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FOREWORD

This document is Book 1 of the Cycle @ Study Report and documents the activities performed
by MMC in support of the MSFC NLS Structures Team. The work was performed under NASA
Contract NAS8-37143 between May 1991 and January 1992. This study report was prepared by
Manned Space Systems, Martin Marietta Corporation, New Orleans, Louisiana for the

NASA/Marshall Space Flight Center.
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INTRODUCTION

This Report SR-1 (Book 1): Structures Trades and Analyses, documents the Core Tankage
Trades and analyses performed in support of the NLS Cycle @ preliminary design activities. The
report covers trades that were conducted on the Vehicle Assembly, Fwd Skirt, LO2 Tank,
Intertank, LH2 Tank and Aft Skirt of the NLS Core Tankage. For cach trade study a two page
executive summary and the detail trade study are provided. The trade studies contain study results,
recommended changes to the Cycle @ Baseline and suggested follow on tasks to be performed
during Cycle 1.
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Study Task Cross Reference Matrix (by Trade #)

TRADE STUDY # |T/S SUM PARA #
MSFC HLLV 1.58T TRADE STUDY TITLE
3-S-001A 5.2.3.4.2 | 6.2.3.4.2 | Fwd Skirt Alt Psnel Construction
3-S-0018 5.2.3.4.3 | 8.2.3.4.3 | Fwd Skirt Stiffener Plich Senasitivity Study
3-8-001C 52.3.4.4 | 6.2.3.4.4 | Aternate Fwd Skirt Configuration Definition
3-S-007 NA 6.2.1.4.8 | Ahernate 1.5 Stage Support Trade
3-S-008A 5.2.6.4.3 | 6.2.6.4.3 | Tank Length vs Facllity impacts
3-5-0088 5.2.6.4.4 | 6.2.6.4.4 | LH2 Tank impact vs Uliage Pressure s
3-§-008C 52.64.5 | 6.2.6.4.5 | LH2 Tank Stitfener Pitch Sensitivity Study
3-S-008D 5.2.6.4.6 | 6.2.6.4.6 | LH2 Tank Alt Panel Construction
3-S-009A §.2.5.4.2 | 6.2.5.4.2 | Intertank Commonality Asssssment
3-S-0098 5.2.5.4.3 | 6.2.5.4.3 | Intertank Stitfener Pitch Sensitivity Study
3-S-010A 5.2.4.4.3 | 6.2.4.4.3] LO2 Tank impact vs Ullage Pressure 8
3-S-0108 §24.4.4 | 6.2.4.4.4 | LO2 Tank Stiffener Pitch Sensltivity Study
3-S-010C $.2.44.5 | 6.2.4.4.5] L02 Tank Alt Panel
3-S-011 5.2.4.4.6 | 6.2.4.4.6 | Slosh Balfle Requirements & Design Definition
- 52.4.4.2 | 6.2.4.4.2 | LO2/LH2 Tank Accses Trade Study
-— 5.2.1.4.7 | 6.2.1.4.7 | Alt Transportation Attachment Points Evsluation
- 5.2.5.4.1 | 6.2.3.4.1 | Fwd Skirt Structural Ref Config Enhancements
- §.2.4.4.1 | 6.2.4.4.1 | LD2 Tank Structural Ref Config Enhancements
-— §2.5.4.1 | 6.2.54.1 | Intertank Structural Ref Config Enhancements
— §.2.6.4.1 | 6.2.6.4.1 | LH2 Tank Structursl Ref Conlig Enhancements
— 52.14.1 | 6.2.1.4.1 | NLS Core Tankage External Hardware Definition
- 52.1.42 | 6.2.1.4.2| TPS Reference Definition
- 52.14.3 | 8.2.1.4.3 | Core Tankage Manufscturing Plan
- 52.1.4.4 | 6.2.1.4.4 | Core Tankage Facliities Plan
-— §2.1.4.5 | 6.2.1.4.5 | Core Tankage Tooling Plan
-— 5.2.1.4.6 | 6.2.1.4.6 | Transportation & Handling Requirements
- §27.4.1 | 6.2.7.4.1 | Alternate Aft Skirt Configurstion




Study Task Cross Reference Matrix (by Element)

T/S SUM PARA #
Element TIS # HLLV 15ST TRADE STUDY TITLE
Vehicle |CV-STR-14G |5.2.1.4.1 |6.2.1.4.1| NLS Cors Tankage External Hardware Definition
Assy CV-STR-14H |5.2.1.4.2 | 6.2.1.4.2| TPS Reference Definition
Eng CV-STR-16A 15.2.1.4.3 | 6.2.1.4.3 | Core Tanksge Manufscturing Plan
CV-STR-16B |5.2.1.4.4 | 6.2.1.4.4 | Core Tankage Faciiities Plan
CV-STR-16C |5.2.1.4.5 | 6.2.1.4.5 | Core Tankage Tooling Plen
CV-STR-16D [5.2.1.4.6 | 6.2.1.4.6 | Transportation & Handling Requirements
Cv-DI-018 52.1.4.7 | 8.2.1.4.7| At Transportation Attachment Points Evaluation
3-8-007 WA | 62.1.4.8] Alternate 1.5 Stage Support Trade
Fwd CV-STR-14A |5.2.3.4.1 | 6.2.3.4.1 | Fwd Skirt Structursi Ret Config Enhancements
Skirt 3-8-001A 5.2.3.4.2 | 6.2.3.4.2 | Fwd Skirt Alt Psnel Construction
3-8-001B 5.2.3.4.3 | 6.2.3.4.3 | Fwd Skirt Stitfener Pitch Sensitivity Study
3-8-001C 52.3.4.4 | 6.2.3.4.4 | Aernate Fwd Skirt Configuration Definition
Lo2 CV-STR-14B |5.2.4.4.1 | 6.2.4.4.1 | LO2 Tank Structursi Ref Config Enhancements
Tank CV-DI-01A §24.4.2 | 6.2.4.4.2| LO2 Tank Access Trade Study
3-8-010A 5.2.44.3 | 6.2.4.4.3] L02 Tank impact vs Uliage Pressure 8
380108 5.2.4.4.4 | 6.2.4.4.4 | L02 Tank Stiffener Pitch Sensitivity Study
3.8-010C 52445 | 6.2.4.4.5 | L02 Tank Alt Panel
3-8-011 5.2.4.4.6 | 6.2.4.4.8 | Siosh Baffie Requirements & Design Definition
intertank | CV-STR-14C |5.2.5.4.1 | 6.2.5.4.1 | intertank Structural Ref Config Enhancements
3-8-009A 5.25.4.2 | 6.2.5.4.2 | intertank Commonality Assessment
3-8-0088 5.2.5.4.3 | 6.2.5.4.3 | intertank Stiffener Pltch Sensitivity Study
LH2 CV-STR-14D |5.2.6.4.1 | 6.2.6.4.1 | LH2 Tank Structural Ret Config Enhancements
Tank CV-DI-01A 52642 |6.2.6.4.2 | LH2 Tank Access Trade Study
3-S-008A 5.26.4.3 | 6.2.6.4.3 | Tank Length vs Facility impacts
3-S-0088 526.4.4 | 6.2.6.4.4 | LH2 Tank impact vs Uilage Pressure T8
3-S-000C 52645 | 6.2.6.4.5 | LH2 Tank Stiffener Pitch Sensitivity Study
3-S-008D 526.4.6 | 6.2.6.4.8 | LH2 Tank Alt Panel Construction
AftSkirt |CV-STR-17A |5.2.74.1 | 6.2.74.1 | Alernate Aft Skist Configuration
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National Launch §ystem 1/92 C*ycleﬁZero Structures Data Package Page 1

5.2.3.4.2 Alternate Panel Construction (#CV-STR-018-A)
Objective

This trade study developed and evaluated alternative construction methods for the forward skirt
skin panels.

Approach

(a) Define a point of departure forward skirt panel.

(b) Identify concept option for skin panels using an alternate structural configuration.
(c) Estimate weight differences.

(d) Assess producibility impacts.

() Evaluate options with respect to evaluation criteria.

(f) Select preferred option.

Options Studied

Option 1 - Fabricated mech. attached to hat sections with sheet stock skin (Cycle @ Baseline).
Option 2 - Integrally machined pancl with internal longitudinal blade-stiffeners.

Key Study Results
Option 1 - (Baseline) is synergistic with External Tank due to its Intertank-like design.

Option 2 - has a 4.3 per cent increase in weight, but local sizing requirements due to internal
stiffening would probably increase weight even further. Internal stiffening was chosen to minimize
TPS application impacts. However this option can save fabrication efforts. Panels could be either
mechanically attached or welded similar to LO2/LH2 barrels.

Conclusions

The fabricated hat section and sheet construction is the preferred approach due to it's lower weight,
case of TPS appli-cation, and potential for assembly using ET tooling. However, since the
Intertank is a labor-intensive construction, and the forward skirt is similar in construction to the
Intertank, the forward skirt should be considered as a good candidate for producibility

enhancements.
Study Recommendations

Maintain Option 1 as Baseline for Cycle @. Consider alternatative fabrication approaches if
alternate proposed forward skirt configuration per Section 5.2.3.4.4 is adopted.

16
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6.2.3.4.2 Alternate Panel Construction (#CV-STR-018-A)
Objective

This trade study developed and evaluated alternative construction methods for the forward skirt
skin panels.

Approach

(a) Define a point of departure forward skirt panel.

(b) Identify concept option for skin panels using an alternate structural configuration.
(c) Estimate weight differences.

(d) Assess producibility impacts.

(¢) Evaluate options with respect to evaluation criteria.
(f) Select preferred option.

Options Studied

Option 1 - Fabricated mech. attached to hat sections with sheet stock skin (Cycle @ Baseline).
Option 2 - Integrally machined panel with internal longitudinal blade-stiffeners.

Key Study Results
Option 1 - (Baseline) is synergistic with External Tank due to its Intertank-like design.

Option 2 - has a 4.3 per cent increase in weight, but local sizing requirements due to internal
stiffening would probably increase weight even further. Internal stiffening was chosen to minimize

TPS application impacts. However this option can save fabrication efforts. Panels could be either
mechanically attached or welded similar to LO2/LH2 barrels.

Conclusions

The fabricated hat section and sheet construction is the preferred approach due to it's lower weight,
ease of TPS appli-cation, and potential for assembly using ET tooling. However, since the
Intertank is a labor-intensive construction, and the forward skirt is similar in construction to the

Intertank, the forward skirt should be considered as a good candidate for producibility
enhancements.

Study Recommendations

Maintain Option 1 as Baseline for Cycle @. Consider alternatative fabrication approaches if
alternate proposed forward skirt configuration per Section 6.2.3.4.4 is adopted.
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5.2.3.4.3 Stiffener Pitch Sensitivity (# 3-S-001B)

Objective
To develop the weight sensitivities of the forward skirt if pitch and stringer size are varied.
Approach

(a) Use current configurations as baseline

(b) Use the Panda II program to produce panel weight data with varying stringer pitch and axial
loading (Ib per circumferential inch)

(c) Document assumptions made and factors of safety used.

(d) Produce t bar vs pitch sensiauvines
(e) Prepare conclusions and recommendations

Key Study Results

The current hat section stringers were used as the baseline configuration and Panda II was used to
optimize stringer size for varying pitch and load. One intermediate ring frame is used to provide
stability. The weight (t bar ) trend shows that an optimum occurs at a stringer pitch of 5.0 inches
for an axial compression load of 2000 lb/inch. However the optimum stringer section indicated by
Panda needs an increase in the attachment flange width to provide room and edge distance for the
skin/stringer attachments. Once this modification is incorporated the current reference becomes
close to optimum.

Conclusions
Weight sensitivity data was generated by varying the stringer pitch while maintaining the reference
configuration skin/hat section fabricated construction approach. When modified to produce a

practical design,the Panda II optimized configuration does not offer any significant weight savings
compared to the baseline confi guration.

Study Recommendations
Maintain the reference configuration Fwd skirt pitch and stringer size. During cycle 1, study other

types of stringer sections such as I section and Z sections to se¢ it they offer weight and
producibility advantages.
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Stringer Spacing vs Thar
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Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results
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6.2.3.4.3 Stiffener Pitch Sensitivity (# 3-S-001B)

Objective
To develop the weight sensitivities of the forward skirt if pitch and stringer size are varied.
Approach

(a) Use current configurations as baseline

(b) Use the Panda II program to produce panel weight data with varying stringer pitch and axial
loading (Ib per circumferential inch)

(c) Document assumptions made and factors of safety used.

(d) Produce t bar vs pitch sensititivines
(¢) Prepare conclusions and recommendations

Key Study Results

The current hat section stringers were used as the baseline configuration and Panda II was used to
optimize stringer size for varying pitch and load. One intermediate ring frame is used to provide
stability. The weight (t bar ) trend shows that an optimum occurs at a stringer pitch of 5.0 inches
for an axial compression load of 2000 1b/inch. However the optimum stringer section indicated by
Panda needs an increase in the attachment flange width to provide room and edge distance for the
skin/stringer attachments. Once this modification is incorporated the current reference becomes
close to optimum.

Conclusions
Weight sensitivity data was gcncratcd by varying the stringer pitch while maintaining the reference
configuration skin/hat section fabricated construction approach. When modified to produce a

practical design,the Panda I optimized configuration does not offer any significant weight savings
compared to the baseline confi guration.

Study Recommendations
Maintain the reference configuration Fwd skirt pitch and stringer size. During cycle 1, study other

types of stringer sections such as I section and Z sections to sc¢ it they offer weight and
producibility advantages.
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Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results
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5.2.3.4.4 Alternate Fwd Skirt Configuration (#3-C-001C)

Objective

Determine if an alternate concept for the forward skirt and intertank would permit full core stage
IACO at build site.

Issue

Core stage cannot be fully checked out at build site because some avionics and propulsion
components are located in the interstage which is not part of the core stage. The interstage is
required as part of the encapsulated payload concept and would be mated to the launch vehicle at
KSC.

Approach

(a) Obtain definition of cycle @ reference configuration.

(b) Develop concept for packaging launch vehicle avionics and RCS in an expanded fwd skirt.
(c) Evaluate against ref configuration.

