46. Vent Valve Actuation System. Actuation preuure for the prepellant tank
vent valves is provided by two separate 750-psig ,round-supplied helium systems.
!:a.ch system consists of a disconnect fitting and connecting line• to the vent valves.
One ay1tem actuates L'he liquid oxygen tank vent valvu, and the ocher system
actuar.es the liquid hydrogen tank vent valves. 'Ibe vent valve• a.re actu.ted open
6.arina propellant loadin1 ope-:ations and actuated closed for tank preuuriza.tion.

Z-47. Purging of Liquid Hycirogen Tanlc Pressurizing Line. '!'he liquid hydrogen
C&nk preHurizina line i• purged prior to, and during, propellant loading operation•.
The purpo•• ot the purse la to remove conden1ible � .:ea, lower the water content
ot the l&H t preHnt,. and prevenc the back flow of 1aeeoua hydro1en during liquid
h·yclro1•11 tank fillini. The purge gas ia supplied from a 1round reawated •upply
ol helium at 750 p1i1. 'Ibe helium !low• from tl.e dilconnect to a common manifold
whe· • it 1:tr&nches into five diatributiozt line1. One line b ,:aed tor each en1lne.
J"rom 1be distribution line, the helium flow1 through two check valvH ancl two
orifice• u4 e11r.er1 the preu.irizin1 line• upstream &nd downstream from each
enplle l•olattoa check valve. The check valve, prev,nt the lou of preuurizecl
pa Chro111b the •nsla.• thruat chamber in cue of an en1lne-out cond.ltion. 'tbe
orUlce• loaure •• equal rate of purse sa• fiow throup each pu.r1in1 Uno.
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!.,r i�,- e::.,;i •• \': :e:. ::w�ti,r. i>)•t-to::'n V•l·.-':}&, :,tl� pr.,.,..:;!.,tlt :t:t� prov .. lvc1 b 
. ., 

:�:-c.·::.!c:o! b�• i5-' .:,111!:; .ol hitlh:m. T'u pre:hur;�uio:1 :,c:-;tion oi c?io •v-iem consbta 
;.! .. c:rie.:o�r.�.;t !ininj� hi,�-proau;,n•c he::11.&:n rocd�•�r. ;•prouuro rci�latol", two 
.-'h,•cil v .. �\·tc-.1. and two htsHum a1:rgts �hambers. (S<:u !1;•.:u, .?-t.) T:-:c i:y1:tc.r.1 ts 
:r.iti:..1ly �h .. :.;cl! whl\-r.fllhun .froni ;a. ;rour.� •u�i)ly. !:rp.:a ,.:sc: :!h<:c.�nec:t fiUi:ig, 
tl�c, he!!�-: !lows in:��t:'l �(I tigh•p:e:11>1.tre uceiver tv frat prcuu:-e =ea::latc.r. 
Tr.• pr.,u�r• re�uh.tor l-:,a!nt�ins a. pres.sure level u! 7·50 i,,d:. From �• 
�:;,;a1;u, rc:iul:uo:. tho hdll.l!n br:.:i.::r.es 1�:o two preuuri&in; 11cos. Or.• Ur.e 
prc=liaud;:e. ,hes liq'"�� oxyif:r. rrt:v-.lve ,uri� c:h .. mber ,� r•dT<:ubtlon ,yst&m 
v.,:ves. Tho o;h4:r &i:,o preaau:-ize� the H�·.:id �ydro,•n:•:>revalv• •ur,ie �ia.-nbor 
.-si·l re�irc�;.::.on �1·i.tcm v;.lv4!s. '!no sl;-:-,-, ch�m�cr• •tcre helb::n lGr prev�lve 
ac,�tlc,ft �n 1 a:-• ia<1?�tcd b7 choc� val•✓os Lo p::-evor.t t.�ia bac� !low oi pressurized 
J:411. .�tcr tho a.urie chl..mbers -ar.d llnu arc p::-c:uurized tc; 750 psia, t.�• hlsh 
pnuure receiver h l"rt:-,er ;>:-euu::-ized to 3v00 (+�50, •0) psig. Helium s!orcd 
in the receiver b .:a'°d for vi.lve actuation and sur�• cl-.1r.:n�r replenbhment after 
launch. 

z • .;9, PROP.E:LLAXT FEED SYSTEM. The propellant ieed •;•stem conabts of 
t.1\e p::-opellar.t sen·icing subsystem, the engine feed subsystem, and the fuel and 
oxidize=- forward !low recirculation subsysiems. (See !i11.1.:res Z-9 a.nd Z-10.) 

2-50. .P:rope:Ia.nt Se:-vicin� Subsystem. Se rvicir.g opeutiona include the filll:ll
and drai�.ing of QO:h propella.n, tanks and the purgin& of the tank !ill lines. 'Ibe
purg!.na of the t.Lnks is ac complished with ullage pressure sur,plied by the
propellant pres.s�rization system. A sepa1·ate disconnect coupling, service line,
and fill valve al"G providet\ !or ea.ch propell�nt tc:.nk.

Z-51. The disconnect couplkg consists oi a vehicle mounted p�rt whic"l is an
open line and mate» wHh a. :1ervice a.rm mounted ground p3.rt. The mounted
,round part of t.1le disconnect incorporates a pneumatically actuated shutoll valve
which b controlled from CSE. When the airborne and groun<l parts o.! the clia
connect couplini• are mated, they are enclosed within a purge shroud. Durin&
pT-.,pellant loading operations, ambient helium at a maximum preas'llre of 2 pslc
and flow r&te o! 1. 0 to 1. 6 acin1 is circulated within the shroud. Thi• provide•
an inert atmosphere about t.'lie dhconnect coupling.

2-52. The disc:onnect couplin1 b manually engaged. !>iHn1a1emeut ta accom•
plished by &pplying pneumatic preuure to tne disconnec. couplin1 lock &nd 
actua.tln1 tJi. puth-ofi mechanitm. A secondary, or baqJuap. method to cliaen1aa•
tb• dbconnect cou;,ling is accomplished by & remotely all&cbed lauyard. The
vertical riH of the vehicle will unlock the lockin¥ mechuus:n &ad dbea1a1e the
1rouud part of the clie<:onnect from the airborne pa.rt. Elec�rical ewitchea in the
aroµnd part ol the dhconnect prQvicle the •ignalt for di!�onnect coupUnc •01aae
mem and lockup and the dilconnect valve open and clo,1,a condition,. 
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.;. 33. : •. , : ::-.:;_.<:l4-.nt e:·. ·, •. �·-·.: :. .·� ·· .. · .· t<.<!. r,Jcr.r�.u controlled, 
r.c.r;11.1l:y clo:1cd b�t.tcrCy \·.:.lve • •  :.. ::t: :. . . : . ·. ·.:u . : pr'.;�:id�d b1 ii. ;roun� 
.·o,.:ul.a.t&: d •u??lY o! l;clhm: :.. t 7: ·l�-:" :,:e: �- :, .-:.,• :;::.an;-��! l<1ci< is lr.e<,:porated 
!:l :hu �•:'lh·o coli;:'\ which lnck:, :h� •:.�t�c:-:Z:· :.:-. -::.,· ,:.;:,set r,osilici. ar.d pr�vents 
t::••.!\·er�e:ii. ::,:,c:nir.g dari;,, .::1�ht. L.�,-,. \; :.,.�!�.-..: r,ru�>\..:ts �•:- • lasc�:-ic:s� :,c,wer 
,iuri �;.t ::�?in, or dr:1. 1'1ir:a; o:-�:--;.•. ::..,:.J ·::.:i ... .. .. .:�. i� �=- .. ..... :..-.::il_: • tJturr.,na •nd 
h,ci<ir:;; i� the: cJosod f,.iu1i:ic.n. 

:. 5-1. \•,"ht-:i sorvici:lg 09.,:-�t�.;·:.t .r..: i: .. · �, �.:-1 •. , .-;�..:.· .• ;:-.-:.::-� CS£ C.?tsn:1 :he fill 
\""'lve-, :.n1,; :.r.ci shuto!f vah•e• l:-. cl:.,:-��•:,,. : ·, ... :-: •. :the <!ii-:o�ncc: .:cup!!�g • •  .:..i 
i::e' ce;ndusic.n o! prc:>e!la �t 10.1::!:.:-.: i: 'h'.' •• • •. , :r.,: : •• l v;.':.\•.:• .-..ncl \he LO): 
<ii,c:c.r:.r.cct cou:,ar:., .iutc:! v .. 1 .. .-0 :.:.:..: ·:.,�,. r.:.. �;::. :.:·� .i.:-�; c!i.cc::>r,r.,1<.t c:e;.:.?linz 
11h::toi! valve rema.ir.• P?er.. T."lo .:.o:,: .::· .• ;� •. ::: :.. �::�.-. :i:- .!nt;d oL::d ;>1.1�god th:-O!!ib 
� l•i:1c.� pur�• line :hat gc.011 th:oi..::h fr...: :;n • ..:� •• :: .. J ;-:i.r.c!. The !...'i? i�: . 1 na ia 
dr.:.ined a.nd pur,od �c:k to t.°'lc1 di•cu:-.:-.�..:t .: , �:;.:u;. W:.�n �e S-!C thr-.st-commit 
s!,n1al i• :-eceived, t.!-,e ah�t--:,!! V.&h·e i:1 ::.ts .L:7:! r;:-o:..nJ c;,sccnnec:t. c:ouplicg ls 
clo•ed; ihen, che cou.,un�• separate !rom 1.1.,� \"e:hiclo. �f th� launch is a�orted, 
d:ai:i!�� o! the prO?e!lanL t.1nh• ca� bt- ;-,::c..:.,a.,,:�.:��,i ��i :>:-c.iauri�in; the tacks. 
opcni:ig t.lie iill va.lves r..nd disc:or.neet CO'.:?lini. sh,;tc.!: va.1'.•cs, chen reversln:i the 
li!lin& opera.ti:>n. 

:!-55. EnJ?ir.e Feed S•.1bsvtter::'l. The: !\:.�ction o: !he er.iine :eed subsyi.tem is to 
t:ansi'e:- t:.e liq�id prcpe.:.J.;,.r.ts fror.1 �ha ar,;:>=•��)ria.te t.-..nks t.o t.�e J .. 2. rocket 
engines. Eacl:. propellant tank i.; ?:-ovided •.•:.:b. ii-:e pre"!';..h·es whtch control 
the stoppage or flow o! propella�ts thr::.ugh 6eparate feed li�es to ea.ch J-2 
engine. 

2-56. The recirculation syster.:1 n.nd j:lro;,elb.nt u;:iliza�ion (PU) valve, parts 0£
the propellant managE:ir.ent syste:n, arc illus�rz..ted in figure 2-8. These item•
have been inclutleci in fr.e propella.nt schematic becausa all tb:-ee sy1ttems are
!�nc:tionally interrelated.

z.57_ The �revalv� la a nvrmally open, pceumatic:ally :..ctuated, electrically
c:on:rolled, butterfly-gate type v.:.lve. A built-in iour-wa·r i)neumatic con::-ol
solenoid permits 730::50 psig helium preuure to act-.:ate the valve to the ope:i a�d
closed positions. Thh pressure will be sui)plied from an airborne source for
the duration o! the S-11 boost. Should a loss oi pneamatic: or elec:trieal power
occur, the valve will be sprini-actu�ted to the open.position. Limit switch�•
incorporated in the prevalv1t provide lull open and full closed signds, to O�E
and launch programme�. Th� pre-valve will l"emain open during S-ll Loost
unle•• a •ignal is rt-ceiveci !rom L'le engine shutdown system. Static t::·ing
ca1abilitie• o! the valve p:-ovide a latch,ng mechanism that locks the val,.,_.,
closed. Pneumat.ic: pressure •upplied from CSE unlocks the latch allowine t."le
valve to be spring actuated to the open position. The LH? prevalve1 are in., ._.�ted
to protect che unit mechaniam from extreme thermal CClnditiona.

2-25
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• •0 • •  'T::.c ?:O...,?Cl!ar:t fee� li�es, wi�h t.1ie exce?:ion o; �r..e cent•r engine LOX line:, 
, : ,. _ .... ; :;.::i-ch.:ne tar, vac:uu� .. j ... cketerl, ther?11al insula.t{:d d.:.ctf, Tho c:r.nter 
.·: .. ::a· !..OX foeu line is an 8��nch, ncn-icsulatEd lino. T'.:� va.�µ1:.rn ja.cl-:e:s in
.::,,:-:,�,:-.,tc w. service valve an"' thermocouple .so th3.t periodic ·.,.,,e.:.um checks ma."/ 
:.,· ;,"r�urmcd. rtupture �isct a.ro aliio in tho j .. ckot atnictl.lre "f: a mc;;.ns o!. 

i " ' · h . · 1 "i' � r..-lic,·lcg excess ve pressur,: rise 1n t e ;ac.&(et a:lnu .. us. o cornr>en£ate .a.or 
�=�;:-::;.l expansion and a.llow;_!recdom of movement, t."'1e feec. !i�es in�orporat$
,;,,c •• -:.\V!I. I

; 

.!-H. Act�-itior. µress1:re fot the pre\·ah-es is ..:.Dt-1:ne:tl irorr. a:·.staie mounted 
,:.:,�mon rnaniiold pressurize·(i with heli'.lm fr('tn a.:l ai;'bo:� :;ut,ply source of 
i50t.SO ?s.ig. The prevalves II.re actuated cl.)s"'"d b;, a. sigr..a! from the engine ,.. 
fa.ih:rc sensi::g and sh;.itdown system. The .Lli? :cv;,.lvcs a.re alsCI actuated 
closed during LHz recirculation • 

.!-60. E�CilNE SYSTEM. The engine system consisu oi five J-2 rocket engir.es 
utilizing liq,uid oxygen and liquid hydrogen for propellil.nts. Each J-2 engine is 
rated at ZOO, 000 po• nds vacuum thrust. The !our outer e='lgines are suspend�d 
by _:imcal bearings to allow control o! the thrust vector while the center engine ls 
fi:!c�d. (See figure Z-11. ) Toe J-Z engine !ea.turu a bell- shaped thrust chamber 
with approximately 27:1 expansion ratio. The basic envelope for each engine is 
.i.pproximately 80 inches in di:.rneter and 116 inches long. £a.ch engine contains 
l!-.. e following integrally mout:.t�d ay•tems: two turbopu.mps, an electric;,.l sequence 
controller, separate high-pressure heli-.:..-n •;stem, a. gaseous hydrogen storage 
bottle, gas generator, a. common electrical power supply, separate (closed) 
hydraulic system, and a propellant utilization valv�. 

2-61. Fuel (LH2) Recirculation Subsystem. Th.s liquid hydrogen recirculation
subsystem consiats of .five submerged-type cryogenic pumps, five pneumatically
actuated. prevalves, five pneumatically actuated pump discharge vakes, five
2-inch bypan lines, two pneumatic manifolds, a common propellan.t return mani ..
fold, a -single return shuto!f valve, and a single 3-inch return line. All propellant
lines are vacumn•jacketed. The pumps are mounted just above each feed. line
and operate by means of individual inverters powered by a 56-volt battery. In
flight, me battery h ejected with the interstage. The pump discharge valves and
return valve operate simulta.ru-oasly from the same pneumatic manifold. A
pneumatically o!)eratod purge ,•alve, ccnnected to the common propellant return
manifold, permits system purge prior to tankin1 operationa.

Z-62. Du.ri'!lg the tanking operation, prior to l14unch, when recirculation is J1rst
initiated. the LH2 prevalves are closed, clischaried pump action QSE: is initiated.
and pump dh:charge valves and the return valve are uniformly opened by the
solenoid-controlled pneumatic preuure mani!old cau11ing the feed line propellants
to bypau the preva.lvea. Propellant then enters the feed line, J-2. engine fuel
pump and 1a• genera.tor, and common m�rJ.fold where it h directed by the common 
return line, through the return valve, back to the L:iz tank. Just prior to lift-off, 
electrical control h shifted to airborne power and tl:e above recirculation action 

2-26
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,:J!.;ir. i.: » c.·.:ri..-� s-:C boo,:. U?O!'I 2. s:.�x-. .• l f:c..r:-. !�� se:4;;c:tor .wl;c:h just prior 
:J :i•IC/ .:i-:1 upa:ation. tho LHz p rovalv<:s .. ro ?ncurnat-c�lly opened. recircul1.
tio.\ ;,:.:m;,s are 1hut down, ga.s cenerator �teed .-:.!ve� �loaed. acd pu:-r.p dbc�rge 
.\n! ren::-c valves simult-.neously closed. NormllJ cnghae start 1.nd propellant 

. •" . 

r.ow ••��ttru:e follow.;'.. 

·.

Z-63. Oxidizer (LOX) Rec:ircl:.l;�tion �y,;:.::r.,. ·rt.is S/s}!m cor.si."ts o! stage 
,·ac:ui:m-jacket.ed :rnai� feed lir • .::s, ca.ch conta�n:.r.:;: a. nor1f:a!ly cper. prevalve. fiv't
c,,·er�o;..rd pneumatlc�lly actuated v.,.lve.;;. :t c:o�-:-::nor. i:,r�!-•ellant O\'erboard mani
I'11d, iive c>neumat�caJly a.c-�1.1a:ed returr. v;.:.ve�, five 3-inch. re:urn ur.insula.ted
1in1?s, and three common pneu�n.tic :na.t:ifalc.,J. A backJ!!) systl!m cor.siating o!
QSE initiated helium ,u??lY bac�up .r..-.r.i!ol•.l an� linu can b .. utilized during
ground operations to •ubcool the liq�c! o:-.-yien in -Jio main fe&d :ine. The common
overboard manifold permits overboar<:l po=ti:-,g o: the propellaet during •ubcooling

·operation•. All overboard and return line valves operate sirnt':.4taneously Crom
their inclividual pneumatic manifolds. Each of the reti.;::r. lir..es ia insulated within
the LOX tank. Each norr.ially open prev ... Lve remain• open throughout all phases
of the recirculation cycle.

Z-64. During ground subc:oolir:.g operat�ons utilizing the backup system (prior
to launcl ), the overboard valves a.re pr,eumatically opened and the LOX ret�rn
valves &re closed. 'I'hls pe;:mits propellant flow thrO\ogh the er.gine oxicUze� pump,
the gas generator, and cut through the O'-"erbo3.rd valvv iu.d cc�mon overboard
manifoid. CiSE initiated helium is au9plied momentarily into each feea line
during this phase through the back&:? 1T.anilold a.a required to aubcool the 11uicl.
'l"hb action may be repeated several times.

2-65. Natural recirculation during the launch and S-lC boost ph11ae consists of
ki:epins the LOX feed line pru•t.lve open, closir.z all the overbcard valves. and
opening all the return valves. This is accomplbhed through the a••ociated
pneumatic•heliwn manifolds. Recirculating propellant 11ow h directed through
the engine, gaa ienerator, a�d through each engine in6i�aal return line and
return valve back to the LOX ta.n.1<. Thi• propellant fi,:,w'._ihrough each engine
uninsula.tecl return line picks up h-tat which in turn creates thermal 1.ugmenu.tion,
thu• implementing M.turail flow. A selector •witch aign.l clo1ing the retul"11
valve• and gas genorator bleed valve• is received j,ut prior to S-IC/S-ll separa
tion.

Z-66. Servic!ng of Engine System. All :rcrvicini of the engine is performed
on the grour.d prior to launch. Servicinj; of the engine �use be per!ormed before
it can be operated. The majorl�y o! the •ervice dia.:onnection• are made on
umbilical panel arm No. 3A, e,ccept for the LOX pwnp seal drain which la located
180 degrees from panel arm No. 3.\ at station Z37. Each engine aervice sy1tem
dlsco.mection leaclJ to & common ma.nifold which service• all enpnes. Manifold
confl1u.ration• are circular and aro rigidly attached� tho thruat •truoture. 
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.:-b1. 'Iur!1o:mm;, :ind G.�l!i Oc:nerator P11r1:•• H,•,:uin·111, 111:.. J1c:forc: tanking 
�;;.;..��----'--:-:-:--.....;-�-,;...;..;;........;-=-.....;--::- •.•. . . . . . .. ·- ,. 

,,:-.::��•�1.,:u, ihc- gxi<li,�cr iur.bi.:ie �cal c.i.v!ly. !ut•l L\u·L·rnu :.c;i.l'cavity, !uel 
;,�::;:, seal c:svity, and ,as g9'ner.:1tor fuel nu:.niiold ma&t b� purged with gaseoua 
hchum. Tl11r iurbopump purJtc must be applied for 10 �ini:!cs·bc!.;::-c �nking 
iH'«.-i•.:11."lnta, and for 10 minu·tcs alter cuto!l for static 1iut f::ir.:;t. The turbopump 
purf:e requires a helium £lo� rate of 6. 0 sc:!m at a temperatui.e of 70z30•F and a. 
re,ulated supply soarcc nol•io excee:d 100 psia.. The purge refnovea air �nd 
moisture from the cavilics, /reventing formation of ice when �ryogenic propellants 
are intro,uc&Jd. < � 

, 

2-oS. Fuel System Pc.r�e Requirements. The engine fuel syl\tem i;hould be
conditioned prior to tanking propellants. The only substance other than hydrogen
that can be le!t in the system_ is helium. The purging procedure m\.,st ins·ure 
that the cunc:entra:ion of oxygen in the system is well below the combustible limit 
which is 4 percent cixygen by volume. 

2-69. Jhrust Chamber Purge. The engine thrust chamber is purged a.nd chilled
to obtain a prestaz·t condition during static tests and prelaunch operations. The
purge is required 1n order to remove the moisture from, and chill, the five J-2
thrust chambers to -150:50° F prior to static firing or launch.

2-70. Start Tank Service Disconnects, The start tank service dbconnections
on umbilical par..el3A are start tank !ill, start tar.:t vent control, and start tank
vent.

2: 71. The start tank fill disconnection provides a distribution source !or gaseous 
hydrogen to each engine start tank through a fill mani!old. Tb,e gaseous hydrogen 
is supplied at a pressure and temperature of approximately l zso psig and -Z50 °F. 
To assure ac.equate cleanliness of the system, the gasr.oua hy�rogen is supplied 
throush a JO-micron filter. 

2-7Z. The engine hydrogen .i;tart tank vent control disconne:ction distributes
.;aHous helium through the !ill manifold to each engine vent control valve at a
nom�nal pressure and temperature of the gas, when delil.·ered, of 400 psig and
70slQ°F. The gaseous helium is used to actuate the engine hydrogen start tank
vent valve.

Z-73. The engin• start tank vent and relief disc:onnec:tion provides a common
overbo.:.rd vent !or the engine hydrogen start tank vent and relief valve•. A
manifold collects and vents to the facility disposal area the a4::,u• hydrogen 
vented from each engine hydrogen •tart tank and prevents acc�ulation of hydro-· 

...sen in the engine compartment. � 

2-74, The engine helium �-nk filling ayatem distributes preu�ized aa.aeou• 
helium to each engine helium tank. The preHurize,l helium is,deJivend tbrouah 
the disconnection at approximately 3000 psia at a te:nperature of about -250•F. 

2-JO 
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· .:,. 1-. ·:··,, .... ,., ;'.,:,-r ;•••.,i ,:.· .. i:: , L..-..:u1:r:.:;, ,\vr. i::; loc: .. :c4 o" u:�ibiltco1.l panel a.rm
�� .. ,. :"-., .• �.! '"'"n,·,- .,,. .\1\ 1,\/',irbo;,rci ::,u�let for the commqr. i�'lar.ifold. The di•·
.·.•::::,•..:::,•:-i ;,:•gviu.::. !qr ve-ni!.ng each er.zinc hydrogen flU"np sea.l cavity. It also

'.a.::11 ;u .a common vent for helium discharging c:J,.uin.� th' tttrbopump purge opera-
tion. ,:.

Z-16. The LOX pum'� seal dra.in disconnection is loc:at•d 180 c!egrees from
umbilic�l pan.el a::m No. 3A at station Z37 and serves a• a.n overb<,,aTcl outlet for
ihc-common manifold provided for ventina each engine QXygen pump seal cavity.
�t 41bo ;icts a:1 a com1'on vent for helium discharging durin41 the turbopwnp
purge operation. 1

Z-77. The liquid hydrogen fclld system purge disconr.e�tion provides a niea.na
for distributing a gaseous helium purge :.ot to exceed a:pdg. Purgina of the fuel
!ccd sy•tem la i)erlormed prio� to tanking fuel and after de&anking of fuel.

2-78. The liquid cxygen overboard bleed valve disconne.:tion provides a. common.
overboard bleed !or the L..:lX tank feed lines and the gas genera.tor ox;,gen chill
down bleed valve•. Prior to a launch or during a. hold, a chllldown bleed ia
performed to a.uure that the oxygen. la in a li4uid state at the pump inlet, and
ia• generator bleed valvea.

Z-79. The helium injector disconnec&ion provides a source fc. · injecting chilled,
gaseous helium into the liquid oxygen sys_tem main feed !ines during subcooling
operations. This ba.ckup system is used during ground f�bcooling operations in
conjunctir.n with the oxidizer recirculation system to exeedite cbilldown o! the
engi11e oxygen. ·,; 

Z-80. The LH2 system recirculating manifold collects 11-nd returns to the LHz
tank gaseous and liquid hydrogen bled from each gas g1.?nerator hydrogen bleed
valve during the chilldown procr...iure. · ... 

,, 
Z-81. Engine Operation. During the S-11 e:.1.gine .{iring '?�riod of approximately
39 0 •econds, the propellants are supplied to the thrust chamber by the turbopu.mpa ·
at a nominal oxi�zer/fuel ratio of 5: l (5 pounds 0£ oxyg\n to 1 pound of liquid
hydrogen). Engine starting, stopping, turbopu.mp starti�g, and gas turbinti
c,peration are all initiated by the electrically controlled aequence controller.
Helium is useci to purge the system and operate the varibU5 sequence valves, and
gaseous hydrogen is used to initially a ta.rt the tu.rbopumps. Bleed line a from each
engine •upply gaseous hydrogen and gaseous oxygen pressure to the respec�ive
propellant tanks er.sl:ring a constant pressure head on each propellant tank aa fuel
is consumed. The oxidizer turbopwnp also drives the main hydraulic p·ump which
supplies hydraulic pressure to the engine actuation ayatem servoa.ctU&tora which
position the engine.

2-82. Engine Cutoff. A signal o! either low liquid oxygen level or low liquid
hydro&en. level or a aigna.l from the iustrwnent unit computer will initiate tho

z .. 31 



,.:�;: .. - ,:;..:.,•ii a.:qu.:n.:�:; All !ivc ,in�i.m, .. :.huL duwn sb1·.ulpneously by the 
.. ·: �h,• m.d.n•»t.age J.�1\:noid and closing ol t.hc ignitio�:..phase �ontr�l 

. ,•.• ... -�.i ,-.• :vc"- Propellantpowcea.ses, andengine thru�t pre•sure decays. 
�\; . .-n :hrusl chamber press1.#o is lowered sufficiently, gaaeo'1;s helium enter• 
:: . ., hquicl oxyaen dome throt!�h a tinte-operated 11olenoid Lo p�ge the engines
... £ r,•$iciu.a1 oxy;e11. •. , 

\ 
.., 

.:-,ill. 'grw.:ioe F.silure Detection and Shutdown. Shutdown of one engine during the 
.'--11 bcosi shall be considereJi to preclude folfillmcr.t of the 5-ll mission since 
· 1..�r si.....:e i i• nol designed !o:t";:.ingle engine-out capability. Hotever. in this 
=-�"pc·.:t, '.e;ach engine is pr-ovided with a failure d�tection subs1stem to detect 
,.-r,i:ir.t: rr..aUuncti.cns and effe(:t safe engine shutdown. The engine fa.ilu:r-e detection 
.t.nd .5huldown •ubsy.stem doe� not de?end upon any engine c:omp1>nent for its 
proper opor.a.tion. A signal fer engine shutdown will be transmil:ted to the 
applica.b:e p&ir of p�opellant tank prevalves located in the-liquid oxygen and liquid 
hydro,en lice■ upstream of the flexible ducts. Continued op<:ration of the remain
ing four enainea until propellant depletion will depend on manned payload decision. 

?-6-i. LEAK DETECTION AND INSULATION PURGE SYSTEM. The primary 
!unctiol\ of the leak detection and insulation purge system ia to prevent air
liqueb.ction during cryogenic opera.t,.ons. It also provide• a means of detecting
any hydrogen. oxy1e11, or air leaks, and diluting and removing leakin1 e;ase1.
(See !iaure 2-lZ.)

