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guarantee a minimum ultimate strain of greater than 4 percent, ET engineers performed structural 
analyses to find any areas where strain might approach or exceed 2 percent, for a safety factor of 2 
on strain. 

In addition to the stress concentration issue, there were concerns over excessive stresses at 
the weld lands (and hence, the welds) at the edges of each barrel panel. An effort to reduce these 
weld land stresses to the lowest possible level was also initiated simultaneously with the effort to 
reduce the stress concentrations. 

STRUCTURE DESCRIPTION 

General Description of the SLWT ET 

The SLWT ET is, as of this writing, the latest generation design for the ET component of the 
Space Transportation System (STS). The other major elements of the STS are the space shuttle 
orbiter and the two SRB7s. The purposes of the ET are to provide structural continuity between the 
orbiter and its SRB7s and to contain the large quantities of LH2 and oxygen required by the orbiter's 
space shuttle main engines (SSMEYs). Each ET is about 153.8-ft long and about 27.6-ft in diameter. 
The empty weight of the SLWT ET was not finalized at the time of this writing, but is in the range of 
57,000 to 59,000 lb (fig. 1). 

The ET consists of three major structural components: the liquid oxygen (lox) tank, the inter- 
tank, and the LH2 tank. As its name implies, the purpose of the intertank is to provide structural 
continuity between the lox and LH2 tanks. The lightweight (LWT) version of this tank, which pre- 
ceded the SLWT ET, was constructed primarily of 2219 aluminum alloy in the lox and LH2 tanks, 
while the intertank was made of 2024 and 7075 aluminum alloys. The major differences between the 
SLWT ET and the previous LWT ET design are as follows: 

(1) Substitution of 2195 Al-Li for 2219 aluminum alloy in most structural components of the 
lox and LH2 tanks 

(2) Substitution of 2090 Al-Li for 2024 and 7075 aluminum alloys in most components of the 
intertank 

(3) Design changes throughout the entire ET structure to take advantage of increased stiff- 
ness and strength properties of Al-Li alloys, a major portion of which is the use in the LH2 tank of 
machined and contour-formed orthogrid panels instead of the previous skin-stringer construction. 

Description of SLWT ET LH2 Tank Barrels 

Since this work was concerned with stress concentration in the LH2 tank, the LH2 barrel 
panel design will be described next. The four LH2 barrel sections were each constructed from eight 
machined, curved panels welded together. The four barrels were then welded together to construct a 
whole LH2 barrel of 27.6-ft diameter, which, in turn, 'was welded to the forward and aft domes to 
create the completed tank. Each orthogrid panel was machined from 1.75-in thick 2195 A1-Li plate 
stock and contour formed to an outer skin length of about 130-in and an arc of 45' (fig. 2). 



Initial LHz Barrel Panel Design 

The orthogrid configuration of a typical barrel panel is illustrated in figure 3. Pwo pocket con- 
figurations were primarily used on the LN2 tank; type 1, with a circumferential stiffener pitch of 
10.832-in and a skin thickness of 0.094-in, was used for lighter compressively loadecl areas; while 
type 2, with a circumferential stiffener pitch of 5.416-in and a skin thickness of 0.087-.in, was used for 
regions under higher compressive loads. These are illustrated in figure 4. Type 1 and type 2 pockeb 
were combined in some panels and separated in others depending on the circumferential loca~on and 
loading. At each circumferential end of the panel was a weld land of 0.32-in maximunk thicikraess, 
which reduced down to the panel's minimum skin membrane thickness in several ste:ps as one 
moved along the panel circumference. The weld land region transitioned into the orthogrid region, via 
several steps in thickness. In addition to the circumferential weld lands, the orthogrid region was 
similarly bounded by 0.32-in thick axial weld lands. 

An 0.08-in deep and approximately 3-in long groove was cut in the axial direcition dong each 
axial weld land (the land whose thickness normal is in the circumferential direction of the k&) in 
each 45' panel to relieve hoop bending stresses in the weld land. This was known as the Dutton 
groove and is shown in figure 5. The length of this groove along the hoop direction wa.s 
approximately 3-in initially, but was later amended in a design change to reduce stre:ss eoneenua~on 
without increasing weight. Note that, in all of the initial designs, the weld lands are not symmehc 
about their centerlines. 