(d) Prepare conclusions and recommendations.

Options Studied

Option 1 - Cycle @ bascline

Option 2 - Alternate concept - interface joint relocated to sta 2379.70, avionics and RCS packaged
in new extended fwd skirt.

Key Study Results

The RCS tankage size and location requires the skirt to be extended approx 8 feet to provide the
required packaging volume. This extended skirt then has sufficient space to package the launch
vehicle avionics. The new configuration still provides adequate clearance to allow the CTV engines
to occupy the inner volume. Moving the field joint to its new location reduces the interface diameter
which should result in a reduced weight.

Conclusions

The alternate concept will permit full IACO of Core Stage. The concept provides adequate space
for packaging of avionics and propulsion components. Tt does however require the relocation of
the interface joint and reduces the length of the interstage.

Study Recommendations

Study the alternate configuration further in cycle 1.
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Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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6.2.3.4.4 Alternate Fwd Skirt Configuration #3-C-001C)

Objective

Determine if an alternate concept for the forward skirt and intertank would permit full core stage
1IACO at build site.

Issue

Core stage cannot be fully checked out at build site because some avionics and propulsion
components are located in the interstage which is not part of the core stage. The interstage is
required as part of the encapsulated payload concept and would be mated to the launch vehicle at
KSC.

Approach

(a) Obtain definition of cycle @ reference configuration.

(b) Develop concept for packaging launch vehicle avionics and RCS in an expanded fwd skirt.
(c) Evaluate against ref configuration.

(d) Prepare conclusions and recommendations.

Options Studied

Option 1 - Cycle @ baseline
Option 2 - Alternate concept - interface joint relocated to sta 2379.70, avionics and RCS packaged
in new extended fwd skirt.

Key Study Results

The RCS tankage size and location requires the skirt to be extended approx 8 feet to provide the
required packaging volume. This extended skirt then has sufficient space to package the launch
vehicle avionics. The new configuration still provides adequate clearance to allow the CTV engines
to occupy the inner volume. Moving the field joint to its new location reduces the interface diameter
which should result in a reduced weight.

Conclusions

The alternate concept will permit full IACO of Core Stage. The concept provides adequate space

for packaging of avionics and propulsion components. It does however require the relocation of
the interface joint and reduces the length of the interstage.

Study Recommendations

Study the alternate configuration further in cycle 1.
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kag fwd skirt
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Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.1.4.8 Alternate Hold Down for 1.5 Stage (3-S-007)
Objective

Evaluate the benefits and impacts to the 1.5 Stage vehicle when it is supported on the launch pad at
the forward SRB fittings instead of being cantilevered from the base of the propulsion module.

Approach

(a) Review requirements, establish ground rules

(b) Determine critical load conditions and support loads

(c) Review reference vehicle (Common Core) for critical conditions and loads
(d) Identify impacts to the reference vehicle

(e) Evaluate weight impacts/savings for the common core vehicle

(f) Perform dynamic assessment of concepts

(g) Document results

Options Studied

GSE structure simulating the SRB stiffness would attach to the forward SRB fittings (Station
2985) and aft SRB fittings (Station 4058). The GSE structure would deploy at lift off to provide
clearance for the vehicle.

Key Study Results

A crossbeam would have to be added to the Intertank and the shell stiffened locally to carry the
increased (over the ET values) loads. Approximately 30 intermediate rings could be removed from
the LH?2 tank and the barre]l membrane thickness reduced substantially. The propulsion module
could be resized to remove the hold down structure.

Lift off is significantly more complex. Strain energy is stored in the structure when the engines are
running, but before separation from the MLP. This energy can be released differently depending
on the release method chosen, none of which are simple. Severe transient loads are induced from
the sudden release of the strain energy. The more slowly the strain energy is released, the longer
the vehicle will be in close proximity to the tower, which is not desirable.

Conclusions

Up to 5000 Ibs. can be saved by supporting the 1.5 Stage vehicle at the forward SRB fittings.
However, the concept is considered to be a high risk item, particularly in the area of lift off
dynamics and hold down pin retraction.

Study Recommendations

Maintain the baseline approach for holding down the 1.5 Stage vehicle.
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GSE Support
Structure

Rotates for
Clearance

18 deg

— — MLP
’
[) ) -
1 i 1 V
f p
' |
' i
Reference Alternate
Common Core Veahicle
Mass Properties (Wt. LBS)
Components Reference Alternate |A (Deltas)
Intertank 12683 14683 +2000
LH2 Tank 39221 34421 -4800
Thrust Structure 108128 106325 -1800
{(Included) (Included) -240
Total Dry Wt. 204290

Additional Information
See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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5.2.6.4.3 Tank Length vs Facility Impacts (#3-S-008A)
Objective

Assessed the external tank manufacturing tooling and facilities to determine the impact of increased
tank length.

Approach
Each major tooling position and processing facility was analyzed to determine:
(1) current maximum length capability of tools and celis
(2) modifications required for each step of incremental growth up to building or
other limitation.
Key Study Results

Cell E - Internal LH2 Clean and Iridite:

Stretch upto 5 fi - Minor Tool & Facility Modification
Streich 5 w1l ft - Raise Roof & Lengthen Door
Stretch 11 w0 17 ft -RaiseRoof.ungthanoor&wwchill
Streich Over 17 fi - New cell

Cell A - Core Tankage Stack:

Stretch LH2 Tank 8 ft 6 in - No major facility mod.
Strecch 8 ft 6in w0 12 fi - Modify TPS Closeout Room
Strerch Over 12 ft - New cell

Reactivate existing Cells M & N for LO2 & LH2 Tank SOFI

Existing Proof Test facility can accommodate up to 11 ft stretch (Pressure Only). Applied loads
may require new facility

Conclusions
Reference configuration 5 ft LH2 Tank stretch confirmed

Tank Stretch up to 11 ft is possible with modifications.
New Facilities/Major Mods are Required above 11 ft but can be accommodated

Recommendations

Use study results as an input to Propulsion Tank Stretch Study P-001
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Tank Processing Cells

: 5 ft |B/C Capaclty Limited - Requires
Cells B/C LH2 SOFI TR Tumover Operation Use Alt. Cell N
CellD  LH2 Aft Dome SOFI Use AH. Cell N
CellE LH2IntClean | S 777 ‘ L
CellF LO2 Hydro Test Adequate for LO2 “?q"'”"‘ef;'é @
Cell P Ext clean & Prime :o:o'o:o:owo'.:c‘o'o:o'..'.-.'.'.'owo‘o'o:o'o'.'o:o'o‘o'»:o'o:ozo‘.:."""-,
Cell A Veh. Stack

ks l U
R R R RN & L & L £ O

121

Adequate for LO2 Requirement

Celis N (Alternative) LH2 SOFI
Celis M LO2 SOFI
4 8 12 16
xmwween Achievable with Minor Tooling and Facility Mods
zzzzzza Major Facility Mods - (ET Downtime Greater Than 9 Mo.)
oo Modify Alternative Facility
= New Facility Required

Length vs Facility impacts for Tank.mar;?sing cells
LH2 Major Weld Assy 3

Final Assy (Bldg 103) :~:':':~:':-:‘:~:~:-:»:~:~:~:.:~;~;':-:~:~;‘:';-;-;~;~

LH2 Proof Test (Bldg 451) fooooox s

140. on
Test & Checkout (Bldg 420) R I TITT LI %

Growth (ft) 4 8 12 16 18

Achievable with Minor Tooling and Facility Mods
Facility Mods

Extend Existing Bldg
B LH2 Tank Proof Test( Pressure Only) up to 11 ft
(Applied Loads May Require New Facility)

Length vs Facility impacts for Assembly Facilities
Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results
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6.2.6.4.3 Tank Length vs Facility Impacts (#3-S-008A)
Objective

Assessed the external tank manufacturing tooling and facilities to determine the impact of increased
tank length.

Approach
Each major tooling position and processing facility was analyzed to determine:
(1) current maximum length capability of tools and cells
(2) modifications required for each step of incremental growth up to building or
other limitation.

Key Study Results
Cell E - Internal LH2 Clean and Iridite:

Stretch up to 5 fi - Minor Tool & Facility Modification
Strewch 5 to 1111 - Raise Roof & Lengthen Door
Stretch 11 w0 17 ft - Raise Roof, Lengthen Door & Lower Sill
Stretch Over 17 fit - New cell

Cell A - Core Tankage Stack:
Stretch LH2 Tank 8 ft 6 in - No major facility mod.
Streich 8 ft 6into 12 fi - Modify TPS Closeout Room
Stretch Over 12 ft - New cell

Reactivate existing Celis M & N for LO2 & LH2 Tank SOFI

Existing Proof Test facility can accommodate up to 11 fi stretch (Pressure Only). Applied loads
may require new facility

Conclusions

Reference configuration 5 ft LH2 Tank stretch confirmed

Tank Stretch up to 11 ftis possible with modifications.

New Facilities/Major Mods are Required above 11 ft but can be accommodated

Recommendations

Use study results as an input to Propulsion Tank Stretch Study P-001
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Tank Processing Cell
Cells B/C LH2 SOFI

CellD  LH2 Aft Dome SOFI |Not Required Use AR Coll N ,
Ce" E LH2 int Clean wg///;///////://///%
CellF  LO2Hydro Test Adequate for LO2 Requirement

Cell P Ext Clean &
Cell A Veh. Stack

S

: 5 ft | B/C Capacity Limited - Requires
Tumnover Operation Use Alt. Cell N

S R Ot o e ced """‘
8 # 6 In 12 ft
S VIS,

Prime

121

CellsN (Alternaﬁve) LH2 SOFI “'”“”“i”“”“'“llillllllllx|||V////1;/LJ‘
Cells M LO2 SOFI Adequate for LO2 Requirement
4 8 12 16

ez Achievable with Minor Tooling and Facility Mods
zzzzzza Major Facility Mods - (ET Downtime Greater Than 9 Mo.)

momomn. Modify

Alternative Facility

=ssssssmem New Facility Required

LH2 Major Weld Assy
Final Assy (Bldg 103)

LH2 Proof Test (Bldg

Test & Checkout (Bldg 420) [ R (X

Length vs Facility impacts for Tank.prcac;?ssing cells

451)

Growth (ft) 4 8 12 16 18

1 Achievable with Minor Tooling and Facility Mods

ZzZzZzzZZ2 Facility Mods
Es===r===3 Relocate Fwd Dome Attach Tooling

Extend Existing Bldg
=9 LH2 Tank Proof Test( Pressure Only) up to 11 ft

(Applied Loads May Require New Facility)

Length vs Facility impacts for Assembly Facilities

Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results
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5§.2.6.4.4 LH2 Tank Sizing vs. Pressure (3-S-008B)
Objective

This trade study develops the impacts to the LH2 tank pressure shell for increasing ullage
pressures up to 80 psig. (The baseline pressure is 34 psig).

Approach

(a) Determine pressure capability of the Reference Configuration

(b) Establish critical load conditions

(c) Perform analysis to determine membrane and weld land thickness requirements for pressures
above the capability of the Reference Configuration

(d) Develop weight impacts to the Reference Configuration

(e) Evaluate impact to manufacturing for increased thickness

§3) Ei:;luagc whether impacts can be reduced by the use of the biaxial yield theory and frame size

uction.
(g) Document results of the study and prepare conclusions

Options Studied

Ullage pressures from 34 psig to 80 psig.

Key Results

The weight impact is roughly 450 Lbs. per psi. No tooling impacts are identified until ullage

pressures reach 50 psig. Major tooling impacts occur once ullage pressures exceed 70 psig. There
is no weight savings for ullage pressure below the baseline pressure because the skin is sized for

compression, not pressure induced tension. There is no weight savings for frame redesign since
the frames are required for an unpressurized condition. The weight penaity may be mitigated by
500 to 1200 lbs., depending on the maximum ullage pressure, if the biaxial yield theory is

adopted.
Conclusions

This study identified the weight impacts for ullage pressures between 20 and 80 psig. The weight
increase is fairly linear and unbounded for increasing ullage pressures.

Recommendation

Use the results of this trade as an input to the propulsion studies of engine performance vs. ullage
pressure.
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Additional Information
See Doc# MMC.NLS.SR.001 Book 1 for more detailed results
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6.2.6.4.4 LH2 Tank Sizing vs. Pressure (3-S-008B)
Objective

This trade study develops the impacts to the LH2 tank pressure shell for increasing ullage
pressures up to 80 psig. (The baseline pressure is 34 psig).

Approach

(a) Determine pressure capability of the Reference Configuration

(b) Establish critical load conditions

(c) Perform analysis to determine membrane and weld land thickness requirements for pressures
above the capability of the Reference Configuration

(d) Develop weight impacts to the Reference Configuration

(e) Evaluate impact to manufacturing for increased thickness

® Ezgluage whether impacts can be reduced by the use of the biaxial yield theory and frame size
reduction.

(g) Document results of the study and prepare conclusions

Options Studied

Ullage pressures from 34 psig to 80 psig.

Key Results

The weight impact is roughly 450 Lbs. per psi. No tooling impacts are identified until ullage
pressures reach 50 psig. Major tooling impacts occur once ullage pressures exceed 70 psig. There
is no weight savings for ullage pressure below the baseline pressure because the skin is sized for
compression, not pressure induced tension. There is no weight savings for frame redesign since
the frames are required for an unpressurized condition. The weight penalty may be mitigated by
500 to 1200 lbs., depending on the maximum ullage pressure, if the biaxial yield theory is
adopted.

Conclusions

This study identified the weight impacts for ullage pressures between 20 and 80 psig. The weight
increase is fairly linear and unbounded for increasing ullage pressures.

Recommendation

Use the results of this trade as an input to the propulsion studies of engine performance vs. ullage
pressure.

97



National Launch System

1/92 Eycle Zero

Structures Data Package Page 2

Weight
Increase
{ibs.]

t=.084

t=.066 h
4

t=.170 —
el

t=.170 —
I - A
et [

t=.180 -
by

t=.180 —
4

t=.190 -

(=
7’
t=.160 S——/

t=.087

18000 ‘T
16000 =

L2 am s ARAM |

14000 =
12000 =
10000 ™=

yyryTsYrvy ey

8000 -
6000 =
4000 =
2000 -

2an masd ARAN LA

o--—

roof

ressure

0 25 50

Pressure [psi]

Increasing Tool Mods =

{(Dome Weld &
Supplier Fab)

Minor Doms
Tool Mods

Flight
Pressure¢

Proof
Capabilit:

wt. with Biaxial Savings.
(Approx 1000 1bs.)