Z-85. Any operation involving LHz may be extremely hazardous to the vehicle.
OS£ and persomiel; therefore, safe operating techniques and personnel training
are of utmost importance. Hydrogen in the presence of oxygen can c:rea.te a fire
or lw.ve detonating results. The low temperature atmosphere ,;:reated by hydrogen
will eau■e air to _liquefy and solidify against the LH2, tank if any leak exists in the
tank insulation. The organic portion of the insulation can become impact
unsitive when drenched in liquid air or oxygen, resulting in catastrophic: failure.
Insulation •a.turated with cryopumped air will add weight to the vehi<-le and
possib!y ca.use danage during defueling be.::a.use of a pressure buildup created
when tho liquefied air returns to a gaseous form. Therefore, detection, control.
and elimination of any hydrogen &ystem leakages from the vehicle or a■socia.ted
facility i• & paramount function, performed by leak detection and in•ulation
purge ay•tea,1. 

Z-86. TAMt .Leak detect.ion and insulation purge system checkout conai■ta of leak
testing the LH2 t.nk, LHz tank insulation, and the common bulkhead. Also
included in the testing is the ve�iiica.tion of the leak detection and insulation purge 
sy•tem integrity. 

2-87. The area• to be le4.k-checked are divided into several circuit., each ha.ring
inlet and outlet disc:onuection couplina• (taps). The u.nk wall, forward bulkhead,
ancl common btilkhea.d, mu•t be checked.

L'U 
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: - :-:- . : '\.• :�\ �:"•'-!�r. lt•.�1-. ,,�;, i� !)�rluruu-,1 I,• v•• :-iCy integrity 91 tho LH2 t.ink
,. i� .. .. � .:,.-n ,!.i: u1,; .:,ry.->�cni.: opc,r,,ion. •n.e pur:o sy.tiem 1s \Hcd ln  

.• _.:.-fa:n �i:!\ ,h-, 1'1:,.k dc�ction system when pedormln: th\• check. From
� ,. �::m .. t:.,):\ .;,£ J.ydro,cr. 104--ding 1.nu.l launc:b, the insulation and coro of tho 
.. �,::�mun bulkhe�d "-1'0 ::or.m�iac�sly purgecl 0£ hazardous ga111c,a., �ri�g cSe!uoUns. 
th..- LH,: �n1' insulation, foi'/:.rd. bulkhead lnsula.Uon, and tho som:non bulkhead 
... :e c:"ntir\uously evacu�tcd.-.· A gas �nalyzer determine• tho c�ncentr11.tion �l 
t;•dro;:enJn th� pur�ng ,��•·:i and, consequently, any existing lo-t-a,e. Th• 
�vtt.c�t,on phase la a mandatory £unction to prevent prea.auro buildup ln the 
in.-ul�iiora i&nd bulkheads due to the gaal!icalion ol entrapped c4ndenaible aaaea. 
Tho v.,cuum equipmont ol the leak detection subsystem will be·uaec.a :or thla 
w .. cu:atlon. Tho lnsulatlcn purg• prevents air !rom entering the ln•u.l�tic,n and 
prevent• bydro:en, oxyion, and air !rom entering the common bulkheadt. The 
in•u!�tion purie clllutea, removes, and/ or redacc• the concentration of hazardoua 
i:..ea. Thl• pure• and evacuation must be maintained durlna deluellna and until 
the unk ln.ulation ha.a returned to ambient temperature • 

.?-89. £NC1NE COMPARTM�NT CONDITIONING SYSTEM. The engine compart• 
ment conditioninc sy11tem (figure 2-13) provides a means ol purging the enstno and 
ir.teratage areas of explosive mixtures and maintains a proper temperature control 
in critical resions ol the S-11 alt compartment. Purging of the compartment ls 
accomplished prior to tankin1 and whenever propellants are on board. 

%-90. The purse sy•tem consists of a manifold diacc,nnection, a 13-inch diameter 
purae feed llne. an oa-ificea, circular, 10-inch diameter mani!old, !our thrust 
cone ducts, !our ditil'ibutlon ducts, a thrust structure· close-ol,\t, and a •erles of 
overboard vent holes 1urrounding the engine compartment and,klrt area. 

2-91. The purae 1y1tem disconnection h located near the umbilical connection
panel No. 3A. It pl'ovides a distribution sourc:e !or the purge system manifold and
cea,e1 to deliver purgin& ga,es at lift-off. It will perform under preuurea a11d
:temperature, of 2. 0 paia maximum and 20• to 2so•F.

2-92. 'l'he pur1• manifold la n-.ade up ol a 13-lnch teed line and a 10-1-,cb
diameter. oriflcad, circular manifold. The manllold is located below the thrust
•tructure and encircles the center engine but inside of the lou, outboard en1ines.
Th• circular mAnllold contains a ,u!ficient number of circulal' orUicH to
propel'ly diftribute purpns gas •. The orifices are located 10 a, to dlrect the
pul'I• ln the follo•inc boundary areas requiring warmlna: the area betwHn the
thru1t 1tructure and the S-II LOX tank. the bottom ol the thru,t atructure lncluc:Uns
the lower 1urface of the thruat cone, the aft 1kirt and lntentage between 1tatio111
223 and 46, and tho top 1urface of the heat shield. Thh area will be malntalned
al>ov• .5o•r. 'l'h• area above the close-out 1hould be maintained below .so•F

l11 order to keep 1tructural temperatures low.

2-9). Tbe vent holH are located on the S-11 stage under the 1upportln1 hat
••ctlou osa the excerlor 1 urface ol the aft skirt. Thil coruiguration preventa
wind. ral11, an4 -.i from �ntetina the enpne compartment. The veau, are ao
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flt:('.-! .nc! l.>t .. tcd a!�.1.t tl.,· r.".u !l..:>w P-'U,•ru a,.ruJu.;ucJ i• conducive to cood therm1.J 
��.,�::��: �r.J th� "�pdlini:, oi-Jl.1.:.ard\tu• g .. ses. Although the vint area la rr.lni• 
m:.:<-cl 1'0 ... ,_, exclude .alr trom the engtne c�mpartr.ient prtor:to launch, It ls. 
howc,•t:r, su!!icient to prev�tlt an acceu lntcrstaie preuuro �i!!erenti.al during 
S-lC boost. · • 

�-·H. Pqrglr�i c.£ the a.it akirt and intersuge areas is accorn�ished by introducing 
warm �.s.,eous nitrogen at a "Slow rate of 3C0 to 500 lb/min at il temperature of so•

to ;?:;o•Fi and under A prcss!,11e not in excess of 1. S psig throUEh the 13-inch 
di.amcter !ced line. The �f-roccn is then evenly distributed through the 10-inch 
diametcj-. orifi:ed, circul�'I'. manifold and thrust cone ducts to the temperature 
Hnsihve .&N,U. The p\lrging gas then falls into a flow pattei'n and escapes through 
the.- series o! ver.t hole• surrounding the compartment. By maintaining a 98 
percent nhro,en .t.tmo,phere within the compartment. desired temperature, are 
m�ln�ined, and the dan&er of lire or expl�sion resulting !rom propellant leakase 
is minimized. 

2-95. PROPELLANT MANA'6EMENT SYSTEM. The propellant mana1ement
syatem (figure 2• 14) provide• control, monitoring and checkout for propellant
utilization function,, propellant loading, propellant mau lndicatlon, and•
propellant depletion en1ine c:utoff •ignal. The propellant manasement eya&em h
comprised of \he !ollowin& aubsya&em•:

• Propellant utilization
• Propellant loading
• Propellant m.a.u indication
• Engine cutof!
• Propellant level mcnitoring

2-96. �pellant Utilization System. The main function of the propellant utiliza
tion aubsyatem is to coordinate propellant fiow rates in such a manner that both
propellants will tend to be depleted simultaneously. Thi• •ystem provide• c1oaed• 
loop control of the engine mixture ratio tor minimizing propellant .reaiduala. 
The propellant utilization bypass valve l.,cated at the li4utd oxygen turbop1;.mp 
outlets provides control of liquid oxygen usage as referenced to remainina 1i4uid 
hydro1en. Control of the engine mixture will increase atage payload c;,.pability. 
The propellant utilisation 1ub1yatem la integrated with the propellant loadln1 
•ub•y•tem, •h&rlna the f"l1 len1th tank probe, and certain of the 1round checko�t
and monitorla1 equipment.

2-97. Propellant L.:-a-!ing Syatem. The main functlon of. the propellani loadina
•y•tem i8 to c�ntrol loadina and maintain propellant• at any predetermined
quantity. Durtna tanldn1, the f1Jll len1th capacitance probe• een .. U4uld mao l11
t:be cank•• Dlacrece liquld•level point aonaors are used to monitor propellant
liquL41evele. A arouncl•bated computer will be ueed to contrt>l propellant loadiq.
The lull leneth probe• provide low level •\anab to an airborne propellaat maaa1••
m�11t compute,; 'l'hl• airborne computer providH O to 28 volt d-c •laaal• to a

' . .
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,:1"c-·:;-• .!!:>.u�J 16!_:n.�1 �c>nditic.n_,r (fil\e; J ;.nd the loadin;; control. · The crder o! 
n:,»i),•!l.ar.t j�dini: la LOX llr,t a.nd then LH?. LOX i• pumped from ground 
::••l".a.:.-:tankiJ to i.'lo 1i.ge. l.H2 it tnnaferred to tho •ta�o by !.)}euurizing L'le 
1.H. ,:.,r;a.:e tank• with CHz. ·1niti�l bnking ta . .,.ccomplls'hed �i:a slow nte t<'
�:1,':'w ior unk chilldo,_,·n. Th' LH,? bnk ls chilled bc,!oro LOX lo�c!:ng ,o minimize 
11::\;.:&ur.al stresses. Operation• lvr propellant loading are i.cc�r • .,;:Ushcd !hrou�h 
th,• c.mbillcal cower. Each tiLs:k will ha.ve been purged prior to \he introdu"tion of 
cry .. �t-nlc fulds. The aonsos, will be of the hot wire (gold-i)la?ed platinu.m) 
r.:11i11tanceitype. &-n•ln, tr�tiaducer1 are located in the t.t.nks, -and associated 
t<Olid-stage eloctronic controUer• are located in electrical cont,.iners outside the 
t.ankll. The controller• provide a power soc.rce !or the transducers and detect the 
cho&ngo in resist.nee o! the soh1ins clement as the trans(ucer �ues Irom liquid 
to gas. or !rom CH to liquid. The principle o! operation is b•aed on the lollowlna: 

a. The sensing element wire resistance is a. function of the wire temperature
for a. �iven length anci diameter. 

b. L�quids provide a greater rate of heat transfer than vapor or ga.s. 

Z-98. \\'hen the heated sensing elemenl i• wetted by 3- liquid, the increased heat 
transfer result• in a decrease of wire temperature, which is indicated by a drop 
in measured resistance. Separate controller• are used to monitor liquid oxygen. 
liquid hydrogen, and water. since no adjustment is provided to compensate lor 
the dillerent heat transfer rate• o! each fluid. Changes o! resistance are con
verted to on-off ze volt d-c aignala by the controllers located in the electronic• 
package and sent to propellant ayatem CSE which controls the loading through the
loading valve complex a.nd &saociated !acilicie•. Controls in tho system have &he 
capability !or loading t o  the s. 10. zo. 40 and 80 percent levels. The !a.at-fill 
cuto!! backup signa.1, which is at the 9t) percent level, and the overfill signal for
each tank are provided by dilcrete liquid-1$vel aen,o·rs which are mounted on the 
out,lde of the propellant man&aoment system capacitance probes.

2-99. Propellant� .. Indication Syiitem. Tho propellant mus indication signal
system Ls integrated with the propellant loading system and will be utilized for 
the filght telemetry system. Diacret• sensors will be used to determine propellant 
levels. and temperature •ensors. provided by the preuurization sy•tem, will be 
uaed to determin• propell&nt clonsity and ullage temperature profilu. 

' 

2-100. Engine Cutoff Systeitl• The main function of the engine cutoll system ls
to provide a ai1nal to signi!ytho depletion point of either propellant. Thia 
1ystem 1• a.n lQdependent eyatem and consist• of five hot-wire aensors in each 
p�opellant tank plua auocia�cd c,ectronics. The l.Hz cuto!! sensors are located
a11cw• each tank outlet whil•:·the l.OX cutoff aen1ora a.re located directly over the 
.-ump. Tb• cutoff Hn•ots wm initiate a ai1nal to ehut down the engines when 

, two out of ff•• •npno cutoU'atanal• fl-om the same tanl. are received. The system
will. however, lanore any cutoU Hnsora that have faU,,d prior to tho end of the 
S-11 booat.

·z;;·,,: ...



# l 01. Prooell:i.nt Lev�? !,·!or.itori r.'.! System. The ?ropeU, .. nt level monitortng 
.i;ya.tem is not co:1:.idercd � \o':ont:ol-type 11y,;t�m, but itfas the followin� cap:sbili-
Ucs: 

• 

0 p,.ovidc11 c.ali1»r-,t:.o:i '-•le<:k?.:>i,;�=- :or the eont:.1:._ous .: .. ;,aeitaz�ce 
probe used in· th.: pr�?...ll.,r.t :ri.u�sc:ment system. 

. 
. . 

. ' 

, • Monitors propclfant lcvcb cfoi-ir.� S-!I firing. 

2-102. These !unction• wlll be pcrt'wr:r.cd by hot-wire sensors mounted on a.
c:�ntinuou11 •tillwell. · Theo :1•il!v.c1ls a.re adjacent to,; and parallel to, the
cpntinuous capacii.ncc r,ro'..)c in c.:..ch t,1nk. Tne monitoring point •ensors for 

• the propt Uant level mc.ir.itoring sy::.tt:m total H and will indicate o. 5, 1, 2, 3, 5,
1�. 20, 4\), 60, and eo pc�·ccr.t levels, the l 00 percent unpressurized level and
upper limit no-go, and the 100 pcrccr:t pressurized level and lower limit no-go.

z. 103. Propellant T!lnk p�,.gin�. After t.'ie propellant tanks are cleaned and the 
tank personnel entry/exit cloi1ures aro installed, both tanks must be purged of 
ambi�nt air to expel latent mobture and/or gases incompatible with cryogenic
propellant•• Addition.ally, purging o! certain propellant valves and plwnbing b
accomplished either concurrently with purgina of the respective tanks, or
immediately prior to introduction of the cryogenic fluid••

2-104. Purging of the l:4uid hydrogen tank requires the use 0£ special CiSE to
control and monitor flow of the purge gas (gaseous helium). CiSE purge gas
control valves and tank inlet and outlet valvH are positioned to establbh (thro11gh
the tank) a purge gas flow rate of appr"ximately 6S00 cubic £pm. The flow rate
b maintained until periodic eam11ling• of the tank atmosphere indicate that all
ro1oisture and contaminants have been expelled from the tank. aHociated valve,,
and plumbing. At the concl,uiou of the purge gas flow, the tank outlet valves will
be clo�ed and purge-gas tank prouure permitted to rise to between 2 and 8 psig.
Alter the tank ii preuw-ized, the purge-gu inlet valves are closed and the tank 
preHure b permitted to .<abilize. Thb condition will be maintained until tea 
initiation of cryog�mic t.1.nking.

2• :os. Purging of the liquid oxygen tank requires the same general procedure 
a• that requh<ed for the liquid hydrogen tank. Purge gi".a flow (gaaeou• nitrogen) 
thro•lp the liquid oxygen tank ls required to reduce the moisture content to a level 
corr ••ponding to & dew point ot -60•F prior to closing the outlet _valve• and 
1tartin& tho purge ga• preu11re buildup. The prenurizing and differential 
preuure-hold are the same for the liquid oxygen t.1.nk and the liquid hydrogen 
t.a.nk. Propellant load:.ng will be accompli•hcd through chilldown, m&ln till, alow 
fill, aud toppin1 sequence,. 

2·106. Chilldown. Tbe propellant loadin1 eequenco be&ir.• with the LOX cbllldowa 
pbaH on aiga&l trom ;be propellant-!ill ready liaht. �hil'.down Dow r&tH for the 
ta.aka durin1 lnltlal fU:. ( 0 to 5 percent tanked propella�t n:&u) are �00 1pm for 

I 
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,;, �n\l.\001'.1 i:.:m• 1. .. •r J..:l,:. \\h.:11 &r.c.• :, 1-er.:t.nt i.:vel 111 lndi<:ated by the 
. : . :,: ... :e i'CRilO:" in t.'lc t.:&nk•, tho n.�i= .::;11 ?�"'• begir.1. • 
. . . 

., 

_;.: � ':. '-fain Fill. St.lgt pr jp�l: .. t.� :ir. ... p.-cu;.a::-cs c.urt .. i :r. ... ln ml (5 to 9! 
··••rc,-n:. t.a:�.:d propcll-Lnt m;u111) :.:o 53 p:.l:; lo: LOX and 2P. ��;z !;.r !..:4i,
P:�-pc:11;.nl t:ow ra.to• d,:rin1 nwln !ill :.u·111 SC00 ,i>m for LOX •H•d 10,000 gpm
:,.r L!I,. When the 93 peicjnt 1-:vol h inc!icated by :he approiriate Hnsor, the
.-luw 1"!il ph.i•o b@gin•• , . • 

.!-108. Slow Fill. Siow !ilJ.,:ratcs (9? Lo 100 pc.cer.t tar,!·:ed pi:opellant mau)a.-e 
!000 gprij ior LOX and 1000 .:,pm for LH?..

Z- !09. Topping. The repler.ish valve 1::.:1.'tnt...in• th� p:::-opellants at· the lCO percent
level by estal>lishing lill ra.tes equal to bo:l-c!i r.:..tcs. To hold t�e pre>pell.nt•
at the 100 percent level. fl.ow rates a.re Oto 200 gp.m for LOX and O lo 500 gpm 
£or !..Hz. At no time will Lhc tanked propellant mass oe ;>ermitted to go beyond 
L'ie 101 percent level. When the 101 percent level is reac;hed an independent 
sensor will cause the replenish valve to clo�e until the 100 percent level b 
reached.· I£ the propellant level should drop 1:.elow the 98 percent level durina the 
replenish phase, the slow-iill valves will be opened and the 100 percent level

re•established. 

Z-110. Emergency Drain. l-"low ntu !wr draining propellants from the caftk•
are 3300 to 3360 gpm !or LOX ar.4 6600 to 6674 gpm !or LHz.

Z•ll 1. MEASUREMENT SYSTEM. 

2-l lZ. 'Ihe S-ll stage mea.surement ayatem consist• 0£ ins�rumentation, tele
metry, and radio !reciuency subayatems, The lnatrumentztion subsystem
condition• the performance •isn_.ls from the vehicle and pre"ents these and the
prefiight and flight calibration elactrica.1 signob to the telemetry •ubsyatem.
lrl flight. the telemetry subaysLem multiplexe� �e signab from the instrumenta
tion subsystem and lranamtts them co the ground ;-eceiving stations for real
·time and postfli&ht vehicle pedorm::i.::c:e evaluation. The instrumentation sub-
5y1tem consists of tr,ns�uceu. 1igna.l conditioners, patch panels, interconnecting
wiring,· •y•tems ea.librator, a.nd the required auxiliary equipMent •uch a.a
·converter chassis, tranaducer er.vironmenta.l control aaaembliea, etc. Signal
conditioner• a.ncl tra.nsducera ai-e located tl\roughout the stage. Patch panel■
.. :-e located in tho a!t ski.rt area..

Z-113. The telemett'y 1ubsy,tem cornprhu lhree tn>es of telemetry which are
,:,i.uid to tbe various types of data. obtained !rom !he vehicle systems. The three
major telemetry 1ubayatem• a.re aa tollow•:

• PAM•J'M/FM tor low•to•medium .frequency c:,intent d&ta.



. 0 �:3f F.M !or hii;b•fr-:,1.:�n�i· .i .• :. :,-!., :mar.ivr. of :i�ouatic• and 
vior;atiO:: C.al:1. •. :., 

' . 

Q F',�.t :,•t· 1:1c- .uda.•an.,h.: t:!,-.,.::....,-1: �t lh• S•ll litl.Ji-S 
, 

2.11�. 1'ho,e telemetry a'6ba;·�tom• ilro c:ompi@ment•� by awti.:.i...ry e4upment 
s\.lc!I ;u telemetry caU})ratio:i c:c.ul?�•�m,, FM•FM teleni·vcry chauia, RF powu· 
.:.mplifier equipment, ind • .,�ci:a!izcd pov.-c: 1up;>Ues. ,Oe FM•FM te\en,etry 
ti,iwt division multiple�•n ancl cah?>r:&tou chuab are all located ln the lorv.-ard 
•Jfart are&. ; = 

?•115. In addition to ieleeetry .l.nd ir.a:rur.u:nu.tion, it\s necessar
0

y to moint.l.in 
radio irequt-�cy links bctwcesi the s.u ar.cl t.1\e &rour.d at all times during night. 
All instrumentation rec;uired {or U'l.i!' p1.:rj>OH is included in the S•ll radio 
frequency (RF) subsystem and consists of the necessary airborne antennas, dual 
radio command receivers, and a tr.i.cking aic! transponder. The systems a.re 
known as the telemetry antenna ,ystem, UHF radio command system, and. the 
MISTRAM trackine aid system. 

2.116. TELEMETRY SYSTEMS. Three basic types of telemetry ,ubsyatema 
(figures 2-15 and 2-16) are provided for t::.ree basically cff.!ferent types of 
da.ta requirements: PAM.FM/FM ior airborne telemetering measurement• of 
vehicle ayatem parameters of relatively low-frequency content, SS/FM for 
airborne telemetering of relatively high-frequency mea.aurementa. and PCM 
!or ground telemetering by direct wire of measurements required for automatic
checkout of the S-II vehicle.

2-117. Measurements carried by a PAM·FM/FM subsystem are treated in the
following waya:

a. The majority of measurement:• are sampled by commutators to form
time-division multiplexed signals. Each such signal modulate, a voltage
controlled subcarrler oscillator. 

b. The remaining measurements continuously modulate voltage•C,.:.Lrollecl
aubca.rrier 01cUlators. The output, of all subcarrier oscillator• in one PAM• 
FM/FM ,y1tem are combined to lorr.i the modulator inp�t 1igna.l of an RF 
transmlu..r. 

2-118 • .Each PAM-FM/FM telemetrr ,ub1ystem includes a maximum of three
packa;e1. One packaa• l1 tJt:, elm• ctiYision multiplexer. T!te ucond pa.cka1e
conta.ln• the FM multi;,lexina eq_ulpment, wblcb accept• 0 to 5 volts de and
sisnals, lnclud101 the time dlvblon multiplexer output, and producu a mixed
audio •11nal lor the t:ranamitter modulation in.>ut. The multiplexers contain
power •uppllH and vo1ta1• nplaton MCHH ry for operation OD 28-volt d-c
power. Th• thtrd packa1• includes the lU" po"'•r amplifier and power 1uppll••
r,q_ulred for operadon of tbe traumltter and power amplifier.
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i-119. lt;STRU!,:::NT A ':'!O� SYSTEM. T.ne ir.1HrLmer.�.ti4,)a, fY•tem lncludea
cr.in•ducet• ar.d o1ign.i.l cor.dijioner.. It ,en�e• vehicl,1 �c:rior�•nce parameter•

¼ 
• 

:lnd !eeds i;i;.:r ... 1- to the telerpetering syste:n. Tne output o! t.1\1, vehicle tr.an••
d:.1ce.-a ancl.'r.:- .-,c1n ... l conditi•ners h fed to a high-level (0 t.> S�volt d-c) tele
meterLna; •y:ot,•m !<Jr transm(uion to the ground. Each me�11u1:ement plcko!f 
b U11tcd �r. wl.•1: �-1. : ,. 

Sensor 
• 

Pre11u.-e· 

Temperature 

Flow 

Vibratloft 

Nole• 

. , ... 

•! 
,•• 

·"'· \. 

Table':�-1. S-II Stag� Mcaauren,enu

f Descriptioa 
, 

Potentiometer and/or d-c: to'd•C type trana
duc:en cor.sisting of a atrain gage or reluctar.:e 
pickup a.nd using aolid-acage inugral elec:tr<>nic• 
will bt.: used fur all preuure· mea1urement1. 
These devices, excited by ZS volu de, produce 
a high-level signal ( 0 to S voltt de) output. 
Where an environrneuta.l condition con•iatlng 
of extreme temperature• exbl1, potentiometer 
preasure pickup• are used; d-c to d-c type 
cranaduc:ers are utilized on all hydraulic 
pressure measurements. 

Pla.linwn resiatacce probes are used for mo,t
temperature measurements. 

The liquid hydrogen and liquid oxygen flow 
rates for ea.ch engine are meaaured by •olu• 
metric flowmeters producing electrical 
c:.utput pulses which are a function of tho 
angular velocity ol a rot...ting vane installed ln 
the fuel lines. Both rate and quanUtatlve data 
can be obtained. 

Piezoelectric vibration pickup• with auociated 
transbtori�ed amplifiers are uaod for ntght
application. 

The system• for me,uur!ng nol•e are •lmilar 
to tho, ... used for mea1urln1 vibration. 
Piezoelectric transducer■ are used for lli1ht 
application where frequenciee from SO cp• to 
3 kc are to be obaerved. 
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_., 

·.fable 2-1. 5-11 Stage Measureme�t• (Cont)
·.�, . 

Sc:nsor ·.• I\e•cription 
� ,. ' 

Poahion Flight·control •ystem position mea•uremen.ta 
-; are obtained from �e control loop picko!!s. 

f.- Other position n1eaaurements use reluctance 
.

devices. These de�icea are provided with 
•olid-state electrofic� to develop a high-

: 
level O to S-volt d�-� signal. 

·Acceleratiosi • � Vehicle acceleration measurement• are m&de
using both reluctance and strain gage low-
freq;.1ency respon"le accelerometer•. These
instruments are sel!-contained, 1ingle-
packaged units, using solid••tate electronics 
to develop a hish level O to s.vo�t d-c output. 

Re■ldual liquid level Eight liquid-level pohat 1en1ora are located 
in the lower 5 feet of eacb propellant tank to 
determine the residual ;ul and liquid oxy1en, 
at engine cutoff. 

Z•lZO. M7ENNA SYSTEMS. Antenna• provided on the S•ll •taae are 1J.ush• 
moun&ed OM AboYe the oilier 011 the forward skirt. (See fi,urH 1•4, Z-16, and 
Z• 17.) AQ&enna 1y1tem1 are provided for the following: 

• Telemetry 1ub1ystem
• Command de1truct 1ubayatem
• MISTRAM tracking aid subsystem

z. Ul. ne telemetry antenna system as well as the radio command antenna
1y11em mu•t pl'oricle omnidirectional coverage. To meet thi• rt4ulremeut, the
&atesmae lot' each •Y•tem will be installed at 90-degree intervall around the
torwar4 aklrt. Both aystems employ linear cavity-backed 1lot autenna1 which
fflCnlllt Qaala to the skirt 1'kin. Each telemetry antenna measure• approximately
SO• 5 • 9 lslcbe• and welsh• approximately J8 pound,. A radio command antenna
meas.ire• ollly 9 x 3 x 6 lnches and weigh• approximately 7 pound,. The radio
eoarma114 ana.w1 will operate between 405 and 450 sr.egacyclee durius lli1ht
IO proride eYlllcleut coveraae for ground control of flight termination.

2.uz. 'l'h• t«ilemetry antenna 1y1tem must b& capable 'Cf accommoc:latin1 up to
•be &el•�try carriere which will be within the 225 to 260-meaacycle band.
l'our U Uak• will l>e by PAM-FM/FM telemetry. These four pu.lH amplitude
m�U.oa •J•tem• will be identical except fo:· the RF output frequenclH wbicb
will 1N la�• ZZ5 to 260-megacycle band. F,ac;\ 1y1tem will baYe a'Q b,put

___ -- -� .. 2�47.-
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.

T/M .ANTENNA SUBSYSTEM 
·' 

TLM ANTENNA (TYP) 

RADIO COMM
A

ND ANTENNA (TYP) 

RADIO FREQUENCY SYSTEMS 

DUAL COMMAND-CONTROJ.,-1'!'HF 
TRACJt'.INO-MISTMM 
ANTEl\�AS - (3) TELEMET.RY: 

(2) TRACKING;
(4) COMMAND

�i&Ul'e 2-17. Antonna Sy■com lu1i:allatlo11 
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c.,;, .• bi!it),' l'.,:° ! � .:"'nt�nuou:t chanr,ela anc! :!70 cc,rr.mutated �h;;.nnt�!11, Thue h�i••lt!I 
"i.!1 ii.: ir. 1l.., form o! 0 lo 5-voll d-c :u1,1log sii!mls. High•frequc>r.c:y 0.-,1 ... , i,a.;h 

.. . ,,. ._.i;,r.�u�n ;.1:d .aC:t;u11il.:i., will ba sent by SS/ FM RF li1� via." ,-in�l.::-,ir!,-?,.:.nd 
:.-1,•::a·tr:.· '":• .. 1c:m. r.�h oi two i;ystems h,ui art inpul cap�:,ility !or Fi c1.,:.:�:-.uou, 
t·h ,nn,•!:. ,,nJ \\ill tr,,na_n,it this d.'.lta within the 225 le, U)O.:-mc�:ac-yde r:.,,nc! •

.!-1.p. Th<' :..!1STRAMJl:-;,n1opunc!cr i� lllcuteci in the !o?·,,iarci ,.:,irt .. n ... up::.'-"ite 
th.<· 1ur:nd .incl Clt>c:r.atC/e with four sei, ... r:.ite !rcquencie• si'mult,,neu,i•!y: :w" 
r�«+:in;: ;,nd two tra�•mitting. Two lfCparatc &.ntcnllas fsic!c by •I.de) w�H per• 
form tiih1 !unction tQ p�ovide .adequa.te tra.c:kina coverage! 

