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 ABSTRACT

?his-program cﬁvered seiecte&'tasks incidental to conducting a feasibility
study-fof forming the shuttie extefnai tank dome caps by hot vacuum creep
“forming. It was necessary to conduct this stddy on a sub-scale configuration
due‘té é Ijmited'matefial avaiiabil?ty;.this limitation concerned both sheet

size and quantity.

‘The study was limited to forming 2219~-T37 .aluminum at an elevated temperature
equiyafent to the artificial aging time and temperature used to produce
the 787 condition while achieving MIL-HBK-5 properties of 2219-T87 aluminum

al loy material.

The feaSjbility_study was conducted .in two phases; the design and build of
a sub-scale hot vacuum creep forming (HVCF) die and the forming evaluation

of various cap configurations. The contour was constant in all evaluations.

Conclusion summary is that this particular configuration is too severe for

"the limited forming force available by HVCF .
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"FINAL REPORT

SHUTTLE TANK CA? HVCF FEASIBILITY STUDY

1. INTRODUCTION
,The‘curfent design trends fér aerospace structures are favoring large
_coﬁtoured compoheﬁts of high strength aluminum, Emphasis is also on
_saulﬁtdring to prbdﬁce oﬁe-piece'panels and eliminate separaie stiffener
detaiié. Sténdafd forming.methods present probiems for the new designs due
to high tooling cost and the lack of sufficientlyKIarée facilities (stretch

presses, etc.).

The p?eSent design conceﬁfs for the space shuttle fﬁel tanks incorporaté
large sculptured‘panéls of.2219;T87 atuminum, This particular program is
concerned with tﬁe end bulkheads. The size and contour of these bulkheads
-are shdwn in Figuré l. It is understood tEat the base line method to

produce these panels is bulge forming.

A major problem in forming results from presculpturing which presents
nonjuniform cross sections In.the étrafn areas.r The feasibi]ify of
minimizing this problem by hot vacuum creep forming was sufficientiy real
as to warrenf én investigation, This program concerned the design,
.Vdevélopment, fabrication and tes£ evaluation of a hot vacuum creep fbrming

die.
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OBJECTIVES

. The objectives of this program are to 1) determine through a series of

taské which are described in Section Vi of this report whether cértain
configurafions of the external tank dome caps can be formed by the HVCF
méthod and reacH:HIL—HDBK-S properties for 2219 T87,_and 2) conduct a
;tqdy for the purpose of providing cost daté-sucﬁ that full scale

tooling and external tank dome caps at specific production rates could .

 be developed.



MATERIAL {NVEST IGATION

A review 6f the room temperature tensile properties of_2219 alumfnum showed
tﬁe 787 design values to be 52 KS| yield and no design values available

on T37 temper. Dafa on T37 acquired fn-house with .125 material gave
values rangihg froml46.2 KS) yield to 48.2 KS! yield. Tensile specimens,
.169 inch matériallmachined from‘.500 inch T37 Plafe,prodﬁced |

vaiues of 44,9 KSI yield.

Starting a HVCF cycle with the lower strength Tj] material increases the
odds of achieving a fully formed panel. Considering this, a series of

T37 tensile specimens were artificially aged to determine the aging time

- and temperature that would be ‘compatible with the forming operation.

Figure 2 plots a series of aging times for yleld strength versus temperature,

A sixteen hour form|ng cycle at 360°F will bring T37 materlal to T87 temper

per HIL HDBK-S and should be sufficient time to allow Substantial material

creep.

ALCOA data indicates that 22]9;T37 aluminum has a 9 percent detreasé in

ultimate strength at 212°F within 45 minutes and is below the T37 values

for a tofal of approximately 20 hours. The conditions under which the data

was given were not ciear and verification was required. Tensile specimen,

. 125 inch-f37! were pulled at temperature with the following results:

Temperature (°F) “ Time (Hrs.) Fiy (KS1)
212 0.5 50.64
350 0.5 42,86
350 L,o 45 88
. 350 8.0 L 13
6.0 L4y 2]

350 1
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The preceding data indicates that the major portion of any forming
Qeeurs eqk]y ih'the_HVCF cfcle when using an accepted artificial aging

temperature.