30

Additional Information

50 60
Ullage Pressurs [paig]
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5.2.6.4.5 Stiffener Pitch Sensitivity Study (# 3-S-008C)

Objective

To develop weight sensitivities of the LH2 tank by varying pitch and stiffener size.
Approach

a) Use current configurations as baseline

b) Use the Panda Il program to produce panel weight data with varying stringer pitch and axial
loading (Ib per circumferential inch)

¢) Document assumptions made and factors of safety used.

d) Produce t bar vs pitch sensititiviics
¢) Prepare conclusions and recommendations

Key Study Resuits

The current internal T section stringers were used as the baseline configuration and Panda II was

used to optimize stringer size for varying pitch and load. Ring frame spacing based on the

reference configuration was used. The weight (tbar ) trend shows that an optimum occurs at a

stringer pitch of 2.0 inches for an axial compression load of 2600 1b/inch. However 2.0 inch

;};aciélg may not be practical. It appears that stringer spacings of 4 to 5 inches may offer sizable
nefits

Conclusions

Weight sensitivity data was generated by varying the stringer pitch while maintaining the the
reference configurations integrally machined longitudinal tee stiffened panel approach. The Panda
1l optimized configuration developed offers weight savings compared to the baseline configuration
but is not considered producable.

Study Recommendations

Maintain the reference configuration LH2 tank barrel configuration. During cycle 1, study an
alternate barrel panel with stringer spacing and/or varying frame spacing increased over the
optimized configuration but less than the reference. in addition study the impact of varing frame

spacing on the stiffener pitch.
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Stringer
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Additional Information

Details of this study are contained in Doc #MMC.NLS.SR.001.BOOK 1
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6.2.6.4.5 Stiffener Pitch Sensitivity Study (# 3.S-008C)

Objective

To develop weight sensitivities of the LH2 tank by varying pitch and stiffener size.
Approach

a) Use current configurations as baseline

b) Use the Panda 1l program to produce panel weight data with varying stringer pitch and axial
loading (lb per circumferential inch)

¢) Document assumptions made and factors of safety used.

d) Produce t bar vs pitch sensititivines
e) Prepare conclusions and recommendations

Key Study Results

The current internal T section stringers were used as the baseline configuration and Panda IT was
used to optimize stringer size for varying pitch and load. Ring frame spacing based on the
reference configuration was used. The weight (tbar ) trend shows that an optimum occurs at a
stringer pitch of 2.0 inches for an axial compression load of 2600 1b/inch. However 2.0 inch

spacing may not be practical. It appears that stringer spacings of 4 10 5 inches may offer sizable
benefits

Conclusions

Weight sensitivity data was generated by varying the stringer pitch while maintaining the the
reference configurations integrally machined longitudinal tee stiffened panel approach. The Panda
TI optimized configuration developed offers weight savings compared to the baseline configuration
but is not considered producable.

Study Recommendations
Maintain the reference configuration LH?2 tank barrel configuration. During cycle 1, study an
alternate barrel panel with stringer spacing and/or varying frame spacing increased over the

optimized configuration but less than the reference. in addition study the impact of varing frame
spacing on the stiffener pitch.
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Additional Information

Details of this study are contained in Doc #MMC.NLS.SR.001.BOOK 1
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5.2.6.4.6 Alternate Panel Construction (#CV-STR-OIS-C)
Objective

This trade study developed and evaluated alternative panel construction methods for the LH2 tank
barrel panels.

Approach

(a) Define a point of departure LO2 tank panel.
(b) Identify concept options for skin panels.

(c) Estimate weight deltas,producibility, and cost.
(d) Evaluate options.

(e) Select preferred option.

Options Studied - LH2 Tank

Option 1 - Machine Panel With Tee Stiffeners (Baseline)
Option 2 - Machined Blade-Stiffened Panel

Option 3 - Machined Waffle Panel

Option 4 - Machined Isogrid Panel

Option 5 - Welded Panel

Option 6 - Mechanically Fastened Stiffened Panel
Option 7 - Extruded Pancl

Key Study Resuits

All options were compared 10 the Option 1 Reference Configuration. Option 2 had an 8% decrease
in weight and ranked 2nd lowest cost. Option 3 had a 5% increasc in weight and was the 5th
lowest cost. Option 4 had 12% decrease in weight and was 3rd lowest cost. Option 5 had the same
weight as baseline and had the highest costs..Option 6 had an increase weight of 1% and was 4th
Jowest cost. Option 7 had no weight increasc. Cost estimates could not be performed on this option
due to insufficient data.

Conclusions

Seven alternative construction methods were studied. The longitudinal tee-stiffencd panels offered
excellent synergism with ET and related tooling, and were lower in costs. Option 2 was climinated
due to poor External Tank synergism and complicated intermediate frame attachment. Option 3 was
eliminated due to excessive DDT&E costs. Option 4, although requiring additional development
work, may be an attractive method of construction due to the possibility of climinating intermediate
frames and weight. Option 5's ET synergism was excellent but was eliminated due to excessive
DDTA&E costs. Option 6 also had excellent ET synergism, but was also eliminated due to excessive
DDT&E costs. Option 7 could be the most promising of all the if the technology proves to be
feasible.

Study Recommendations

Maintain Option 1 as Baseline. Continue to study the following viable alternative designs during
Cycle 1:

- Option 1 - M/C Panel With Tee Stiffeners (Baseline)

- Option 4 - Machined isogrid panel.

- Follow the progress and development of Option 7
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— e *Machined Panel W/Tee-Stiffening.
— sSynergistic W/ External Tank.
eUtilizes Existing ET Procasses
And Tooling.
eDesign Consistant With Maximum
Option 1 - Baseline Panel (P.0.D.) Axial Load.
L———_——_————__——-——_—_——————_—T
e Machined Panel W/ Blade-Stiffening.
* May Not Utilire ET Processes
And Tooling.
* Design Consistant With Maximum

Option 2 - Mach.Blade-Stiff. Panel Axial Load.

e Machined Waffle Panel W/ Long. &
Transv. Stiffening.

¢ New Processes And Tooling
Required.

e Dasigned For Maximum Axial &

Option 3 - Machined Waffle Panel Bending Loading Conditions.

* Machined Iso-Grid Panel With
Multi-Directional Stiffening.

» Naw Processes And Tooling
Required.

¢ Designed For Maximum Bending
Conditions & Bi-Directional
Loading.

sMachined Panel With Welded
Extruded Tee-Stiffening.
+8imilar To External Tank.
«New Processes And Tooling Required.
- *Dasign Consistant With Maximum
Option 5 - Wel Panel Axial Load Distribution.

+ Skin With Machined Slots To
Accept Extrusions.
* Extruded Tee Stiffeners.
o Machanically Assembled.
¢ New Processes And Tooling
Option 6 - Mechanically Fastenad Panel Required.

S8

e Panels Extruded Through Circular Die
(Stringers Extruded On Outsida Of Circle) .

e After Panels Are Extruded They Are Heated
And Rolled Out Into Flat Panels And
Allowed To Cool.

¢ Raquires 35,000 Ton Press.

+ Hew Processes And Tooling Required.

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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6.2.6.4.6 Alternate Panel Construction (#CV-STR-015-C)
Objective

This trade study developed and evaluated alternative panel construction methods for the LH2 tank
barrel panels.

Approach

(a) Define a point of departure LO2 tank panel.
(b) Identify concept options for skin panels.

(c) Estimate weight deltas,producibility, and cost.
(d) Evaluate options.

(e) Select preferred option.

Options Studied - LH2 Tank

Option 1 - Machine Panel With Tee Stffeners (Baseline)
Option 2 - Machined Blade-Stiffened Panel

Option 3 - Machined Waffle Panel

Option 4 - Machined Isogrid Panel

Option 5 - Welded Panel

Option 6 - Mechanically Fastened Stiffened Panel
Option 7 - Extruded Panel

Key Study Results

All options were compared to the Option 1 Reference Configuration. Option 2 had an 8% decrease
in weight and ranked 2nd lowest cost. Option 3 had a 5% increase in weight and was the 5th
lowest cost. Option 4 had 12% decrease in weight and was 3rd lowest cost. Option S had the same
weight as baseline and had the highest costs..Option 6 had an increase weight of 1% and was 4th
lowest cost. Option 7 had no weight increase. Cost estimates could not be performed on this option

due to insufficient data.
Conclusions

Seven alternative construction methods were studied. The longitudinal tec-stiffened panels offered
excellent synergism with ET and related tooling, and were lower in costs. Option 2 was climinated
due to poor External Tank synergism and complicated intermediate frame attachment. Option 3 was
eliminated due to excessive DDT&E costs. Option 4, although requiring additional development
work, may be an attractive method of construction due to the possibility of eliminating intermediate
frames and weight. Option 5's ET synergism was excellent but was eliminated due to excessive
DDT&E costs. Option 6 also had excellent ET synergism, but was also eliminated due to excessive
DDT&E costs. Option 7 could be the most promising of all the if the technology proves to be
feasible.

Study Recommendations

Maintain Option 1 as Baseline. Continue to study the following viable alternative designs during
Cycle 1:

- Option 1 - M/C Panel With Tee Stiffeners (Baseline)

- Option 4 - Machined isogrid panel.

- Follow the progress and development of Option 7
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I g eMachined Panel W/Tee-Stiffening.
" +Synergistic W/ External Tank.
eUtilizes Existing ET Processes
And Tooling.
+Design Consistant With Maximum
Axial Load.

¢ May Not Utilize ET Processes
And Tooling.
e Design Consistant With Maximum

option 2 - Mach.Blade-Stiff. Panel Axial Load.

o Machined Waffle Panel W/ Long. &
Transv. Stiffening.
e New Processes And Tooling

Required.
e Designed For Maximum Axial &

3 - Machined Waffle Panel Bending Loading Conditions.

Option 1 - Baseline Panel (P.0.D.)

« Machined Panel W/ Blade-Stiffening.

« Machined Iso-Grid Panel With
Multi-Directional Stiffening.

e New Processes And Tooling
Required.

* Designed For Maximum Banding
Conditions & Bi-Directional
Loading.

_/_clhchinod Panel With Welded
Extruded Tee-Stiffening.

eSimilar To External Tank.

«New Processas And Tooling Required.

+Design Consistant With Maximum

Axial Load Distribution.

Option § - Wel Panel

e gkin With Machined Slots To
Acocept Extrusions.
s EIxtruded Tee Stiffeners.
« Mechanically Assembled.
« New Processes And Tooling
option 6 -~ Mechanically Fastened Panel Required.

e Panels Extruded Through Circular Die
(Stringers Extruded On Outside Of Circle).

e After Panels Are Extruded They Are Heated
And Rolled Out Into Flat Panels And
Allowed To Cool.

« Requires 35,000 Ton Press.

o New Processes And Toollng Required.

Option 7 - Extruded Panel

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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5.2.5.4.2 Intertank Commonality Assessment(#3-S-009A)

Objective

Study the commonality between HLLYV, 1.5 Stage, and STS Intertanks and recommend degree of
commonality.

Approach

(a) Develop a "Standalone” HLLV intertank config.

(b) Develop a "Standalone" 1.5 Stage intertank config.

(c) Compare "Standalone" configs. with the reference.

(d) Identify the level of part commonality between HLLYV, 1.5 Stage, and STS intertanks.
(¢) Develop weight estimates and compare to reference.

Groundrules

Intertank length and diameter as ET.

Basic panel construction similar to ET.

Omit all requirements for SRB attachment on 1.5 Stage.

Interfaces and penetrations as the reference.

Frame locations as reference, frames may be omitted or reduced in size.
Frame depths may vary.

Key Study Results

The standard HLLV intertank was identified as almost identical to the common core NLS intertank,
indicating that ASRB loads are the prime driver. A significant weight saving of over 5 Klbs can be
achieved by designing a standalone 1.5 Stage intertank. This requires an additional STA which
adg;igDT&E cost. The standalone intertank can be produced on existing ET tooling with minimal
modifications.

Conclusions

A standalone intertank for the 1.5 Stage is very attractive due to the significant weight savings
(40%). Very little part commonality exists between STS, HLLYV and 1.5 Stage intertanks when
designed as unique standalone configurations. Commonality does exist in panel construction
methods, tooling, and build approach.

Study Recommendations

During Cycle 1 a more in depth study should be performed to confirm 1.5 Stage intertank weight
savings. This study should also incorporate results from trade study on stiffener pitch sensitivity
(see 5.2.5.4.3).
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Ccommon Ring Frame (3)
- Fabricated I-Beam

NLS Skin/Stringer Panels (8)
- Mechanically Fastened
Stringer-Stiffened Panel
(Thrust Panels Omitted)

Xn 2852.80 Xn 3123.15
Xn 2897.1 Xn 3034.2
L02 Tank I/F Xn 2941. 4 Xn3082 0 LH2 Tank I/F
088 Nominal

| | Xn 2985 675

12.00 Typ 165. 00 R

5 Frs ! I I ISL *(Ref)

Skin/Stringer Panel XSection

2.50 _'.l

Intertank | Weight

HLLV 14509
1.5 Stage 7608

92| |-

Nominal Stiffener Detail
1.5 Stage Standalone Intertank

Additional Information
SceImm:#h&NKleSjHLOOIBooklfbrnxncdcmﬂodnumh&
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6.2.5.4.2 Intertank Commonality Assessment(#3-S-009A)

Objective

Study the commonality between HLLYV, 1.5 Stage, and STS Intertanks and recommend degree of
commonality.

Approach

(a) Develop a "Standalone” HLLYV intertank config.

(b) Develop a "Standalone” 1.5 Stage intertank config.

(c) Compare "Standalone” configs. with the reference.

(d) Identify the level of part commonality between HLLYV, 1.5 Stage, and STS intertanks.
(e) Develop weight estimates and compare to reference.