.� 

l-lz.&. TH£RMAL CO?\TROL SYSTEM.

Z-1Z5. The therm�l control •ystem is a. ground operated system !c.r providi:-,i
proper temperature control for the equi;,r.1ent containers in the forward -.ncl aft 
aikirt ar-.as. (See figures l-18.) Two c,;,mpletely separate system• are prflvic!ed
!c,r delivering a con,iant tempered ai:.- 0:1: nitrogen fiow to the equ'.p'l\ent ccntai.nt-rs.
One system is fc,r the !orwa.rd skirt area. and the other is for the enaine comp.1rt•
mer)t area. T"m?ered air is used to cool and heat the container• prior to
propellant loadina. Preparation for loading include. changing from air to
nitro;en !or conu.iner inerting. The nitrogen flow b terminated &t liftoff, &'D4
the coniainer in1ul&don mr.intains eq,uipment te:nperaturu throuahout the S•ll
lliQht tHjectory.

2-1?6. Each ,eparate system (!orward skirt anci engine compartment) con1&in1
a sinale m1.nUold in terconnected to e.ac:h container, individual fixed-now orific:H
to each cont&lner, and b1divid1.aal relief holes from each container. Within eacb
coni&iMI' la & temperature transducer interconnected to a ground telemeter to
provide tem;,er�NH morJtoring until liit•oi!. All plumbing con�in iherm&l
insulation. Coniainer ln•ularion and thermal inertial preclude excesalYe tempera
ture chana•• on containers exposed to base heating.

z. 127. 1n opeHli0A prior to propellant loading, filtered air llow1 throu1h each
separate disconnect and mani!old where fixed orifice• control llow to e&cb con
tainer. Ab enters the container, ls heated by the operatin1 equipment, &IM! 
exit• throuah che cont&inor relief holes. All air exit• from the co�tab,er aad 
dluipate• lD &be lorward •klrt and interstage areas. Minute• before propeUaat
loadlll&, tbe air l• ch&na•d to nitrogen, with !low che same u &ir. Nitro1•11
h used to lneure that all oxyaen ls expelled from the contal�r in the lntere r&i•
area. U J\ef:eHary, nltroaen or air can be heated by ground beaten to malntal11
tempe,. · .-e la &11 allowable ranae until lift-0££.

2•128. FLICiHT CONTR.O1.o SYSTEM. 

2. J :i. S•ll tllaht control ls accomplhhud by manlpul&tln1 tbe £our aunbaled
!:4Cket thru•t eqlae• •• re4qlred for th:•uat vector control. Mamp\ll&dna ii
accompliau4 l,y hyclraullc•powered actuator, who•• acU011 l• controlled by
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,•:,•I:" .• '" .• : , �-:'r1:- • -�••r .• : ■·,i ,:,• rh.- :li,�i:I ,.,,,,:-•• 1 .�..,,..1,,:l<tr k,uted in the in•tru
�.,-:�: .. :� .. :; :m:: (!!.: > •• :,.11 •• t?11• :•-1 Vi, .. i.,�.:. (See :."igure l'!'l 9. ) Hydr&u11c �O"A'H' 
:.,r·.,jW:'wtin; ... ch 1,! t!\1.• o1.-t\Mt.:.r11 b 1mpp:iod by inc!lvidQ&l t1:rbine-drlven 
!.;·.!:-.,.:;1c pum;,• ('lno Ii,: er&ch •nair.o ). 

:,. � 'J. FLICiHT CO:--"TllOL El.EC TctO�"ICS. 0-.:l"i:\I fll.in. I.he Saturn V g�id.nc• 
•. · •· •� .·.•n:ln1o"u11ly deicrminc• an o;,timi:m vehicle ,tee:,-lr.g comm,·.nd b�scd C'll'I 

.. · •• • :·••,-1:h,n, ,·c-lo-:l�Y• and acceleration. Tho au�,fa.ru:e �lgnal prac,uaor, 
.:· ..... : ... i:, .. :.rumenl ur.it (IO), c!elivers �uic!:.nce posit�on orro: at;r-.t. to the 

:: • .::11 :-1,:-.i:c.l compute&"( abo wit.'lin t.',• lu. Tr.e aignala-�n ahaj)ed, •ealed, and
•:::'lm:cd with •h.a.ped and •c:..lcd ra.to in!'ormation £rein th� r .. t• gyro• lu the lti 
,,r ir. :!i.- :i:-11 11&.,�.t. �eae •wnm.td error •igr-.al:I are then directed to the 
.. _-.-:-,•.•1':.,t� 111l'n"Ol1Ctua.tor ._mpli!ien which, in turn, dr�v• their re1pcctive servo 
,. .. :,·"" ln tho s.11 •ta.;o. The actu�tcr ••rvo vli.lvcs convert the electrical error 
•ia:n.,1• into hyc!rauhc !orcea �auains actua.tor positioning. The rate ayro•,
locatec! in thf' IU, aupply the rate at which the vehicle anitude chl.nges, in ir.cremen•
tal form, to prevent overateer:.r.g or understeering by the engine accua&ion 1yatem.

?•131. ENCilNE ACTUATION SYSTE}.il.. The f-II stage is provided with• 
aeparate hydrualic power 11!pply system for ea.:h of the Cour &imba:ed J-i rocket 
engines. Together, :hese hydraulic systems c�mprile the engine actuation 
system. Each hydraulic system is a. self-connined, closed-loop, ata1e•mounted 
system o;,erating under a pressure oC 3650 psi and contains the !ollowina major 
components: 

• One engine-mounted main hydra\aic purr>
• One electrically driven structure-mount, d auxiliary hydraulic pump
• One accumulator reservoir manifold au ,mbly (ARMA)
• Two servoactua.tors

2-13Z. The components of each &ystem are pr.narily stage-mounted in a ain1le
container. lbeae CO:ltalnera are mounted to th• thrust structure above each
gimbaled engine. £a.ch main hydraulic pump_ i mounted to, and driven by, the
li4uid oxyaen turbopump on the correspondini ,ngine. The auxiliary hydraulic
pump is used only durln, checkout and to ma.in:.in a w .. rm fluid just prior to
launch. Tbe auxiliary pump cannot operate in :ight. Two aervoactU&tor• !or
each en1ine provide t.'le neceuary £orcea and 1. pport to accurately poaition the
eng�ne• in responae to the !light control systen •ignals. One actuator i•
,poaitioned on the pitch ph1ne and one on the ya� plane. Ea.ch actuator ha anvo•
controlled unit of the double-�cting, balanced•1'ston type. with mechanical
feedback to the servo valve. The actuator will ctua.te each en1i11e •7 de1reea
from the vehicle centerline at the rate o, 8 de, ... ,u per second. The ARMA i•
a hydropneumatlc unh compoHd o! an accumul1. ",'I", a reservoir, a manl!old,
filter■, and relief valv.a. Both hydraul' .-: pum1•• \re o! the variable-dieplacement.
preuure-compensated, muhlple•pieton type. I'htmaln pump operate, ac J650
pal: the auxiltary pump, betwHn 3000 and 3650 psi.

Z•SI 



: ' 

.:- l; >. HydN:.�:c oi• h aupph�4 :r .. m the rc&erv<,ir to I.he two �wnpa under� 
:-· ;-::.1.• 1,r.:uure. J)::l�i; J.,? c�i;,r.o- Gr�r .. ttor., hydraulic on,·�nder preuure.
� :- •.:,·d fr"in the m.ain pumf tu tho prou.ire mor.i.!'old o! the rfservoir-
• . •::.,-:,i:4tur. Thl• m.nUold c!\atrii>utc:� h}·ci.-.uHc preuur. "ithin &he reaervoll'
.... :,•m to> thf' .accumul.tur, �li;h-�:,,s.;1r• !ilter, ar.d relief' v;.\_ve. Pressure la 
.,: ... •!ite!�tcd tc, lh� 1v.·c, ;.ct�tor• y;.-J�il .:-o mo�nt�d butweer. llae thruat structure 
.:.·! :l.� a·n�ir.c. ACtl.t'ltOC' :�t&?rn iluid h :ret�:ned lo the reser�ir through the 
--:�rn mt�r. i>:c,vldcd in th• return m-r.i!old b a low-presauJ• reUet v&lve 

w.hicb it qseblecl by CitoppinJ "ft• vent .>:ior to launch. 
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�-II CROC:--.D SUPPORT EQUIPM�NT 
'• 

3.J. Durini a.11 phase� c! S-llh<Lnciling .. nd 1crvicing, s·peci!ic types o! g:-uund
handling ei;_ui1_>ment a.ri re4uired. Ground aui)port e4uip1nent used with the S-II
• ,a,e a.re of iour type•:

a. Checkout equipment, ma.nu�l ;.nd a.,.nom.i.tic, which is u11ed to control and
monitor ata:;e test and ,heck.out operations 

l>. Servicing equi;,ment whi�h is used to service the otage during the same 
operations 

c. Handling equipment which i.11 u sed to transport the stage and stage con
pon�nts during transportation, test, and maintenance operations 

d. Auxiliary equipment which is u11e d to •u?port automatic checkout and
servi<:ing equipment 

3-2. Each unit of equipment ts explaine� in further detail as to £unction and
placed in cha.rt !orm under the specific: equipment name and model designation.

3-3. AUTOMATIC CHECKOUT EQUIPMENT. This equipment is the moat com•
plex o! all ground support equi?ment. The automatic checkout la divided ioto
test stations and a controlling computer complex. In tne automatic mode of
operation, the computer compleK sends control signa.b to the stations to apply
stimuli to the staie.

3-4. Five checkout station� operate ma.nua.lly, or a.utomatically, to monitor and
control the various 1tage system• durina checkout. While in the automatic m�de 
o! operation, a computer complex· is employed to control station operation. 'l'he
checkout equipment (sta-lona) a.re grouped into the following functional areas:

a. Telemeter checkout station. The telemeter checkout •tation, which
consbtt of 10 racks, permits checkout of the FM/FM and SS/FM telemetry 
•yatem•.

b. Electrical checkout station. The electr!cal checkout 1ta.tlon, whic:h
con,t.ts of 1eve11 racks, permit• checkout of 1ta1e electrical power &nd co11trol 
system•. 

s-1
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.- . �� .. -�h.u1k.sl .:hcckc.ut l$l,Hi,m. Th,· ,,.., .. 11.u1i�.,, ch\:ckout etatlon consist• 
�� :,·, :4.:k• and provides lJ)'d:-aulic and pneum.i.tic control !of varloua •tage 

. ·.· ..•• n,i-. 

J. JlF •ystems checkout".tation. This station, wt..:.ch con•➔•tl o! one rack,
ch�clu ou, the UHF radio command aystem. 

c. Dia:ital data acquisitioai station. Thh station, which cooahts of !our racks,
conv..-rt• "4go measurementti from binary coded !orm received from PCM aystems 
into binut-coded decimal !orm !or disp�y by other checkout ttationa. 

J-S. A table has been provi<Jed to cover all facility checkout equipment and
•••tion e4uipment to indicate '\the performance function of each>unit and rack
where applicable. (Seo table ·,3.1.)

J.6. Checkout Equipment. Automatic checkout ground •upport equipment la
used !or &be checkout ol the S-II stage at the MTF under the jurisdiction o! Space
.and Information Systems Division. The purpoae ol the equipment b twofold ln
uture. The primary use is for ·malfunction ieolatlon,. checkout, and certification
of lhe S•Il atage. The secondary purpose b to cb�ln Jl'e&ter confidence ln
checkout &hrwugh a more thorough checkout, elimb,ation ol buma11 errors, and
maintaimna complete records. A &bird purpoae la to maintain tho aame configura
tion £or ·the equipment at all checkout statlo:l•• All or portion• of the around
aupport equipment ii used to contrC'l the S-ll atage, apply a •timulu•• record and
evaluate teat data d\ll'lng atatic !iring testa, lnclivldual eyatem• checkout (l. e.,
all aystem• teat). Table 3-1 list, the checkout equipment utilized at all the
laclllt.l•••

Table 3-1. Checkout Equipment 

Model 
Nomenclature. Designation U■e a11d Application 

IAutomatlc checkout C?-2 Provide• all di;l�l computer lnstruc-
pro1ram Ht tlona (pro1ram tape•) as required !or 

particular ataae eyatema. A Hparate 
program aot will be provided for each 
functionally di!lerent •taae checkout. 

Slapa, area cable C7-26 Connect• CiSE to com�ter coiapiex, 
iutallatlOII al•o to connect CiSE 'tS-lI •tage. 

Electrical cable teeter C?-28 UHd to teet cable• .,,..ch interconnect 
ataa• component chef out CiSE. 

. 

t' 

., ... ,. 
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1'ilble 3-1. Checkv..!� Equipment (<;pnt) 
j 

I
. J, 

%1:<-:no ncla ture 
:.c
. 

, .\.:o•p�nco teat at.and} 

(�• 1 C•�le inatalla- :-( 
�.:;n 

. 
. 

1 MTF ltring control 
. 

. 

I 
e1rnt, r c�blo in-
.,.U.tion 

A.:cepi.nce teat 
•••nd %1:o. 2 cable 
in111t..U�tion 

Rernoto power dis• 
trlbucion p�nel 

St.ge atatlc test 
electric.al harness 
.. , 

(;round e4uipment 
i.at •et

St&1e checkout elec-
&rkal harneH set 

Time code rack 

Manual preuure 
checko�ttran1ducer· 
.. , 

I 

Model 
Designatior. 

C7-3S 

C7-38 

C7-40 

C7-41 

C7-43 

C7-44 

C7-46 

C7-48 

C7-S0 

.. 

... IUse ;\nd App:ication 

tJ•ed on :Lccep�;u::e teat •tand to 
connect S-ll stage to controlling OSE 
through lacil!tj wiring. 

Connects CSE Jn !iring contrnl center 
to st�ge thrc,l.l� facility wiring. 

� 
r 

. 
Used on acceptance test •tand to
ccnnect S-ll stage to-controlling OSE 
through facility wiring. 

Provides remote control electrical 
power from facility power to s-n

sta�e. 

Provides interlace with LOX prevalve 
actuation system, faU-aa!e engine 
actua.tion system for flame bucket 
protection, and vibration safety cuto!f 
system. 

Confirms initial functional readine u 
of stage checkout OSE and aid• bi 
developing automatic checkout pro• 
grams. 

Provide• mating connector !or each 
accelerometer and rate gyro wheel 
package to whlch both jumpers and 
resi•tora c;an be installed. 

. 

Provide• accurate time reference !or 
correlating data while checkout takes 
place. 

Aid• in proridln1 pneumatic 1yatem 
preu-.,re to be dilplayed and/or re• 
corded for leak detection and measure• 
ment. 

. 
••• coadaue.t 

,., 



T.kbl�."l• l, Ch,,�kout Eq1.1i1>mcnl (Cont) 
-

... , Model 
! 

i 
Xomencl�ture Qeaignation 

1:.:::.:inc •y•tem flow ; C7-51 
!:r.ur.itoring unit .. 

I 
J; 

!
Pr.c11rr..1tk: checkout

l
C

�-5
3

,
�1.,r.kini: plate .et

. .

�i:ine checkout elec- ! • C7-59
,,tc.ll power cable set 

Sta&• b&ttary simulation C7-65 
electrical wirh:1 
�rnes• �•t 

56 VDC-ZOOA power C7-67 
,upp!y rack 

Mo�ilo mechanical C?-70 
equipment checkout 
11nit 

�I.AM electrical C7-72 
bartaeH Ht 

SLAM eupport structure C7-73 

FC:C etalUl fl power C7-78 
dl1wlbutlo11 eyatem 

FCC ataacl 12 power C?-79 
lllatrtbudoa •y•t•m 

Staacl fl poWH' dl•- c1 .. ao 

trlblltloa 1y1tem 

' 

Use ancl .Application 

Measures and monitQr• engine s1stem 
bleed ilow. � 

For calibration of Cf& pneumatic 
syateina. 

a 

Interconnects f.cUitt" pow,.r and elec-
trical checkout console, ai.-t fiiaht 
inatrument.tion checkout a.nd recorder 
console 1. 

Jumper• stage malft de, in•trurnentation 
de, recircula.tion motor de, and l1nition 
de battery supply circuit• to cround 
power 1upply circuits. 

Providu 56-volt po�er to S-11 stage 
recirculation bus. 

� 
Perform• pre-servi�ing checkout of 
S7-41 c�n,ole ,et and A7-71 LHz 
heat excb.nger. '

Used during engine f_iring operation• 
and is routed between C?-73 Junction 
box and variou• SLAM components. 

' 

I 

Tie point for 1ingle !&cllity input 
cabling and nine individual cablea to 
SLAM components. i 

Located at MTF and u•ed ln fire control 
center for diltrib\&tlon of facility power 
to OSE. 

Located at MT7 and used lll fire control 
center for di1tribution of facility power 
to CSE. 

Louted at t,iTF and;u■ed in stand fl 
for dl1trib.: ion of fa°f:llity power to GSE. 

. 
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::- ,:' 

I 
Model ==-· 

Nvmcncl,ture ' Oea.ignation U so a.nd .-\;,plication 
I 

}'·. .. 

St;ind ;; 2 powo r dis-
�! 

C7-81 Locatt"d a.t !,f'I'F: ;ind U!-.Cd in •Und tl2 
tl"i'bution ayatem ,. !or distributi.:>n.o! fd.cllily power to CiSE.

Autpm,tic checkout 
.. C7-101 Used as �Ml"l o(GSE fol" automatic 

corj,puter I program control of S-11 eystems test,, 
' preUmiru.�y dat.l. atc;rage, and arithmetic 

operations. .

Test conductor conaole C7-10Z . 'P1·ovie!es control .i.nd display oC all 
necc:lis,1.ry portion• of S-ll CSE required 
!or autom.i.tic checkoat of S-11 stage
systena1.

Program input 1ot C7-103 Provide11 meo1.n• for ln1erting new 
programed ma.teri.al lnto computer, 
enabling computer complex to perform 
desired .a'-tomatic checkout procedures. 

Data printout rack C7-104 Provide,s permanent printed record 
euenti•l £or te■ts performed by S-Il 
checkout CSE. 

Auxiliary memory ratk C7-105 Uaed for data and program storage. 
Data l"eceived by awciUary memory 
from computer b atored until 
comput�r requHts it !or d...ta printout 
and use at data processing center. 
Pro;ram which computer receives 
is stored in auxiliary memory. 
Test conductor command• computer 
to search !or desired teat program. 
Test program la then shifted !nto 
computer memory and performed. 

. 

Buller equipment rac:k C7-106 Provides logic level chan1e, com- ·l 

ma.nd distribution, and temporary 
storage data capability and trl11er 
•ignal re■toratlon.

1,ocal dlpW drive link C?-107 Pror.de• dlgit&l comnu.udc&tio11 link 
rack betwtte:i computer complex and remot4 

di&ill,l drive link rack (C'7•IOI). 
� 

. 

...u ra,•· 
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T .. u.e }-1. Chcckuut F.<p1ipment (C.::.nt) 

! I . ' Model -... 

! / 
' Nomcn.;l�ture �esignation Use and A�'plica.tion 
i 

: H...-:note digi�l drive ,':7-108 Provides digit.:i! cc�munication link 

l!ink rack ...... between local di,--:ital· drive link rack 
( C 7- l 07) and ren· . .:it(! located checkout 
stations. ':

-4· 

Computer iaola.tion C7-l 09 Provides logic levef conversion for 
:-;ick all CSE hu!!er equi�ment input lines

to compuw,:- (C7-10 ), and isolates 
computer frame ground from other CSE 
�rour.ding. 

3-7. Telemeter Checkout Station. The telemeter checkout station is used for
both the single sideband (5S/ FM) telemeter system and the pulse amplitude
modulated (PAM/FM) telemeter system. The checkout philosophy used !or both
telemeter •y•tem• will be selection and measurement of one channel at a time.
Both systems will be under automatic control of the computer for rapid checkout.
Table 3-Z liata the racks utilized.

Table 3-2. Telemeter Checkout Station 

·Model
Nomencla. n�. re Designation Use a.nd Application 

Automatic contrr,l and C7-510 Provides computer f-tation interfaces 
�•play rack for all automatic mode !unction• with 

exception of PCM fo1·mat. 

Di1itizin1 •Y•tem rack C7.-511 Converts analog data from output of 
discriminator rack to a parallel PCM 
form.at for comparison with output 
from_computer complex, 

Oacilloaraph rack C7-512. Providef. analog display of telemetered 
responses from stage. 

Decommutation rack C7-513 Operates time-share� channel• of 
" 

PAM pulse train, anp provide• vi•ual
duplay for :>utputa o decommutation 
system. 

... 

,_, 



: I Model I 
. 

I :-; .. nl,i n(;l.:&\-.&re Dcsign:a.tion U 11e a'rvi ,.·??lic:.tic.n
I C?-514 jmsc�fmin.-..�c.:1a rd. in.:c.min1t compo•ite I :Y.scrin,in,uor rack 

,. 

• lvidec,j telemetry signal,., C,\hbr;.\efl 
fi. 

l
discrµninator�:, and meaaurea frequency

. .  of RF. carrie:r. • 
I 

Receiver rack I C7-515 !Receives R.1-.. stgnals, conver\a these
jsignals and dis�tributes them to tape 
!recorder, discrirr.i�tor, and PCM
l!orrr:at rack,
I 

Tape recorder rack C7-516 jRccords ca.nd rt'\produce.-a •ignala routed 
•through record/ pl<11yb.lck patcb panel
!rom receiver rc1.ck.

Single sideband rack C7-518 Receives composite •igr�l conaiatina 
of vibration d;.ta from S-11 ata.1e, 
demultiplexes, and route• analo1 in-
!ormation to oscillographa.

PCM rack C7-519 Receives 7Z-kc aerial pulae train lrom 
ODA� station, and aupptiea analoa 

. signals which can be recorded at 
oscillog raph rack. 

3-8. Electrical Checkout Station and Static !-.. iring Station, The electrical
checkout a&A\ion provide• teat stimuli and accept• test reaulta between the follow
Ina S-ll at.ace ayatem• and CSE: fiight control, ·separation contrc,l, thermal
control. preaau.:ization control, electrical pow.er �ontrol, engine control 1yatema,
mechanical checkout atation, and remote powel_' distributior. rack. The ata.tlon l1
contro:led locally 'by a atation operator, or remotely, by an automatic pro1ram
from the computer complex. The static firing station providea teat 1tlmull aQd
acceptt teat reault1''between flight control, thermal control, preuurb:ation
control, electrical power control, and engine control syatema dul'lns atatlc lirina
operatlo11a. 1'b• atation ta controlled manually by a atation operator. Table J.J
li�i. the equipment £or 'both atationa. 



-

: 

i :-:omencl,ture 
I 

L,\.tom�tic: conuol 
lr;ar.k 

I 
. 

:.!::.mul conh'ol AM 
dbplay rack 

Sisnal dlatriku .. 
r.lck 
. 

�clal uia .. .u

Statloa coacn& ...& 
display rack 

Local COlllrol &M 

display rack 

Sta1• •ll1>atl111-.e 
rack 

Sc&nalq rack 

:1-1 
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Tabl,• '•). l•:l .·,:lrh:.,l Chcckc,ut EquipmenL ·. 

;Mo,'el 
O.tli�tion 

.... 
C7-201 

� 

• C7-ZOZ

C7-Z04' 

C?-205 

C?-208 

C?-209 

C7-210 

C7-211 

� 

Use and Applica.tior. 

I Provide" b11£fering a�d c!ecoding
function• for auto:na\'ic control of 
atation and routing o� •tat!.on re•ponae 
signal!' to computer 9r to di•play• in 
rack C7-ZOZ. 

; 

Provides local control capability o! 
electrical checkout s\ation, and display• 
stage response signals during checkout 
of S-11 stage. 

Provides electrical checkout atation 
with capability of selectin1 and dlatri• 
bu·ting proper signals to S-11 •ta1e or 
display panels as required. 

Monitors c riti,al atage !unction• ancl 
commercial item• to !aciUtate cali• 
br.ation and troubleshooting. 

From.an auxiliary position. eaablet 
control o! atation powel' euppUes. 
measuring instruments. limit detec-
tors, echo check, and ditplay• for 
station status, test data. and atage 
response. 

From an auxiliary position. enable• 
local control o! engine stimuli and 
propellant !ill, and &f!IO:iated db• 
plays. 1\ 

Provides neceuary s\imwl to Yerity 
proper !unctlonini 0£4taae fiipt 
control. engine actua on. and ••para-
tion system•. 

� 

U1ed to rec�ive co11trc\l la•tr11ctlou ancl 
1ub-addre• 1-es from f•mputer lo per• 
form a 1caianin1 oper�OD of •ta1• 
hardware d�1,crete aip.alt • 

• 

. 
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!".: ',I..- ,; -J. F.i,-.: r ri..:;, l Chc-.;kout Eqtu P:11<H1t ,Cor.t) 
" -i , I Medal 

I
. 

Ncrncn�!atur� . Designation t; se �nd Application 
. .

Discrete dlapl,"\y ro1ck C7-,l2 Uud to dill?i�y i. .. "t"awa.re diacrete• 

I 
from &�a.:;e, 1n"echani.ca.l checkout

.; etation, and r,1ay ir:terloc� rack. 
' 

Rc • .iy interlock rack .•• C7-213 J Pro\·ides logl�_:eircuitry to interlock 
, 

I :i.r.c!. sequence �tage !unctions during 
static firing a�d checkout operation•. 
T;:-sts various :types of relays in 
electrical checkout station. 

Local static firing A C7-8Cl Providea. an ir,ter!a.ce for •eparation ot 
l'ack electrical checkout station and acaae &t 

static firing sites. 

Remote •ta.tic tiring C7-8O2 Provides an ir.ter!ace for 1eparation of 
A rack electrical checkout station and •taae at 

sta.tic firing site, 
-

Engine cutoff rack C7-803 Provides all engine cutoff •ignale. 

Static tiring monitor C7-807 Displays source of engine cutolf •ign.ab. 
rack 

3-9. Mechanica.l Checkout Station. The mec:ha.nical station receives command•
through the electrical station to check out. the propc·.lant systems and the engine
actuation ■ystem•. rable 3-4 liats the mechanical equipment involved.

Nomenclature 

Table 3-4. Mechanic;,.l Checkout Stallon 

Moclel 
De1igna.Uon Use and Application 

Pneumatic chet:kout C7-603 Uud to check out S-ll •taae preHuri&&• 
con,ole Ht tion system• and perform• or &ulata 

in per!ormJng leak and f'unctioaal check• 
on engine and propellant 1y•tem1. 

3.10. Ra.clio Frequency Checkout Station. Tho radio command receiver ll 
checked with th• radio frequency checkout 1tation. Cbaractorbtic• of the 
receiver are cletermlned by applying •timuli tr ,m the electrical &ncl radio 
frequency cbeckOut aw.lions and evaluating ro11:onao da.t& throu1b the telemetry 
■y1tem1. Table 3.5 lbc. Che radio equipment involved.

J-9



Table 1..:5. RF Systema Checkout Station 

i
·� 

-:Model . 

I 
Nomencbture J?,aignation Use and A?plicadon 

C.11nm.-.r.d dcstr\lct C7-l07 ti•ed to manually check o"t comm&IMI 
rrceiver (CDR} check- l destruct receiver a.n;l associated

! out r.:i.ck .
antenna systems. 

:' 

s.1,1. Dii;ital Oita Acquisiti:on Station. Checkout o! the pulse�code modulated
{PC�I) ,.emetry aystem will be performed at the digital data �tation. At this
ilit.:&tion, coded ;,ulse train• from the PCM aystem are regener�ted '° remc.ve

\ ., � 
tr.:&n,mission noise and converted from serial to parallel !orm·at to produce an
output signal suitable for processing in the computer. Table 3-6 lists the
nec:esaary equipment for 51er!orming these operations.

Table 3-6. Digital Data Acquisition Static.n 

Model 
Nomenclature Designation Use a,�d Application 

Automatic control and C?-401 Used to display responses of itptal 
display rack data acquisition station; acce�t• 

digitally encc;ded logic control aipala 
Irom general purpose computer a114 
decodes _program command• arul
displays etage responses. 