The region around each orthogrid stiffener initially consisted of a 0.31-in radius fillet kransi- 
tioning directly to the uniform skin thickness called for at the stiffener's particular loca~on. Most 
stiffeners had identical skin thicknesses on either side, but some stiffeners nearer to Ithe weld lmds 
had differing thicknesses on either side. This was true for both circumferential and axi.ali s~ffeners, 

Modified LH2 Barrel Panel Design 

After the initial panel analysis was completed, NASA and Martin Marietta ankalysts devised 
some changes to the initial configurations. The purpose for this was twofold: 

(1) To reduce stress and strain concentration at the fillet regions near the weld land stifkner 

(2) To reduce bending at the weld land by making the weld land symmetric about its cenkr- 
line. 

To accomplish this without increasing weight, the Dutton groove on the o u t b o ~ d  (outer sfin) 
side of the panel was extended about 0.33 in (thus removing material), and the interior skin 
thickness immediately adjacent to the adjacent stiffener (on the side opposite from the Dutton 
groove) was increased about 0.025 in for a length of approximately 0.8 in. In addition to these, the 
weld land itself was made completely symmetric about its centerline. All other geometry d e ~ l s  
remained essentially the same (fig. 6). 
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DISCUSSION 

As expected, all models exhibited high-stress areas at the fillet areas. These i.ncleaded the 
fillet between the weld land stiffener and the skin membrane as well as the transition between the 
outer skin at the stiffener and the Dutton groove. A summary of the initial configura~ions versus the 
final configurations is shown in table 1. The modifications reduced the highest strain levels (and the 
highest stress levels) by approximately 40 percent, from 1.9 to 1.13 percent. Since the: 219% mate~al  
available at the time only had a guaranteed minimum ultimate strain capability of 4 percent, this was 
a significant reduction in the strain levels encountered at proof pressure loading. Also diminished 
was the possibility of cracks that could cause problems in flight from forming or growil~g at elbe high 
stresslstrain areas. 

In addition to stress concentrations, another area of concern was the stress level in the weld 
land itself. Significant bending occurred in the initial barrel panel designs due to the sldw resulmt 
forces and weld land resultant forces being offset from each other. This was alleviated by ma9cing the 
weld land s y m m e ~ c  about its axis and reduced the maximum stress at the weld land by about 8 
percent for the 0.087-in skin panel and by about 11.5 percent in the 0.094-in skin panel. 

CONCLUSIONS 

This effort showed that, in this case, it was possible to deal with stress conce~ntratisns in 
regions with reduced material properties through nonlinear plastic finite element anal~isis. In the 
same effort, it was also possible to correct a design problem that created excessive s;lresses in the 
weld land under proof pressure. All this was accomplished without increasing the weiighk of the 
structure. Initial M m n  Mdet ta  tests using geometries identical to those modeled sli~owed close 
correlation between the analysis and empirical test data. The test effort was still being conducted at 
the time of this writing and thus could not be described in detail. 
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Figure 1. Configuration of SLWT ET. 
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Figure 2. Configuration of SLWT ET LH2 tank with differences from previous ET. 









Figure 8. Model of initial SLWT panel with 0.094-in skin, type 1 pocket. 





Figure 10. Model of modified SLWT panel with 0.094-in skin, type 1 pocket. 





Figure 12. Hoop stress at weld land for initial SLWT panel with 0.087-in skin with 37.8 1blin2 internal pressure. 
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Figure 16. Hoop stress at weld land for initial SLWT panel with 0.094-in skin 
with 37.8 lb/in2 internal pressure. 
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Figure 18. Von Mises stress at weld land adjacent stiffenerfor initial SLWT panel with 0.094-in skin 
with 37.8 lblin2 internal pressure. 
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Figure 20. Hoop stress at weld land for modified SLWT panel with 0.087-in skin 
with 37.8 Iblin2 internal pressure. 
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Figure 22. Von Mises stress at weld land adjacent stiffener for modified SLWT panel with 0.087-in skin 
with 37.8 lb/in2 internal pressure. 





Figure 24. Hoop stress at weld land for modified SLWT panel with 0.094-in skin 
with 37.8 lb/in2 internal pressure. 





Figure 26. Von Mises stress at weld land adjacent stiffener for modified SLWT panel with 0.094-in skin 
with 37.8 lb/in2 internal pressure. 
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