Groundrules

Intertank length and diameter as ET.

Basic panel construction similar to ET.

Omit all requirements for SRB attachment on 1.5 Stage.

Interfaces and penetrations as the reference.

Frame locations as reference, frames may be omitted or reduced in size.
Frame depths may vary.

Key Study Results

The standard HLLYV intertank was identified as almost identical to the common core NLS intertank,
indicating that ASRB loads are the prime driver. A significant weight saving of over 5 Klbs can be
achieved by designing a standalone 1.5 Stage intertank. This requires an additional STA which
adcc)icsi1 DDT&E cost. The standalone intertank can be produced on existing ET tooling with minimal
modifications.

Conclusions

A standalone intertank for the 1.5 Stage is very attractive due to the significant weight savings
(40%). Very little part commonality exists between STS, HLLV and 1.5 Stage intertanks when
designed as unique standalone configurations. Commonality does exist in panel construction
methods, tooling, and build approach.

Study Recommendations
During Cycle 1 a more in depth study should be performed to confirm 1.5 Stage intertank weight

savings. This study should also incorporate results from trade study on stiffener pitch sensitivity
(see 6.2.5.4.3).
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Common Ring Frame (5)
- Fabricated I-Beam

NLS Skin/Stringer Panels (8)
- Mechanically Fastened
stringer-Stiffened Panel
(Thrust Panels Omitted)

Xn 2852.80 Xn 3123.15
) Xn 3034.2
Xn 2897.1 n LH2 Tank I/F

1,02 Tank I/F Xn 2941.4 ¥n3082.0
088 Nominall

| | Xn 2985.675 | .
12.00 Typ H F ] 165.00 R
S Frs “ I I ISL (Ref)

Skin/Stringer Panel XSection

—->|

2.50

r‘-l.38

"Intertank | Weight
NSTS 12152
HLLV 14509
1.5 Stage 7608

92| |ea-

Nominal Stiffener Detail
1.5 Stage Standalone Intertank

Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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5.2.5.4.3 Stiffener Pitch Sensitivity Study (# 3.S-009B)

Objective

Develop the intertank weight sensitivities of varying pitch and stiffener size.

Approach

a) Use current configurations as baseline

b) Use the Panda II program to produce panel weight data with varying stringer pitch and axial
Joading (Ib per circumferential inch)

¢) Document assumptions madcand factors of safety used.

d) Produce t bar vs pitch sensinuviuies
¢) Prepare conclusions and recommendations

Key Study Results
The current hat section stringers were used as the baseline configuration and Panda II was used to

optimize stiffener size for varying pitch and load. Ring frame spacing based on the reference
configuration was used. The weight( tbar) trend results shows that an optimum occurs at a stringer
pitch of 7.33 inches for an axial compression load of 44001b/in. However the optimum stringer
section indicated by Panda needs an increase in the attachment flange width to provide room and
edge distance for the skin/stringer attachments. Once this modification is incorporated the current

reference becomes close to opamum.

Conclusions

Weight sensitivity data was generated by varying the stringer pitch while maintaining the reference
configuration skin/hat ;on fabricated construction approach. The modified Panda II optimized
configuration is lighter compared to the bascline configuration. However modifications to produce
a ;;gasctical design may not provide significant weight savings on a common I/T driven by HLLV
loads.

Recommendations
Maintain the reference configuration /T stringer pitch and size. During cycle 1, study different

stringer configurations when defining the ‘stand alone’ 1.5 stage intertank identified in section
5.2.5.4.2
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Fage 2

- Intertank
Nx Vs tbar

ooég '[ Nx Ib/in

3133 \ —— 4400
. 0.26
8 025 ——0— 5200

0.24 .

8'32 \. ./ — o —— 5800

0.21 —~———

0.24 t $ t —
Stringer  Stringer  Stringer Stringer  Stringer
Spacing= Spacing Spacing= Spacing Spacing =
40" =50" 733" =10.0 " 120"
|,<1.3">| 1.03 .
~ * 291"
2.59"
7 *
- 443" - ~-20
Current Design Panda Il Optimized Design Panda Il Optimized Design
(Nx = 4400 Ib/in ult) (Nx = 5200 Ib/in ult)

Stringer Spacing = 7.33" Stringer Spacing = 7.33" Stringer Spacing = 10.0"
Frame Spacing = 45.0" Frame Spacing = 45.0" Frame Spacing = 45.0"
Tbar=0.238" Tbar=0.21" Tobar=0.241

Additional Information

Details of this study are contained in Doc #MMC.NLS.SR.001.Book 1
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6.2.5.4.3 Stiffener Pitch Sensitivity Study (# 3-S-009B)

Objective

Develop the intertank weight sensitivities of varying pitch and stiffener size.

Approach

a) Use current configurations as baseline

b) Use the Panda II program to produce panel weight data with varying stringer pitch and axial
loading (lb per circumferential inch)

¢) Document assumptions made and factors of safety used.

d) Produce t bar vs pitch sensiguvites
¢) Prepare conclusions and recommendations

Key Study Results

The current hat section stringers were used as the baseline configuration and Panda II was used to
optimize stiffener size for varying pitch and load. Ring frame spacing based on the reference
configuration was used. The weight( tbar) trend results shows that an optimum occurs at a stringer
pitch of 7.33 inches for an axial compression load of 44001b/in. However the optimum stringer

section indicated by Panda needs an increase in the attachment flange width to provide room and

edge distance for the skin/stringer attachments. Once this modification 1s incorporated the current
reference becomes close to opumum.

Conclusions

Weight sensitivity data was generated by varying the stringer pitch while maintaining the reference
configuration skin/hat section fabricated construction approach, The modified Panda II optimized
configuration is lighter compared to the baseline configuration. However modifications to produce
a practical design may not provide significant weight savings on a common UT driven by HLLV
loads.

Recommendations
Maintain the reference configuration I/T stringer pitch and size. During cycle 1, study different

stringer configurations when defining the 'stand alon¢’ 1.5 stage intertank identified in section
6.2.5.4.2
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Intertank
Nx Vs tbar
0.3 Nx Ib/in
0.29 -
0.28 \ — 4400
0.27
. 0.26
8 0.25 —0—— 5200
= 0.24
g'gg \. ./ —— ¢ —— 5600
0.21 \./
0.2 4 } + 4 4

Stringer Stringer Stringer Stringer Stringer
Spacing= Spacing Spacing= Spacing Spacing =
40" =50 " 733" =10.0 " 120"

I<1.3">| 1.03 .
* 2.91°
2.59"
71 +
~—— 443" - =20
Current Design Panda il Optimized Design Panda Il Optimized Design
(Nx = 4400 Ib/in ult) (Nx = 5200 Ib/in ult)
Stringer Spacing = 7.33" Stringer Spacing = 7.33" Stringer Spacing = 10.0"
Frame Spacing = 45.0" Frame Spacing = 45.0" Frame Spacing = 45.0"
Tbarx=0.238" Tbhar=0.21" Thar=0.241

Additional Information

Details of this study are contained in Doc #MMC.NLS.SR.001.Book 1
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5.2.4.4.3 LO2 Tank Sizing vs. Pressure (3-S-010A)
Objective

This trade study develops the impacts to the LO2 tank pressure shell for ullage pressures of 10 psig
1o 80 psig. (The baseline ullage pressure is 30 psig).

Approach

(a) Determine pressure capability of the Reference Configuration

(b) Assume uniform load distribution and establish critical load conditions

(c) Perform analysis to determine membrane and weld land thickness requirements for pressures
above the capability of the Reference Configuration

(d) Develop weight impacts to the Reference Configuration

(¢) Evaluate impact to manufacturing for increased thickness

(f) Evaluate whether impacts can be reduced by the use of the biaxial yield theory and frame size
reduction.

(g) Document results of the study and prepare conclusions

Options Studied
Ullage pressures in 10 psig increments from 10 psig to 80 psig
Key Results

The weight impacts for a specific pressure is approximately 200 Lbs per psi. Minor tooling
modifications are necessary for any increase in ullage pressure. Major tooling impacts occur once
ullage pressures exceed 40 psig. There is a weight reduction to the LOX tank for ullage pressures
below 30 psig. Ullage pressure may be as low as 10 psig before the weight reduction trend ends.
Since the shell is sized for the proof test, a 300 Lbs. to 400 Lbs. reduction to the weight penalty
may be realized by using the biaxial yield theory. This weight reduction is limited by the flight
membrane thickness requirement.

Conclusions

This study identified the weight impacts for ullage pressures between 10 and 80 psig. The weight
increase is fairly linear and unbounded for increasing ullage pressures. The weight reduction is
linear and bounded for decreasing ullage pressures.

Recommendations

Use the results of this trade as an input to the propulsion studies of engine performance vs. ullage
pressure.
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6.2.4.4.3 LO2 Tank Sizing vs. Pressure (3-S-010A)
Objective

This trade study develops the impacts to the LO2 tank pressure shell for ullage pressures of 10 psig
to 80 psig. (The baseline ullage pressure is 30 psig).

Approach

(a) Determine pressure capability of the Reference Configuration

(b) Assume uniform load distribution and establish critical load conditions

(c) Perform analysis to determine membrane and weld land thickness requirements for pressures
above the capability of the Reference Configuration

(d) Develop weight impacts to the Reference Configuration

(e) Evaluate impact to manufacturing for increased thickness

® E:gluatc whether impacts can be reduced by the use of the biaxial yield theory and frame size
reduction.

(g) Document results of the study and prepare conclusions

Options Studied
Ullage pressures in 10 psig increments from 10 psig to 80 psig
Key Results

The weight impacts for a specific pressure is approximately 200 Lbs per psi. Minor tooling
modifications are necessary for any increase in ullage pressure. Major tooling impacts occur once
ullage pressures exceed 40 psig. There is a weight reduction to the LOX tank for ullage pressures
below 30 psig. Ullage pressure may be as low as 10 psig before the weight reduction trend ends.
Since the shell is sized for the proof test, a 300 Lbs. to 400 Lbs. reduction to the weight penalty
may be realized by using the biaxial yield theory. This weight reduction is limited by the flight
membrane thickness requirement.

Conclusions

This study identified the weight impacts for ullage pressures between 10 and 80 psig. The weight
increase is fairly linear and unbounded for increasing ullage pressures. The weight reduction is
linear and bounded for decreasing ullage pressures.

Recommendations

Use the results of this trade as an input to the propulsion studies of engine performance vs. ullage
pressure.
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5.2.4.4.4 Stiffener Pitch Sensitivity Study (# 3-S-010B)

Objective
Develop the LO2 Tank weight sensitivities of varying pitch and stiffener size.

Approach

a) Use current configurations as baseline

b) Use the Panda II program to produce panel weight data with varying stringer pitch and axial
loading (Ib per circumferential inch)

c) Document assumptions made and factors of safety used.

d) Produce t bar vs pitch sensititivities
¢) Prepare conclusions and recommendations

Key Study Results

The current internal T section stringers were used as the baseline configuration and Panda II was
used to optimize stringer size for varying pitch and load. Ring frame spacing based on the
reference configuration was used. The weight (tbar) trend shows that an optimum occurs at a
stringer pitch of 4.0 inches for an axial compression load of 960 Ib/inch.

Conclusions

Weight sensitivity data was generated by varying the stringer pitch while maintaining the reference
configurations integrally machined longitudinal tee stiffened panel approach. The Panda II
optimized configuration developed offers weight savings compared to the baseline configuration. It
does however require a thicker billet and closer stiffener pitch.

Study Recommendations

Maintain the reference configuration LO2 tank barrel configuration. During cycle 1, study an
alternate barrel panel with reduced stringer spacing and/or varying frame spacing.
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Nx Vs Tbar
Nx Ib/in
s 965
t =3
.g ——{— 1345
-
— e — 1600
0 4— } } —
Stringer Stringer Stringer Stringer
Spacing Spacing Spacing Spacing
=4.0 =5.0 =7.33 =10.0
{0.52"}-- 05
let—1.25-9
1.80° 2.10°
1.257
Current Design Optimized Design Optimized Design
Nx=960 1b/in __Nx=134S ib/in
Stringer Spacing=10.832" Stringer Spacing=4.0" Stringer Spacing=4.0"
Frame Spacing=34.9" Frame Spacing=34.9" Frame Spacing=34.9"
Tskin=0.170 Tskin=0.067 Tekin=0.075
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Additional Information

Details of this study are contained in Doc #MMC.NLS.SR.001.Book 1

181



National Launch System 1/92 Cycle Zero Structures Data Package  Page !

6.2.4.4.4 Stiffener Pitch Sensitivity Study (# 3-S-010B)

Objective

Develop the LO2 Tank weight sensitivities of varying pitch and stiffener size.
Approach

a) Use current configurations as baseline

b) Use the Panda II program to produce panel weight data with varying stringer pitch and axial
loading (Ib per circumferential inch)

¢) Document assumptions made and factors of safety used.

d) Produce t bar vs pitch sensitiuvities
e) Prepare conclusions and recommendations

Key Study Results

The current internal T section stringers were used as the baseline configuration and Panda II was
used to optimize stringer size for varying pitch and load. Ring frame spacing based on the
reference configuration was used. The weight (tbar) trend shows that an optimum occurs at a
stringer pitch of 4.0 inches for an axial compression load of 960 Ib/inch.

Conclusions

Weight sensitivity data was generated by varying the stringer pitch while maintaining the reference
configurations integrally machined longitudinal tee stiffened panel approach. The Panda II
optimized configuration developed offers weight savings compared to the bascline configuration. It
does however require a thicker billet and closer stiffener pitch.

Study Recommendations

Maintain the reference configuration LO2 tank barrel configuration. During cycle 1, study an
alternate barrel panel with reduced stringer spacing and/or varying frame spacing.
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Toar=0.193 Tbar=0.0963 Tobar=0.1043

Additional Information

Details of this study are contained in Doc #MMC.NLS.SR.001.Book 1
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5.2.4.4.5 Alternate Panel Construction (#CV-STR-OIS-C)

Objective

Develop and evaluate alternative panel construction methods for the LO2 tank barrel panels.

Approach

(a) Define a point of departure & Identify concept options for skin panels.
(b) Estimate weight deltas,producibility, and cost.