Loe.a.I control and di•• C7-402 Provi,Jes local oper ... tion oi d1pw ut& 
play rack ;.cquisltion station and dieplay clhlribe• 

tion. 

PCM rack C7-403 Demodulate. and degenerate• •laul• 
transmitted from at.Igo. 

Computer adapter rack C?-406 Provides binary to BCD coaveraloa •• 
route� BCD to display, located at otbe• 
stations and computer complex. 

3-12. SER.V:ZCJNO EQUIPMENT. Servicing equipment i• required to proride
electrical power for around operation• and furnishing operating liquida, , .... 
aa.4 101lde co the Saturn S-11 auembly. This equipm< nt consist, of deslccalor 
· 1yatem• hydraulic 1ervlce· unit.a, pnownatic-operated service unit■, aD4 Hrric• 
e&bl•• alMI Uu,. U.m• of eervicln1 equipment with ·:heir apecific applicatioa 
are 1!1tecl bl table 3-7. 



SM-S-11-01 
:•-

Table 3-7. St:rvicir.g Equiprncn� 
I ·. 

I
I ii-,. I . Mc.de) I . 

I Nomenclature Desi gr.a tior, c; --e �nc Application 
. 

lst.1ge .l.rea fi:aid di:1- i Si-U Ut;c,.! wi!h pneumatic checkout con•olo 
tribption sys�em I .:t.nd hydraulic J10Wer console to supply, 

I dis:l'il.H.iie, a.nq control fluids required 
; C 

I
I for c!ieckout of S-II stc1ge. , 

., I 

Accept stand No. 1 ' 
S7-Z.7 I Used with swi�g arm pneumatic console. ! 

ilufd c!�stribution i ! pnc:umatic che�kout console, and hy-
sys.tern• I 

I Jraulic power �onsole, to supply, I 
distribute and control fluids require<& 

1 
! and control fluids required /or l•ll
! st.-"'l.gc checkout a.nd static firing •

Accept st.il.nd N,:,. 2 I 57-33 Used with swing arm pneumatic con•ole.I 

fluid distributic-n I pneumatic ch�ckc::t cer.aoa, 1-,ydt"aulic
I system• 
I 

power console, and instrumer.t air
servicing unit to Jupply, distribute,

I .:..nd control fluid• required for chec1cout
of s-n stage,

Electrical conta.iner 57.34 Manual control blower and filter unit for
air servicing unit continuous filtered air to •tage die• 

connect,

Portable vacuum pump $7-37 Re-ev .. cuate� vacuum-jacketed line, of
unit fiuid dtstribution system• and •taae

propellant :..-,ed lines •.

Hydraulic accwnula.tor S7-38 Used to precharge pneumatic tide of
precharge servicing accumulator reaervoiL' !or ea.ch englne
unit actuating • y•tern.

Purge and .bermal S7-40 Used to condition and purge container•
control nitrogen a�d engine compartment.
■ervic1ng unit

Pne,nnatic Hrvicing S7••U. Prov!.det gaseous helium, nitrogen. and
and checkout con•ol� LH2 !or servicing and checkout of S-U
,et •tagt; pneumatic and propellant •y•tem,.

Electrical pneumatic S7-•U Provldu remote electrical con trol for
1orricin1 console S7-41 conaole ■et.

•Equipmea.t Got uaed at MSFC C\I" M1J..A facUitlos •
. 

,-u 
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3. U. !1.,iNOUNCi EQUIP'-,l;�T. Iian<lling e(?uipment is uioed f9r handling the 
!_,.,0,.:cr aSld components dur{ng all phases of m�nu.ia<" 1.�.·e, tra��port...tion, 
, . .::-,ric:ir.S) a.nd repair. Thia_ equipment includes slings, coverf, dollies, tr .. na• 
i•-,rt"'u• ramps, and compon!nt insi.allen and handlers which �re used on 
\·.,dou11 at.lite• of S-ll stage n:i�nufo-:1.urina and handlin,l, Ea.ch-_phase of handlina 
is c.,:-dinarily under a speci!tci category a;ttCh aa equipm�nt. tr..insportation, 
hoi ifling ectuipment, elc. .Eqjiipment for handling S-11 stage b )isted in table 3-8. 

; 

Norr(enclature 

S-11 stage pallet

. 

Forward stage support 
ring 

Alt stage support rin& 

Transp·orter !orward 
tr\lck 

Transporter aft truck 

Alt interstage dolly 

Stage front cover 

Staie mid-body cover 

Stage aft cover 

Inter•taae alt cover 

Tabl� 3-8. Handling ::::quipment 
# 

�Model ! Dtsignation U:;e a.;,d A�plication 
i 

H7•l I Support..; S-ll stage i� horizontal posi• 
! ti,1n and provide• means of rotating
: e.tage while on transporter • 

H7-? Supports stage on transporter �nd pro-
vides attach points for for.ward hoisting 

I frame (H7-24). 

H7-3 Support11 •t.aie on transporter and pro• 
vides attac� point• Ior aft hoisting 
£rame (!i?-25). 

H7•4 Converts S-II stage pallet into roa.iable 
S-ll staie transporter.

J·!"l-5 Converts S-II stage pallet into road.able
5-11 stage tTansporter.

H7-8 For support and delivery of interstage 
from Seal Beach Facility to MILA, via 
ore.an vess�ls. 

H7•9 Model No. H7-9, -11, and -14 provide 

H7-11 
environmental protec�{on £or •tage 
against sand, dust, WJtter, a now, etc., 
during handling, traneportation, and 

H7•l4 storage. '· 
.

H7-U Provides environmen\al protection of 
lnterst&ge during del\very and storage 
cycle. 

•
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·r._,.�,.- ;.:.. n •• :lJ!u1� �Cj,\:lr,r.-i.:r.L (Cqni)

'J Model 
I

i� .... 
• .• ;., 

; �omondature 0cl"1Sn.l'io:a Use ,od Applic. .. tioa. 

Jsc.a:• IU•up tlxt11re ., H7-l7 1 ll•ed to pr:>c!-�.>.ut both transporters,
lveriiy ro:&cl tral\sportation to Sant&

., Su•.:.r.::&, veri!"f sea transportation to 
iMT�. .

I 

i 
' 

f Transport Uluminatio� H7-18 . Pt'�v,des illuml1U1tion lor S-ll staee and 
11ct ; 11u::-N-...""\c;!.r.g area.a durins l\ight hl;hway 
I 

. j tr-.:1•port • 

Engine �c,\l&tor H?-20 ! Strut u•ad to replace engine actuator
simul.r.tor :when the actuator b removed lor 

mAint-,nance • 
. 

Su.Uc: !irln& akirt H7•2l Used. ln conjunction with H7-3, to 
provide support !or aft encl ot •tag• 
during &nna,ortatlon and handling 
operations. lu addition, sk1r& proridee 

. , support !or stage during •tatic firing • 

Stage erec:tinc •Una H7-23 Attac:ne• to lorwud hoisting frame to 
proriclo moan• ol hot.tin&: S•ll etage. 

Forward hoiatlna frarnc H7-:?◄ t tY..stributo• loac!Jt encountered durin1 
. 11.age hoisting procedure• to forwarcl 
l•tase a.uppcrt rl•"'B (H7-2).

AJ, hol•tlng frame HT•.?5 UHd 0?r horizontd hol11tlng ancl wbe11 
erec:Unt lrom horizontal to vertlcal or 
lower n,. 

Inteuta1• and •Catie H7-2l Uwd o handle segments of l1'ter1ta1• 
firing 1kirt 1e1ment •r.d ••,tic:-firlng akirt (H7-21).
•ling

. 

Supp:,rt rina seamen& ff?-21 Uted o hob& ancl maneuver •upport 
,Una rlna ugment• during aaaembly or &.• 

�•ae:ably ol H7•2 and H7-3 • 
• 

Ta.s llne• adapter H'7•Z9 ProvU.e• attachment for taa Unet 
whlc·:are utec! to guide •taa• durins 
erec ?>n • 

• 



.._,

T.lble J�S. Handlic1i,; £,1u.:prrietll tC.-,nt} 
. 
' 

I :-;.,mencla.ture 

ist..ti� !iri
.
ng skirt

I • - i 
I ,..,nJ: 
i::nginc prrtective 
• r.ime , 

• • 
Encine protective frame 
attitude control sling 

All hoi•ting frame 
.iccus ladder sling

Bracket Ht stage
1uldo 

Forward hoisting frame
holding !"ixture 

Tran•porter com-
ponent• •ling 

Interstage forward
1upport ring 

Intentaae aft
1upp.>rt ring 

Center en�lne ver•
tical ln1tallatlon 
adapter 

Outboard erpne 
Yertical ln•�Uation
adapter 

S.paratloll linear 1haped
char1• inat&ll•r· 

�- Mc,del .. 
�,�ignation
.... 
>.� H7-30 
, 

rl ' H7-7Z -. 
·t 

� H7-76 

H7-78 

H7-79 

J17-81 

H7-83 

H7-9Z 

H7-93 

H7-94 

. 

H7-95 .. 

H7-97 

& i •• s ��- • •  

I Ua� ... nd A:,"plication 

Used to hoi•t -lnd m.n-.euvcr static:-
!iring :i!iirt (H?-ll) .1.nd ini.erstAge.. 
Used :c pro�ccr. •��� enl!.ine• during
transport • \ 

. 
Controls atti1uc.� ol �ngine protect:ve
frame duri.r.J ins r.dl•tion. 

Hob:• .acces11 lcdder 11110d to service
alt boisti.n.; tram� • 

Provide• poahive c�ntrlll and guidance
of•�&• while low.rln1 it onto ttatic 

I firing st.nd (two reci. ). 

Uaed •• a .eat aupport for H7-Z4 
hoisting frMnct when boiating frame
i• not ill ;iae. 

Uaecl to� hGlatin& tr&a.aporter com-
ponents aucb •• cradle, pallet, and
truck a■ aembliea. 1 

Protecu lntentage forward mating
interface. and provide• hoisting 
attachment. 

Protects interstage ut matlng inter-
l•ce, and provides m�ans of attachbg
interstage to S•Il che�kcut dolly. 

. "> Used for raising and lowering center 
engines during onain8"ln1tallati0n and
removal. 

U■ed foi· rahing andjowering outboard
ens;inea durina engin, in1tallation and 
removal. ' 

Uaed to un-. .nd linear sb&ped char1e 
from stora., t reels cllrin1 ,eparatior.
•Y•tem ln1t,.llatioll. ,' 



I ; �omend&ture 

iUI,? ... cce•• coverlh.tr:dle 

. LqK drain valve 
.;,,11�.,mbly ln11t.1ler

; 

.. 

s-Il stace interstate
p�tlct • 

lntersta,e iraruporter
lorwarcl truck 

lnterttage transporter
a!c truck 

Stage welahlng forward
•upport •tand 

Stage ,veigh1ng a!t
1upport su.nd 

A!t hoisting frame
adapter 

. 

Stage et-ectins alf ng
adapter 

Alt hot.ting lram•
adapter 

Sta&• erectlna 1110, 
adapter 

SM-s.u.o: 

Moclel 
DesigtwliOll

H'�-100 

H7-101 

H7-104 

H7-l07 

H7-108 

H7-111 

H7-112 

H7•113 

• 

Caed ta U!: oU �nz tank acceH cover. 

, 

C•cd &t MTF to install and remove the 
, J 5 min.ite dr�ln valve assembly • 
I 

I Pallet, iorward truck, and alt truck 
I mal<c up typo n transporter used to 

I 
d�liver ilight •tagea to MTF and MILA.
Type n tran1porter l• not permlttecl 011
C.U!ornla highways. 

Attaches to stage erecting •ling H7-23
!or welghlnz S-II •tage (one re(lulred).

.&tta.ches to a!t stage •upport rlng H7.3
!o-r weighings-II •tat• (two re(lulnd). 

Provld.s• interconnection between crane
holatin3 hook and :.ta.ge handling equip• 
ment • 

Provide• ir.terconnectlon �tweell crane
hob ting b.:>ok and •tag• handling equip
ment. 

Provide• interconnection between crane
hoisting hook a�d atage handling equip• 
ment. 

Provide. interconnection between crane
hobtlng hook a11d 1ta.a• hand:,n1 equip•
ment. 

3•14. AUXILIARY.EQUIPMENT. AuUlary eiquipmant uHd with che boo1ter 
aaHm1Jly ii requlrecl to provide 1afety provla,ona and protecUve apparatu1 for 
p•r•onn•l ancl variou• s-n unlta (module,)•• ·Ntll a• lurnl■h 1peclal toot.. 
allanm•nt 4xture,, te1t ,ei,, walkway,, and uHtrwnentatloa unit, to facilitate



�••m',:r. .. d �y•tcm» checkout?,� Umbilical arm extonsi<ms arc pri_vitl<:d w bo u11ed
.: •• •,,r. ... .;nc)ic.n -.·ith tower u"i'ilical 11wing a&rms. Theai• mech��cally operat�d

•. n.:: ., rMs •upport tho prop,ellant !eed vent, power cable•• cr,,ckout i&nd leaK
, .• , •• ,."·A,• inn aor checkout �- urge and •erviciu; 0£ bo�ater ayr.icrr.u, opcr.itir.g
.. • •• V I I • 

11 .,.•l•i:&-"• •..and •upply tanks. � tcma ol auxiliary equipment knd �cir 1pecUic 
•·•••ac.,tl<,n .are lbted ln tabl'9 3.9. , . . 

T..i.�le l-9. Auxllia.ry EctnipnL:nt 

Xumer.cl"ture 

Tr�n"purt lnatrumen-
t.ation unit 
. 

£1ectrlc.-l connector 
. cover •et 

FlulC: �onnector cover 
sel 

\Varmna ,treamer 
set 
. 

\'ertical e111lne com• 
�rtment pl&ttorm 

Enpna compartme!lt 
ll1hc �•' 

ThNH all1nment Ht 

LH2 taftk Hrvictn1 
n.-cha .. tam 

Po,war4 ,Sdrt maln• 
aeuace walkway 

J.1,
., . 

I 

.·'; 

}Model 
�•lgnatio� 
' 
�A7•3 

A7•6 

A7-7 

A7•8 

A7-12 

A7•14 

Al•IS 

A7-3S 

A1•38 

I O•� and Ap�llcation 

Monltou an� r�cords environment"l 
conditlC1nt1 and acc:cl.,rallon load• on 
s-n stage d�ring dil!erent typee of
transportali1n· 

Scala umblli�al• ilnd interlace open 
electrical 1ocket1 from du1t and dat. 

! .•. 

Seab all opeln llutd line, and propellant 
Unes from dust and dirt. 

Warning ,treamera markecl REMOVE 
BEFORE FLICHT u11cl durins: tran•• 
portatlon and handlinJ of •t&&•• 

. 
Provide, acce•• to eaglne compartment 

" and serve. a, a drop ■.,creen to prevent 
damage to englnet wl'lh etage lft vei-tlc:al 
position. I .

� 

Provides lloodllghtln,r in enaine com• 
partment to £.cUitat� ma.lntenance. 

Accurately �onfirm• alignment ol ln-
clividual eng .ne astembUea durlng engine 
ln1tallation. I 

. 

For "ln tanlc(' instrumentation lnstalla• 
tlon ancl lnapection. 

A rigid removable platform ,urroundlns 
loner pctriphery of torwar4 ,klrt tor 
mainter ,nee operation• on s-n and 
s-IVB , :a1ea.



I 

I 

I ' 

i,�!a 3-'). .\1.:.d!:..a.:)" ,;.:-.:a;>:.i�•i:; tC:ur.,; 
. � 

!, Model 
I 

. 

I 
, 

... . :.;.,mea,d�tur• •• Deals;nat.io11 Uai t \nd .r\p;allcatlon , ' 

1-'iJ 1o1nk Hrvlclna .,;
A'l-40 

-�

• I Provtdci• cJ�."' a11r.011phcr• and COIi• 
,lr c.,nditioncr tl11uou1 Air z,ur.�• durln, lntorlor 

servicing o! Ltl'l I.ink • . 

. . 

i l>rc-vldH n,ou.iuni ol all CSE: dlacon• u,n.bUlcal dlsconnect � A':••U 

.arm No. lA carrler 1 r.cc:.1 10 •CAao:
pl�i• aucmbly .

! 
. 

CmbUlcal diaconn.ecl .-. .AT-42 i Frovl�• mouitt.Ln; of au CS& d�-
arm No. 4 carder connects to •ta;e. 
plate auembly 

Forwar41tage acceu Al•4-l Provides acce,. to H7•2l 1tage erectln1 
plat!orm sling for crane hoc:tc att&chmeiit during 

1tage hot.ting operation•. 

Static flrlna heat A1•41 Protect• e4lutpment la lhe S•U 1taae 
shield enatne compartment from radiant heat 

enu,y of engine cxbau1t plumea. 

En;lne compartment A1•51 Provldu a CiNJ p1:r1• be&weea 1tatlc 
a-.xillary purse firing ,klrt and &hrHt 1tructure 4\lrlna 
manllold 1iat1c Grine. 

Fbed umbilical· A7-6l Uaed tor connectlna lluld and elcc:rlcal 
dltcoa:aect a rm !If,,. .!nu frc,rr. !aclllty power to ,.u ttaae 
3A carrier plate during 1tatlc firing. 
&Hembly 

Fbed umblllcal dl•• A1•62 Used £or connectln& fluid ancl electrical 
connect arm N-,. 4 line trom lacUlty power to S•Il 1tace 
carrier plate ,urtna etatlc firing. 
&11cmbly 

LH: till cli,connect A7•64 Provide• connectloa tor m&lft LH21'&11 
. and :lrato llne1 for CS launch confiaura • 

tlon. 
. 

LOX nu cli,connect A7•6S Pi·o,tdee coMSctio11 for mala J..OX fill 
an4 dral11 llnH for CS la.uncb configva. 
Uon. 

• 

•••CNd ... 

...



"' 
�umencl.lt�re 

i..lb fill cij.sconnect 
.. 

�J.,ptcr 

LOX till disconnect 
.uwptcr J 

�rm No. lA carrier 
pl.ate support 
mech.aniam 

Al'm No. 4 carrier 
1>late •upport 
mechanism 

Ulz he&t exchanger 

Static firi111 p11rge 
manifold 

SM-S-II-Ot 

.. 

Table 3f 9. Auxiliary Equip:nent (Cont, 
;'· 

_,-�Model 
�,aignation 

-'!- A7-66 
. I 

I• • 

•:. 

·; A7-67

A?-69 

A7-7!'1 

A7•71 

A7-7'l. 

Provides co"nection !or nl•in LHz l1U 
and drain lin�s !or s:n at�ge •�tic 
firing. : 

I 

Provides connection for in.in 1.0X fill 
and drafo lines for S-I: at.-ige •tatic 
1iring. 

Hoists and pe>sitions A7-61 carrier 
platf: assembly to 5-ll ae&go. 

Hoiata and positions A7-6l. carrier 
plate assembly to S-II atage. 

Chills down cryogenic ayatem prior to 
launch. 

Flows GNz throughout engine compart
ment during static tiring to prevent 
an explosive atmosphere. 



SECTION IV 

FACTOR.Y THR.OUCH LAUNCH OPEZ:tAT!O�S 
. 

... 

,a.1. Thi• •ec:k,n ;)-:qvldu a bricl dcs.:ri?tior. of the s.u •tage m.nuucturlng 
activitica �long �·i.th tl)e !acUity •u?pvrt and Hrvice tecllcique•. Included l• an 
.ibbre\-i�ted �ble o! systena fili:ht oper::s.tiona£ to in!orm thoao unfamiliar w1th tho 
S•ll fUsht Hquen�• o!. operation. 

4.z. The S.turn \·ehiclo ls planned to aupi)orc ni.i.nned •pace miHjons. This
coal mu•t be pedorn.ed without beneiii o! extensive 1light tests. Stage reltabllity
�ill be developed a.nd confirmed through lUcO te•ring o! •ta&• component• anci
1ystem•. An advanced test vehicle b programed !t>r theao tut1. Tho te,t
vehicle will be 1ystem•mated &nd checked out v.-itb each ol the 1leter test 11tagH
tor auund compatibility. Production staaea (totalling 10 ln all) wW immediately
follow the basic test vehicle path.

4.3. SEAL BEACH MANUFAC1VRINO AND TEST FACILITY. 

•·•• Manwacturinc o! the s ... n •tage will be •ccomplbhed at Sea.l Beach.
Call!ornla. (Seo tiguro ,.1.) .Located approximately 1 mUe from the Naval
harbor. thl1 lacUity con1bts of a service bui?ding, vertical auembly buildin1,
a bulkhead fabrication b\lilding, bydro•tatic test tower, and a pneumatic palnt
and p�cJcaglng building. All structural weldln;:, auembly, hydro1t�Uc to1ting,
component in•tallation, tank cleaning, sealinr, final asaembly, and 1y1tem
checkout wW be accomplilhed at tbla lacUhy. Variou1 1tructural component•
procured from outlying laciliti••• alona with tystem coinponente, will al10 be
finally auembl•d at Seal Be-acb.

4'•5. STAOE MANUFACTUlUNO AND FLOW. Ten major atl'uctural a11embllH 
built up from Hveral minor 1tructural comp<!aents 1tructurally make up the etas•• 
Suae manufacture ec,nailt• ol rlveting, boltir,;, and 1Jcate ••ldin1 1tructural 
compouAtl and then a11emblln1 each unlt !nt: a vertical Ji1 !or !ind buildup alld 
clrc\lfflfererdlal a11embly welding. (See .figu ·• 4•2. ) X•ray1 are taken of each 
weld &Del ln1ul&tio11 bonded Co tho 1tructure e>'el'ior. 

4-6. Flnal l.abrlc:&tlon of all riveted unit,, • a:h as the forward 1klrt, a!t 1klrt,
thr\11t cone, and lnteratace, la accomplbbed 'n the vertical a11embly buUdlna.
Eada •nlt h 111 lour separate 1ection1 (except sight lntentaae Hctlon,) and l•
auembled ln ma1ter Jig•• The LH2 tank-rlr• panell (tour !or eacb rlna) b&ve 
tuulatlon applied prior to the machine weldl1; ol 11dn•. Af\.o:.- hydro1tatlc to1t1 
and weld l1a1pectlc,n1, Anal luulation 1trlppl.1; ll ln1tallod. Each bulkhead. 
forward, common, u4 alt. b made up "' 12 1 nlormed, ple•ahaped, sore 

4•l 
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,c,.n�cr.t, bloltc welded lnt� l&r;e c!iaphraims by machine wela.:u ln t!\o 'btil�heacl 
: .• ;ri,·.1:iOr\ b1.aildin;. Ina'l.:latlon ii ta?p:ied to each !orwa:-cl b11:l'dlead ple-.. t...;>e4 
.,: .. ,r.- ?:a4r t" v.·eld;n;. while�• commor. bu!kh• .. ci in:1a! .. l.iQn \( ;,reauembl&'d 
.�.:" "'d&�;>hr-'.:m corJlguratlon •l\d bondod to the comf-\Ou bul�e .. d ;.!:er hJdrc;-
•:4?ic !cat• are comi,letcd. ·(See !ig\.lre 4-?.) 

.z-�. Jiydro•utic tc1t• are 1!'dh9iduaUy ;,e:-!ormed ori each cil:,ph:-;.�r:\ aitu 
:"t.:-i.:-1lic" ;,nd prior to auernbly in the bull--.ho,d fabrtc:,!i->n buiMln,;. U?c,f\ 
o&>,-ci�My �! :he Uq:,14 c,,cy£CD tank .and 1:-.c:ti�i: :lu,. it-e !crwaed i�lkhe�d :.nd 
li(iuid oxy�cn unk are moved co. and au•rnb!cd with; t.'l• LH1�t-lni. ln the verucal 
.auembly balldir.g. Hydrostatic teats or \l-.o �sseinbldd •�gc arc: J,on performed 
ift the vcitic�l bydro•ta.1c lest tower. T�nks �re. Cllcd with tie•te-d. p1iri!ied 
.-�tcr ar.ci crcle•preu�rized·:ror •pedlied tirr.e-11. T�.11t• l:-,cludo lnvcJ'ling the 
to&nk. ar.d all weld• are immediatdy hebum-chcc!(cd !or le4'ka:e. Upon com• 
P.letlon ol Ce•U• all •tr1ict11r�l components are thorou&hlY cle .. nrd ar.d dried. 

-'•8. Vpoft test completleft, the 1ta.ge •tructural aue:�bly b pOl'iti-:-IU'd ha the 
nnicd &Hembly 1c.Uon v.·bere various sya,t�m• a:-e installed. Each 1y•t•m h 
nrlfied to� proper la•t.iillatlos. and thoroughly tested by lndependeni cbech &leer 
auembly. norouch cleanlna. ln•�ctlon. and checkout ol eac� compc,ncnt CoUo•• 
e,•err movement of lh• 1i&a•• 

,..,. Followlna •y•tcrm• instalt-tio:r. the 1tage b checked out tbrouah ••parate 
and lnte;rated •Y•ter:i• checkout procedures. Upon manwacturins'• completlo11 
of all pbaHa of tHt &ftd linal inapection approval. the sta;e ii mo·,ed to the palnt 
!lanau where it la ;aa.lnted and prepared tor •hlpment in accor�nce wlth packasina 
•n<\ pruuvatlo11 •peclfteadon1 •

.f•lO. SANTA SUSANA TEST A�EA.

<l•J 1. Located l11 "1le Santa Suaa.. mounblns near San:• Susana, Calilornla, &bl1 
l&clllty coctaln• two S•ll tu\ stand complexe1. cryo3enlc acorac:e, trarie!cr, and 
clilpoaal 1y1tcm1, pretc.i bu�lding, a control center, and variuu1 type• of 
1upportln1 equipment. (See figure 4-3. ) Thl• overall £acll1ty b utllized a1 a11 
lU,D lacWty for North Amerlua: Avl&tioQ, Inc., to perlorm fnglneerlna evalca&tlon 
Oft act\Jal tllah& hardware, ol overall, •Y•�m pedorma�c• and Umltatione, &1 ..,.u 
•• to cleter:nlne corrective meaauHa to be applJecl to problem area• occurrlna
during product improvement tuta. Two aepara.te typH of teat 1ta1H are utilbed
for tbl1 purpoH, the batdeablp 1tage and the al1-1y1tem1 tut •ta.a• (S•U-T).
'the battluhip etas• •• auembled on lt1 tHt 1tand, w!Jil• ihe all·•Y•t•m• tHt
1ta1• I• &Hembled at Seal J5eacb, tran1ported to Santa Su1ana. and ln1ta1led. £ada
•ta&• la te1t•d prior to dcllvery of the liut flight 1ta,e.

4•12. Tl\ANSPOATATlON.

,.u. Traneportatio11 requirement• for th• Saturn s.D require 1peclal con•lder&• 
tlou becauH of U• extreme •b• and pby1ical llmltatl:•�• o! ulatlnc car10 
atrcralt, rail, ao4 bl�way tranapol't method•. Ther•-�ore. 11.ater irauportatloa 
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.- �:�:��"ct .u t.�e m.jor meaa, of transportation to the launch £ai:il1ty, with llmltecl 
! .• .:!�� .. y ,;�n•port bein& utlll•�d between the various lnland £aci\itiea and ■eaporta
;r.v,•h•c-d. i Tne Satuna S•U l• .franaported from Seal Beach to ll:Cichoud, Loublana,
:rc.m Mic.oud to MTF, from�TF w MlcboucL and on to MILAf Space and In•
£u,rn,clo,t-S)·ttcm• Dlvlalon of North Amulca11 Avlatio11 b re•�n•lble for dellvery 
c,! the •bi• to each taclUty •• ;th• cuatomer-furmahed AKD-1, pr equivalent, 
11hip;,ing "'uel and YFNB l>•tau are provided for &hie purpo•�- Each veHel 
� ... r.�in• a-lar_ge, pi-otectlve, ,netal cover whlch comp

i
tely coven the etage. To 

!-cilit.ue trahsportatlon oper�tona, a 1pecWly dealg ed, sect\onalbed, roadable,
m;,n-operated. transport tr&Uer b provided which pe mlt• the:.Saturn S-U to 
rcm:ain on:the transpo:-t trau,r during all pha••• of tr nspoi-taSlon. Protection 
�i!:.ln,c ex;,o•ure to varlou, e·�vlronmental conditions b provld;d ln the form of 
.an eft,tne-protective frame, erotectlve nylon-reitl!orc

�
d pla•ti� coven. 

