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FASEICATING THE SATURN 5-IC BOOSTER

Whitney G. Smith

: :
The Zoeing Company 2
. Taunch Systems Branch

INTRODUCTICN .

“he Satuwm 5-IC tooster is the first stage of the Saturn V/Apollc launch wvekizle scheduled

It is the largest and most poweriul vehicle

Tre 3oeing Company is under contract

to place = man on the moon in iz 5 decads.

SA'S Gecrge O
ever built by the free world. to NASA'S Gecrge C.

Zpace Tlight Center

~re tremerdcus tize of this vehizle, coupled with its design cemplexities, h=ve crezted

many unisue and challenging rcolems for the Aerospace materizls engineer. Zxistin

me-rods and facilities have been stretched to their meximum capacity, and in

meny instances it has been necessary to develop new technigues znd new faciiities. ‘A

brief deseription of the S-IC will provide a basis for appreciation of the Iabrication

problems associzted with this focster.

The Saturr in diageter and ]38. feet tall. Dspending upon the

s*+ached =o tne upper stages, ths overzll height of the Saturn V vehicle will oe

story building. The overall weight will =prre

The propulzion system of the Satum Bocstier consiste cf five F-1

130 feet cor the sguivalent of & L2

seven million pzunds.

engines supplied by the Rocketayne division of North American Aviation which zevelop a
total thrast of 7.5 million pounds.

The following tz>le summarizes 3-IC stage Characteristics.

* Overall Height 138 ft.
Diameter 33 ft.
Weight:
s Empty 287,000 lbs.
Fueled 4,711,000 1bs.
Burn Time 150 sec.
Distance Above Earth at 38.5 miles ¥
Burn Out
Propellant 10X (oxygen)& RP-1 (Kerosene)
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carried by the structurs wider ceonsideraticon.

¥he Booster, as illustrz-ed ir Tigure 1, structurally zznsiste of 2 thrust z:i-izture to
which the engines are z<tachec: two welded aluminum liguid propellan: contziz==s { a IOX
tank and an RP-1 fusl =znk); == intertahk siructure c-nnecting the twe tanks =-4 a for-
ward skirt structure whizh procvides an attachment point far the upper stages. The selec-

tion of materials for = Zooster such as the S5-IC is z complex process at bes=, Zut in

general begins with a considerziion of the types and chzracteristics of the I:zzds to be

The for«zrd siirt, inzertank, z=nd thrust

structures are designed =z ring sztiffened cylinders &nZ sr= primarily loaded i= compress-

ion frem the weight of <ke upo=r =tages and the thrust lszds generazs=:i i

Compressive yield strengzh, mcdulus and density of the meterials unisr conside-ztion are
the criteria for selecticn.  Trhzse considerations result in the use =7 7075 =l —inum for

compression strength criticzal szplications; 7079 aluminum for compre

combined shear and camp*ﬂaion-

The LOX and fuel ta.nks, in addition to carrying thrust =%hd upper stzge corprzszion loads

in their cylindrical sectiions, —ist also carry hydrostztic pressure lszds. This situation
places the tank domes In Ti-zx:l tension and the tank cylindrical seczions in z=xial
compression and hoocp tens=icn. The corbimation of hydresiatic tensiorn =nd axizl -om-

pression resulted in an integr:lly stiffened design utilizing welded sluminuz itrication

-techniques.

Three aluminum 2lloys wers considersed fer the tankage srplicaticns,

luding 2Iloys 2014,

2219, and 5456. Aluminum 2llcy 2219 was selected as the prime structurzl alicy for both

the liquid oxygen and ths fuel tanks. BSeveral factors were considered in mai-z the alloy

selection, including: strength snd ducti]itfr at room and cryogenic terperatures; weld-
ability; fracture toughnes:z; =zvzilable sizes and tempers; stress corresion resisiance
=i theze Tzctors

and previous experience wiih the alloys under consideration. Several

are compared in figure 2
MANUFACTURING SEQUENCE

Each of the Lox and Fuel Tznk dozes or bulkheads are eliiptically shapea and zre made of
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eight pie-s:= gores.

A zore is made up =f a triangularly shaped zpex segment =nd a

trapezoidally shaped base segzent.

zpproximately &z feet 5y 12 feet up to an inch thick.