(c) Evaluate options.

(d) Select preferred option.

Options Studied - LO2 Tank

Option 1 - Machine Panel With Tee Stiffeners (Baseline)
Option 2 - Machined Blade-Stiffened Panel

Option 3 - Machined Waffle Panel

Option 4 - Machined Isogrid Panel

Option 5 - Welded Panel

Option 6 - Mechanically Fastened Stiffened Panel
Option 7 - Extruded Panel

Key Study Results

All options were compared to the Option 1 Reference Configuration. Option 2 had an 8% decrease
in weight and ranked 2nd lowest cost. Option 3 had a 5% increase in weight and was the Sth
lowest cost. Option 4 had 12% decrease in weight and was 3rd lowest cost. Option 5 had the same
weight as baseline and had the highest costs. Option 6 had an increase weight of 1% and was 4th
lowest cost. Option 7 had no weight increase. Cost estimates could not be performed on this option
due to insufficient data.

Conclusions

Seven alternative construction methods were studied. The longitudinal tee-stiffencd panels offered
excellent synergism with ET and related tooling, and were lower in costs. Option 2 was eliminated
due to poor External Tank synergism and complicated intermediate frame attachment. Option 3 was
climinated due to excessive DDTA&E costs. Option 4, although requiring additional development
work, may be an attractive method of construction due to the possibility of eliminating intermediate
frames and weight. Option 5's ET synergism was excellent but was climinated due to excessive
DDT&E costs. Option 6 also had excellent ET synergism, but was also eliminated due to excessive
DDT&E costs. Option 7 could be the most promising of all the if the technology proves t0 be

feasible.
Study Recommendations

Maintain Option 1 as Baseline. Continue to study the following viable alternative designs during
Cycle 1:

- Option1-M/C panel with tee stiffeners (Baseline)

- Option 4 - Machined isogrid panel.

. Follow the progress and development of Option 7
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sMachined Panel W/Tee-Stiffening.
*Synergistic W/ External Tank.
«Utilizes Existing ET Processes
And Tooling.

*Design Consistant With Maximum

Option 1 - Baseline Panel (P.0.D.) Axial Load.

— T
——— — e —————— A ——
m——

e Machined Panel W/ Blade-Stiffening.
e May Not Utilize ET Processes
And Tooling.
\ e Dasign Consistant With Maximum

Option 2 - Mach.Blade-Stiff. Panel Mxial Load.

e Machined Waffle Panel W/ long. &
Transv, Stiffening.

* New Processes And Tooling
Required.

¢ Designed For Maximum Axial &

1 Bending Loading Conditions.

]

Option 3 - Machined Waffle Pane

¢ Machined Iso-Grid Panel With
Multi-Directional Stiffening.

* New Processes And Tooling
Required.

e Designed For Maximum Banding
Conditions & Bi-Directional
Loading.

*Machined Panel With Welded
Extruded Tee-Stiffening.

eSimilar To External Tank.

sNew Processes And Tooling Required.
*Design Consistant With Maximum
Option 5 - Wel Panel Axial Load Distribution.

e Skin With Machined Slots To
Accept Extrusions.

« Extruded Tee Stiffeners.

e Mechanically Assambled.

¢ New Processes And Tooling

Option 6 - Mechanically Fastened Panel Required.

« Panels Extruded Through Circular Die
{Stringers Extruded Oa Outaide Of Circle).

+ After Panels Are Extrudad They Are Heated
And Rolled Out Into Flat Panels And
Allowed To Cool.

* Requires 35,000 Ton Press.

*» New Processes And Tooling Required.

Option 7 - Extruded Panel

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed resulits.
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6.2.4.4.5 Alternate Panel Construction (#CV-STR-OIS-C)

Objective

Develop and evaluate alternative panel construction methods for the LO2 tank barrel panels.

Approach

(a) Define a point of departure & Identify concept options for skin panels.
(b) Estimate weight deltas,producibility, and cost.

(c) Evaluate options.

(d) Select preferred option.

Options Studied - LO2 Tank

Option 1 - Machine Panel With Tee Stiffeners (Baseline)
Option 2 - Machined Blade-Stiffened Panel

Option 3 - Machined Waffle Panel

Option 4 - Machined Isogrid Panel

Option 5 - Welded Panel

Option 6 - Mechanically Fastened Stiffened Panel
Option 7 - Extruded Panel

Key Study Results

All options were compared to the Option 1 Reference Configuration. Option 2 had an 8% decrease
in weight and ranked 2nd lowest cost. Option 3 had a 5% increase in weight and was the Sth
lowest cost. Option 4 had 12% decrease in weight and was 3rd lowest cost. Option 5 had the same
weight as baseline and had the highest costs. Option 6 had an increase weight of 1% and was 4th

lowest cost. Option 7 had no weight increase. Cost esumates could not be performed on this option
due to insufficient data.

Conclusions

Seven alternative construction methods were studied. The longitudinal tee-stiffened panels offered
excellent synergism with ET and related tooling, and were lower in costs. Option 2 was climinated

due to poor External Tank synergism and complicated intermediate frame attachment. Option 3 was
eliminated due to excessive DDT&E costs. Option 4, although requiring additional development
work, may be an attractive method of construction due to the possibility of eliminating intermediate
frames and weight. Option 5's ET synergism was excellent but was climinated due to excessive
DDT&E costs. Option 6 also had excellent ET synergism, but was also eliminated due to excessive
DDTA&E costs. Option 7 could be the most promising of all the if the technology proves to be

feasible.
Study Recommendations

Maintain Option 1 as Baseline. Continue to study the following viable alternative designs during
Cycle 1:

- Option 1 - M/C panel with tee stiffeners (Baseline)

- Option4 - Machined isogrid panel.

. Follow the progress and development of Option 7
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e ———— ey eMachined Panel W/Tee-Stiffening.
~" eSynergistic W/ External Tank.
«Utilizes Existing ET Procaesses
And Tooling.
*Design Consistant With Maximum
Option 1 - Baseline Panel (P.0.D.) Axial Load.

e ————————

« May Not Utilize ET Processes
And Tooling.
e Design Consistant With Maximum

option 2 - Mach.Blade-Stiff. Panel Axial Load.

Machined Waffle Panel W/ Long. &
Transv. Stiffening.

Hew Processes And Tooling
Required.

Designed For Maximum Axial &
Bending Loading Conditions.

« Machined Panel W/ Blade-Stiffening.

e Machined Iso-Grid Panel With
Multi-Directional Stiffening.

+ New Processes And Tooling
Required.

* Designed For Maximum Bending
Conditions & Bi-Directional
Loading.

Option 4 - Machined Isogrid Panel

eMachined Panel With Welded

™~ — Extruded Tee-Stiffening.
eSimilar To External Tank.
«New Processes And Tooling Required.
*Design Consistant With Maximum
Option 5 - Welded Panel Axial Load Distribution.

¢ Skin With Machined Slots To
Accept Extrusions.
e Extruded Tee Stiffeners.
« Mechanically Assembled.
+ New Processes And Tooling
Option 6 - Mechanically Fastened Panel Required.

« pPanels Extruded Through Circular Die
(Stzingers Extruded On Outside Of Circle).

« After Panels Are Extruded They Are Heated
aAnd Rolled Out Into Flat Panels And
Allowed To Cool.

+ Raquires 35,000 Ton Press.

+ New Processes And Tooling Required.

Option 7 - Extruded Panel

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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5.2.4.4.6 Alternate Slosh Baffles(#3-S-011)
Objective

Perform studies on the LO2 tank slosh baffle to assess potential changes to the reference
configuraton.

Approach

(a) Evaluate sensitivity of the slosh damping requirement.
(b) Assess a common baffle with unique applications.
(c) Assess the feasibility of integral baffles using LO2 tank frames.

Options Studied

(a) 1% vs 4% Slosh damping requirement.
(b) HLLV vs 1.5 Stage configurations.
(c) Integral baffle concept.

Key Study Results

The reference was designed to meet a 1% damping requirement. Recent controls analysis indicates
that 4% may be required. A 4% damping capability requires an increase in baffle depth plus an
additional 4 baffles. A 4% baffle configuration will add baffles to the aft dome for an overall
weight impact of 535 Ibs. The full baffle configuration is required for 1.5 Stage, a 400-500 1bs of
weight saving can be achieved on the less crictical HLLV slosh baffle by omiting the two forward
baffles. By integrating the baffles with the intermediate frames a more efficient design could be
achieved with potential weight savings. In addition an integral baffle design would reduce the
number of parts and climinate the external baffle assembly tooling position and the baffle insertion
operation.

Conclusions

Baffle damping requirements significantly impact the configuration and must therefore be
established prior to further design work. The baffle configuration is driven by 1.5 Stage slosh
requirements. An integral baffle and frame design appears to be an attractive proposition for an
alternative design.

Study Recommendations

During Cycle 1 finalize the damping requirement and update the bascline configuration. The
reference configuration is designed for 1.5 Stage and should remain common unless HLLV weight
savings are required. A study should be performed during Cycle 1 o define the weight savings and
manufacturing impacts for an integral baffie and frame design.
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Xn 2571.60 Xn 2851.00
I32.00
—’I 36.00
4% Regmt
Baffle Weight
Aft Dome 2880 1bs
Baffles
FWD
. » ad
Acr:sl:.l?olats Anti-vortex — | 1% Regmt
25.88 Baffle qm
—} Baffle Weight

2345 lbs

==l

1% - 4% Slosh Baffle Comparision

Xn 2571.60 Xn 2851.00

1.5 Stage
Config.

Instl LH2 Fwd oOmit Fwd 2 Baffles
Dome Frame Anti-Vort ]
ex Baffle

DXIXIXIXIX

4% 1.5 Stage - HLLV Configuration Comparision

HLLV Config.

Baffle Weight
2463 lbs

\

Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.4.4.6 Alternate Slosh Baffles(#3-S-011)
Objective

Perform studies on the LO2 tank slosh baffle to assess potential changes t0 the reference
configuraton.

Approach

(a) Evaluate sensitivity of the slosh damping requirement.
(b) Assess a common baffle with unique applications.
(c) Assess the feasibility of integral baffles using LO2 tank frames.

Options Studied

(a) 1% vs 4% Slosh damping requirement.
(b) HLLYV vs 1.5 Stage configurations.
(c) Integral baffle concept.

Key Study Results

The reference was designed to meeta 1% damping requirement. Recent controls analysis indicates
that 4% may be required. A 4% damping capability requires an increase in baffle depth plus an
additional 4 baffles. A 4% baffle configuration will add baffles to the aft dome for an overall
weight impact of 535 lbs. The full baffle configuration is required for 1.5 Stage, a 400-500 lbs of
weight saving can be achieved on the less crictical HLLV slosh baffle by omiting the two forward
baffles. By integrating the baffles with the intermediate frames a more efficient design could be
achieved with potential weight savings. In addition an integral baffle design would reduce the
number of parts and eliminate the external baffle assembly tooling position and the baffle insertion
operation.

Conclusions

Baffle damping requirements significantly impact the configuration and must therefore be
established prior to further design work. The baffle configuration is driven by 1.5 Stage slosh
requirements. An integral baffle and frame design appears to be an attractive proposition for an
alternative design.

Study Recommendations

During Cycle 1 finalize the damping requirement and update the baseline configuration. The
reference configuration is designed for 1.5 Stage and should remain common unless HLLV weight
savings are required. A study should be performed during Cycle 1 to define the weight savings and

manufacturing impacts for an integral baffle and frame design.
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Xn 2571.60 Xn 2851.00
{32.00 l
-‘I 36.00
Baffle Weight
Aft Dome 2880 1lbs
Baffles
FWD
-  ad
Acrj:: .Folats Anti-vortex — 1% Regmt
25.88 Baffle q
—} Baffle Weight
2345 lbs
1% - 4% Slosh Baffle Comparision
Xn 2571.60 Xn 2851.00
1.5 Stage
Config.
Baffle Weight
2880 1lbs

WD
Fﬁ

Instl LH2 Fwd
Dome Frame

omit Fwd 2 Baffles —
Anti-Vort —

ex Baffle

’ 3 L

4% 1.5 Stage - HLLV Configuration Comparision

Additional Information

HLLV Config.

Baffle Weight
2463 1lbs

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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5.2.4.4.2 Tank Access Trade Study(#CV-DI1-01-A)
Objective

This trade study evaluated if additional tank access should be provided in the reference
configuration Core Tankage. The Cycle @ baseline contains a 36in diameter manhole in the
forward domes of both LO2 and LH2 Tanks. No manholes are provided in the aft domes.

Approach

(a) Investigate STS ET access capability

(b) Research actual tank access history at KSC

(c) Evaluate need for access during build at MAF

(d) Develop NLS Tank access requirements

(¢) Develop and evaluate options for providing access

Options Studied - LO2 Tank

Option 1 - Cycle @ Baseline

Option 2 - Relocate Fwd Manhole to ET loctn .; relocate F/L's; Add 30in @ M/hole in Aft Cap
Option 3 - Relocate Fwd Manhole to ET loctn.; revise L02 F/L Outlets as removable

Option 4 - Relocate Fwd Manhole to ET location; retain F/L loc'n; Add small Manhole in Aft Cap

Options Studied - LH2 Tank (Reference only)

Option 1 - Cycle @ Baseline
Option 2 - Relocate Fwd Manhole to ET location; make Aft LH?2 tank sump removable
Option 3 - Relocate Fwd Manhole to ET loctn; delete Sump, Add 30in Dia Manhole in Dome Cap

Key Study Results

24 tank entries were made on ET at KSC(all on first 30 tanks). MIL-STD-1472 specifies that
minimum manhole size is 30 inches. Existing Weld mandrel is 22in x 26in and is removed thru
fwd dome. This requires a 36 in dia hole. For build at MAF similar access requirements to ET are
required. This requires a manhole in each dome. Fwd manhole needs to be in same location on ET
& NLS as tanks are processed thru the same facilities. Location is pri ily driven by cleaning
probe insertion in Cell E. KSC access is contingency only.

Conclusions
Option 2 is preferred for the LO2 tank this option allows the NLS to be manufactured using ET
tooling and facilities. It also provides for internal access at MAF and contingency access at KSC.