-a�H. Land Tran•portation R.equlreme-nts. (See flgur •••• and .f•S.) The S•U 
wt3,e ls conveyed on a transporter for all phases of tr nsportatlon. F�r abort• 
di1tance overland movement•, the atage/transporter

� 

towed by an M-26 (or 
cqulvaleni) prime mover. To &void eerioua jar a.ad l pact loads, tr&neporter• 
tow speed• over aU road• will be Umlted to 5 mph. B cause of California hlpway 
reetrlctiona, two type• of tr&�•porter• &re necessary One, ciealgnated Type J. 
(figure 4-4) ii equipped with 24 wheels and used to tra sport the stage withln 
CaU!ornta. The other, deslanatecl Type II, (figure 4-S)l• ectulpped with 12 

• .-heel 11, and UHcl to tranapc.rt the stage outside o! Cal
l
f'ornla, Ref'er to "Satura. 

s.u Tran•portatlon Manual," SM•S•ll-02, £or further detail• on the two typee of
tran1porter1. 

4-15. Sea Transportation Requirements. Fc,r waterborne requlrement1, three
typu of conveyance• are utilised. For long-distance transoceanic (Seal_ Bet.ch
to Micho?ad) trana!er, the AICD-1 •hipping veaeel ii u,.d. For ahoi-t-diatancfl

· traneoceanlc (Mtchoucl to MILA) trander, the YLN13•33 ocean barge ii used.
For inland w&terway (Mlchoucl to MTF or MSFC) trana!er, the YLNB•l ebuttle
buae le uaecl. Tbe YFNB•l 1huttle bare• l" ale-> ueed for trana!erring the 1tage
lrom Seal Beach to Por, Hueneme IAlr ov�rland tranap�rta.tlon to Santa Sunn&.
Rolllz,g ll the method •••cl !or tranllerrlng the stage between dock and 1hlppln1
veuel, or bar1e, aa.cS between ehlpplng veuel and barge. An M-26 prime mover
(or equivalent) wU1 be usecl tor all loadina and unloading operations.

4-16. To insure that the •tac• and all component• arrive at the ualna elte ln
clean. 11ndsm&&G4 condido11, protect1ve equipment le provide cl. Jncludecl are
protective coven, handHna equipment, and monltorlna lnetrumentatlo"- The
1taa• 1• protected trom the element• by nylon reltl!orced vlnyl covert. Water
traneportlna veuelt are tltt1cl with hard-cover etrucmrea to protect the eta a••

Staie ey,tema, a, well at expoH4 e�mponents, are preterved and Haled a1alut
acl,rerte climatic c0Sldldo111. R.eler to "Sa.turn S-U Trauportatlon Manual,"
·sw.s.u.oz, tor turlh•r detail• re1ardln1 trane�ortatlon ot the atage, to the
nrlou• teat alt•••
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-1.1-:-. :rLI;jflT • .\CC:EPTANCE ANO LAUNCH FACILITI£5. 
i.,;. ·, 

.;. 11\• T,-:o separate ·t�cUities (test and launch) r..re pre��ntly program, •: to 
.... �1,i,rt tbe $-turn S-� program alter leaving N�rlh Am�rlcan•• S&clO Seal Beach
i0

.acilily m�nufacturlnJ area. The two laciliti�• are the),Uululppl Teat Facility 
(MTF), louted at Pic;ayune, MiHiulppi, and

�

1the Merritt Ialan<i Launch Area
(MlLAJ. located at C�p• Kennedy, Florida. e prlmaiy purposo o( the te•t 
!Ac)lity ls to qualify e�cb ,tage and lts related aysten,, �• flight certified prior
&u dt,livery to the lau�fh lacllity. At the launc lacillty,: all prelaunch, launch, 
.nd down-range trac)<Jng actlvltles are perf:;>r

r· eel on each etage of the Saturn V 
vl'hic:le. ; ; 

. . ' 
-1-19. MISSISSIPPI TtsT FAClUTY (MTF). The MTF, centered in Hancock 
Co\lnty. MlulHippi, on a site approdmately .\o l"lile• northeaet of New Orleana,
Louiaian.a, conalau of a "lee area" of approxlmately 13. 500 acre, ln which teatlna 
operation• Will t,c performed. (See figures 4-f> and 4•'7.) An easement area of 
ap.proximately lZS, 000 acre• ,urroundins the fee area establhhu a buffer zone 
in which people may work but not reside. The fee area it divided into two bade 
areas: the tut area. which includes facllitiee, !or static firing vehicle atagee, 
and the eupport area, which contain• a.dmtnlatrative. engtneerlns, ,a,arehou1tn1, 
vehicle storage, and other non-bazarclou• •upport facUltiu. 

4.20. S-II Test Complex. The S•ll tut co�p ex b a11 tntesrated laclllty tor 
vertical at&Uc testing of the S-ll stage. Initla y, the coz:iplex will include two 
,tngle posltio11 teat stands and a teat control c nter operating 111 conjunction Tilth 
control, service, ln,trwnent&tlon, and utility y1tems neceH&ry to perform 
st&tlc firlns tut•. The tHt etand structure l the primary aupportins and 
servicing sy•tem for the •ta.a• during captive e,t firlnij.. lt bou•H mechanical
equipment, piping, ln,trumentation. electric& service.: stage support equipment, 
work area, storage facUltlu. and office• nee uary to the operation of the at.age 
before, durln� and after static firing. '1'he t ,t cor.trol center (TCC) i• de1lgne4 
to provide an environment for equipment and p,:nonnel required to control, 
obaerv•, superviH, and monitor operatl\)n ol

f.
e te•t complex. Two compl•� 

Ht• of CiSE and recording and monitoring equl ment utilblng aeveral hundre4
channels will be hou,ed ln the TCC to control nd monitor the tut firlns•• 

4.21. Other !aclllttea operated in support include d' • ..t followtns: 

a. Obserntton bJ&nker. The bunkers are ¼elnlorced concrete, aad one
bunker b located approximately 400 feet lrom each te�t ��cl. The bunken 
are blut proof •truc.turu from ...-blch teat personnel ca,:observe teat fidngs 
at cloH range. '-1! . . 

b. ln•trumeutatlon towen. Two towen a-: each tHt ,tand eupport barake
of 4oodllaht. for UlwnlnatloD ol tbe etaae. Remotely coqtrollecl teleri1to11 an4 
motlo11 picture cameras •�cl otber auxl.Uary te•t ancS recordlna equlpme11t e&D 
be mounted 011 tb• towere. 

'4 

... ,,�10 .. ·· 
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: • s.?I l'r.,a:• •ervice bu�ding. The ,ervi«:e buildins prov14ea !acilltle• tor 
: ...... ;�•. u,sik,'C&io4- •torageA and shipment ol stage.. :
. . . 

. 
. . "• 

;.!. L..bor.uory and en,initerlng buildini• The building prorides ol!ice •pace 
!ur �-.\S� corps of enaineef•• •upport contractors. and•�&• .�ontracton.

e. D.�.a acquisition aciflty (DAF). The DAF i• a centraliied data collection
:.;r •• : !c,i- ntrdware in1trur,1e�Jation measurements obtained during •tage te,u. 

' , . 

t. �� h4'ndlina center iDHC). The DHC receives test data in recorded form
!ruff, &est lacilitie1 and proceues the data aa required to aid lh test analy•l• and
m th• preparation ol engineering reports. 

'4•ll. Preparation. Upon arrival at the MTF. the S-II atage is shuttle-barge 
tr.an.cported to docking facilities at the preparation hangar; then, the atage is towed 
w &he test preparation hangar where it is po•itioned horizontally •o packaging 
and ,hippir.g H.fe1uard1 can be removed and the .-tage inapected £or tran1portatioo 
umo1ge. The stage remain• on the transporter throughout it• preparation 
aclivity except where unusual aervlcing ls neceuary. The engine•protecti.ve 
frame i• removed and atored, and the firing akh-t and a£t 1upport rina remain on 
the • taae at all Um••. 

4-23. Preparation actlritie1 to ready the •tage lor te1t ttand operatio:i conel1t
of removal of pr•••rvatives, aervlcing 1y1teme. in1tallin1 neceuary �oatrumen• 
cation and el111o1l coiiditloner•, and adding additional touchup requirement•
nece11ary at thl• time. ModUlcation• (U required) are accomp" ·•aed durln1 
lhi• period, Overhead crane, caprblo o! handling the s.u 1iaae ""' and off the 
tra�1porter are utilized•• required. All at&ge refurbllhln& �nd preparation for
ahipmes,t to MILA af&er atatic•£lrin1 teats are completed are also accompliabed 
in the preparation hanaar. 

4-24 . Teat Stand. Upon readyin1 the ataae in the preparation buildins. the ataae
ii rolled onto the •hutele barge ud tran•ported to the iirlna area where teat 
atancl overhead crane1 lilt the •taa• directly lfrom the bara• and m�unt it verti
cally onto CM 1tatlc-firln1 &eat et.and. The atatlc-firlna skirt l1 '1Hd •• the tie-
4oW'A interface. Jate1rated •r•tem te•t•• taa1dn8 te,ta, •naine maftipul&tloa, 
an4 full duration •tatlc flrln1 are perlormed on ,the tHt atand to eertl!y complete 
1ca1• iate1rity. Sy1&em1 teat operatlou take approximately •ix month•. 

4-25. Sad1factory completlt'!t of acceptaoce te1t1 permit• return of the 1ta1• 
to th• preparadoa 1:n1Udla1. utilbln1 the 1huctle bar1e, where all uce11ary •ta1•

.retubiabiol le accompliabacL Upon aatb.f&ctory ln•pectf.011. •hlpmeat to MU,A 
foUowe • 

• f.26. ITA'J'IC J'IIUNQ COUNTDOWN SEQUENCE (Mff).

4•27. Ta1tle 4:a prori.S.• a typical example of a 1tadc llrla1 coua&41owa aequeDCe 
wida anNIII••-- dale• o, aa .,,r•lma&e eerie• ol enma p¥ea. 
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z. 

T-168 mln

SM-S-U-01 

T .. \?lt: -l-1. Static Firing Countc!o\Vr. Sequer.co 

;r 

.,;, 

a. 

.,., 

b. 

c. 
"'. 

d. 

•• 

,. 

I• 

b. 

a. 

b. 

c. 

d. 

•• 

t • 

I• 

... 

,. 

•·

J. 

k. 

Functlona.l DescrfpLion• 

Temperature•rea,ul•t'!� air aupp17 !or thermal con,rol 
•Y•tem lnltiate�. . ; 

GSZ ground power baa er.e-rsizea. 
; 

CSE maln power bus �-nergl�ed. � 

GSE tr .. tname.itat1on bu• enerst,ed. 

GSE heatel' bu• er.erctzed • 

CSE pneumatic preHure aupplied for LOX tank vent 
control valves. 

CSE pneumatic: pres•ure supplied tor LHi tank vent 
control valve•. 

MISTRAM de-energized. 

Countdown.1nitla te d. 

T/M energized. 
. 

Engine actuation •y•tem temperature control energised. 

Propellant management 1y1tem eneralzed. 

GSE pneuma.tlc preuure supplied lor reclrcuJatioa 
bottle control preuure. 

·1,ox tank vent valve• cloud.

1,Hz tank v�nt valve• cloud.

Leak detection ay1tem evacuation lnitlatecl •

GSE pa.umatlc pre11ure aupplled tor enalne 1iart tank
vent v&lve• cor1trol.

EaalM helwm bottle purae laid&ted.• 

Fill &114 drain valve• dlecoDMCt p11r1• lm_datecl.

• .... «••·

.... 



' -·

(Cont) '. 

I 
" 
. 

" 

J. 

T-167 min

T.a�l� -1-1. �tic Firing Cuuntdown Sequcnc� (font) 
...

Functional De scl'iption ., 

l. CSE ,pneumatic presanro 1upplied for recirculation pura•
valv�s and propellGnt tank !il! and drain valve• control.

. , . 

' 
-

m. GSE pneumatic: pressure supplied !or C!·ngine helium 
bottlF• control preuurc (1000 psig). �

. 

n. Engipe helium bottles purge initiated. ;

o. CiSE pneumatic pressure to LHz helium receiven. LOX
helium receh·era, and recirculation dilconnect actu.tor
initiated.

p. Thruat chamber purge and LH
2 

tank preuurizin1 line
high flow purge initiated. 

q. Engine•compartment purge initiated.

a. Temperature regulated air 1upply for thermal control
ay1tem terminated.

b. GN2 aupply for thermal control •yatem initiated.

c. Stage control re•et command inillated •

d. Staie control reaet achieved.
.. 

•• Selector switch reset command initiated.

t. Selector •witch reHt achieved.

I• Li!t•o!f relay• energized. 

h. All engine• •ale command initiated.

l. Battery heater• eneraized •
.,_ ______ ..., __ .,. __________________________ ---it 

... 
T•l51 mlo 

a. LH2 tank GHe preHurizina 1y1t,om pur1• initiated (low
a�,. 

b. Leak d.tectloD •Y•t•m evacuation achieved aod termlaatecl.

c. wak detectloc •Y•tem pur1•• lnid�ted.
. 

' 

� 



SM-5-II-OJ 

T.,btel-t-1. Static Firin� Cc,untdown Seqq9nce (Cont) 
' � 

-------.,.----------------------------
Functional Descrfption 

... 

(Cont) 

s. 

T•l48 min 

!>. 

T-128 min

., . 
T-98 min

d,:• Engine start tanks vent valves oiened • 

e.· Engine helium bottles purge ach\eved and terminated.
Helhim bottles control press ure.:,continued ( l 000 paig ). 

I. Engine st.art bottles purge initiated.

I• Turbo pumps purge initiated.

a. LH2 recirculation valves and gas ger.er.ator bleed valve•
opened,

b. LH2 tank 8 psig maximum pressure switch control
initiated.

c. LHz tank r,,ressurizing system high !low purge terminateJ.
Low fiow purge continued,

d. LHz tank !ill and drain valve opened.

•• LH2 tank pre•v&lves opened.

l. LH2 tank preconditioning initiated.

a. LOX recirculation v4lves opened.

b. LOX tank 8 p1tg maximum preuure 1witch control
initiated.

c. Comnion bulkhead temperature o! -160•F achiev,Hl 011
LH2 tank aide.

d. LOX tank !ill le drain v.alve open,ct.
·•" 

. �-
•• LOX tank chUldown initiated • . " . " 

. 

•• LOX tank .5f, level achieved •

'b. LOX tank chllldown ternlin&t•d. 

c. LOX tank fa■t flll 1ottlaw.�.

··�·� 1 , • •

. ... ,.,�. - ..... �-



• 

T ..,:,1., -l• 1. :i�ti� i'irlnJ: C.c111n1tl,•wn Soquo:ice (�nt) 
-·• 

... 

· -------.-----ii'--------------,�-------.

•( Funcliona.1 Oescrlptloa tfII • '••■ 

9. 

T .. SJ min 

10. 
T-75 mill

11. 

T-70 mio

lZ.

T•50mio 

13. 

T•48 ml11 

,,. 

T•ff mla 

, 

a. LO" jank preuure exceeds 8 pals.
·n 

c. LOX· tank a p1la maximum preuure •witch control
cermii:ated. � 

a. LOX iank 98% level achieved.

b. LOX tank last Sill terminated.

c. LOX tank last toppina initiated.

a. LOX u.nk 100� ur:.preseurizcd level achieved.

b. J..OX tank laet topping terminated.

c. J..OX tank topping mltiated.

a. LHz tank chWdo•'II lnhlated.

a. LH2 �nk SS level ac�ieved.

b. LHz tank cbllldown terminated.

c. LHz tank laet fill initiated.

•• LHz tank preuure exceed• a·psig.

b. LHz tank vent valve• opened.

c. LHz tank 8 p1lg maximum preuure ewltcb control de
•n•r1is•d.

a. LHz tank 30ft level achlevod.

c. LHi tank pre-valve• cloHd.



,.. N :-.'.'('nt c;,.

I . lS. 

T-2S min

16. 
T-14 min

17. 
T-6.30 •ec:

18. 

T-450 ••c

19. 

T-330 aec.

20. 

T•285 ••c 

SM-5-U-0l 

7"-

'r.&!Jlc �- ! . s: .. ti..: i'irl::�� C<..ur.tdown Seq�ncc {Cont) 
•' · 

Fur.ctional Description ,ii; 
•.. ' 

a.·� 1,Hz t.nk 98% level achie·.red • Ir. 

,· 
. .

,. .. 
b. LH2 tanic fast iin terminated •

.1 

Ci' Ll:.::, t�nk fast to9piny initiated •..

a .. · LHz t..nk 100% un�ressurized lerel achieved.

b. � LHz tank l..-s, to?ping terminated. 

c. LHi tcr.nk to?ping initiated.

a. LOX linel'I GH� bubbling initiated (15 sec. bursta).

b.· Engine helium bottles 1000 psia; control preuure
terminated. 

c. Engine helium bottles 3000 psig control preuure
initiated.

d. Engine 2-tart bottles purge terminated.

•• Ensino start bottles charge initiated •

, . Engine thrust chamber chill initiated.

g. MISTRAM energized.

a. LOX tank OHe receiver chilldown initiated.

a. LOX tank CiRe receiver chilldown ter:r.lnated.

b. LOX tank CiHe receivf'i .,.·euurization initiated.

e. Enfine ,�rt tank vent v�lve• clo1ed.

•• LOX t&nlc toppins terminated.

b. LOX tank fill &c d rain valve closed.

• ...... 7 •

4-lt 



, ..•

. 

:1. 

l•!�O HC 

·�
·-·

T-.?JO HC 

• 

Zl. 
T-HOHC

24. 
T-120 ••c

ZS. 

T-90 ••c

26. 
T•70 ••c 

17. 

T•60 1ec 

21. 
T-50 HC

19. 
T-Jo He

.. 

T.abl� ... ,. �f41i,· r,:in,: •.:,.�,.,�wV.;� s��I.C�C• (Conl) 

•• 

&. 

b. 

c. 

d. 

a. 

a. 

1>. 

a. 

1>. 

& .. 
. 

1>. 

a. 

&. 

b. 

a. 

b. 

-

1•uncii.onat Oucr,ption 
lo, 

. � 
.,. • 

LOX fill line pur10 lnituted. .. 
•• 

•. 

. "' 

LOX f.'U\ CHe receiver pr .. au•iza.tion eompletecll . . � . 
-� ' 

LH: �nlc CHo preuviza.lloSI •11iem low llow pw-1• 
i.rm�tecl. • 

LHz tank CHe rece�vera chi:lc!own initi•ie4. 

Lltz �nk prcuurb"'tioi:. sys tern low llow purae 
terminated. .

Ec1ine actuation •Y•lem temperausre control de• 
enercized. 

LHz tank CHe receiver• chilldowai terminated. 

Lnz tank CHe receiver• preuurla&tioft initiat'"d. 

.LHz tank toppioa termiaated. 

LHi u-.nk fill & draift va.lve cloaed. 

LHz tank fill line purae initiated. 

Command de•tr1.&ct relay power initiated. 

Hydraulic accumulator• locked up. 
. 

PropellaJ't dbperalOll EBW power lnitiated. 

Command de1truct relay power trana!er initiated. 

Propellant dbperaloo EJSW power &raufer initiated. 

1\Adrculatlon pwnp• powc r tran•fer laitlated. 

. 

c. lleclrculatiosa control bolt: 1 pr•Hurls&tloo terminated.

. 



., 
:-:ver.t No. .. Func:.ion...l D.,•cr�U.on 

::9. d. , CSE pneumatic preuure •llpply tc,r recirculation purge
(�ftl) :- valves and fill le drain \0 ,dv•11 t«- nni.n,i.ted. 

.

. 

e.: · Engir.e cor.t:ol bottlea 3000 psig .preaaurization charge 
· terminated •

f. 'CSE pneumatic prct.sure �uppl�- for LHz tank pressuriza-
.

tion & LOX tank prees�ri�,6.��on !erminated..

g. Thrust c.�amber& chil� i.erminated.

h. Engine start tanks charge terminated.

l. Turbopumps purge termi. ated.
-

. j. LH2 fill line purge terminated • 

k. LOX fill line purge terminated. . 

l. Battery heaters 0££.

m. Ma.in bus power transfer initiated.

n. Instrumentation bus power trana!er initiated.

JO. a. Arm safe/ a.rm initiated.
T•ZO aec 

31. &. Llftoff. 
T-0

b. Lifto££ relays de-energized.

4-28. MERRITT ISLAND LAUNCH AREA (MILA). Final confidence operation••
matlna of ata1u, prelaunch checkout, testln1, and 1ervicing operation• are
performed at the MILA facility. (See fi1u.re 4-8.) Alter unloadin1 the •ta1e
from the barae at the Merritt bland Launch Are£ (MILA). the Saturn S•ll b
towed to. and positioned ln, the center al•le (tranaler aisle) of the low b&y area
in the vertical aetembly building where the 1ta1e b dep&cka&ed, cleaned, and
acceptance lnepected. Upon completion of theH nperationa, Che ·:-t.a1• la ralaed
!rom Che traneporter and poeitioned vertically ln & low bay checkout cell. Th-.
lnter1ta1e l• poaltioned next to the ata&e• In the cell, tbe •tage la fully la.■tru•
mentated, and 1ta1• 1yetem checkout, alon1 with comp&tibillty chedcoute wltb
tlle lmer•ta&• and otber ■ta&• 1lmulator1, b be1.an.
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-.•.!'i. ,•�e;>;.:.:-... t�on (H'tj,h E�y). Physical ma!i.r.i;z oi the �turn S-ll vertically 
wi:h tht? S•lC is .accoq;plitihed in the high bay area Uf,On & movable launch 
urnbilic.il tower withi�"the vertical assembly building. \Ytnbilicd service arm, 
.• u.ich to e�ch atage ind handle all stage service connectrt>n,. All tower service 

u:noilic�l• will be m�ua.lly or m,ec?l .. nically a.tt.ached to ·i:he S-ll vehicle. An 
dcctrk.ll control and�comp .tlbility check is made between the launch control
ccr.l.?r and launch umbflical tower prior to integrated st�e checkouts with mating
1-:.,es. � 

-1-lO. Hi&h Bay Checkout. After tower compatibility c��cka are completed, the 
s-11 ata&e i• electrica.�ly mated wit.11 the other Saturn a�gea and undergoes
ir.t�gr�ted compatibility checkout and tests and simulate.d fiight compatibility
�,u. i 

-1-31. Ordnance. Upon completion of. all systema- tests in the high bay, Saturn V 
�nd the launch umbilical tower are transported to the launch pad by a large 
•�r!ac:e �rav.·ler. The arming tower is transported to the launch pad and poaitioned
.a,ain•t the launch vehicle to check out, auemble, and align the ullage rocket•
and to install the detonator and separation and destruct charge•. Ordnance i•
in•t.llecl individually onto each stage •

.f-32. Launch Pad. Three launch pads are available !or launch purpose• and 
conta.in propellant facilities, burn pond, holding pond, ga• •torage. and fire
lishting equipment. A terminal connection building beneath the launch pad handle• 
propellant loading, monitoring, and utility equipment. A •pecial part• van la 
parked cloee by for necessary servicing and part replacement requirement•. 
Central launch cont:ol centers, located within or near the vertical auembly 
b111ldin1, wW moi:itor all launch preparations and countdown operations. 

4-33. Cou,tdown Requirements. It is pl�nned to have the S-11 atage ln the launch
ready con.figuration approximately 25 seconds prior to S-IC engine ignition. Tbe
S-ll ccuntdown requirements include a list of events neceuary to brin1 the S-II
•ta.a• to launch-ready configuration, their sequence of occurrence, and their time• 
of occurrence a• referenced to the master countdnwn. In addition, the require• 
menu include a llat of the functions that muat be monitored until llft .. of! to verify 
lhat die S•ll •t.age ia in l�unch-rcady configuration. 

4'-34. MAINTENANCE CONCEPT. 

4.Js. The malatenance operations performed on the Saturn S-11 etage and related
GS.E equlpmeat are primarily removal, r�placement. or reinat.allatlon of com
poaeDt• aod/or eub&uemblie,. The design of the •ta.1e and related equipment le
e11cb daat f&Uecl ltem• or malfunction, can be llolatecl tbrou1h teatlng the &Hembly
so the iow.,t 1\11:t&Hembly or component level. Th• repair of item• whlcb can. by
M aatar• of She malfunction, be reworl;ed in pl&co will aot requlr• removal.
Propel' f111acdomna ol component•• 1uba111emblle1, or item• mu1t N veriftecl



prior ·,o in:i-t4U.a.tion into thtl�tage o:- GSE systr.-rns. Any system t:r.c!ergoing 
m�in:en�nce will be maintained to the level of cleanliness specified for that 

•• J ' 

system. Components, subavemblies. or items requiring dis,ssembly !or repair 
or overh:r.ul will be rejected:-and returned to the depot level rr.iintenance activity
for rc? .... ir. 1',faintenance wil:_i not be attempted beyond the tedtbolog.icl\l stale -of-
t.�·e•"rt of the site or facility :at which the �ta.go is loc::-.ted. � 

� . 

,, ... 

-:• : c-. STACE MAINTENANCE GROUND RULES. The S-Il :.t.1gc • .i not to �e 
-.. .. t-d .u-' component te5t be,i. When a 1r.:..lfur.cti,;;n oc,urs, lhe nature and identity 
c: the- ma/function and the p·rope.r functioning oi the replacement spare p,.rt is to 
be esublJ•hed before checkout or countdown proceeds. 'I'he !ollowing rule• 
�upply A ;tetailed activity 0£ ri'laintenance operation,: 

a. Ail rur,ture weld cracks or other <lamages to propellant tanks co not have
m.intenance technique• apelled out as yet.

b. .Minor repairs or adjustments will be periornu•d on site. The•e will
con•iat of removal and replacement of small componenta, replacing gaskets, 
etc. All repairs will be ci�ly supervised and recorded. 

c. Removed-assembly repairs will be accomplished at a centralized main
tenanc.e activity. Each article will be certified stage-ready pri.or to placing the 
article on •tand-by. 

d. Engi-:ie subassemblies or components which do not af!ect engine calibration
with enalne installed on the stage may be replaced. 

e. Engine items a!!ecting calibration shall require a return of the Saturn V
launch vehicle to the vertical assembly building and the replacement of the 
complete enaine. (See figure 4.9. ) 

4.37. Handling and Testing of Replacement Eguipment. Operational sy•tem 
equipment replaced on the Saturn S-11 during a. ccuntdown •ill neceuitate a 
countdown backup check of several hours to assure replacement e4uipment 
reliability. Where a malfunction occurs in cloae proximity to the countdown 
etart, the countdown will •tart over after replacement of the malfunctioning 
equipment. No adjustment or realignment of airborne equipment will be per
mitted Oft the booeter vehicle during the launch phase. Equipment found to be 
maltunctionina during t.'le horizontal checkout will be replaced, bench-checked, 
allaned, and returne.t to •tock. Non!unctiontng eq_uipment will be replaced or 
Hpalred a, neceHary as long a• system function is uninterrupted. 

<6-18 •. CHECKOUT CONCEPT. 

4.39. The s.n 1ta1e, a, auembled ln the Saturn V vthicle confiauration on the 
lallDCh pad, la checked out automatically. All mea1ur-iment1 to determine ll the 
•tat• la lauach•reacly are made through the •kin umbU .cal connector• vi& launch
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t.,. •1,,·1.•r ,wi�g �r:n&. AH mc.•ca.Jj.i:en·u-:its thro11gh ?he un1oid.c:,h- :.i �c o{ the faunch
:-••.dir.e"• na1u:e with no deta�l checkout kwcr than the ou.>sy otfm (or subauembly) 
�--�·1.•l. m,•·cve:-, in the case;pf a no-go, •' mere cie�c1ilcd c:heckout to lower hard-
·.c .:-t· tu·eb is conc!ucted through the use of spt-c� ... 1 chec:kciut harnesse■ • 

. -:, 

,1 • .;iJ. COMPO:":ENT CHECKOUT. All rr.aa..i.iunc::.icning c-om?or."nla :-emoved from 
the 1ii..te ♦re thoroughly test,'d and evaluated ir.�media.tely up(,r:· remov.1 to deter
mir.e 1he reason ior the mali�nction and to c!.ctec:t poter.tiaJ stage ,-ystem deteriora
hon. Component failures. if any, are recorded on appliccable document• and 
!orwarded to the reliability data center for analysis. New rep)&.cement com('onente 1 

1uch _.. control valve•. pressure regulator�, instrumentation u.,u relays, and 
relo11cd e4uipment.are thoroughly tested by the supplie: prior co initial accept.nee. 

•AU 1eau arc conducted with equipment dl!si�ncci a.nd certi!ied ior the specUic
aub•y•�•m t••ting. Appropriate disposlcion will be made of component• which
t.il 10 mee& •pecific teet requirements.