Each segment Is made from a single piece of meterial
These segments, shown in £igure 3,
are sculpturss o provide integral stiffeming znd Ibeefed-up weld lands. The thicker weld
lznds compersste for lower sirength weld Joirts. At the present time most of ths gore
sepments are mschine Sculptu;'ed in the flat *hen hydraulically bulge formed to contcur.
ke remainder are hydraulically formed to ccrmtour and then sculptured by chem milling.
Wachine seulpsiring in the flat and then forzing is the more economical of the two
crocesses and the chem milling is currently being phased out.

Hydraulic bulgs forming has been used previcusly, however, the egpplicstion usually re-
aof complex hydraulic preeses. éince Baturmn gore segments are larger than

guired the use

existing pr= cities this method had %o be ruled out. A technicue has been worked

out which utilizes dis halves to restrain the part blank with a peripheral seal to with-

stand the pressure of the fluid (in this case water). Typical forming tooling for an

zpex segment i= shown in figure 4. Torming rressures vary. from about 500 psi for thin

parts (sectionsz &s thin as 0.10 inch) to about 1100 psi for thicker parts (sections as

thick as 0.235 inch). Contours are held to + 1/8 inch and thinout is held to less than

C.oog.m

coly step in the menulacturs of a bulkhesad is the wslding of fitting

o dwe s

“he initial z=
<he apex and tase segments. These fitting jcoints are made using hard tooling anc fitting
size and con®igursticn varies widely. Fitting weld tcoling is shown in figure 5 with a
base segment in pla.ce. High residual stress in these circular welds sometimes causes .

deformation. .

Yoil caaning” This is usually corrected by age forming in a fixture or in

extreme cases oy the use of roll planishing. An alternate technigue for correcting "oil
canning" utilizes a magnetic hammer wihich was de\relgped by the George {. Marshall Space
Flight Center. The "hammer"”, shown in figure 6, is a large coil through which a high
voltage, shcr: durstion impulse is passed. While current is passing through the coil a
ield is created about the coil which in turnm creates an opposing fi‘eld in the part,

The opposing fields tend to move apart and since the mass of the coil is greater than
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the mass of the part, the part actuz1ly moves. There is no physical impact and z piece of
tissue paper placed between the coil and the part will be undama.ged-.
The second assembly step is the joining of ap,ex and base segments to form gorss. Zach gore
contains 3 inches of excess meterial zround the edges to compensate for movement Suring

trimming and provides integral runouz tabs for welding. Apex to base weld tooling is

shown in figure 7.

Next, eight gores are Joined to form = bulkhead. During welding the gores are helZ in

pléce by an ellipsoidsl vacuum chuck. Figure 8 shows the gore tc gore weld siass with
a final bulkhead meridian weld in prozress.

The bulkhead is joined to cylindri-zl iank sections through a transition piece calied a
i-Ring. Figure 9 shows the weld s:;‘.i;n for joining these two parts, This sear is welded
from two sides using a modifi=d v-tjps edge preparation on the inside.

The Y-Ring configuration is illustrszed in the cross section schematic in figure 2C. This |
ring was specifically designed to eliminate lap joints in joining the bulkhead, intertank, |
and tank cylinder walls. The Y-Ring begins as three,five-inch thick i‘iat. Flates, 27 inches
wide by LO feet long. Each plate is roll formed tc a 16,5 foot radius. Three cf the
curve plates are welded to form a ring 33 feet in diameter. Figulre 11 shows the Y-Ting
weld station.

The edge prepzraticz for this joint is a double J. About 160 passss using

oscillating torches from both sides =zre required to make each Joint. After welding each
Joint is stress relieved using large induction heaters. The 5" thick ring is then placed
on a boring mill and approximately 1.,500 pounds of material is removed leaving the

finished 3,500 pound Y-Ring. The bering mill (i:'igure 12) was built in 1914 with zn

original capzcity of 27' dia. It w=zs enlarged to a capacity of up te 42' diametsr, the
largest in this country and has 2 mexdimum turning speed of six rpm.
The cylindrical tank walls are made of integrally t-stiffened skins. This part btegins as a
21 inch thick by 11 foot wide x 26 foot long plate., A numerically controlled skin mill

After machining the paris are

sculptures the integrally stiffened skin from the plate.

clamped in a fixture having & inen radius as shown in figure 13. The clampsd part is

ther aged in a furnance at 325° for 2i hours. While at temperature the part takes a per-
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—znent set to contour, is age hardened to the 1..8? condition and resches its maximum sirength.
Wrer removgd from the fixture, the panel springs back to the desired 198 inch radius.