. DESCRIPTION QF HVCF METHOD

The fofming method known as hot vacuum creep forming conéists,of a
integrélly heated ceramié forming die (AVCORAMIC TOOLING) enclosed

iﬁ a sfru;tura} steel container with an open toﬁ. The material fo be
formed is first pféced in the die. Then the remainder of the container.
is filled with a granular insulatiﬁg material known as vermiculite.

The top.is sealed with a plastic sheet diaphragm identified as VAC PACK.

"~ A vacuum system is used to evacuate the sealed enclosure, When evacuated,

the plastic diaphragm transmits the load resulting from the pressure
differential to the work surface via the vermiculite medium. A
combination of heat and controlled pressure provides conditions for

creep stretching the work . into the ceramic die.

Figure 3 ijlustrates the -fundamental arrangement of a HVCF die with

wbkk in place.
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‘DESIGN_AND CONSTRUCTION OF HVCF TOOL ING

Eva}uatidn of'thé forming ability éf HVCF to produce the dome cap portion
of the end bufkhead fo;used on the design and fabrication of a reduced
scale fbrming tool. The spherical cab size selected was a 56 iﬁ;h chord
aﬁd 57.75 inch radius which requires a 4.45% forming elongatfon, and
dupiiCates the'forming conditions of the full scale domé cap. To maintain
a minimwnZStemperatufe acros§ the too! and part, a convqiute integral

. heaiing,wire pattern was adopted. The conyblute was divided into four

independent heating zones to maintain uniform temperature.

The. construction: procedures used to fabricate the AVCORAMIC forming

die are shown in the foliowing figures.

Figure 4. Casting‘box with piaster splésh and casting core to produce

the convolute heating wire groove on the die surface.

Figure 5. Placement of styrofoam casting cores to produce. cooling cavities

and reduce overall tooling weight.
Figure 6. Completed casting box.
7Figure‘7. Ceramic casting opération.

Figure 8. Cast forming die:with Nichrome heating wire being cemented in

‘the convolute groove,
Figure 9. Coﬁp}eted forming die placed in the vacuum enclosure,

A 1/8 inch 3003 aluminum ‘'caul sheet'' was HVCF in the forming die and

became a permanent paft of the tooling. Its function was to protect
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FIGURE 9



both die and part frdm surface gailing and to further reducé the &
.tembérature.‘ Figure 10 shows the fiat blank 'caui sheet® in piace to

be Forhed, Note the flahge around the perimeter which provides positive
drawing of the matefiaf intq.the contour. The sealed enclosure is shown
in Figﬁre 1 bﬁiof to applying vacuum, Figufe 12 shows the fﬁrmed fcaul
sheet!' after the forming cycle, The forming cycle was accomplished at

900OF for two hours and -a farming pressure up to 8.3 inches Hg.

4
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FIGURE 12




Vi,

HVCF- EVALUATION

A series of test blanks were established to evaluate the HVCF technique.

Additionél test blanks were also studied and are shown in double letters.

The task and description are as follows:

- 1ASK o DESCRIPTION:
A 48 inch diameter, 1/8 inch thickness, no welds

or sculpturing.

AR \ LB inch diameter, .060 thickness with full
"thickness land (.125) around the periphery &

no welds.

g8 63 inch diameter, 1/8 inch thickness with a
single weld through the center. MSFC Dwg.
| MIT 15876-1.

c - 58.5 inch diameter, 1/8 inch thickness with

single weld off center. MSFC Dwg. MIT 158762,

D . 58.5 inch diameter, 1/8 inch thickness with two

welds.  MSFC Dwg. MIT 15876-3.
DD (Same as D)

E ' 58.5 inch diameter, stepped cross section,.no

weld. (AVCO supplied material.)



The 48-Inch diameter (Task A):blank was center punched with 2 inch gauge
pointslin the pattern illustrated in Figure 13. This gauging pattern was

the standard ﬁsed on all tasks to determine material ;Iongation. Figure 14
shows Task A_during HVCF.cycfe. The forming conditions.for Task A are plotted
ip Figure 15, and are iypical for all tasks e#cept-maximum temperature.

At the complétion of the forming cycle, a springback occur}ed when the

vacuum was released.  This resulted in a chord height (h) loss of

fI.625 inches.r Actual formed chord heightlof Blank A was 11650 inches and

is shown being inspected in Figure 16. Changes in gauge lengths were not

significant and a trend was not noted. The measurements are recorded in

- Figure 17 which also gives mechanical properties before and after forming.