Study Recommendations
Revise cycle @ baseline to incorporate Option 2(L02 Tank). Perform a feasibility study to evaluate
if the level sensors can be designed for removal and installation from the outside. (see 5.2.6.4.1)
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36 in dia manhole at
this location on both
L02 & LH2 tanks
(No manhole in

! S 4
\ 2 o o) either aft dome)

NLS Cycle @ Baseline

Relocated
36in dia
manhole
5 .
of
Relocated
F/L Outlets

N
30 india
" manhole
L02 Fwd Dome LO2 Aft Dome
Sump

Relocated Deleted
36in dia
manhole
@R
\\'.P 0o
30 india
manhole

LH2 Fwd Dome LH2 Aft Dome
Proposed Update to NLS Cycle @ Baseline

Additioal Information
See Doc# MMC.NLS.SR.001.Book 1 for more detailed results
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5.2.6.4.2 Tank Access Trade Study(#CV-DI-01-A)

Objective

This trade study evaluated if additional tank access should be provided in the reference
configuration Core Tankage. The Cycle @ baseline contains a 36in diameter manhole in the
forward domes of both LO2 and LH2 Tanks. No manholes are provided in the aft domes.

Approach

(a) Investigate STS ET access capability

(b) Research actual tank access history at KSC

(c) Evaluate need for access during build at MAF

(d) Develop NLS Tank access requirements

(¢) Develop and evaluate options for providing access

Options Studied - LH2 Tank

Option 1 - Cycle @ Baseline
Option 2 - Relocate Fwd Manhole o ET location & make Aft LH2 tank sump removable
Option 3 - Relocate Fwd Manhole o ET loctn; delete Sump & Add 30in Dia Manhole in Dome Cap

Options Studied - L02 Tank (Reference only)

Option 1 - Cycle @ Baseline

Option 2 - Relocate Fwd Manhole to ET loctn.; relocate F/L's; add 30in @ M/hole in Aft Cap
Option 3 - Relocate Fwd Manhole to ET loctn.; revise LO2 F/L Outlets as removable

Option 4 - Relocate Fwd Manhole to ET location; retain F/L loc'n; add small Manhole in Aft Cap

Key Study Results

24 tank entries were made on ET at KSC(all on first 30 tanks). MIL-STD-1472 specifies that
minimum manhole size is 30 inches. Existing Weld mandrel is 22in x 26in and is removed thru
fwd dome. This requires a 36 in dia hole. For build at MAF similar access requirements to ET are
required. This requires a manhole in each dome. Fwd manhole needs to be in same location on
ET & NLS as tanks are processed thru the same facilities. Location is primarily driven by cleaning
probe insertion in Cell E. KSC access is contingency only.

Conclusions

Option 3 is preferred for the LH2 tank. This option allows the NLS to be manufactured using ET
tooling and facilities. It also provides for internal access at MAF and contingency access at KSC.

Study Recommendations

Revise cycle @ bascline to incorporate Option 3(LH2 Tank). Perform a feasibility study to evaluate
if the level sensors can be designed for removal and installation from the outside. (see 5.2.6.4.1)
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36 in dia manhole at
this location on both
L02 & LH2 tanks

AN (No manhole in

[ S d
\ 2 o o either aft dome)

NLS Cycle @ Baseline

Relocated
36in dia
manhole
(o)
O
Relocated
F/L Qutlets

30 india

5 manhole
L02 Fwd Dome LO2 Aft Dome
Sump
Relocated Deleted
36in dia
/@ manhole
@
of ©
30in dia
manhole
LH2 Fwd Dome LH2 Aft Dome

Proposed Update to NLS Cycle © Baseline

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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6.2.4.4.2 Tank Access Trade Study(#CV-DI-01-A)
Objective

This trade study evaluated if additional tank access should be provided in the reference
configuration Core Tankage. The Cycle @ baseline contains a 36in diameter manhole in the
forward domes of both LO2 and LH2 Tanks. No manholes are provided in the aft domes.

Approach

(a) Investigate STS ET access capability

(b) Research actual tank access history at KSC

(c) Evaluate need for access during build at MAF

(d) Develop NLS Tank access requirements

() Develop and evaluate options for providing access

Options Studied - LO2 Tank

Option 1 - Cycle @ Bascline

Option 2 - Relocate Fwd Manhole to ET loctn ; relocate F/L's; Add 30in @ M/hole in Aft Cap
Option 3 - Relocate Fwd Manhole 1o ET loctn.; revise L02 F/L Outlets as removable

Option 4 - Relocate Fwd Manhole to ET location; retain F/L loc'n; Add small Manhole in Aft Cap

Options Studied - LH2 Tank (Reference only)

Option 1 - Cycle @ Baseline
Option 2 - Relocate Fwd Manhole to ET location; make Aft LH2 tank sump removable
Option 3 - Relocate Fwd Manhole to ET loctn.; delete Sump, Add 30in Dia Manhole in Dome Cap

Key Study Results

24 tank entries were made on ET at KSC(all on first 30 tanks). MIL-STD-1472 specifies that
minimum manhole size is 30 inches. Existing Weld mandrel is 22in x 26in and is removed thru
fwd dome. This requires a 36 in dia hole. For build at MAF similar access requirements to ET are
required. This requires a manhole in each dome. Fwd manhole needs to be in same location on ET
& NLS as tanks are processed thru the same facilities. Location is primarily driven by cleaning
probe insertion in Cell E. KSC access is contingency only.

Conclusions
Option 2 is preferred for the LO2 tank this option allows the NLS to be manufactured using ET
tooling and facilities. It also provides for internal access at MAF and contingency access at KSC.

Study Recommendations

Revise cycle @ baseline to incorporate Option 2(1L.02 Tank). Perform a feasibility study to evaluate
if the level sensors can be designed for removal and installation from the outside. (see 6.2.6.4.1)
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36 in dia manhole at
this location on both
L02 & LH2 tanks
(No manhole in

[ S <
\ 2 o fo) either aft dome)

NLS Cycle @ Baseline

Relocated 3
36in dia ‘
manhole |
@]
of
Relocated
F/L Outlets

30 in dia

o manhole
L02 Fwd Dome LO2 Aft Dome
Sump
Relocated Deleted
36in dia
manhole
@\
of ©
30 in dia
manhole
LH2 Fwd Dome LH2 Aft Dome

Proposed Update to NLS Cycle @ Baseline

Additioal Information
See Doc# MMC.NLS.SR.001.Book 1 for more detailed results
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6.2.6.4.2 Tank Access Trade Study(#CV-DI-01-A)

Objective

This trade study evaluated if additional tank access should be provided in the reference
configuration Core Tankage. The Cycle @ baseline contains a 36in diameter manhole in the
forward domes of both LO2 and LH2 Tanks. No manholes are provided in the aft domes.

Approach

(a) Investigate STS ET access capability

(b) Research actual tank access history at KSC -
(c) Evaluate need for access during build at MAF

(d) Develop NLS Tank access requirements

(e) Develop and evaluate options for providing access

Options Studied - LH2 Tank

Option 1 - Cycle @ Baseline
Option 2 - Relocate Fwd Manhole to ET location & make Aft LH2 tank sump removable
Option 3 - Relocate Fwd Manhole 1o ET loctn; delete Sump & Add 30in Dia Manhole in Dome Cap

Options Studied - L02 Tank (Reference only)

Option 1 - Cycle @ Baseline

Option 2 - Relocate Fwd Manhole to ET loctn.; relocate F/L's; add 30in @ M/hole in Aft Cap
Option 3 - Relocate Fwd Manhole to ET loctn.; revise LO2 F/L Outlets as removable

Option 4 - Relocate Fwd Manhole to ET location; retain F/L loc'n; add small Manhole in Aft Cap

Key Study Results

24 tank entries were made on ET at KSC(all on first 30 tanks). MIL-STD-1472 specifies that
minimum manhole size is 30 inches. Existing Weld mandrel is 22in x 26in and is removed thru
fwd dome. This requires a 36 in dia hole. For build at MAF similar access requirements to ET are
required. This requires a manhole in each dome. Fwd manhole needs to be in same location on
ET & NLS as tanks are processed thru the same facilities. Location is primarily driven by cleaning
probe insertion in Cell E. KSC access is contingency only.

Conclusions

Option 3 is preferred for the LH2 tank. This option allows the NLS to be manufactured using ET

tooling and facilities. It also provides for internal access at MAF and contingency access at KSC.
Study Recommendations

Revise cycle @ bascline 10 incorporate Option 3(LH2 Tank). Perform a feasibility study to evaluate
if the level sensors can be designed for removal and installation from the outside. (see 6.2.6.4.1).
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36 in dia manhole at
this location on both
L02 & LH2 tanks

AN (No manhole in

{ S <
\ /<-\ o o) either aft dome)

NLS Cycle @ Baseline

Relocated 3
36in dia ‘
manhole ‘
m N I ,’,,’"-,‘717”'7"31 11111000

Y o

ofriz \

Relocated
F/L Outlets 30 in dia
A manhole
L02 Fwd Dome LO2 Aft Dome
Sump
Relocated Deleted
36in dia
manhole
€
(@)
O
30 in dia
manhole

LH2 Fwd Dome LH2 Aft Dome
Proposed Update to NLS Cycle @ Baseline

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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5.2.1.4.7 Alt. Trans Attach Points (#CV-DI-01B)
Objective

Evaluate whether the Core Stage can be handled and transported when supported using an alternate
transportation approach.

Approach

(a) Determine manufacturing preference for core tankage andcore stage handling and
transportation.

(b) Define the handling loads for each step of assembly,hoisting and transportation.

(c) Assess impact on core tankage design.

(d) Prepare conclusions and recommendations.

Options Studied

Option 1 - Support as on ET - at SRB beam and aft LH2 tank frame.
Option 2 - Support at Fwd frame of Fwd skirt and major frame in propulsion module.

Key Study Results

The ET transporter was designed for the 75,000 1b max standard weight ET. It was concluded that
new transporters will be needed for the 163,000 1b Core stage. Therefore this task concentrated on
the option (2) alternate support.

The loads at support points for cach assembly, position, hoist and transport event, including barge
shipment to KSC where determined and found to have no impact to the reference configuration.

Conclusions

(a) Alternate transportation approach has no impact on ref configuration core tankage sizing.
(b) Fwd ring can be attached using Fwd skirt/interstage artachment hardware holes.

Study Recommendations
(a) Adopt alternate transportation approach:
- Eliminates need for additional hardware on 1.5stage /T

- Permits Core Tankage and Core Stage transportation and handling.
(b) Define with the aft structre panel the preferred location of the aft transportation ring.
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Option 1) FEt support system ET weight 66000 1lb

] Z restraint
[T e e ] (U R A T E T T
42865 1b 23123 1b

New transporter needed:
¢ Heaviervehicle
* Longer vehicle
+ lower vehicle clearence for roll rings.(roll rings
are needed to provide access to pod engines)

Option 2) Alternate support system  NLV weight 163646 1lb

Dﬂ -

L L N6 O J O (MR U DD 0 i (L Z restra int

location TBD
25822 1h 137827 1lb

*1.5 stage does not need heavy frame at stn 4058
«Both Hllv and 1.5 stage have a massive frame at stn 4194
*1.5 stage does not need a heavy frame at stn 2985

=72301 1lb ult

15 deg

Vertical F 2.
Cone angle 15 deg
Sea transport load
factors

Vertical +2.5
lateral +2.5 27 x 2.0 X 1.4

25822 X 2.5 X 1.4

=90377 1lb ult 137827 x 2.5 X 1.4

=482394 1lb ult

STN STN

2473.8 Barge transport 4194.65
Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results
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6.2.1.4.7 Alt. Trans Attach Points (#CV-DI-01B)
Objective

Evaluate whether the Core Stage can be handled and transported when supported using an alternate
transportation approach.

Approach

(a) Determine manufacturing preference for core tankage andcore stage handling and
transportation. '

(b) Define the handling loads for each step of assembly,hoisting and transportation.

(c) Assess impact on core tankage design.

(d) Prepare conclusions and recommendations.

Options Studied

Option 1 - Support as on ET - at SRB beam and aft LH2 tank frame.
Option 2 - Support at Fwd frame of Fwd skirt and major frame in propulsion module.

Key Study Results

The ET transporter was designed for the 75,000 Ib max standard weight ET. It was concluded that
new transporters will be needed for the 163,000 Ib Core stage. Therefore this task concentrated on
the option (2) alternate support.

The loads at support points for each assembly, position, hoist and transport cvent, including barge
shipment to KSC where determined and found to have no impact to the reference configuration.

Conclusions

(a) Alternate transportation approach has no impact on ref.configuration core tankage sizing.
(b) Fwd ring can be attached using Fwd skirt/interstage attachment hardware holes.

Study Recommendations
(a) Adopt alternate transportation approach:
- Eliminates need for additional hardware on 1.5stage I/T

- Permits Core Tankage and Core Stage transportation and handling.
(b) Define with the aft structure panel the preferred location of the aft transportation ring.
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Option 1) Et support system ET weight 66000 1b

Z restraint

Tl e A AT LU

42865 1lb 23123 1b

New transporter needed:
+« Heaviervehicle
+« Longer vehicle
+ lower vehicle clearence for roll rings.(roll rings
are needed to provide access to pod engines)

Option 2) Alternate support system  NLV weight 163646 1lb

i' = —————
K e
1, Ty (T Ouommm|mm|mm|m|mmmmnu h 16 TN Z restraint
location TBD
25822 1b 137827 1b

*1.,5 stage does not need heavy frame at stn 4058
«Both Hllv and 1.5 stage have a massive frame at stn 4194
«1.5 stage does not need a heavy frame at stn 2985

< J 5 25822 X 2 X1.4 458217 1lb ult

15 deg

Vertical + 2.0
Cone angle 15 deg
Sea transport load.
factors

Vertical +2.5
lateral 2.5 27 x 2.0 X 1.4

25822 X 2.5 X 1.4
=90377 1b ult 137827 x 2.5 X 1.4

=482394 1lb ult

STN STN
2473.8 Barge transport 4194.65

Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results
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5.2.3.4.1 Forward Skirt Trade Study (#CV-STR-14A)
Objective

The study evaluated enhancements to the Cycle & Reference Forward Skirt structure and
recommended potential modifications.