Tour af these skin panels are welled together to form a r‘;}rlindr‘ic“:-l skin ring 10 foct high
in dismeter as shown in figure 14, LOX tanks are &ssempled in the station at

‘n place prepatory to lowering a bullkhead. A completed fuel tank is in the right

tard station. The lower bulkhead is in a pit and is not visible. The circupferentizl

t this station are =iis with = fixed torch and the pari is rotated past 10X

k]
¥
L
w

Zizuid cxygen is transmitted from the Lox Tank through the Fuel Tank to the engines by means

- Tox suction lines. These are straight tubular assemblies consisting of two cencentric

Ziats farty feet long. The inside duet, or lox suction line, is 3211 steel and 25 zn in-

ot ke | TTY

=iie diameter of 20 inches and a wall thickness of 0.085 inches. The lox tunnel, which

 =ncases the suction line, is a one-piece seamless tube sh_ear spun from 2219 alurinum to

» ‘rzide diameter of 25 inches and a 0.0%8 inch wall thickness.

wrer. zpplying shear forming or flow turning to thin-wall tubes L0 feet long sgueezed from

sre-inch thick cylindrical blank cnly €2 inches long, conventisnal methods must be

Jne-in

insure distortion free and properly sized parts. he Parsons Corpcration, the

“znturer,accomplishes this in & series of passes which first reduces the annealsd work-

It is then scolution heat treated to the “TL2

]

:2tisn and further reduced 50 percent of the remaining wall thickness. After the part is

iesze "5 percent of its wall thickness.

t5 the -T8 condition, it exaibits an ultimate strength of €3KSI, 2 yield strength of

aged

T, and an average elongation of § percent, in 2 inch gage length. A complsted lox

-wrrel with attached bonded stiffeners is shown in figure 16.

The ullage pressure in the fuel tank is controlled by helium stered under 3000 psi pressure

ia four bottles located inside the LOX tank, see figure 17. Thes‘e storage becitles are
szbricated by the Martin Company from the largest 2014 aluminum extrusions ever made. These

ex-rusions are approximately 22 inches in diameter, 20 feet long and have a one inch wall
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‘place during countdown.

1 "
two presses in this country capsble of 50,000 tons of pressure.

s ..
thizkness. The fabricastion ssguence is as follows:
a. Procure 2014 -T6511 extrusion. :
i
b. Machine to .90 wall thickness.
c. Full anneal
d. Forge end closere and machine.
e. Solution heat <reat and age to T6 temper.

f. Finish cut end threads.

g- GShot pzen irsizZ= of bottle

h. Anodize outer surface and chemical finish inmer su.r',f‘ace. per MIT-C-5541.

i. LOX clean firzl zssembly.
Extremely tight inspection com=rsls are maintained in procuring the materizl z-=d in the
procuction processing.
THRUST STRUCTURE
Figure 18 is a pholdgrsph of = :'_\mple:ted thrust structure. This assembly is fzbricated of
7000 series alloy and the skirs are stiffened by fastening hat-shaped stiffenesrs, The
intertank and forward skirt are similar 7000 series alloy non-welded structurss., Engine
thrust is transmifted to the tank ua]lstthrough the thrust structure skins. The center
engine suppoert which fitas in the center of the thrust structure is shown in Tigure 19.
Thi.s support transmite the center engine thrust to the thrust structure skins.
Scme of ihe largest forgings ever produced in this country are also.pﬂrt of the thrust
structure. These forgings are used as anchors olr' hold down posts to hold the wvehicle in
The fcrgings, made by Wyman Gordon are 14 feet long and weigh 1800
pounds. Figure 20 shows twe of these forgings. These forgings are produced on one of the
The finished hold down post,
weighing 670 pounds is milled Trom the forging using punched tape controlled machines. Shot
peening is used to compress an seal the surface structure of the metal, to help prevent
stress corrosion.
Figure 21 shows the initial step in the bujld up of the booster. It shows a fuel tank being
lowered onto a thrust structure.
Since the 5-IC is designed to boost man into space the reliability demanded of it is
exceedingly high, on the order of 99.9 +. In order that this reliability might be assured
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in ezzn step ol fabrizsztiion Is highly stressed. Ccnourrent with iis

fizsisz=ice stsps described above an sxtensive program of nondestructive-testing Is 2lso