,t .. 41. Automatic Cheu:kout Eql!ipment (ACE). The prim.a.ry purpose o! the ACE 
i• to check out and certify the stage and to isolate any mal!unctions. A secondary 
pur;,o•• la to auure a higher confidence level for the stage through thoroughne•• 
of checkout. elimination o! humar. error, and com?letencss of checkout recorda. 
Ground euppor& e4uipment (OSE} which includes ACE is used to control the S-U 
ata1•• apply etimuli. and record and evaluate test data during static firing te1ta,, 

lndivldu&l 1y1tem1 checkout, and combined systems checkout. Checkoul eq,uip• 
ment baa been made a1 automatic as poasible. Manual operations have been 
reiatned wherever automation of certain !unctions does not prc\t'e feasible. To 
provide the areateat versatility in test proced-.ire•. tl1e automatic checkout 
•y•teM ha• been de•ianed for control by a con"puter. Therefore. proaramed
te•t prqcedure• are not reatrieted to a. iixed go/no--10 type of •Jut. Inatead.
procedure• are flexible and will expand as neceuary to include all alternative
au exploratory technique• re4ui:red for thorough testina. The! ACE teat• the 
fo1Jowi111 •J•tema ln the s .. u etage: 

• Ell1lu •r•tem•
• Propellallt feed ey1tem
• Propellant mana1ement ayatem
• Ea1lne compartment conditionina syatem
• Pre1a11rbation 1y1tem
• 1:1.ctrlcal power 1y1tem
• Electrical control •y•terr,
• Separation ayatem
• Prope11a11t .Uaperalon •y:nom

. • Emer1ency detection 1ynem 
• J'Hp& control electronic ayatem
• �l'mal comrol •r•tem

• U:1,atema
• w..,..,.,. .. , •Y•t.em

'"'" 
- .. ,, ,I ... ..,J 
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APPENDIX A 

STA TIC TEST STACE (S-II-5} 

A-1. G£�£RAL.

A-?. Thit appendix c!e1cribus the minion, test objectiyes, teat pl'Ogram. and 
1:r11cture and •y•tem �eviations t'rom the 5-Il flight staie o! the S•ll-S aiatic teat 
113�e• 

:A-3. The 1tatic te1t stage is a atructurally complete S-111tatc, beir,1 the tlr■t 
production article from the final assembly building at Seal Beach. Th• •ta&• le 
duignateci model V7-1. unit 1, by S&ID and aerial number S-tt-S by NASA. 

A-4. STACE MISSION.

A-S. The mi11ion o! the S-ll-S atage is to·duplicate as clo1ely &a poaaible the
primary load-carrying 1tructure of the S-II flight stage• in 1upport of the atatic
load te1t program.

A--6. TEST OBJ'ECTIVES. 

A• 7. Th• 1tructural atatic teat program is conducted primarily to certify the 
1tructural intearity of the complete s-n stage when 1ubjecieci to critical deeip 
load• and aimulated temperature environment• and to determine the •ti.Un••• of 
the thru1t 1tructure. Re1ulu o! the atatic te1t1 are u1ed to verily the accuracy ot 
the Analytical method• uaed by Engineeri11g to p:-edict atre11 level• and to confirm 
ihc e,d1tin& analy1i1 of t.1,e engine actuation ayatem dynamic· reaponH for the 
fliJht .Dynamic• aroup. 

A•S. T£ST PROGRAM DESCRIPTION. 

A-9. The 1tructural atatic ten i1 conducted on· the 1tructural etatlc: te■t fixture
at Seal Beach (tiaure A•l) and conaiata of nine tut condition• which are 1rouped
into two major cate1orie1: body loadin1 condition• and enain• thn•t conditlo11a.
Table A•l ic!entifiel and ducrib•• each of the teat condition• under each of th•••

cateprl••• The ten pro1ram 1ubJect1 each major 1tructural component ot the
,ca1e co ,,. critical loadina condition•. Durina all application• of preaaun loadln•
the propellant lank• are fWed with water to minlmiae pneumatic uplo•i•• haaarda
•• well •• to &Cflull'e ullaa• when nece11ary.

A•l 
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Tobre A-1. Structural Static Test Coqditions 

Teat 
Conditjon. Simulate a 

I Sta.tic firing 
(deleted) 

lL\ P:-elauncl: 
(q9. 9� .. :>robability 
wind pro!i!e ) 

UB
"- Prelaunch 

m Maximum q -c 

lVA End of S-IC boost 

1VB End of S-IC boo1t 

V 'Ibru1t vector 
changed by engine 
actuation 1y1tem 
(EAS) 

.. 

Vl 'Ihrult vector 
chanaed by EAS 
an.c! 1in1le-enaim• u 

out 

. 

' 

U'est De•criptioo 

Deleted (rom te•t requh·emeni.. 
' 

.. 

. 

No internal preuure; test critical 
!or LHz :tank in compreuion.

I 

Pressure loads; test critical tor 
common bulkhead collaplina. 

t • 71 seconds. A• 1.961. 
combined with internal preeeure: 
te1t critical for forward •kirt i11 

··compression.

t = 146. 05 aecond•• l • 4.681;
combined with maximum collap••
!light preuure on commo11 l>wk•
head; te1t critical tor aft aklrt
and a!t it1teratage ln compre••ioa..

t • 146.·0S eecond•, l• 4.611;
combined with maximum buratlq
pressure on aft LOX l>ulkhad;
test critical for aft LOX taDk
bulkhead in ten1ion.

.

800, 000 lb• o! water ta 1,0X .._.. 
· 400, 000 lb1 in LH2 &au; Olltl»oard

engine thru1t aimulatore poaldoaN
at 10 • in eame cllrectioa: actutor
load loop h applied wlth teuloa
at actuator attach polata •

Same a, condition V bat willa 
enaiu thnat •imulato• IJ al
s•ro dlruat. .

,.

. .._ ;-, 
. A-11. 
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1":·: •· ·:,.. ! \·..: �:, r l s�r..f: ,s.::i t(: :.� �-::Jciition V b:..t with
ci;·ar:;:'"c �i' �.-\S eng!:1e thrc.st simulator t,4 at
ar.d r.n�lti.-eo:.,in" 

I 
.;o=/i. tr.rust and engine• ii and 12

conditioc. at 90fo thrust •. 

En�inP. t!, rust I Mea&Jrf:: de!l�ction o! gimbal 
curi::g bc,ost I a.:.::a.ch !itth,g and oolh actw:.tor 
phase !n genc:r:d att.:..c;l !ittinga o! one engine 

mo•mt. while six load conciition• 
are applied to these !ittinga. 

A•IO. ST!lUCTCRAL STA7IC '!ES'r !-'lXTUR.F... Tne structural t.t,tic tei1t 
.fixture at Seal Beach pi·o-.·i<!t?:. the m£!an& by which !light stage !oad environments 
can be simulated. Test ,:uppo:·t and loac.ing fixturt:s. using conventional hydraulic 
a;truts, simulate t.�e acj.1�cn: ,,::-u<:turc oi the S-lC and S-IVB •tages. Four Iara• 
!1-,-i:-;1�!.c lc�din.: C!·!i::.:�=-$ .1.tt.,.:::t?d tu the engine ,upport structure apply 
����:3.:e: s.n engine ch:-ust loads. Other hydraulic struts simulate loads im
?�H: �y S-IC engine thrust, lateral inertia, and aerodynamic reshtance • 
• -\,;c�o\!gh propellant tank !ill, drain, and pressurization capabilities are provided 
by lhe structural static teat fixture. cryogenic liquids are not used. Demineral
ized (hexavalent chromium-treated) water h used to acquire tank ullage and 
dynamic head preesure coneltions. To compensate !or the neceuary omlulon 
of cryo1enic liquids .lrom the �st. internal and external structural test·loads are 
&dju1iet to •imulate the e!le.:ts o! cryogenic temperatures on the stage structure 
under o;,erating conditions. (The nec:cuary structural teat� using cryogenic 
llquld� are conducted on the common bulkhead test !lxture z.t Santa Su•ana, COD• 
c11nenc wltb the structural static te1t at Seal Beach.) Special in1tru.mentatio11, 
readout. and recording ay1tem1 ilre u1ed to record tc�t data from over 3000 
••aaiaa uric•• attached to the S-ll•S ataae. Approximately 2000 axial 1traln
Pl••• 500 bi-axial atralu gare1, 500 �1--�ar ro1ette1, 10 preuure traneducer.,
•D4 100 de.flecclc:i 1Adicator• are ln1talled. Up to 600 channel• of ln1trumentatlo11
are recoru4 tor·a aiven ie,t condit�on.

A-11. STAOE DESClUPTJON. 

A•lZ, STRUCTURE DJ:SCRIPTION. In eenoral, atrt�tural components not 
_reqllire4 to carry load• or tc, 11tabiliz• tho primary lc:ad-carrying 1tructure are not
lutalled. The•• bsc1™1e tho •Y 1ten,a tunnel, heat •h .!ld, heat 1hield 1upport 
ah'llchare propellant tan. lnaulatlon, and a number of 1y1tem component 1upport 
ltncuta. Otherwlae. the •:ructur .. 11 the aame a1 tl s S•II•l llighc atage. except 
._ U1z tuk w&U and &he lorwaa-d •kirt •kin are of ll jhter•a•�ge aluminum. The 
Slp&er mac.rial• &r• ued bacau1e �-• de11an chanae :hat lncl!e&1e1 tank and 
ferwu4 comparlnMD& pre11ure1 ln che S•ll•l ataa• fr not effective for the S•Jl•S 
...... 
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A- l.S. SYSTEM D�SCRIF-'!'10:i. =�� 11tj,,::t :aiYSi.l?m compcinentlf are installed or
ai:nulatc'1 by m:1.u. �c..�;•" .11)-a;t,•m" ,·"rttbt uC s;,c�ial ta� venting aystem1 (shown
.�. !l.�.:r-: -�•!\ 3nd •3>1.•s:,fal m•:,·un11•,,c .. t.,m uuu.alled to ce�•o the response ol the
• , •• •:�;� .. • ,uuct\U'O SI.> va.-i�u• ,cat loadu. The propel)ant tank• are preuurlzed
.. �•.: -: .. -,n·.:.t prt:1un.r�• b; adJ\:•tin• ih• am�Wlt of conc��ic,,nc-d water in the tank••

. T ! 

.�- H. DESICN CHANCES. :• 
• 

- . 

A-1?• CONFlCU'RA TI(?N CHANGE POL.':TS. Cor.!isuration ct-.a.nge points (CCPe)
have been established fpr all 5-Il stages. CCPs ai.-e def�ed to be points along
-.iage anembly. check�ut. and te!tir.g operations which are conducive to the
i:icorporation of deaign;changes. Each of these ;?Oints ha• been asaignecl an
idcntificatior- n�:nber tq facilitate ea.se of cioc-1rnentation� As ea.ch S&ID master
cr.ar.ge record (MC�) is processed, d.eter:nination is made as to the need !or
deferment of the change ._none or more of the etagea. Appropriate CCP number•
arc then ••signed which describe t.'-'e desired immediate installation or deferment.
Table A-2 liaL• the eata.blished CCPs ior the S•II-S static test stage. The calen•
dar date• given are subj�ct to change with cbang.:t in engirieering teat anc!
production schedules.

Table A-2. Configuration Chango Pclnt.1 £or the Static Test Stage 

CCPNumbcr De!inition 

SAlOO During preparaUon of eta&o !or delivery 
to structural teat fixture 

SA200 At initiation"£ stage te1t cperationa in 
etructural text fixture 

A-16. LIST OF CHANGES. B.c!er t-> Ap�endix F.

Approx. Date 

December 1964 

. 

February 1965 

• •• 
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10-r:-;CH \' .\C:.JvM

BREAKERS--====;;:::::-----

LH2 TANK 
FU..L. DRAIN--..1..A 

LOX TANK 
PRESSUR.IZA TlON 
(CAPPED)----=�--

LOX TANK 
FILL• DRAIN 

LH
2 

TANK 

-�8•L1':CH VACUUM
• BREAKERS�-. ·-· 
. -. 

:..Hz TANK
PRESSURlZA T!O� 
.(CAPPED) 

FIXED SIZE 
ORIFICE 

INTO LOX TANK 

8•INCH DIA. PIPE 
(TYP) 

FLEX COUPLD':O 

LOX TANK 
VENT 

NOTE: INTER.FACES NOT SHOWN lN SCALED PC·SITlONS. 

LH2 AND LOX TANKS AR.E PR.ESSURlZE:.l BY 
ADDING CONDITIONED WATER. THAOUC:i THEIR 
RESPECTIVE FlLt. &t DR.AlN POll TS UN-: IL THE 
DESIRED TANK ULLACE PRESSU� JS llEACHEO. 

n1ur• A-2. Sy•t•m• In1tal?.tion for St 1:lc THt Stai• 

s-n-01-s•



S-1. 0£4'.E:AAL.

a.z. Thb" appendix duc:-:.bes :.r.l! r.�iui.:m. t.:s: c;�;ectives. tesc program. and
,eneral con!i,art\t!.o� oi thf' �:::eah;:., :,:=fi -�.-.i::c-. Aitsociatc, OS£ and facility
eq_ulpment de•c:iptio::.s 11:-e no:. t:,.-:1 .. ci<"ci.

B-3. The ba.t:les'hip tc,;, st�J�. de.;:.;,:-.c� ,:cu.ti;· �Y S&ID and Rocketdyne. is a
heavy-duty, non:1y-bie, ;>:-o.:>.:!sic:-. :c.-s:. st�,:c, pe:-mar.er.tly a11sembled on the
Coca I sea.tic test �ti£nd o: the F.-cp:.:i.�:.�n Fiek. !..abo:.J.tory (Pl.L), located ill
t.lie Santa Susana mour.tah.;. (See ii�;.re S-l.) A!::.ou;h functionally a11d atruc
t�r.lly si:nilar to the f!ig:.: stage, tr.<! ba:ueshi;, teait stage, designated Model
V7-9, Unit l 'by S&ID {no NASA desi�nation), ha.a ?leen beefed up to withatand
extraordinary loa"h which n:.igh: be encou:-.tered d;..ricg :he initial hot firing te·ata
o! the S-II propulsi..,u system. Oruy t:.e •}"Stems ar.d CSZ necessary to carry out
the propulsive mission oi t."ie :;t4ge a,:--, ins�lled.

•·: 

B-4. STAGE MISSION.

B-5. The battleship :e:,;t stage scr•,cs :u ... wuri<llonc !en· the sy•tematic develop
ment and improvement o! the J.z er:.gine ch::iter, engine-related •ystema,
:,ropellar.t handling procedures, acd &ta.tic firing prc,cedures.

B-6. TEST OBJECTIVES.

B-7. The prime test c!:>jective ci the battl�•hip program is to provide early
testing and evalu ation of the S,-.1 propulsion system in pre;,aration for aubaeque11t
atatic firins• o! flight-weight 6t.�ges. beginning with the all-systems •ta1e.
(Refer to Appendix C.) Specific: objective• include evaluation of full-acale
propellant handling procedure•; determination of the degree and e!lecta of
atrati!ication in the !ull-•cale LH2 ta.uk; development and evaluation of the J-2
engine clu ster, and engine oper .. ting and safety proce�res: establishment of
neceuary operational placard, and limitations: evalu&tioll of the effect• of w-ortex
characteristic• within the prcpellant tank•: evaluation of the acoustical. thermal
expan■ive and contra.ceive, vibrative. and heatin1 ellecta on staae-mounte4
components; and training of personnel tor auianment• at the all-•y•tema, MTF

1 

and MILA site•.

S.l. 
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D-9. Tne battleshi?··test prog?'am i;:; "'r. i�tegral ?art o! the corJlder.ce deY'elop
�:1(:n: plan for the 5-�! l:!t��•?. Th,� !)rq;..r�;n i,;. cii.vi.::!�d 111.10 £our phases to cove.r
t�.f" : .• :;ks ?rcs':!n:1:,, assi _;r.c!,j. (��:-:,;. ;,:, ,ab!(; 3-l.) P:-: .... i::.<! I, the initial testing 
di.;r,, is conct.?.-,.eci. f-.-i.-;1�; =-i::· -..\·i:n :h\°? ..::h�.:�o�t of l;:� ;acility and the develop
:nt .. 1t ci ;acility O?ei:atini::, p:-oc�c.u:-c:s. The pro?elbnt �nk installations are 
m.'.l.di?, followed b)' th.,� ch,?ck--.· ... t :,! :::e GSE .:i:-.ci. t�.e t.��ting of the compatibility 
of the !acility, stage; an;i CSE :;ystems. Pt•::-.eonr.el tr�ining is o! prime im
portance during :hit. per�oc o! ?:"�?-- :-a ti.cm fo:- �:-.c s tatic-!iring test phase. Upon 
installation oi the dc\:"elopmer..t set of J-2. engines, a cqmprehensive engineering 
evaluation program i� ini,i.ated uncie: p:l.ues !:, LII, and IV of the program. 

Phase 

1 

u 

111 

IV 

I 

Ta.ble B- l. Battleship Test S:a6e Progrim Phases 

Name 

Activation 

Engine system test 

Clua:er development 

Prod1..cts ir.1prove
ment 

I Oe i; Cl"iption 

l Phase I initiated upon joint StdD/Rocketdyne
j test .stand occu?ancy; phase include• in•tal• 
: i.ation and checkout o! facilities, CiSE, 
I individual battlethip test stage syatema, and 
, ·.-·eri!ic:ation of ability ol sy1tem1 to balldle 
J cryogenic materiaj_a. 

Single eni;ine firings. multiple e,,gine 
firings. a.nd. a 1-second cluster firing of all 
.fi . ' 1ve eng1nea.

.

A selies of cluster .firings of increased 
duration, includi�g lull-duration firing,. 

t. • 

Flight support, special teats, and otf-limit 
testing. 

B•lO. STAQE DES':RIPTION. 

B-11. STRUCTURE DESCRIPTION. The battleship te'•t ataae i• not structurally
identical to the flight atage. Thia b mainly due to the :requirement• of increa.••d 
•&!ety and teat 11.exibility. Structural deviation from the flight •t&ge confi1uratloa
occur• :,rimarily in _t:1.e area• of tank construction and thru•t stru.cture de•t111
load. The deviatio1!• arc discuued in the lollowin& paraaraph•.

B-12. Propellant Tank•• The propellant tacks are made of 1talnle1• et.eel
• ln1te&d o£,alu,g:::h11u::si. to reduce the effect, of expansion aDd COAis&� Wider the

envlromnental change is caused by tho introduction. of cryoaenic 1lquld1 and. to 
provide for addition.al etruct\.ra.l etrength to support ,pec:ial 1•• and 1tatlc head
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;·:,•-.)·�:cs w: tcsl.anJ calib�p.tion purc1ose$. Bc:h. tanks a.Te e<ufipped wiili anti
.: . �� .,�J .:antiv-ortex baffles,· standpipes, and !eed !ine- no�zlcs •. The LOX tank in 
�:.,· '.) .• ::lc=ihi? is similar in sl{°ape to the flight-weight t:.nk. Th� battleship LOX 
: .:�:. i .. � true l.S:1.0 ellipsof�. while the flight-stage tank is a modifie•l l.S:1.0 
• .::i:,-.uid. The common bulkllead is of special construction, It consists 0£ two
. :.c-;·b o! steel, separated by _.an evacuated chamber. (See figure B-Z. j Sim&larly,
t;.,• ur > t.l'nk is o! double-wafi construction with an evacuated c!iamber bet ween.
Tht- prima.-ry purpose £or the'double-wall, chambered con&truc�on is to perm it
i;imu!�&ioi, o! various degreef�o! iligilt-weight tank insulation bj regulat ing tne
;:,u prest'fre w ithin the cha�bera. The outet" shetl a.bo acts a, a. secondary LH2 
,•c-oel which can contain any liquid or gas which might escape from the inner 
,•oi1el through a hole or rup�re in its shell. Se\"eral thicknes�41!a of laminated 
Fib�rgla• and aluminum foil insulation are decured o,•er the .out.�de aur!ace of the 
inner •hell to reduce radiant heat trander. Tnis insulation is supported away 
from the shell surface by stando!l studs to permit lree circulation of chamber 
,u. The space between the inner and outer shell of the LHz tank is of sufficient 
wldlh (30 inches) to permit personnel entry £or the purpose o! installing sensing 
devices or performing inspections and rep airs•• necessary. A spiral ramp 
withill this chamber provides a walkway for personnel. (See figure B-8.) 
Special ports are provided thro•.gh the walls of both tanks at strategic locations 
so &b&t, il determined necessary at a later date, television. motion picture, or 
,till cameras and lights may be installed to afford observation of gas bubble 
formation within the cryogenic liquids. Both propellant tank• and their prenure 
relief vents conform to ASME safety codes, 

B-13. LHz Tank Heat Loss. The LHz tank heat lou can be reduced to a small
value. The ·'tank b rated to have less than Z percent boiloH in 24 hours trith the
LH2 tank 90 percent full of LH2 and the LOX tank 90 percent lull oJ LOX.
Vacuum.leaks through the outer shell of the ta.nk are detected by meant oJ a 
m:lH spectrometer helium detector. The probe o! thh detector ia lricated in 
the vacuum line to the vacuum pump•. The chambers &l'e evacuated to 10 micron• 
and helium is ,prayed on the weld seams. Not more lha.o l o•9 atm-cc/ sec of 
helium la permitted to l eak into the chamber•• 

B-14. A!t Skirt and Thruat Structure. The alt skirt h timila.r to the £light•
weiabt article. lt• lower trim line h the same as the fli;ht 1ta8'• but the 
skirt ia removable in sections at a point approximately 52 inch•• below the
centerline of the l.OX tank. The aft ak:rt 1upport• a .beayY-dutyhru■t ■tructure,
de1lped to withatand greater loa.d• and fire temperature• than the filpt-welght
etructure.

B-15. Alt lnteretage. Th� ba.tdesh1p teat stage doea not uae an.aft interstage
or a etatic firin1 skirt £or •upport on the test •tand. 'l'be ataae is aupported by
die •pedal frame ahown in figure B•l.

� _.11 ___ ... _ _, .,. 
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B- to. Forw""�d s.i:-t. _:\.{Ji1,ht-wei.Ght !orward skirt is installed .,top fae LH2
tJ.:ik. ncc.1u!4c 0£ the di!!er:�nc:e in the LHz tank external •iH,fnd ah�pe. an
.1J.,;,:..•r rin, is u»ed to attas,_p the forward skirt to the lop of tlae unk. The inter
l;.ice .,, lilt •kir& and adapte�is 655 inches above the LOX :ank centerline. 

. . .. 
•' 

B-11. SYSTEM OESCEUPTipN. Only ays·.cms re4u1rt-d lo 1qpport J.2 engine
clu•icr development and an�)ysis are installed in the battle•h• teat auae. Thi•
mean. that. Ln aenera.1, �u ·1light systems are installed except Ille emeraency
detect.ion. separation. propellant dispersion, ullage motor. r�dio fre4uency
•Y•tems. and portions of 1everal other sy_a:ems as described.tater. The 1yatems
th.at ,uc installed. however,·)do not necesurily duplicate 11111\t ■y■tem• becauae
o! the R&&D nature o! the bat.ileship test stage. Some components are subatitutea
or prototyp rs which are scheduled to be replaced by produ.:tion components if
the•� Corn?Qnent• become available. An attempt is made, however. to duplicate
flight t)·sterr.1 a• closely a• feasible or necessary in order to carry out the stated
cut objectiYe■ of the battle1hip program. The f�l!owina paraarapb• de1cribe
the major or aeneral deviation• of the installed battleship 1yatem• from the flight
•r.&se ayatemt. The•• deac:ription• do not neceuarily include all po1■ible
temporary component omiuions or interchanges of substitute, prototype, and
pro4uctioa component, because component delivery schedules are naturally
eubjec& to rapid change,.

B-18. Preseurization. Although the presaurization system ia functionally
similar to the flight aystem. most tystem component• are prototype• of flight
hardware. 1'b11 1y1tem cannot be used until the req,uired confidence level ia
achieved by breadboard testing. The facility preuurization and ventins ayetem.
inatalled lo the centJ'al area of the forward skiJ't. can be au.b1tituted for the 1t&1•
•Y•tam. However. five-engine cluster firings cannot be accomplhhed without
the opel'&tion of Che 1tage 1yatem. This ii clue to the limited flow capacity of
the iacility 1yatem. Figure B-3 •hows the presauriaation ayttem confipration.
1t l• a fiiaht•t)•pe sy,tem except for the fact that the LHi vent clleccmnects P39
and P40 are bypaued by hard lines.

B-19. Propellant Fill and Drain. The battleship confiauration for propellant
au aad dralo b shown in figure B-4. This ayatem is fiiaht-conftaured, except
that die fllpt•type. airborne halves of the LOX and LHz fill and dr&ln dia
coanecta are not compa�ble with the ·hard-line design of the baUlethip te1t
•1&• aad, &herefore, Ii.re cot u,ed. Inltead, hard line• are connected directly
to die J.H1 tu1 valve and Co the LOX f'ill and drain line.

11•20. Eapne. The development set of engine• for th, battleahlp teat 1ta1e are 
fUpt•coafi111red, except lor a few ,mall area1. Firs,:, the ox�aer and fuel 
bleed Yalve• are •maller: 1ta111-controlled, normally •:loHd ld;'tead of enab1e
coatroU.cl. normally open; and connected di!ferenUy b.� the �,si�. •Y�tem. 
(See AIU• B-5.) Second. the fgel pwnp uaed ii a pro:,type wlilch doe• not me•t 
da. aomlna1 pr•••v• 1tatic head (NPSH) requirement :l 192 '-¥ for the D.lpt 
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LEGEND 

r.:=::::::u::-==�;:::::;;=-=:f"""<ID= PRESSURIZATION SYSTEM P70 P·1:dtive Press,.re Di:1 cor,1.e ct • 

Pl2 

P32 

COMPONENTS 
F1&l'oiched by $1, 10 

P20 LOX• 
P26 

LHz. Tank Vent Valves 

P37 
P38 

·-
P34 Fill Pressure Switch 
Pll 

Pl8 Prearuare Switch 
Pl9 

PU 
PZ5 
Pl Helium Fill Disc.onnect 
PZ 
p.ac� 
Pl9 LHz Taak Vent 
P40 

Diac:onect 

Pl6 Enaw laolation Check Valve 
P2Z 

P7 Helium Receiwer 
P8 
Dl..n 

PSO Heli\lm Pul'ae and Actuation 
PSS Check Val•c 
P56 
Pll Actuir>tion • Re:ceive r 
PlZ Checlcout uuc:onnec, 
P64 
P3Z 
P35 

.pu.. Recirc Helium Rec:eivel' 

@= 
P48 LOX Reclrc Hellwn Receiver
r•, Recarc lleau.1.ator 
PS7 Helium PreHurlaation_ 
PSS Solenoid Valve 
PSI R•c:irc Solenoid Valve 
PS3 
PS4 
P61 T,nk Preuure Rejuliltor 
P6Z 
P4• Chacko.at Di■con:iect 
PU 
�..., 1•,u•aie Di•connect 
�7 Lottz fteclrc awuet Teat 

r.....-... or 
Pf»8 LOX aec&re RaUef Teet 

conn-ar 
P69 LH2 R•clrc Helium Receinr

P72 LH2 Pre• Valw Static Firina

LH, 
Pil P<Jliitivc Pr.:ssure J.>i&c"nr:<:.;t • 

LOX 

Pl7 C;, s Di,-tributor 
·p211. Ga11 Dii.tributor

PRESSURIZATION SY!:-TEV. 
COMPONENTS 

Furniblhed by Ruck,•tcyrw 
as p<irt o( the Eni;tin� 

Pl-I LOX Vaporizer 
PlS LOX Vnporizer llllt:t Orifice 
PZl GH, E'1uilizer Orilic.:t 
P30 LOX Yc1pvnaer Anh• 1-"luod 

Ch.-ck V,1ht 
ENGINE SYS'fEM COMPONENTS 

EZ. 