Approach

(a) Obtain Forward Skirt detail definition from MSFC.
(b) Define, evaluate and analyze selected study items.
(c) Identify recommended changes to Ref.configuration.
(d) Produce Forward Skirt part definition.

(¢) Identify candidates for further study.

Items Studied

Item 1 - Alternate Fwd Skirt to Interstage I/F concept.
Item 2 - Shell penetration definition.

Item 3 - Potential use of ET tooling to build Fwd. Skirt.
Item 4 - Stringer pitch dimensioning approach.

Item 5 - Sizing changes and impact of no TPS.

Item 6 - Fwd Skirt part definition.

Key Study Results

Five I/F's were developed and compared with the Reference configuration. Option 1 with its

external fastener installation and good joint integrity is preferred. It is the lightest option and

reduces weight by 443 lbs.

Shell penetrations for GO2 Pressline, cabletray and GO2 vent were investigated. Cabletray and

t(_302 aIr’rdcsslim: penctrations interfere with the intermediate frame.and require relocating 1.0 inch
orward.

The Fwd Skirt structure can be manufactured on ET intertank tooling with the addition of one new
tool for tacking and final assembly (ref 5.2.1.4.3).

Part sizing analysis showed a weight saving of 157 Ibs by substituting an alternate aft I/F chord:
analysis indicated a weight impact of 764 lbs if the structure is sized as a heatsink to withstand

aeroheating without use of TPS (ref 5.2.1.4.2).

Conclusions

Several enhancements to the Cycle @ Fwd Skirt structure definition were studied. Incorporation of
these enhancements will reduce weight by 600 Ibs and improve producibility. In addition, the
potential use of ET Intertank tooling for Fwd Skirt fabrication was confirmed.

Study Recommendations
The Reference definition should be revised to reflect the enhancements proposed in this study.
- Determine if an external I/F flange is acceptable from a acrobeating aspect.
- Incorporate external I/F between Fwd Skirt and Interstage (Cycle 1 Task).
- Incorporate relocated C/T and GO?2 Pressline penctrations.
- Substitute alternate aft chord.
- Incorporate 1" of TPS on Fwd Skirt acreage.
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ALTERNATE INTERFACE

Reference Option # 1 Option # 2

} [l /

I

Option # 3 Option # 4 ’Option #5
/ /~ .————:lﬂ

ALTERNATE CHORD

380 DIA e—1.69 .630 tg—2. 30—
—_— REF
HOLE 1.11(ET) 1.930
PRS-
\ “' (ET) 1.12
Y -25 o=} —>T (&7)
.38 ? ! | ?
T .
- S
.440 5.00
.50R (ET) REF
4.25 1.00 R
.W - f’
4.800
(ET)
Alternate .08 | ja— Reference 125 —| jle—
Aft Chord

Aft Chord
Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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6.2.3.4.1 Forward Skirt Trade Study (#CV-STR-14A)
Objective

The study evaluated enhancements to the Cycle @ Reference Forward Skirt structure and
recommended potential modifications.

Approach

(a) Obtain Forward Skirt detail definition from MSFC.
(b) Define, evaluate and analyze selected study items.
(c) Identify recommended changes to Ref.configuration.
(d) Produce Forward Skirt part definition.

(e) Identify candidates for further study.

Items Studied

Item 1 - Alternate Fwd Skirt to Interstage I/F concept.
Item 2 - Shell penetration definition.

Item 3 - Potential use of ET tooling to build Fwd. Skirt.
Item 4 - Stringer pitch dimensioning approach.

Item 5 - Sizing changes and impact of no TPS.

Itern 6 - Fwd Skirt part definition.

Key Study Results

Five I/F's were developed and compared with the Reference configuration. Option 1 with its
external fastener installation and good joint integrity is preferred. It is the lightest option and
reduces weight by 443 lbs.

Shell penetrations for GO2 Pressline, cabletray and GO2 vent were investigated. Cabletray and
GO2 Pressline penetrations interfere with the intermediate frame.and require relocating 1.0 inch
forward.

The Fwd Skirt structure can be manufactured on ET intertank tooling with the addition of one new
tool for tacking and final assembly (ref 6.2.1.4.3).

Part sizing analysis showed a weight saving of 157 Ibs by substituting an alternate aft I/F chord:
analysis indicated a weight impact of 764 lbs if the structure is sized as a heatsink to withstand
acroheating without use of TPS (ref 6.2.1.4.2).

Conclusions

Several enhancements to the Cycle @ Fwd Skirt structure definition were studied. Incorporation of
these enhancements will reduce weight by 600 lbs and improve producibility. In addition, the
potential use of ET Intertank tooling for Fwd Skirt fabrication was confirmed.

Study Recommendations

The Reference definition should be revised to reflect the enhancements proposed in this study.
- Determine if an external I/F flange is acceptable from a aeroheating aspect.

Incorporate external I/F between Fwd Skirt and Interstage (Cycle 1 Task).

Incorporate relocated C/T and GO2 Pressline penetrations.

Substitute alternate aft chord.

Incorporate 1" of TPS on Fwd Skirt acreage.
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National Launch System 7792 Cycle Zero _ Structures
ALTERNATE INTERFACE
Option # 1 option # 2

J Reference

] 1
Option # 3 Option # 4 ?Option # 5
/ /~ '———_':J.\

ALTERNATE CHORD
« 250

.380 DIA ls—— 1.69 .630 for
HOLE —}\ —%®1 1.11(ET) REF 1.930
\ | (ET) >l 1.12
Y \ |25 %1 (eT)
.38 \ ? | | T
r i
TR A| | L
-58 .460 651’23
.440 5.00
.SOR (ET) REF
4.25 1.00 R
4.800
(ET)

08 - {q— Reference 125 —» be—
Aft Chord

Alternate .08
Aft Chord

Additional Information

See Doc # MMC.NLS.SR.OOI.Book 1 for more detailed results.
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National Launch System 1/92 Cycle Zero Structures Data Package Tafge 1

52.4.4.1 Reference LO2 Tank Enhancements(#CV-STR-14B)
Objective

This study evaluated enhancements to the Cycle @ Reference LO2 Tank structure and
recommended potential modifications :

Approach

(a) Identify potential Study Items.

(b) Define, evaluate and analyze selected Study Items.

(c) Identify recommended changes to the ref.Configuration.
(d) Produce LO2 Tank Part Definition.

(e) Identify candidates for study during Cycle 1.

Items Studied

Item 1 - Revised barrel and frame geometry.

Item 2 - Alternate forward dome chord and frame.

Item 3 - Reference Slosh Baffle definition.

Item 4 - Anti-Vortex Baffle definition.

Item S - Definition of external hardware mounting provisions.
Item 6 - Chord to barrel weld land mismatch.

Item 7 - Reference part definition.

Key Study Results

The forward dome chord and frame were designed for Orbiter bi-pod loads and are inefficient for
this application. The existing ET slosh baffle assembly will not provide the 1% damping required
on NLS and must be extended to a full length baffle, with a subsequent weight impact of 774 1bs.
Reference ET anti-vortex baffle must be modified for dual outlets. The aft barrel weld lands must
be increased at the aft dome weld joint in order to accommodate the LO2 aft dome chord thickness.

Conclusions

The Cycle @ definition made use of existing ET assemblies with some modified components, plus
common parts from the NLS LH?2 tank. LO2 tank weight and manufacturing complexity can be
further improved by revising some of these components to better match NLS and LO2 tank sizing
requirements. These modified components can still be produced on ET tooling with the minor
modifications already identified.

Study Recommendations

The reference Cycle @ definition should be revised to reflect the enhancements proposed in this
study:

Revise reference definition to use aft chord & frame in forward location.

Revise reference slosh baffle to proposed full length configuration.

Include proposed Anti-Vortex Baffle definition.

Incorporate the proposed definition of external hardware mtg. provisions.

Increase barrel weld land at dome chord welds to 387,
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r-—-10.75
Xn 2576.55

9.8
Xn 2571.30

Fr Moved To

Vvaries Fwd Face 10 . 00
10.00 To Constant
| 21.75 |
Reference FWD Dome Chord Proposed FWD Dome Chord
r"_‘] f 3 T ) T 14 —~
_I 314.0
I 25.88 Across Flats
Xn 2571.60 Xn 2851.00 *
Proposed 1% Slosh Baffle Assembly

Anti-Vortex

—

33.0

20.0
Outlet

Baffle Assy
Proposed Anti-Vortex Baffle Assembly

Additional Information

LO2 Aft Dome

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.4.4.1 Reference LO2 Tank Enhancements(#CV-STR-14B)
Objective

This study evaluated enhancements to the Cycle @ Reference LO2 Tank structure and
recommended potential modifications

Approach

(a) Identify potential Study Items.

(b) Define, evaluate and analyze selected Study Items.

(c) Identify recommended changes to the ref.Configuration.
(d) Produce LO2 Tank Part Definition. -

(e) Identify candidates for study during Cycle 1.

Items Studied

Item 1 - Revised barrel and frame geometry.

Jtem 2 - Alternate forward dome chord and frame.

Item 3 - Reference Slosh Baffle definition.

Item 4 - Anti-Vortex Baffle definition.

Item S - Definition of external hardware mounting provisions.
Item 6 - Chord to barrel weld land mismatch.

Ttem 7 - Reference part definition.

Key Study Results

The forward dome chord and frame were designed for Orbiter bi-pod loads and are inefficient for
this application. The existing ET slosh baffle assembly will not provide the 1% damping required
on NLS and must be extended to a full length baffle, with a subsequent weight impact of 774 lbs.
Reference ET anti-vortex baffle must be modified for dual outlets. The aft barrel weld lands must
be increased at the aft dome weld joint in order to accommodate the LO2 aft dome chord thickness.

Conclusions

The Cycle @ definition made use of existing ET assemblies with some modified components, plus
common parts from the NLS LH2 tank. LO2 tank weight and manufacturing complexity can be
further improved by revising some of these components to better match NLS and LO2 tank sizing
requirements. These modified components can still be produced on ET tooling with the minor
modifications already identified.

Study Recommendations

The reference Cycle @ definition should be revised to reflect the enhancements proposed in this
study:

Revise reference definition to use aft chord & frame in forward location.

Revise reference slosh baffle to proposed full length configuration.

Include proposed Anti-Vortex Baffle definition.

Incorporate the proposed definition of external hardware mig. provisions.

Increase barrel weld land at dome chord welds to .387.
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Xn 2576.55 Xn 2571.30
T Fr Moved To
Varies Fwd Face 10.00
10.00 To Constant
li 21.75 |
Reference FWD Dome Chord Proposed FWD Dome Chord
1 | S t I T 14 ~—
J 314.0
25.88 Across Flats
Xn 2571.60 Xn 2851.00 *
Proposed 1% Slosh Baffle Assembly
% 160.0 - - 33.0
80.0 20.0
N Outlet

L02 Aft Dome

Additional Information

Anti-Vortex
Baffle Assy
Proposed Anti-Vortex Baffle Assembly

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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National Launch System 1792 aycmo ~ Structures Data Package " Page 1

5.2.5.4.1 Reference Intertank Enhancements(#CV-STR-14C)
Objective

This study evaluated enhancements to the Cycle @ Reference Intertank structure and recommended
potential modifications

Approach

(a) Identify potential Study Items.

(b) Define, evaluate and analyze selected Study Items.

(c) Identify recommended changes to the ref.Configuration.
(d) Produce Intertank Part Definition.

(e) 1dentify candidates for study during Cycle 1.

Items Studied

Item 1 - 1.5 Stage frame 2985 modifications.
Item 2 - Shell penetrations definition.

Item 3 - Impacts to reference for no TPS.
Item 4 - Purge and vent.

Item 5 - Sizing changes. '

Item 6 - Reference part definition.

Key Study Results

The main frame, thrust panel, & ASRB Beam have an integral I/F. When the SRB Beam is
ommitted (1.5 Stage vehicle) the simplest option is to complete the IF with a new fabricated joint.
The LO2 feedline penetration was found to interfere with the panel cutout when thermal
displacements were applied; clearance could be achieved by relocating the feedline to center it in the
cutout. The reference skin/stringer panels were resized for a net impact of -172 Ibs. The feedline
fairing is used on ET intertanks as the primary vent arca. On NLS the two larger LO2 feedline
fairing outlets will double the venting area if ET type clearances are maintained. This requires a
modified design to reduce the venting area or a modification to the launch facility to increase the
purge gas capacity.

Conclusions

Several enhancements to the Cycle @ intertank definition were studied. The proposed
modifications do not impact use of ET tooling. In addition, further potential enhancements were
idendified for study during Cycle 1.

Study Recommendations
The reference definition should be revised to reflect that proposed in this study.
- Revised the fr/ASRB Beam I/F to the new fabricated joint.
- Center the LO2 feedline within the cutout and study the feedline motion
(Cycle 1 task).
. Redefine the skin/stringer sizing (Cycle 1 task).
- Study alternate methods of sealing the LO?2 feedline penetrations and
potential for a fixed vent arca (Cycle 1 task).
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National Launch System 1/92  Cycle Zero ~ Structures Data Il’ackage Page 2
4—-—”'7 Existing Hole
New Web Pattern
Joint Plate
—t
Thrust
Panel
New Plug
New Lower Plate
Fitting
New Fabricated Frame/Thust Panel Joint (1.5 Stage Only)
Xn 3034.2
LH2 Fill 1st = -
3.982 Fwd* V7,
’ CL
Xn 2985.675
1
7 .322 Interference
10.928 .
(Min) L02 Fill 1st =
’ 3.436 Aft~*
* Thermal displacement
Reference LO2 Feedline Penetration
ven Duplicate |Maintain ET
ent Item ET Config | Vent Area
Vent Hole 5.99 5.99
Vent Hole 5.99 5.99
LO2 Tank Elect. Conduit Opening 0 0
Umbilical Panel .17 .17
Access Door 1.41 1.41
LO2 Feedline Fairing 95.46 41.12
GH2 Pressurization Line 5.02 5.02
LH2 Tank Elect. Conduit Opening .30 .30
Total 94.68 60.00
NLS Intertank Vent Area

Additional Information
See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.5.4.1 Reference Intertank Enhancements(#CV-STR-14C)
Objective

This study evaluated enhancements to the Cycle @ Reference Intertank structure and recommended
potential modifications

Approach

(a) Identify potential Study Items.