. £
szr-is% sus. Tre various applications ef nonizstructive testing begins with the rzw 2

exzmrle, each slzte wiizh Is subsequently machined either Int
=t » =

2 rain zegment, & gore segmeni or ultizstely the Y-Ring is ultrescnically inspecti=: is

gziirs wrzt =he materizl is £F class "A" guzliiy. In addition to plate material I:irzings,
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n: Imspected to assure th3% no disconzinultiss

gentr

=schining pzrecess. Figure 22 is 2 photogrash oI

cinetren: insp=stion f22ility in use 2t Misnzui. The tanks are 26 foct long x 1t f2=t
Zz2z =y T foor wide. They are capable oF 'c:e_:.‘:i:.g the largest of the Zaturn dezziled
sires wnish gre the 26 foot oy 10 foct skin segzents. Water washable fluorescent pentrant

Ll-aa le useds
Trers zrs over 5,000 feet of weld in eash boczter, most of which are made in the tank

fzzrizaticn zeguencs desoritsd above. 23,30C fszet of weld wire is adisd during wsl2
czerziiznz. T3 insure higher guality iIn wells sach weld is inspected radiographizzily in

< two grgles and scmetimes three depeniing upon the thickness of the weld. 20,000

- ba

x-ray inspection of welds on each tz:ster.

with & zinimum of irnterference and del:zy In

Tris is accozplished by use of semi-automatic x-rey imspeziion

- zamulaaturing seguence.
&

:linz which was devised Sy DT engirs=ars a:z Michoud. Each weld is rsdiographed, penezrant
A spesificetion all radiograpns have to exhibit a sensitivity of at least 2 per-
sent =mZ resplution cebple cof allowing fdentilication of defects as small as 0.02C =f an
= i= 2 .1 irch thick weld and 0.010 inch cdiz—eter defects in 5 inch welds. In s3diticn,
2 of penetrztion and lack of fusicrm have to be detected. Pepairable delects

have 1o te located for depth in addition to the usual coordinate locatioms, therefcre all

€
¢? =nz x-rzr tcoling was designed for taking angular shots up to 30 degrees each side of

\T\l‘.e umizue radiographic system utilizes a meirod where approximately 200 feet of 7C mm

o o (7)

o’ .
fil= is plaze? in a lead coversd zmzzzzine which includes neces

sary motorized scnirils and

switches to advance the film zpproxi=stely 16 inches at one time. 12 irches of inls film

is exposed isaving a margir ¢l 2 intles cn edzh end to guzrd agsinst the changes :I over-
expzsure or Zcuble exposure. The film reel unit is mounted on & track whiszh a2llzws for

coverent of the unit along the weld bezd anc by means ¢f limit swilches 2zm Le zi:izped at

preselected positions. At the saze tize the x-ray rachine is mounted on the cprisite side

of the part %c be inspected and is zdvanced zlong the corzsur of the pari and st:zzsd to

81z its position with the Zilm reel unit on the cpposite side.
Figure 23 shows the x-ray te:ling ussd In the gore to gers assexzly fixture.
£i3i= peel uni: follews the exmsrmzl :zcntour of the gore weld by riding cn 2

eam, T x-rsy rachine is driven in a similar marmer n &

suprorted on & large curved e

azrtour rack zrrangement whish permizs the x-ray tube to follow the Inside contcur ef

bulktead. The x-ray unit is zlways placed tight against the bulkhead during expisire to

crevent scaitered radiation, All <f the x-ray equipmert has appropriate interlc:x switches

so kst nc exgosures are mads unlss:z trhe tube and the x-rsy £ilm unit ar= preperly &ligned

and are in pssition against the bulxhead. The design of the shielding =5 evidenced by the

lead rubber bellows in.the figires Is sc efficient that a cperator could if necessary

The 4ight shielding is recessary

s=zrd within & few feet whils exposure is ‘:e.f;:—.g made.

2md allows manufacturing orgzmizatizzs to ccntinue welding on other gore 12 gors ssgmentis

whkile a finisted weld is being inspected radicgraphically.