El 

E4 
E5 
Eb 
E7 

Fi 
Fl 

F3 
F4 
FS 
Fb 

F7 

FS 

F9 

LOX Turbo Pump 
- -- ·«LOX Main Valve -·· 

LH:, Turbo Pump 
LH:, M,u.n v,uve 
LOX <'.ias Generator Blee,: v .. 1ve 
Lll2 G.ts General'-.,r [�!eed Valve 

PROPELLANT SYSH:M 
COMPO�El':TS 

LOX F1lhn2 Oi!iconnect 
LH, Filling Disconl\ect 
LOX Tank Pre• V;.lve 
LIIJ T-'\nk Pre-'.'alve 
LOX Return \talv� 
LH2 Tank Pump Dillcharge Valv1o: 
LOX Fill V;,\ve 
LHz Fill Valve 
LOX Ovcrboer<! Bleed Valve 

F10 LHz Rcn.irn Valve 
Fll LHz. Purg� Valve 

� 

D L5CONJ\.EC TS 

BYPASSED BY 
HARD LINES 

'1)1. i. 
Q Manifold 0 

Rehd

"11"\-t'I 
Val Vt' 

NOTE: 
. Although th<' Engine arid

Pr£Jpellc1nt System componenb 
hated ab,,ve are not part of th,� 
Preos111urii:ation Systcin; they arc 
i,je11ti1ied by name m.:rely tu ••htJ•i.11 
continuity in utihzin� the 
Pre1auriz,1tion Schematic Dr,1wi1\�. Ac:&uaUon Dlacoan<1ct 

- - -S ll 01 ◄4

Fi lire B· 3. Preuurlzoltion Sy11tem Configuration for Battleship Test Stage
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P\arao Line 

LH2 Dl•connect • Coupling

LOX Dl■connec:t • CO\lpllng 

l•Jncb Dbconnect Coupling 

LOX • LH2 propellant dl■c:onnecta
not "'°d on B&ttle■hlp. Facility 
J..Jfi and LOX Unea are permanently 
attached to •ta••• Special facility• 
controll•d LOX fill valve and reUe£ 
valve ar• metalled on battle■hlp unly • 

LH2 Fill Valve

LOX Tank 

)tacility-controllc•d 

LOX fill valve 

l•Jnch Drain Line 
LOX FUl Valve 

Relief Valve 

LOX 

Su,np 
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BV • eed Valye 

CC - Cu•tomer 
Connection 

GG • Gu 
Ge rator 

S V • Soleooid 

F' -

p • 

T • 
V • 

D 

Enawe• 

Poer te 
s/:,;. noai 
o.a, 
Chllltla•h&PI 
£n.-•S N 
,UOU •mi 
S..1tt10Ny 
CVUatat, 

TURBINE 
SEAL 
CAVITY P 

TURBINE SEAL 
CAVITY BLEED 

OX PUMP 
DRAIN CC 

t t I 

�IN OX. V P/A CONT. V 
MIS CONT. SV 

PIA CONT .. YCC GG BVCONT. SV•• 
OX. DOME P . HE. TANK VENT SV • 

i 
. 

GG OXIDIZER BY 

GG 
OXIDIZER B V CC 

PROP. U'tU.,. V 
0Xl01Z£1l 

OXIDIZER 
PUMP 

-OXIDI2'.ER 
TURBINE 

ACCESSORY 
DRIVE PAO 

HEAT 

EXCHANGER: 

VEHICLE OXlDIZEII 
TANK PRESS. CC 

i 

CRACKJNG 
CHECK V 
CRELJEF V, 
ANTl•FLOOD 
CHECK VALVE 
... 

PRE-COND. T ===�:::::::::;j;j 
THRUST 1- MEAS. CC 

·H, IAMBER FUEL !NJ. MAN.
.. 

. TANK PRESSURIZATION C(: 
. VALV'l: STEM CAVITY DRAIN 

ST ART TANK INITIAL nu.. C 

VENT • RELIEF V 
YENTCC 

VENT V CONT CC 
TURBINE SEAL CAVITY BLEED 

4"1.-...,,. . ..  ,_,_ -
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.iEL!UM CONT. SV 
ION PHASE CONT. SV 

GG FUEL 
BLEED V 

... 

MAIN FUELV 

GG OXIDIZER P 

$TART T�I< D1'CH V BYPASS VALVE 
$TUT TANK DISCH. SOLE. CONT. V 

CHAM. FUEL ,JACKET: P, • CHILL CC 
flTY • GG P CC 

GG FU.:-:L BV CC 
f"UE:L PU�1P 
DRAU\ TEST 
PORT 

' 

F'UEL SE • .\L 
CAVITY P 
GG FU!::L P 

GG SPARK 
PLl.;Gs (Z) 

TORQUE 
ACCESS 

FUEL F 

TURBINE SEAL 
CAVITY P 

S•il-01-46 

Confisuretlon ol EnpnH Initially Scheduled tor the Batllt-ship 
Te•& �tage 
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»: .• ,:\!. A:. .a. .r.:::.,;;.t, _-the st....:-t-t..:&.r.k prcs.,;�tr(: �;; ·l.:iu iHd� hi�her than the flight 
st .. :;e, .and the engir.e' fuci. inlet pressure req·Jireml!nt ij 8, 5 psia higher than 
t:.a� v: :he flie:ht stag!3. Third, the l>ack pressure or.�� oxidiz.er pump seal 
<.:r., i:� :-;:�st be held tc:r leu than 10 psig, insteod oC 30 lf•ig. This decrease is 
t!�� :o ,;an intcrmediat- a.eal purge line not being �rcsef!t vn these engine• to 
�up;,1-:m�nt the seal: The aforementioned diffe.-ence-s frorr. the fiight con
:i,ur":�on ho!d true fJ>r engines prior to se.-ial numbe�JZ0ll, all o! which are 
,.;:t;.��1..:l<-d to be in�t.llle<l on the battleship stage. Along with these, other 

.. 

ui!:-.::-Pr.ces exist: the electric cabling on the batt!e11hip engines is not armored 
o� p:-cuuriz.ed; the p"ropellant utilization valve is ,o{ the gate/actuator type; and
tbe i:a2o �t•r.c:-r.ator ov�·rtemperature cutout h ground-co;itrolled. The fuel and 
.:,xi<li.:cr pumps are t�ttcd with substitute Nallex-configured seals made from
718 in.:or.cl steel, wi;h a te!lon coating. The ty?e ot ateal to be used on the llight 
11ot.i;;c ii. lititl bein; de,termined. The manifold con!i.gurations !or engine servicing
.ire similar but not identical to their !light counterparts because ot interface
di!!erences and the higher start-tank pressure re4uirement.

B-21. Engine Compartment Condi:ioning. Since the engine compartment on the
�tti.eship test stage is open, there is no requirement !or maintaining a mini•
mum temperature for eq_ui!)mer.t conditioning pcrposes. However, the compart•
ment must be maintained in an inert condition .-s doe11 the night stage. This
task is normally accomplished by a single flight purge manifold in flight, or a
combination of a static firing purge manifold (A?-73) ilnd an auxiliary purge
manifold (A7-57) when the fiight stage is under1toing .tatic firing tests at MTF.
On the battleship test stage, however, the flight purge m£nl!o1d ls replace-!
by the battleship purge manifold only. (See fig•u·• B-6.) Purae gas is projected
upward only at an angle of 30 deareea abov• tht htirlaoOUl. Downward purae 
is not required because the static: firing 11rirt i , Dtlt •� on the battleship teat
stage. The auxiliary purge manifold is cat 1'4Kt ind laeuu.1• the vent holes
through the upper perimeter of the static firi18,j tiJtitt utr 1&11•r than those on the
fiight stage.

B-22. Electrical Power. Tne !our batteri••• :athf:&l Hii•ou. ianition bus
power distributor, and power transfer awitchH fftr- sa. m.ilD and lnatrument d-c
buae• &re not installed because ground power l· •t-H eadulYely. Power
module• for the rate gyro•, accelerometera, tuU.ry Malara. and miatram
transponders are not installed. The inverter• · .u• tt.e lM1 r•drculation pump
motora are mounted on the forward aldrt, 1lnc11 die pmnp wlrina acceH l•
tbrou1b the forward bulkhead of the LH2 t•nk ou die INltllelhip test ataae.

B-23. Thermal Control. Functionally, the &be ·mal coatrol ayatam l• elmilar
to the fU1ht aystem. Physically, the ductin1 h chu&-' to coDlorm to peculiar
interfaces and the amaller nwnbar of container, reqmrlq coadltlonln1. The 
battleship container• are aluminum: whereaa, ·t:e fil1bt coatalura are 
nber1las. (See !i1ure B-1. ) 

:, •-1, 
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AFT SKIRT 

AFT INTERSTACE ""l 
CONTAINERS 

207 ELECTRICAL 
POWER ANO 
CONTROL 

208 INSTR SSB• 
TELEW.ETRY 

209 INSTR FM• 
TELEMETRY 

210 INSTR SlONAL' 
COND1Tl0N£R r,o. 1 

211 FLIOHT CONT:{OL 
212 INSTR SIONA!." 

CONDlTlONT.;R NO. 2 
214 PROPELLl�T 

MANAOE�a:NT 
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FOR WARD �Kill T 
.---------

FORWARD 
J��TERSTAC& 
CONTAL�&RS 

i;:o PROPELLANT 
ELECTRONIC 

• !?4 L"-:STRUM&NTATlON
CONTAINER SlCNAL 

' 
CONTROL 

J 
C ;- CONOlTlONER N0.1 

/ 
At'-DITlONS FOR CLUSTEa 

I 

/ FllUNCiS ARE SHOWN IN
A DASHED LINE 
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D-.!-l. lnsul.."°n Simut.,i..w,.�y .. i�m. Th• .L.Hl t.nk la ot doubl�-wall cone true

::.•:,. i•fim�rily to permit duNication o.f the heat-trans!er char,-�terhtlca of
,·., :-i��- type• o! llight-weigllf,insulation. The beat-trander chtr&cterhtica 
.. :-r c,�i.&ined by regulati on ofjhe gas pre■sure within vacuum ci&mbera A. B-1, 
..r�•l n-�. fRe!e-r t o  figure if.,�.) First# each of the chambers Ca ev&c1&&t ecl &o a 
h .• :d v.&cu� and checked !of !vacuum decay. Then, helium, o� another 1••• i■ 
· lr.;ectcd u�il the desired va 'i)ium level la attained, thereby reproducing the
dC" .. ited hc�t-trana!er charac�ristica of the llight•weight 1n1ulitio11 beina
�imul.atcdJ Finally, the cha1ffbers are isolated and LH2 tank chill-down opera-
tion• are \ftiliated. i,t !
B-ZS. LHz Tank Chill-Down System. The battleship st.1e hat a 1pecial chill
down system for the LHz tank\ (See figure B-8.) Thia 1y1teni uaea LNz to brin1
the temperature of the inner shell o! the tank d�wn to approximately minu• 300•F
prior to fillina the tank with LH2 at a temperature of minu1 423•F. About el1ht
hours are required to bring the inner-shell temperature down to minu• 300•F
with LNz.

B-26. ME.4.SUREMENT SY$TEMS. A• stated previou■ly, no radio lro4ue11cy
componea.ta are installed on the battleship test 1t&ge. The neceeeary meaeure
menta are tranamittod from the atage t,o recordin11 and monitorina equipment
throuch hard-wire •y•tema. A.number o! special measurement, are made on
the battJeahip teat ata1e which are not made on the fii1ht 1ta1e. On the other
band, many fliaht stage. mea1urement1 are not ·required of the battle1hip teat
■ta1e becau1e of its incomplete ayatem complement. NAA report SID 63-1299
lists the mea1urement■ that are programed.for the b&ttle1hip te1t •tal••

B-27. OESI<;;N CHANGES.

Jl-28. CONFIOURATlON. CHANGE POINTS. Confi1uration ch&n&• point• 
(CCP'a)have been eatabli■hed for all s-n at.age■• ·ccp•• are deftaed to be 
point• &10111 ata1• as sembly, checkout, and teatina operation• which are con
chacift to the incorporation of de•isn changea. Ea.ch of th••• pot.ate ha1 been 
aHipied an Wtantificatlon number to facilitate eaae of documentatloa. Aa each 
SfdD muter chaa1• record (MCR) la p roce1aed, determination la made •• to 
die mecl for 4-lerment of the cbanae-on one or mo-re of die ata .. a. Afpropriate 
.CCP.nmDNr• are then &Hiped which de1crt.be tbe de1b' .. la:DN.a.te taatal
·ladoa ·or clelanne11t. 'Table'B-2 llata·tbe eatabllabed.CCP'a for lie llatdeaJdp
:eea,c· itaje. .'Ille calead&r elate• 1lvea a.re subject to clleap wldl cu_, la
,f .... n ... teat &Dd productf.Oll •c:hedulea. 
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·rabJe B-2. Configura�fon Change Points £or the Battl�•lu�·Pr.ogram

:.t.jur Deulled 
CCP ; CCP 

!l:.m\bel' Jllumber 
• 

:.BA020 
• 

'8A030 

BA040 

BA0S0 

BA060 

BA06f 
BA.010 
BAOI0 
BA090 

BAI00 

BA.130 
BA150 
BA170 

BA200 

BA210 
BA220 
BAZ30 
BAZ40 

BADO 
BA260 
BA270 

BA290 

-.BASOO 

LUlO 

· BASZO 
• • ; ,·, l -. 

,;i.'-!,a"11 i �

.. 

. 
Description 0£ Point Approx. date•

i, 

Start, inat&ll and checkout 0£ electro-
�-

mechanif&l and propulsion eys terns 
Begin in�•llation and C/O 0£ instru-

mentati(!p systems • 
. .Bepn teatp prep�ratory to closing LHi 

and LOX\ tanks. 
Close LHz· and �OX tank• and begin 

tau.'< leak checks. 
Beaira cryogenic tests prep·a.ra.tory to 

installation 0£ engine fS. 
LH2 tanklng teats - LHz •tank 
Bepn in•tt.llation 0£ engine f5. 
Bepn propulaion system pre-fire 'C/O. 
Intearated •yatem• C/O. 

. 

Initl&tlon of countdown £or cryoaenic %>ctober 1964 
tankina te•t• 

Dual propellant tankin1 teata 
Bepn intearatecl •yatem• C/O. 
Beain •imulated firing countdown. 

Initiation of the countdown for the firat ',NOYember 196'1 
•ta tlc firing. ' 

' 

No, 5 enpne ignition 
No. S enpne tranaition 
No._ S enpne malnatage 
Bepn lnatallation of enaine number 1 and 

3, with di!fuaera. 
Bepn inte1ratecl 1yatem• C/O. 
Bepn at.mutated firln& countdown. 
Initiate countdown £or firat three enpne . . 

£irin1. 
Belin •�ulatecl firina countdowu. 

Initiation of countdown for five enaf.ne January 196' 
clu•ter f1rill1 

.Cluter trauition 
�later mai�ta1e 

. 
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T-1,ble a .. 2. Confiiluration Change Points ior the Ba\µeship Program (Cont) 

I �t.a)«Jr Dt-tailed 

Ix�;� .. 
CCP 

Number 

BA350 
BA370 

B�400 

BA410 
BA410 
BA440 

BA450 

BASOO 

. : .·, ·-
i � 
::� ;,' ..

l Description of Point .. -

s_:ucond cluster £iring � 

10 second cluster llring ': 

! 

l�tiation of countdown for first fiv�
engine cluster teat of greater than ten 
eecond duration � 
. 

5O'.aecond cluster firing 
lSO second cluster firing 
Full duration (395 sec.) cluster firing 
Begin 2 month refurbish period 

. 
Initiation of countdown for the fir et five 

engine cluster firing with complete 
flight systems installed. 

Appl'ox. date• 

February 1965 

Sept.m1"r 1965 

�alendar date• pven are subject to change with te1t 1checlGle cJaaaa••• 

B-29. LIST OF CHANGES. Refer to Appendix F. ·
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APPENDIX C 
,i 

�L-SYSTEMS TEST STAGE (S-Il .. J) 

c:.1. CENERAL. 

C-2. This appendix d;scribea the mia1ioT,, te•t objecti�•• teat program. and
structure and ayatem deviation• of the S-11 flight stage fJom the S-ll-T all-ayatem•
test stage. �uociate CiSE and lacUlty descriptions are pot included.

C-3. The S-II-T stage is a !actory-auembled, ni,tht-weight stage that la perm&•
nently installed on the Coca IV atatlc test at.and of the Propulsion Field Labor&•
lory (PFL), located ln the Santa Su1ana mo"ntains. (See figure C-1.) Although
th�• stage is the second unit from the prod.action line at Seal Beach. it b the first
fully-equipped atage to be produced. The eta.a• la designated Mod.el V7-l, Unit 2
by S&ID and Serial Number S-ll•T by NASA.

C00 4. STAQE MISSION.

C-5. The S-Il-T stage serves a.a an intermediate atep in the confidence develop
ment plan for the S•ll flight stage, permittlna the re1ulh ol teats in the enpaeer•
i�g development lab and on the battleship teat stage to be verlfied in a more nearly
operation.al configuration and environment prior to the commencement of S-Il•l
flight ,cage .flight-certification operatio11a at MTF.

C-6. TEST OBJECTIVES.

c.1. The primary objective• of the all-ayatem• teat program are to evaluate the
operation and adequaucy of each lnatalle4 Giaht-welaht •J•tem and certain
•tructural component a. u.aina both manual and au.toma.tic iOSE control■; and to
finalize the initial fliJht Jta1e aervicln1. c,iecJc.out. and 1t&tlc-firlng procedure•
a• to limits. time element•, and additional ■alety rrecautlon1. Theee finalised
procedure• are a1ed to verUy rouah draft MTF fil1h,-ac;ceptance procedures.
Jn atriving toward theae primary objecdw••• ••eondary objective, are also ful•
filled. Tbeae lnclude vallclatloa of repalr p.roeedur••• evaluation of the aparea
1upply ay1tem. and ev&lua.tlon of lbe CGmpooent modi.flu tioo and repa.lr support
•Y•tem. f 
C-8, Specific teat objtctive• cited in connecdon with the all-ay1tem1 teat program
lncltade the determination of the c:hlll-4own period• and top-off rate• for the 1,0X
and :1,Hz ta.nk1; the blae c'>olinJ and heatlaa characterls:il ; the leakage rate• alld
cha.racterlatlca before and after static flrln1; the ellectl eu and adequacy of
eafety and back-up ayetem1; the effectlvene•• and adeqU& • of remalnlna !ltaae

C-1
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:s� :s��:ns; fa"· ,'.hl�,11.:.lcy �I ma:lual and automatic CSE •y•t�!1"'•i the adequacy o! at.age 
:::i:,t!lin�. ser\'icing. an( checkout procedures; and the coiapli&nce o! thia !ir•t 
cun:;,lete •tage with !li�t acceptance crit�ria. 

., 

C-9 .. TEST PROCRAM;f)ESC1UPTION •
.:.� 

C-10, The all-•y•tem�." test program provides !or the iniflal !ield-type stage check
out ajld verification acti�itie• which link engineering desitn and mar.u!acturing
results with customer usage criteria. It provides for the;tran•ition of information

a

Crom-the R&D state to tqe operational state through satisfaction o! the aloremen-
honcd test objectvies. 'fo facilitate tlocumentation a"d pl�nning, the activities o!
t'lc a!l-aystem• test prof ram are divided into !ive general phase a.

C-U. PHASE I - ACTIVATION. The e!fort during phase 1 is devoted to prepara
tion of the Coca IV test atand: installation and !unctiona.1 integration of teet atand,
facility, and control center CSE; functional checkout o! the S-ll-T •tage in the 
manufacturing area at Seal Beach: and transportation and inetallation of the S-II-T
atage on the test atand. Automatic checkout equipment and its tape program• are
debugged using the C7-44 ground equipme&1t teet set (GETS) to simulate the atage.

C-12. PHASE II - INTEGRATED SYSTEMS DEVELOPMENT. Phase 110£ the
aU••Y•tem• teet program encompaHea those ta•k• neceaaary to develop confidence
in the integration between the atage •ystems and the aervicing and control CSE in
preparation £or engine •tatic tiring teata. The major task• are manual operation•,
automatic operation•. and tanking operation,.

C-13. Manual Operations. Manual operation• include te1t• to verity the control
lability 0£ the stage •y•tema and the feedback C&i)&bility o! the inatrumentation
ayatem.

C-14. Automatic Operat.ons. Automatic chc,kout operation• include running the
instrumentation calibration, engine •Y•tem, and integrated ay•tema automatic
checkout tape program,. Simulated countdown• are performed for both tanking
and atatic !il'ing teata.

C-15. Tanking Operations. Cryogenic tanking operation• are performed uaing
cryogenic material a to develop procedure• and confidence in the flight-weight
tank• o! the S-ll-T atage. ln the interest o! sa.lety, the lirat tanking teat i• con
ducted using LNz (liquid nitrogen), a le•• hazardoua materiaJ. Although LNz at
.32o•F doe• not duplicate the temperature• and apeci!ic gravitie• o! the S-11
£light •tage !uel and oxidizer, it provide• a aatis!actory cryogenic environment
!or the initial verification o! tank atructure, inaulation bonding, chill-down ratea,
ullage control, thermal control,· leakage and boil-cf! rate•, etc. The second and 
third tanking te•t• are conducted using LOX with L!�2 and LH2 with LNz, respec
tively. Safety regulation• at PFL do not permit fU:.l-tanking of LOX and LHz
aimultaneoualy la flight-weight tanka. Therefore, LN2 la "Hd to aimulate LH2
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J.�rin� ta;nkini: te11u with LQ,C and lhN, u,;cu Lo aimuhito LOX 4uring tanking teats 
,., .�:\ L.!1,:. ln thi� way. a ncf r. operati.o�l env_ironment h obtt.ined. (The battle
.:--.::� s:��, is de1ngncd to permit lull t.lnJung with both LOX an4 LHz without 
c:��ccdini. established PFL y!ety regulations. ) Lastlng effecfs of the cryogenic 
-n'lironment on stage systems is determined by perlorming e�matic tape check-
... . . 

' out of the stage be!ore and after each tanking. 1; 
. 

:. . 

. ,. � 
C16. PH;ASE Ill - STAGE S,YSTEMS DEVELOPMENT. Phase m simulates, as 
&ccuracew as pouible, the •�tire operational miHion of the 4.11 flight stage to 
cain cut data which can be �ed to evaluate the performance �f the existing stage 
and to e,t.abliah the need for .. an extended con!i.dence developm,.ent effort. Hot firins•r ., 
are cond1.1cted with durationt-of up to 25 •econds. Longer lir"'gs are not permitted 
due to PF.L safety reatrictiop.1 which presently limit the CPm$ined propellant load ln 

. both tanJ4 to & maximum of 66,670 pounds. Thia allows tanking to approximately 
7 percent capacity. 

C-17. Pretest checkout and countdown activities are conducted prior to .each static
tiring. Integrated syatem• teeta, manual functional and leak checka, and vlaual
inspections are conducted after each firing to determine lasting ellecta of the firlna
on the _stage and its systems.

C-18. The initial lour static firings of the S-ll•T stage conalat of limited, almul•
taneous firings of all five J-2 engines (cluster con!iauration). The lint firing l•
limited to ignition only, while the 1econd firlna includes a partial •tart transition
1:e1t. Tnesa �re followed by ll. 5-eecond firing and a 10-aecond firing.

C-19. Malnstage (!ull-rated thrust output) firina• follow the initial four confidence
.build-up !iringa. Th1t engine• are fired aimultaaeoualy for period• lasting up to the
25 second•.

C-20. PHA';E IV• CONFIDENCE DEVELOPMENT. An extenpd coniidence
'dev•lo!'meut program called Phase IV ii bein1 propoaed to ban�• matters euch a•
product improvement te�ting, aafety-limlt de•lan te•tina, flighl acceptance pro
blem re■olution, and prelaunch and fii1ht problem re■olutioEi. t

C-21. PHASE V • BOATTAll, ENVIRONMENTAL TEST. A �fth phase bas been
added to .the all-systems teat prosram due to the cancellation �t the operatiOfte
almulator and the lna.bility of the battleahip atage to provide the r9Clulred conditlona.
1t l• called the boatta.U environmental test. Thl• teat �upUcatea the uunch-pad
comlpratioo ol the at.age in regard to the closure of the aft lnteretage &l'e& ao that
die prelauncb and S-lC boo■t condition• of the engine compartment can be evaluated.
A brief de■crlption of the �oattail teat follows: 'Ihe engine ac_tuatloft system (EAS)
l• permitted to warm up thro\lgh operation of the auxiliary h�raulic pump•. Thea.
Ille naln• •yatem chilldowu ie initiated 'by purging the atart tank helium · epher•••
n. eupne ccniipartment condltlonlng CSE le then .. ctinted ud allowed to operate.
Alter approximately 20 minute•• S•ll-T LOX tank 6llina and S-IC aimulated LOX
taak Allina are initiated. Thie le followed by the ,:hilling and filliq of the w12

C-4-
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st·i:-t t.:i:'\:.-.. Full prcs�•:-i;o:;llion o( tht' !':art t-1111• hd,o..in .. ;ih1HI!'• 1111 then .&ccom
i":.�\��•J, \.ii'�:1 c\)m1,1,:!f,\n ,,1 :;.u�-r r.1.,i,;" LOX t.r.nt- hlhaf, Ut• LOX recirculation/ 
,· �-. .; �r.�· p:-,•-.·,,a,hh,•ning ':• Y"�c-m iH �c ti.v ... ted. Upon ccm-,lo\ton 0£ the chilldown 
.:�:.iii:�: .ll�.! monitoring';• the engine compartment purpe &fftl conditionin; system b 
,.,;.1t..i.>\\n, simulating�!,be S-IC boost phase -,r iliaht • .anc1 w:1rm•up nf the engines ie
mc,nitor�d. ·t/ 

• 

C-Z.?. STACE DESCRµ>TlON •
. , 

C-Zl. The S-11-T stage is basically identical to th� s-n ilisbt •�ge a.e it rests Oil
the static £iring stand a'.t MTF. exc�pt for additional instrbnentation and several
configuration changes which, if incorporated, would caus_e an exc:eaalve program
delay. These include the continued use of the orii;i.nal lighter-sage wall for the
LHz tank and O. 8-inch thick LHz tank wall in&ulation. rather than 1. 6-inch tblck
insulation aa on the S-II flight stage. Also, the forward skirt akin ls llghter
gage alW'.1inum.

C-24. Naturally. at the onset 0£ the programed tests, the S-11-T stage may have
ocher differences due to component shortage• or aabatitutiona. b.it these are only
temporary di!ferencea and, therefore, are not included in tMa de1crlption. The
ulclmate desire is to mold the S-ll-T stage into a configuration wherein the function•
of the stage duplicate those of the flight stage 4s closely :u pouible.

C-25. DESIGN CHANCES.

C-26. r.c)NFlCiURATION CHANGE POINTS. Configurati�n change point, (CCPs)
have been established for all S-ll stages. :cPs are deli�cl to be polnte along 
su.1e a••embly. checkout, and testing operatlor.s '-Vhich are conducive to the 
f.ncorpor••lo:, of design changes. Each of these poi.nu ha• been auigned &D identl• 
ftcatior -�ber to facilitate ease of ducumentation. A• eiLch S&dD master change 
reco .. .-CR) is processed, determination is made as to \he need lor deferment of 
lhe cha.nae on one or mor� of the stages. Appropriate CCP numbeu are then 
a-■lan.'1 wblcb desc,-lbe the desired immediate lnstallatioQ or deferment. Table·
C-1 l1■t1 the e■tabliahed CCP• for the all-sy■tem1 te1t •�ae. The calendar
date■ 1iven are a11bj,1ct to change with change• in en1inee.dn1 te1t and production
echedul• •• 

• c.a

.,.__.ft...,_1..., ___ , • •  _ ... 
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T:,_bl� c·- 1. Configuratiori Change Points for tho All-Syateipe Program.. � . 

M�jori Detailed
CCP: CCP 

Number �mber Description of Polnt Approx Date• 
• 

Facility �pnstruction comple� z 
rAA000 ♦ 

:AA020 Start C/ 0, of ACE (automatic equipment) 
iAAOSO Start C/ c;f of ACE (static firiq CODtrol . 
i equipmcn1t) :, 

iAA070 lnatalla tiqn of stage in ■tand 
AAI00 I'Citia.tion pf stage checkout operatlou at ' .June 1965 

Santa Suaana ' 
AA150 Start of simulated countdown operation. 

AA200 Initiation of countdown for fire, cr,01emc Sept 1965 
tanking test 

AAZZO Initiation of tanking teat No. 2 
AA.240 lnitiation 0£ tanking te•t No. 3 

AA300 Initiation of countdown for firet at&tlc Octo1Mr 1965 
firing teat 

AA320 lnitiation of datic firin1 ( tran•ltlon) 
AA.340 Initiation r.,f static firina (mdY1eta1e) 

- 5 second
AA.360 lniti.ation 0£ static flrir1 (malutaae) 

.. 10 aeconc:l
AA.400 Initiation of countdown for flret ZS ••COIMl ' December 

' 
� duration test 1965 

AA'20 Initiation of atatic firin1 (maiuta1e) 
- 2S aecond No. 2

AA440 Initiation 0£ static firin1 (malna·:a1e) 
.. 25 second No. 3 -

AA.500 Initiation of countdown for fourt: .. 25 aecoDCI Ju.uary 
duration te1t 1966 

AA520 Initiation of atatic firina (main.a :1.1e) 
- 25 aecond No. S

AA.540 Initiation 0£ atatic firiu1 (ma.iua111e) 
- 25 second No. · 6

AA560 1n1·t1ation of at&tic firing (main• tige) 
- 25 eecond No. 7

AA600 Initiation of boattail euvironmet al teate March 1966 
.V.100 Initiatioll of follow-on teating (11:•t May 1966 

co11tr�c�y approved) 

tealeDdar date a 1iven +• aubJect to chan1e wl;; teet •ch•4• chana•••·

. C-17. LIST OF CHANGES. l\efer to append:ix F •. 
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APPENDIX D 

DYNAMlC TEST STACE (S.ll- u) 

o.z. Thi11 appendix describes the mission, test ob.;ectb•�•• t•at proaram, and 
l'tiucture and system "iteviations !rom the S•ll fli�hl a:"t:� of th� S-11-D dynamic 
lt-st stage. Assc.>ciate!tCSE and !acility descript.1on• art! not inchad•d• 

D-3. Tne S•ll-D dynamic test ,tage is a production S-ll •Lll&t, with an external
envelope duplicating that o! the S-ll !light sta.ge. Staae 1y1tem• are, for the moat
put, 1imulated by dummy masses to achieve the d)onamic characterlatica of
the S-II flight stage ir.l minimum cost and in minimum time. rhe eta1e la Che
fourth S•ll atage from the production line at Seal Beach, &n d la desl1nated
Model. V7-1, Unit 3 by S&r.ID and Serial Number S•ll-I> by NASA.