The 57.5 KSI tensile yield strength achieved during the formihg cycle is well

within the MIL-HDBBK~5 requirements.

The Task AA blank was reduced to .060 inch thickness with a one inch full
land remaining around the periphery, in order to achieve increased unit

Ioading'values lTost with the 48 inch diameter area. At 10 inches HG in

‘the forming cycle, the biank instantaneously buckied, resulting in a

~ ruptured diaphragm. The results are shown in Figure 18.

A 63 inch diameter blank, Task B, placed the material perimeter out of the

contoured area and on the tool flat. The application of vacuum, equivalent

to 2 PSI forming pressure began drawing the material into the contour with

a buckling'condition developing. The blank was removed from the tool to
incorpofate a holdndpwn'rjng consisting of eight flat segments with

sixteen eveniy épaced clamping points on the flat area of the tool perimeter.
Thé_use of the hold-down ring permitted up to 27 inch Hz to be applied
during the forﬁing cycle. Three hours into the forming gperation a

buckling failure occurred. . Visual inspection indicated a failure

13
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with the blank buckling in the butt weld area. Figure 19 shows the hold-

down ring and the damaged area.

The hblﬁ-down ring was redesig&ed using one inch diameter cold rolled steel
formed to a 56 inch diameter and utilizing the existing clamping Jjoints,
This permitted the'clamping force to be applied inside the tool contour

perumeter which results in the blank beung partially drawn lnto the tool.

'wlth ‘8 blank and rlng clamped in place a 3/4 inch concave conditlon can

be achteved when 20 ft. /lb torque is apptied to the clamping bolts.

The forming CyEIe for Task C incorporated the 56 inch diameter hoid-down
ring. Fifteen hours into the form|ng cycle a blank failure occurred in the

weld area adJacent to the hold-down rlng which was also damaged, see Figure 20.

Visual inspection of the hold-down ring indicates a loss of clamping breSSUre
as the forming progkesses, The clamping points were redesigned-to permit
the clamping force to be adjusted outside the vacuum enclosure during the

forming cycle. With the use of a torque wrench, the clamping force can then

" be held constant thtoughout the cycle. An additional one inch web hoop was

_welded to the hold~down ring to increase overal) ring stiffness. .

‘The mddified'fing, shown in Figure 21 prior to Task D forming cycle, was

clamped in place with 20 ft./lIbs. torque at each of the sixteen hold-down
points. The‘torque was readjusted and maintained throughout the forming
cycle, thure 22 shows Task D after fnrm:ng A maximum chord height of
3-7/i6 inches was achieved without buckling. The change in gauge lengths

and mechanical properties are recorded in'Figure 23.
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Task DD forming cycle ran with reduced clamping torque (18 ft./lbs.) to
allow a limited amount of material movement into the contour. Fiqure 24

shows Task DD after forming. Buckling occurred at the ring in the weld area.

An additional blank was machined with a stepped cross section; the material
was AVCO supplied. The stepped blank, Task E, had a cross section thickness
of .125, .104, .083, and .062. The forming cycle used a clamping torque

of 20 ft./Ibs. Figure 25 shows the buckling which occurred in the stepped

area during the forming cycle.

FIGURE 24.
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FIGURE 25
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Vil

CONCLUSIONS
Hot vacuﬂm“creep forming (HVCF) does not provide sufficient force to
cause plastic strain to the degree required for the sub ject dome cap

configuration. A compound plastic strain of 4 45 percent is required.

Allowing an excess of elastic flow into the die cavity results in severe

wrinkling, This problem could only be resolved by providing a precise

elastic flow control such'as by a vice action at the blank edge. A hoid-

,down ring was added to the RVCF die but could not be controlled to the

degree required since the original tool concept did not consider this

necessary.

Th; 2219 alloy, wheﬁ starting in the T37 condition and artificially aging
during fdrming, fs believed iimited to some two percent plastic strain by
the HVCF mefhod and-fhe cross section contour should be elfptic'ﬁot'
spherical. For reasons not yet fully understood, the center area of the
wdrk does not strain, hence it produces a*fiattening effect such as that
with aﬁ‘ellipse. Thi% effect is éfso true for the dome gores as observed

during a similar progiam.
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