At the left in Figure 23 is an x-rzy conssle which controls the speed of movezent of all
+he drive metors in the filz reel writ and the x-ray tube drive motor, as well 2s the
zove-

nezessary controls for angulir posi:ioning of the x-ray tube, and the incrementsl
ments of both the x-ray tuve and thz film reel unit. It also has controls for =cvement

of the filr between shots, for adjusting tube KV and MA and all other necessary controls
for one operator to perform the entire radlographic inspection of the weld at the station
at which the eguipment is located. )

The mere handling of 20,000 feet of x-ray film per bccster,l both before and after exposure

and again after processing and interpretation has introduced problems which necezzitated
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design 51‘ specialized equipment. ‘*O = is purchased m 2,000 foot rolls and it is

recessary to remove the film freom the Zsrger rolls to the 200 foot reels whizh zrs utilized

.

in the magazines in a manner wrish is =zt only efficient but is least likely =: czuse

camage to the film during handlirng. The Zilm used is commercislly availabls, 72 mm, type

M with the lightproof paper cevsring produced by the Kodak Company., The fil= Is dereeled

from the 2000 foot roll and placsi on tke 200 foot reel Just prior to use in trne

reel unit.

Figure 24 is a close-up view ¢f ihe 1= reel unit. The reel at right contains tis un-

exposed film while the reel at left is <he take-up reel. The reels are fitzss ceiind a

heavy lead plate to prevent fogzing Ziring exposure. The unit also contains zoters for

advancing the film as well as film tension devices and automatic marking and coding devices.

A small reel of tape with punched numoers automatically indexes to provide segquential
rumbering of the x-ray frames sach tizs the film advances and an exposure is made.
Complete traceability with all cther records is maintained and films are stcred in en-
vironmentally controlled vaults for a period of not less than 5 years.

Figure 25 is a close up of the x-ray tube angular manipulation track and tube positioning
+rack.

Figure 26, is 2 schematic of the mechznized x-ray tooling used to inspect the bsse to apex
weld. The weld joining t.hle base to the apex is approximately 10 feet long anz 'using the

mechanized cc.mce'pt. it is possible 4o ccoplete ten straight through shots am 10 angular

shots across this weld in approiimstely 50 minutes or an average of about 1r =i-utes per
shot. .
Similar mechanized x—ray tooling is us=¢ at all other tank weld stations. Thess include

the Y-Ring weld stat* on, the 7-Zing to pulkhead station, the skin segment tc skin segment

station, The Y-Ring to skin ring and siZin ring to skin ring stations in the verticsl

assembly building as have been Zescrited previously.
Figure 27 shows a device known 2s the Iilm stripper. It is designed primarily to remove
the paper from the film and &t the sa=e time roll the exposed film on a specizl reel which
At the same time

is later used in feeding the film through automatic film processors.

(9)

that the film is rolled up tZ= two separate sections of the papsr are also rolled on spool:
whose ends may be quickly re=cved so that the scrap paper can be dizposed of in roll form.
This machine was designed s: -nat film would be undamaged in any way thszt might affect

the ezulsion in the exposed =corndition prior to its being processsd, The film is then

processed in automstic procssscrs which take not only the rolled film tut also sheel film

whick is used in other appl’:-ztions. After the film is processed iz iz ~oved into the

interpretation rocm where spz:ial consoles provide meximum efficisncy far interpreting

fzzt reels of film

7. in figure 28 are designed to take 277

resuit=s. The consoles as =%

and pass them over a viewins zrez. The operator of this mechine zzn zorirel film stop

and start, forward and reverss, feed-through speed, light intensity Zor viewing, light

spot size and other factors which are necessary to insure accurstiz interpretation. The

console also provides for an overlay feature which permits the cperater to drop over the

LA §

film & previously printed, clear plastic sheet which is marked with certein coordination

lines which permit the operzior to mark the position of defects.

(10)



COMPARISON OF TANDIDATE TUNTAINER MATERIALS

zate Allcy Base Mernl Roog Temp. Weldability Cooments

- Praopert
{2}
{a) Parts may be feoricated in
v -T37 temper then age:
=215 53 aG v Exaellent =7
=737 o
{a} Parts may be fabricated i
. oy o - - : soft =TL T then age:
FoL £7 53 7.4 - Fair e =TE :ecl;ge
o3 L .t e Excellent
E Ere lim-ted
{c) Immone tc stress corrosion

smended A.5.T.N, fracture toughnes: te:ts

Tre. des evaluizlen of automatic and manual MIZ, 777 sriglnal s= repair welds

TIZURE 2

VEHICLE
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