0-4. STACiE MISSION.

D-5. The miasion of the S-11-0 atage is to serve aa til• 11econd••ta&e booater in
th" �a turn SA-S00-O dynamic test vehicle and to poueH the etructu.ral-dynamlc
and atage•to-stage mec:hanical-inter!ace characterist ic• of the S•ll fil1bt at.age,
in 1u.pport of the launch-vehicle structural dynamic teat• conduct.cl at MSFC.

:>-6. TEST OI.JECTlVES. 

I>-7. 1be teat objectives for the S-II-O atage in the ciyMmlc te,t pro1ram can 
be •wnmarized with the !ollowing: 

•• Obtain elastic body data thl'ough dynamic teatint to v,rlfy ac1·uctural
clynamlc reaponae pl'edictions. 

b. Explore thrust ttructul'e compliance under �yn&mic conclltion• and obtain
experiment.al thrust �rander !unction, for the Satun V control ay,tem. 

c. Aueu the compatibility of the S-lC/S-ll•S•lVB m•chanical lni.rfacet.

1>•8. TEST PROCiRAM OESCRIPnON. 

1>•9. 'l'he S-II•D •tage ia delivered to MSFC where the 1ta1e b lnetrumented 
aad wlred for te,t by MSFC per,onnel. Althou1J: n_o •taae wlrla111 provided by 
SldJ>, aome wtrument.ation h provided in the enabw actllation ey1tem. (Rafer 
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to sa�.:c D,•»cri�ti.�:>n.) With �c aid o! a.n S&ID epec:Ja.1-a••is��e technical 
lNm. the J-ll-D stage is in� .. lled on top of the S-l

i

D eta.se i� the dynamic 
test L.:.cililf (DTF) at MSFC, fF.arefully checking 5-1 -D and S-Il-D mechanical 
inter!.1.ce,i

�
. Next, the 5-IVB

-:,P stage is stacked on p of the S�-D. Mechanical 
lnterlacee are a1ain c:heckeci(',; Thia ia followed by • in•tallat�a of the 
S-lU200D/ OOD instrument unl,t and the simulated p�yloa.d. (Sei llgure D-1. )
This atackjed assemblage is i&ntified as the SA-500-D dynami,ftest vehicle.
The booster propellant tanks'.�re serviced with appropri?.te am&ants of con
ditioned water (!or LOX and .RP-1) and plastic foam spheres (!O}' LH2)

1 and 
pnuurized. · �

' � \ 
.; 

D-10. The entire vehicle is �ibrated with bending, toraional, tnd longitudinal
force• protided by a facility generator/transducer ayetem cap�ble of applying
up to l 0, 000 pounda of force f(lr the S-IC boo at configuration and up to 2000
po�nd• of force lor the S-II booet conf iguration of the teat. The S-11 booet
configuration is ehown in figure D-1. In this confiauraLion, the S-D •ta1e, with
payload. ia phyeically separated from the 5-IC 1t&1e. Durina tbeee dynamic
te1ta 1 the 1hapee and lrequenciee of the natural vibratory mode• and the
tran1mi11ibility characteri1tic11 of the two vehicle conftauration• are recorded,
analyzed, and u■ed ae support data. !or vehicle fllaht control and dynamic reepon••
inveati1ation1. Experimental thru1t etructure tranefer f.inctlou are aho obtained

. tbrouah engine gimba.l teat1 -:luring thla period.

0-11. STAGE DESCRIPTION.

D-12. The S-II-D etage b delivered as an aHemblecl •tal•• with a dry mau
dlatribution, total weight, and dry center-o.f-gravity iie•rly equivalent to that
of the contractural requirements of the S-ll-1 ilir,ht ataae. Althoup eome 
error■ ex.ht ln theae value•. they are not conaidered to be enoqb to affect
the reeult• of the dynamic teat appreciably. Since the miaaloa of the S-Il-D •t&a•
do9• not include £unctlona.1 operation of mo■t 1ta1• 1y1tem1. maaufacturiua time
ha• been reduced by aub1tltutin1 equivalent eimulatecl m&He• for maay of th•
IIOll•operatlve component,, by contlnulna to UH liallter•1&1• alllllllamn akin oa
1lle � ·Twarcl 1kirt. and by retaining th• .a•o o. 1-tacJa tau wall mnlatloa
c11lc:kneu. (S.e flpre D-2.) Th••• ancl odaer die1bnUantle1 betwa•• the
S-U-D 1C&1• and th• s-u fllaht .-taae are cU•culN la Oae IGUowlat para1raph1.

D- lS. STllUCTUllE DESCRIPTION. Structurally, .. a-U•D 11&1e 41lffera little
from the S-11 flipt ■taa•• Be■id•• •ta1e walpt ... W■M•• ._ fonlard 11drt
an4 LH2 tau conetruction ii diflerent, al0111 wlda ,-••••• ••ad .. teclllll4ue•.
The dlfferenc.1 are deecri�cl below.

D-14. Wei1ht and Balance. Syetem compcn.em• Mt ....... ID 1te fucdoaal are 
ef.th�r lucalled or ma11 elmulated. The s-n-D • ta,- tMll ,..llltt alllll dry 
maH. however, are within 3 percent ol the pr•••:CN. nl•• lor tlle 1-11-1 1ta1•; 
the dry c.,. la within 6 inch••• Some error Ila•, .... twollllC .. bowlqly 

' ' . 
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b_'!'Ca':l'.!,.th.-�l(IC'_11��, _rc-<-•l linl" .. ancl_ r_n��.l\..S.S are-slmu.l�Ieaa, be&n&.,J!!et, .nti..r.
�-·�a dry. to •unul�C.-·�·U 1,.,..,., .:und,oobs. 

O• l S. Lil? Tank. Lighter-gage alumin\lffl i• used !or "the LHz tank wall. A 
�.\SA ct:.�nge order i��reued the S-II-1 ;w&ll thickneu� but did not include thp 
S•JI•D slage ,n it• e�ctivity bec:au•� prpduction would.l'lave been delayed. 
Abo, the ansulation used in the LHz tanij wall of the s-;-o stage ls O. 8 inch 
thii;k. inste,d of 1. 6)nc:hes thick as presently apeci!iecf for the S-Il flight •ta&••• 
En�ineering invutig:�fon has con!irmed;that neither of�these difference• c.11 
cause more than a on�-percent di!!erence between the d\odal !re4uenciaa ot

th� s-ll-0 staae and tfle S-Il !light stage�• 

0.:16. Forward Skirt. As an expedient, lighter-gage skins are uHd on the 
forward skirt. Thl• move has negligible e!!ect on the miuion of th• S-U-D •kl•• 

0-17. Component Mounting Brackets. Simulated component• are mounted eq
as to simulate the components they replace; however, the method of attach-
ment may di!!er from the S-ll flight stage.

D-18. SYSTEM DESCRIPTION. Most system components on the S•ll•D etaa•
11re either ma•• and c. t• simulated or are non-lunctional. No wirlng le lnata\1ed
on the S-ll•D •tage by S&tID. The following describes the extent to which the
S-11-D 1tage le •Y•tem-equipped. (See figure D-Z.)

D. 19. Engine. Five dummy engines are provided. The outboard enainee are
mounted on CiFE flight-1pecification gimbal bearings. The center dummy enctu
l• installed rigidly, but not to flight epec:l!ication. The dummy enaine weighti
c.g. location. and mau moment-of-inertia are within 5 percent of tht> actual
wet engine. The value• for the atillneu EI (modules of elasticity "time• moment
of inertia) of the dummy engine crou-sections between the actU.&tor attach polMe
and the almbal bearing are at least as great aa those of the actUAl enaine. "l'be 
EI'• of the croH•HCtiona near the bottom of the dummy enalne, however, ar• 
le•• than ti101e of the actual" engine. 

D-20. Eqine Actuation. The number 1. engine la provided with a complete
bydrawlc 1y1tem (except etage wiring) for actuatic•n ot the eaaine. Tlale lacludee
all tliaht lnatrumeatation intearal to thil 1y1tem a� well. Dummy eaalM• 2, �.
and 4 are eqaipped with 1liaht-type actuaton only. Tbe•• accualOra an eqlllppe4
wltb preHae and telllperature tranaduceu, and bleed Yalwea.

i 
D-21. Propellaot. The propellant fill and drain ayetem l• &..tall.._ It.a die_

: propellant teed ll••• aD4 pre�alvea are �imulated ;,e bell!a fdW wia p.,,neat

liqw.cl. Tia• propellant management •Y•"'m l• not fwlclNMI.
FIVE LINES Lt;;:-·, 

D-ZL Pieuua.u.iloa. _ Tank pres1ur1.a,hon �net, entl• la ac 11m,tlaW.,
meau ot the eyetem ehowsa ln flaure D-�. Fbaht •type .U.u JCta __. NIii 

1..a.ea ••• proritlM. PMHUrbMien of ..... ta�•-•ac11a,1i.11111•I'• # .._
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i'" "��•"·c.. p r�;ri.,4vr, �e;:-�;.; ._T ..1.nk__,;.):-� � !u"c ls _J�.nse.d-lhrou.gh. th�ne 
:°:';..:-11 fr.e tank to the.'regl!!a:or sensing ?Orl w::-.:.:::, ir. t.;rn, is connected to the 
hr.� from the regul�for to the rei;ulc.tor c;i.c,;:�1.11.t disconnect. 

0-:?.3. DESIGN CHA."lGES. 

:::>-!-i. CONi:"iGURAXION CHANGE PO!.NTS. C.:.ni�;:ur.&tion change points (COP'a) 
!-: •• vc been established for all S-!I .sta.;;l!s. CC?'fi :�;-e <idined to be j)Oints alon:g 
.st,,f.C assembly, c:he�kout, and te�:ing O?c:-;,:.u·.:; •• , .. �.:h .. re conc!ucive to the 
incorporation o! design changes. E:a.:h 0£ tr.ese ;>o;nts has oeen assigned an 
identification nu:nber to facilitate case of document:i.tion. As each S&ID mast�r 
change record (MCR) is processed, detcrrr.�r.::.tivn is mace .:.s to the need for 
deferment o! the change on one o::- more of t:-.c st.:,i;.,:s. Appropr;ate CCP 
nur.,bers a.re then assignee! which dcscri!:>e the c!es�re:i immediate ir.stallation or 
deferment. Ta.ble 0-1 lists the eota.blished c=.?· s ior the S-Il-0 dynamic test
stage. The calendar dates giver. are subject :o c:han�e with changes in englneerln1 
test and production schedules. 

Table 0-1. Configurat{on Change Poinu For Dynamic: Test Stage 

Major CCP Deu.iled CCP 
Numbers Numbers Descript:.on 0£ Point Approx. Date• 

OAlOO Initiation of stage checkout September I �65 
operations at Sea.l E�ach. 

OA200 :.-:>:-eparatio n !or shipment to November 196S 
MSFC. 

•Calendar dates given are subject to c:h3.nge witn teat schedule c:haAgea.

D-25. LIST OF CHANCES. Reier to Appendix F. 

.. 
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APPEXDL'C E 

FACILITY CHECKOCT STAC� (S-a-..:-·; 

Z-1. Ci!::NERAL.

£-Z. Th:� apper.dix cescriboc's the :·.'lissio:-:., :es: ->OJoact:.ves, :<?st ?rogram, and 

g(::.era.l co::i!iguration of the S-!I !ac:ih� checkout ste1..;e, Auoc�at�d CSE and 
ia.dlity desc:riptions are not incl1,tded. 

E-3. T�.e S-II-F !ac:ility checkout stas� ;'i a _;"?"oc!·.;.:t�on S•ll stage with an external
envelope duplicating that 0£ the 5-II ilight stage. The iU.ge :.1 !i.tted with & limited
s),·sten-. complement designed toward iuW.llinJ the te•: objectives for the 1ta.ge at
MTF and at MIL.�. where the S-II-F staie is rr.acie ar. 1ni..:zral part o! the SA-500F
tacilide» checkout vehicle. This stai• is the third S-ll stage Ir0� the production.
line at Seal Beach and is designated model V7-1, unit.;, by SitlD and serial
No. S•ll•F by NASA.

E•-1. STACE MISSION. 

E-5. The minion of the S-II-F stage is to duplicate the Olltward appearance and
certain for.ction.s of the S•ll flight &tage so tha: critical areas of compatibility
!>etween the Saturn V vehicle stage• and between the S•ll ata,e and the flight•
certiiication, vertical•assemhly. and launch !a.cW.ties car. be veri!ied prior to
delivery 0£ the S•ll-1 !light st ... ge.

E-6. TEST OBJECTlVES.

E•7. The test objectives for the S-II•F stage are di•rided between the two major 
ladlities, MTF and launch corr,lex 39 (MILA). 

E•8. MTF TEST OBJECTIVES, T'.ae teat objectives for the S•II•F atage while at 

MTF include: 

• Mechanical compatibility c· •eke between the atage and the OSE in the hori•
aontal preparation area

• Mechanical compatibility check• between che uaae and atatic firina te•t
1tan.d A-2

• Verification of propellant loadin1, dralnin&, a11d preHurlsatlon. facilitie1

aDCl procedure• by perlormlna th••• operatior.. with LOX and LH2 on te1t
•t&Jl:!" A•Z.

. . . . � . ·� · .. • - I - • � ".'°,l. ,.41'., :J. 
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£•9. �!11..A. T.E:ST OBJEC;f�VES. The s-::!- F stagp is used by �e customer 'hith 
� �lii;t.ince !rom an S&ID t��hnical team tc. verify the following !n launch complex 
H f.ici.Utics at MILA: 

• Tho compatibility bet,Neen the stage and the CiSE in the low bay 0£ vertical
auen1bly building · 

' 

• Sta=ge rnatir.g and checkout operations with the S-IC-F and S-lVB-.P' ·stage•
in the high bay of veriical assembly buildir.g

• Mechanical compatibiiity and propellant loading and preuurization
operations on launch pa..i.s A, B, and C

• Jnstallatio� techniques !or ordnance, u1ing inert ordnance.

£.JO. TEST PR.OCR.AM DESCRIPTION, Following completion of mamt!acturing 
and production checkout &t Seal Beach, the S·ll•F stage is transported by mean• 
of the iand trart1po.rter1, ocean veaael, and barge to MTF. TAe ataae la pro• 
ce1•ed through the _horizontal preparation area, verifying stage and OSE compati•. 
bilities. · Next,· the stage is installed on teat sund A•2 where mecharJc£1 
compatibilitie• are checked &l"A propellant loadin1 and preuurizing operation• are 
perforaned, u1ing LH2 and LOX. During t."-lia time, performanc.e of the propellant 
mana1ement 1y1tem i1 evaluated. The point-senior and capac{iance 1ystems are 
evaluated for operation, and their performance• are compared,• 

E-11. The S•ll•F 1tage i• then tra.n1ported by barae to launch-complex 39 at
MILA. In the low bay of the vertical a11embly buildin1 at thia complex, the
5-ll-F b proceued through a limited receivina inapection to verify it• accept•
ability to the cuetomer a!ter transport and to verif}' CSE compatibility in that
area. From the low bay the S-II•F staae b moved into the adjacent high bay 0£
the aame building where the 1ta1e ii installed atop�• S-lC•F 1ta1e. The
S•lVB•F third stage, the 5-IU-S0OF inatrument un:.:.. and a dummy payload are 
then bolted on top ro form the SA•500F f&cilitiea cl.eckout vehicle. Compatl
blllti•• are checke� and ordna.nce ln1tallation1 are !emonatrated, u1ing the set of 
l11en ordnance provided with each vehicle 1t&1e. t'.pon compledon of _vertical 
a11embly and proce11in1 of the SA•S0OF vehicle, tl,e vehicle le moved by railed 
trauporter to each of the three launch pad,. The launch/umbilical tower at each 
pad b checked for compatibility, and propellant fill, replenilhment, drain. �d 
pr•••uriutlon operation• are performed, uain1 Ll:2 and LOX, to verify launch 
pad Nl'Yicla.& fi.cilitie1. 

E-12. Followin& completlon of launch pad verifica!i.on activitie1, the SA-SOOF
••hicle la remrned to the v�rtical aaaembly buildir ., where it ia dismantled and
placed into etora1e until needed for addidonal facili;y and vehicle compatibility

•. alielpmem• _which may arise. 



._ .. 

!-.•: ;. STrt::�Ti.:lU: DE:SCRIPT!OX. Th.? S-ll-F ftag@ ha, all the mechanical 
:,·.l:·.r-.·• "! the s-i: flight sl�g�. ist..ch a.s �xternal protu';ierar.ces, interstage inter• 
: .. .:,•, ... :.c! faciht, Jnter!accs. Tb: cer.Nr of ara"·ity oi 'the dry S•ll•F auae is 
••;th;n Z-t ir • .:hcs c,{ the !1:.ght at.lgc dry ccnl4:r 0£ ;ravity; and it• W4ight ii within 
10 p\:rC\lr.: o! the !li°ght stage weight. Only minor uruct.ird di£!erence, exist 
�tween ti:4: S-lI•F �nd the S-11 fliiht stag<!, none of which hinders the S-ll-F atag• 
ir.iuior.. Tho Utz tar.k is mace o! lii;hter s•�c aluminum anC: has o. 8-�nch 
in•�lation, instead o!.1. 6-inch. Th�so cbi£.erences exist because t�• change to 
higher tank preuure and 1. 6-inch insulation was not mado ef!cctive on the S•ll•F 
•�go tor economy and time reasons. Another difference is the <Ielction 0£ tne
heat shield and thrust cone insut.t.ii-,n, lllince iunction.,.l cn&ines are nc,t provided.

E-15. SYSTEM D1::SCRlPT!ON. Syst�:r.t. ar.d t1yst1:m components not required
for iul!illment o! the stage mission are either deleted Crorr. tl1c S-II-F stage, or
aro re?lac�d b, liimula.ting masses to maintain a near standard stage weight and
cent�r c.f gravity. All inter1ace connections are installed a:td ai·e to flight stage
specification, even though some are not functional. The: l�ak detection and insu•
lation p,uge system, the thermal control system, and the <-ng:ne compartment
conditioning system are complete and flight-type. The other systems installed in
the S-11-F stage are described in the following paragraP.hs.

£-lo. PRESSURIZATION. The S-II-F preuurization system is fiight .. type, 
except t.t:a: portions �; the system L'1at provide pressur• for actuation of valvea in 
the propellant teed knd recirculation systems are not installed; &lthougb, the hi1h• 
preu11re heli11m receivers are provided, along with th• iill di,connect• and 
interconnecting lines. (See figure E-1.) All other cU,connecu are installed only 
to complete the GSE mechanical interface. 

E-17. PROPELLANT. Tre propellant sys:em c->:is1sta o{ a llight•type !ill and
drain system and a flight-type propellant management •ystem. However, the
engine cutoff portion of the propellant management ayste.n is not !unctional d11e to 
the omiuion of the five ECO point sensors from each tank.

I 
E-18. ENGINES. Th• J-2 engines are simulated bj- du�my manes, rigidly
mounted to the thrust structure by fiY.ed actuator-sil-:1ulator link• and gimbal•
plane attachments. However, the five helium/hydroien start tanks are provided.
toaether with t.'ieir auoeiated fill lines and disconn<icts. Not all engine interface
connection• are provided, but the CSE interlace at t1e umbilical panel i• complet..

E•l9. ORDNANCE. Some inert fiight•type ordnan-:e iiems are provided. but no 
electrical wiring or electrical a11emblies. Include:. are two pyrogen lnitiatora, 
one ullage motor (111 eight falrina• are inatalled), 011e LH2 tank deatruct charae, 
one LOX tank de1t:ruct charg�:, c,:le <:;DF tee, one CJ:F �uembly. on CDf dlscon� · 
uct, one separation charge (LSC auembly), one c.:•F manifold. and one CDF 
aHembly (Hparat!on). The_H •!e provided for the 1•urpoae 0£ perlorminr 
orclnaAC• mat&llatioa verification· teat• at MILA. 
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.::.�:1. t:: . . . •. .• • .. ·, �mpl""h: Oi�·•t-type a.ta�e wire har,walie• are uaed in the 
s.a.J-� ,u.,� .... �,:i.�:t:.:.l ti.u rnaJority of tho wires and connsctora are no, function&!. 
�-!.:>,t uC th-: .:lcctrical a,;,wcr syatom c.om:,onenta �n.:lu.din& bauerie• are not 
iui.al!.:.!. The rartial �ystem consi:ns oC main, lnstrume·ntatlo!'I, and ground buaea, 
:h� propellant m�r.a�ement power trana!er awitc-h and- twe> isolation re•iator1. 
Th11 .:l�ctrical .:c.ri&.ruJ •i)·stcm ts fiight-t)·pe 'bt•',, limited ii,, its CC'ntrol capability, 
air.co cn�y two relay n,oauLu areit inst:..Ued in the electric.ii eeciu�nce controller 

. 
. ' pac.cage. • 

\ 

E-ll. MF;AStJR?:M.EN1'. Portions of the flight-type DD�S telemetry ■yatem are
provjd.:d to transmit pro?ellant management signals thro.ugh. the hardwire ayatem
to '40 control r,,o:n. {No radic- freq�1<-ncy or t:-acking systerns are in•talled.)
Inasmuch as CH! mi�im•.un DJ:'IAS system required for this primary function ha• a
large ca;>acity r"r da.ta tra�,amittal. other select night measurement•• alona with
a number o! epec:ial customer-requested mea,iurements, &.re tran1tn1itted by the
•ystcm also.

E-ZZ. DZSI0:-.1 CHANGES.

E-?J. CONFJCt:JlATIO:N CHANGE POINTS. Configuration change point• (CpPa) 
have been cJl.lbH ... hcd ior all S-II stages. CCPs are detined to be point• alon1 
stage a11oaem�l;•, checkout, and testing operations which are conducive to the lncor
por�h.,r. 0£ cfo•:gn char.ges, Each of these point£ has been ae■igned an ldentili• 
cation nun1ber lo facilitate ease oC documentation. As f!a<:h S&ID m&ater chana•

record (.MCR) b prot:essed, determination is made as to.the need f'or delermentof 
th.: change on j)ne or rn.:>re of the stages. Appropriate CGP numbtro are then 
a11ignod which de•ii:ribe the desired immediate inatallatiqn or deCerment. 
Table E-l h•ts th� e•tablished CCPs !or the S-tI-F facility checkout ata.1•• 'lbe 
calendar date• gh.•era are subject to change with changes in engineerina teat and. 
production ach�chile.,. \ 

Major 

CCPNo. 

FAIOO 

I 
F.UOO 

FAJOO 

FA400 

'fable E•::. F1',cility Checkout Stag.a CCP. Nu.mbera 

Detai!fli 
CCP No. 

--

Description of PoiAt 

lnitil.tion of stage checkout operation• 
at Seal Bea.ch 

,.,repara.tion for ehipn:ent to MTF 

laitlation of countdowr at MTF 

Preparation for ehipn .!Int to MILA 
., 

Appro• Date• 

May 1965 

June 1965 

October 1965 

.Tanwuy _1966 

teal...., � ...,.. &N ••J•ct to chan1• v1itt teat ach�dw.e chana••• · 
-·

£-Z4. Lll1' GrCIIL\.'CU. Jl.ter � appeDClbc J". 
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F-1. GENERAL. 

F-2, The purpose of tr,is appendix is to pr->vide abbreviated in!ormation con ..
cernir,g S-11 staie c!esii•,n cr.a:'lges. All properly initiatecj S&ID and customer 
directives and design c.m:ige� ��n�rated ar.d available as of October 8, 1964 are 
listc�. No att�mpt is n:a<l.? t.:, giv� th.? StiJtus of the changes other than to declare 
kno"'.n c:ar.c:ellations. superJo�dures, or revisions. This appendix doe• no_t 
authorize or initiate- chang"'!: or e!f.ecth•ities. Queries regardinr the atatu• o! 
dcJiign changes should b-, clirt:cted to S-11 Progz:am Management or the Con!igura
tion Control group of 5-ll Engiucerfr.g. 

F-3. DESIGN CHANGE IN.FORMATTON.

F-4. The design change i..!ormation is t::ibttlated into two t �blee, F- l and F•Z.
A glossary is contained in Tabl� F-3 which defines design change .. related abbre•
viations u•ed by both the customer and S&ID.

F-5. CUSTOMER TECHNICAL DIRECTIVES. Table F-1 li,ts and deecribel by
title each customer technical directive, request, and related contract letter
received by the S&ID Contracts and Proposals group, With each listing ii gi'HD
related S&ID change control documents which present a plan o! action for impl••
menting the chAnge re�uested 'by the customer. O! the•� document,, t.'le MC&••
and/e;r EDC•• ueually provide good deacriptions,of the propoeed char.gel and.
therefore, are listed herein under Table F-2.

F .. 6. DESIGN CHANCE DESCRIPTIONS. Tabl� F-2 lists and describe• all 'j 
change• auigned a "uni!orn1 control number" by the Change Control group. Ta.la 
include• MCR.'e, EDC'•• and TVA's. (EDC's and MCR'• initi&t9d for the nme 
deaip change are auigned the same uniform c ontrol nurver.) The tabl• &i••• aa 
abbreviated ducription oi the change, along with e.Uecti,,,\'.fe• of the cbana•• 
E£!octivith1• are lilted only for thoae duign changu whi�� directly alter tbe 
configuration o! oce or more o! \he S-ll teet. or flight stag;a. E!fectiviel•• for 
c;SE chances are not aivon; however, the CiSE: c:,ange• are de•cribed. to complete 
the picture ol exinins deai&n change•. The reader i •  cau\ioned that the effec:ttn. 
ti•• abown in Tablo F-2 ar• not necouarily &pf roved; th,y 1erve merely to flaa
poHible ef!octiviti•• !or !amUiarization purpose·•• Table F•Z la c�re•t ID 
October a, 1964. f, 

. 

, 
F-7. GLOSSARY. P..!or to Table F-3 for dofi·i.tiona of �••Ip dl&111e•relu ..
abbreYiationa.
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Ta.blo F-3 •. GloHary of Design Change-Related Abbreviation• 

Ca1e1ory Ab'brevi&&loa. 

FacUlcl•• AMR 

EDL 

; £MM 
: MILA 

MTF 
MTO 

PFL 

Documeau C/A 

c.o. or eo
CCN . 

CCP 

CRN 
EDC 
G.O. 
ICA 

MC& 

PCA 
QRE 

SIA 
TD 
Tll 
TVA 

M••lutl• CCB ·· -
J>lM 

Hunar• C/0 
···--

' CALIN 
CCP .. 

ECO 

EFSsa 
IGSTS•:t 
·UCI'
SLAM
.

·\ I 

; 

Defini�on 
) 

Atlantic M iHile Range f 
Engineering Developmed t.&b (Lo• An1ele• area) 
Electromechanical Moc� (Downey) 
Merrit laland Launch Are� (Florida) 
MiHiHippi Teat Facility 
MiHiHippl Teat Operattot• (Mme &8 MTF) 
Propultion Field Lab (All •y•tem• UM1 .battle•hlp 

• te•t 1tanda) 

Contract advice 
Change order (NASA) 
Contra.ct chan1e notlc• 
Contra.ct chan1e propo•al 
Contract reviaion number 
Engineerin1 de•Ssn cbaaa• 
General order 
Item change ana.lyel1 
Ma.ater cha.nae record 
Precontract authoria&tion 
Quick re"tion eetimate 
S\&Pplementary a1reemeat (NASA) 
Technical· Direcdn (NASA) 
Technical Requeat (NASA) , · · . 
Temporary variance autboriaa� 

Confi1uration control boan

J>eaign input meedna 

· Checkout · · ·· � ·· 
Calibratable prea1ure awilicll 
Confipration cha.nie' poiAt

• . ' I 

Enpe cutotf ·

··- -

Enpu failure ■en•inl and,_.....,. aJ•� 
Ground equipm•nt te•t ataacl 
llemote automatic �•Hbradoa .,...., 
Stele load arreatm, mec-.lam 
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.. ·�
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