(b) Define, evaluate and analyze selected Study Items.

(c) Identify recommended changes to the ref.Configuration.
(d) Produce Intertank Part Definition.

(¢) Identify candidates for study during Cycle 1.

Items Studied

Item 1 - 1.5 Stage frame 2985 modifications.
Item 2 - Shell penetrations definition.

Item 3 - Impacts to reference for no TPS.
Item 4 - Purge and vent.

Itemn 5 - Sizing changes.

Item 6 - Reference part definition.

Key Study Results

The main frame, thrust panel, & ASRB Beam have an integral I/F. When the SRB Beam is
ommitted (1.5 Stage vehicle) the simplest option is to complete the I/F with a new fabricated joint.
The LO2 feedline penetration was found to interfere with the panel cutout when thermal
displacements were applied; clearance could be achieved by relocating the feedline to center itin the
cutout. The reference skin/stringer panels were resized for a net impact of -172 lbs. The feedline
fairing is used on ET intertanks as the primary vent arca. On NLS the two larger LO2 feedline
fairing outlets will double the venting area if ET type clearances are maintained. This requires a
modified design to reduce the venting area or a modification to the launch facility to increase the
purge gas capacity.

Conclusions

Several enhancements to the Cycle @ intertank definition were studied. The proposed
modifications do not impact use of ET tooling. In addition, further potential enhancements were
idendified for study during Cycle 1.

Study Recommendations
The reference definition should be revised to reflect that proposed in this study.
- Revised the fr/ASRB Beam I/F to the new fabricated joint.
. Center the LO2 feedline within the cutout and study the feedline motion
(Cycle 1 task).
- Redefine the skin/stringer sizing (Cycle 1 task).
- Study alternate methods of sealing the LO2 feedline penetrations and
potential for a fixed vent area (Cycle 1 task).
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Additional Information
See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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— —JExisting Hole
New Web : Pattern
Joint Plate
—r
Thrust
Panel
New Plug
New Lower Plate
Fitting
New Fabricated Frame/Thust Panel Joint (1.5 Stage Only)
Xn 3034.2
LH2 Fill 1st = -
3.982 Fwd* S/
4 CL
Xn 2985.675 |/
] .322 Interference
10.928
(Min) L02 Fill 1st =
) 3.436 Aft*
* Thermal displacement
Reference LO2 Feedline Penetration
Vent Item Duplicate |Maintain ET
ET Config | Vent Area
Vent Hole 5.99 5.99
Vent Hole 5.99 5.99
LO2 Tank Elect. Conduit Opening 0 0
Umbilical Panel .17 .17
Access Door 1.41 1.41
L02 Feedline Fairing 95.46 41.12
GH2 Pressurization Line 5.02 5.02
LH2 Tank Elect. Conduit Opening .30 .30
Total 94.68 60.00
NLS Intertank Vent Area
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National Launch System 1/92 Eycle Zero Structures batajPackagi " Page |

5.2.6.4.1 Reference LH2 Tank Enhancements(#CV-STR-14D)

Objective

This study evaluated enhancements to the Cycle @ Reference LH2 Tank structure and
recommended potential modifications

Approach

(a) Identify, define, evaluate and analyze selected Study Items.
(b) Identify recommended changes to the ref.Configuration.
(c) Produce LH2 Tank Part Definition.

(d) Identify candidates for study during Cycle 1.

Items Studied

Item 1 - Revised barrel and frame geometry.

Item 2 - Alternate forward dome chord and frame.

Item 3 - Def. of external hardware mounting provisions.
Item 4 - Chord to barrel weld land mismatch.

Item S - Definition of handling points

Item 6 - Alternate aft dome configuration

Item 7 - Level sensor installation

Item 8 - Reference part definition.

Key Study Results

The fwd dome chord and frame were designed for Orbiter bi-pod loads and are inefficient for this
application. The ref. used a LO2 tank aft dome chord in the LH2 tank aft dome, this creates a weld
land mismatch requiring the chord weld lands to be reduced. ET level sensor installation requires
internal assembly. In order to reduce the requirement for access a series of options were produced
to show a method of installing level sensors on a mast thats installed externally thru the fwd dome.

Conclusions

The Cycle @ definition made use of ET assemblies with some modified components. Weight and
manufacturing complexity can be further improved by revising more of these components to better
match NLS sizing requirements. These modified components can still be produced on ET tooling
with the minor modifications already identified. Installation of level sensors without internal access
was determined to be feasible.

Study Recommendations

The reference Cycle @ definition should be revised to reflect the enhancements proposed in this

study:
- Revise reference definition to use LO2 aft chord and revised LH2 fwd frame
in forward location.
- Incorporate the proposed definition of extemnal hardware mtg. provisions.
- Increase barrel weld land at dome chord welds to .387.

During Cycle 1 further define the level sensor installation and re-evaluate intermediate frame sizing.
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Xn 3123.15 Xn 3123.15
10.75 9.8
Xn 3129.9 Xn 3124.65

—
T Fr Moved To 1
Varies 10.00
Fwd Face
10.00 To Constant
21.75
REFERENCE FWD DOME CHORD PROPOSED FWD DOME CHORD

Stinger

LH2 Fwd Dome

LO2 Aft Dome
I/T Access Door ///

i Al

Loads

Alt. Configuration

Proposed Alternate Aft Dome Gore Configuration
Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.6.4.1 Reference LH2 Tank Enhancements(#CV-STR-14D)

Objective

This study evaluated enhancements to the Cycle @ Reference LH2 Tank structure and

recommended potential modifications

Approach

(a) Identify, define, evaluate and analyze selected Study Items.
(b) Identify recommended changes to the ref.Configuration.
(c) Produce LH2 Tank Part Definition.

(d) Identify candidates for study during Cycle 1.

Items Studied

Item 1 - Revised barrel and frame geometry.

Item 2 - Alternate forward dome chord and frame.

Item 3 - Def. of external hardware mounting provisions.
Item 4 - Chord to barrel weld land mismatch.

Item 5 - Definition of handling points

Item 6 - Alternate aft dome configuration

Item 7 - Level sensor installation

Item 8 - Reference part definition.

Key Study Resuits

The fwd dome chord and frame were designed for Orbiter bi-pod loads and are inefficient for this
application. The ref. used a LO2 tank aft dome chord in the LH2 tank aft dome, this creates a weld
land mismatch requiring the chord weld lands to be reduced. ET level sensor installation requires
internal assembly. In order to reduce the requirement for access a series of options were produced
to show a method of installing level sensors on a mast thats installed externally thru the fwd dome.

Conclusions

The Cycle @ definition made use of ET assemblies with some modified components. Weight and
manufacturing complexity can be further improved by revising more of these components to better
match NLS sizing requirements. These modified components can still be produced on ET tooling
with the minor modifications already identified. Installation of level sensors without internal access
was determined to be feasible.

Study Recommendations

The reference Cycle @ definition should be revised to reflect the enhancements proposed in this

study:
. Revise reference definition to use LO2 aft chord and revised LH2 fwd frame
in forward location.
- Incorporate the proposed definition of external hardware mtg. provisions.
- Increase barrel weld land at dome chord welds to 387.

During Cycle 1 further define the level sensor installation and re-evaluate intermediate frame sizing.
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Proposed Alternate Aft Dome Gore Configuration
Additional Information

See Doc # MMC.NLS.SR.001 Book 1 for more detailed results.
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§.2.1.4.1 External Hardware Design Definition (#CV-STR-14G)
Objective

Study and evaluate HLLV external cable tray and press line requirements and recommend a
configuration to meet these requirements.

Approach

(a) Investigate STS ET cable tray and press line design.
(b) Study potential NLS configurations.

(c) Document study results and prepare conclusions.
(d) Identify items for study in cycle 1.

Items Studied

Item 1 - Size and location of cable tray.
Item 2 - Core Stage to SRB cable tray concept.
Item 3 - Location of press lines relative to cable tray.

Key Study Results

ET cable tray arrangement has separate cable trays on the L02 and LH2 tanks. These are located at
different angular locations. The cable trays do not run along the intertank as their purpose is to feed
cables into and out of the intertank. On NLS a different situation exist; primary cable routing is
between the interstage and the propulsion module with only a few cables going into the intertank.
Therefore the NLS cable tray should be continuous. A simplified attach structure can be devised if
the location of the GO2 and GH2 press lines is Reversed. Initial estimates indicate that the cable
tray cross section needs to be about 3 times greater on NLS due to increased quantity of cables.
Additional cable trays will be needed to provide for cable routing to the aft SRB attach as well as a
cross over cable tray between port and stbd SRBs.

Conclusions

The proposed concept provides a continuous longitudinal cable tray and provides a means for
routing cables to the solid rocket boosters.

Study Recommendations

Revise cycle @ baseline to incorporate the proposed configuration. In cycle 1, study a system
tunnel approach and angular location of cable tray/press lines and cable tray size.
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Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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6.2.1.4.1 External Hardware Design Definition (#CV-STR-14G)
Objective

Study and evaluate 1.5 Stage external cable tray and press line requirements and recommend a
configuration to meet these requirements.

Approach

(a) Investigate STS ET cable tray and press line design.
(b) Study potential NLS configurations.

(c) Document study results and prepare conclusions.
(d) Identify items for study in cycle 1.

Items Studied

Item 1 - Size and location of cable tray.
Item 2 - Location of press lines relative to cable tray.

Key Study Results

ET cable tray arrangement has separate cable trays on the L02 and LH2 tanks. These are located at
different angular locations. The cable trays do not run along the intertank as their purpose is to feed
cables into and out of the intertank. On NLS a different situation exist; primary cable routing is
between the interstage and the propulsion module with only a few cables going into the intertank.
Therefore the NLS cable tray should be continuous. A simplified attach structure can be devised if
the location of the GO2 and GH2 press lines is Reversed. Initial estimates indicate that the cable
tray cross section needs to be about 3 times greater on NLS due to increased quantity of cables.

Conclusions

The proposed concept provides a continuous longitudinal cable tray and provides a means for
routing cables to the solid rocket boosters.

Study Recommendations

Revise cycle @ baseline to incorporate the proposed configuration. In cycle 1, study a system
tunnel approach and angular location of cable tray/press lines and cable tray size.
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Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results.
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National Launch System 1/92 ﬂCWe Zero Structures Data Package Page 1

5.2.1.4.2 TPS Reference Definition (#CV-STR-14-H)

Objective

Develop the recommended TPS definition for the Reference NLS Core Vehicle (acreage only)

which will maintain propellant quality and protect vehicle structure/subsystems during pre-launch
and ascent phases.

Approach

Part 1 - Evaluate thérmal protection options individually for each major structural element of the
core vehicle.

Part 2 - Evaluate thermal protection options for the entire Core Vehicle based on data generated
in Part 1. Identify recommended changes to the Reference NLS Core Vehicle TPS.

Part 2 Options Studied
Reference Configuration; Heatsink Configuration; 1.0" TPS Configuration.
Key Study Results

Propellant conditioning during pre-launch and ascent is acceptable (with variations in performance)
for all options. The Reference structure survives Acroheating with the exception of the Forward
Skirt. Modifying the Reference to provide a true Heatsink design adds mass to the Fwd Skirt &
removes some from the Intertank. The LO2 tank is adequate for heatsink as designed, while the

LH?2 tank must have some TPS to prevent excessive boil-off.

The 1.0" TPS option was designed to avoid the ice & liquid air problem. Less than 1.0" of TPS
on each component gives rise to a significant increase in the probability of ice & liquid air
formation compared with ET. Ice & liquid air formation is hard to predict guantitatively. Ice may

adhere after launch with subsequent performance(payload)impacts. There is a significant potential
for launch delays due to ice. Ice debris & liquid air/flammability are safety issues.

Conclusions

The Heatsink option solves the problems with.the.Reference configuration. It shows that 592 1bs
must be added to the Reference to develop a true Heatsink design, and this option still has
additional unknown weight, cost, operability & safety impacts due to ice & liquid air formation. It
is also harder to re-design for increased heating rates than an equivalent TPS design (easier to
spray more TPS than add more metal). No cost increase is antisipated over the Reference option.

There is an additional performance loss of 121 lbs (vs the Heatsink) assuming 1.0" of TPS on the
entire Core. This avoids all the problems associated with ice & liquid air formation. The cost of
applying acreage TPS is not felt to be prohibitive to avoid the above system level uncertainties /
problems. Cost delta’s are +8$.72M Non-rec & +$1.1M Recurring.

Study Recommendations

Revise Cycle @ baseline to incorporate 1.0" of TPS.



National Launch §ystem 1792 Eycle Zero  Structures Data Package ﬁie 2

REFERENCE CONFIGURATION

» Forward Skirt fails due *» Ice/Frost ¢ Liquid Air formation
to Aeroheating within 2ft of LH2 I/F
s Ice/Frost formation within s« Ice/Frost & Liquid Air formation possible
2ft of LOZ I/F over entire LH2 barrel. Will occur with much
\ greater frequency than on ET (ET has 1.0" TPS)

—
—

* Lowest Weight & Cost Core Option but:
- Fwd Skirt fails due to Rercheating
for Excessive
Ice/Frost formation - No Estimate of Increased Weight &
over entire LO2 Barrel Cost due to Ice & Liquid Air

HEATSINK CONFIGURATION
¢« Ice/Frost formation within ¢ Ice/Frost & Liquid Air formation
2ft of LO2 I/F within 2ft of LH2 I/F

¢« Ice/Frost & Liquid Air formation possible
+765 lbs -173 lbs

« Significant Potential

over entire LH2 barrel. Will occur with much
greater frequency than on ET (ET has 1.0" TPS)

Wt + 592 lbs

Modified  p=fl Hyprp————"rF « s a o Cost - No Change
Heatsink
Design « Low Cost Core Option (Same as Reference)

* Significant Potential + 5921bs weight added for true Heatsink design

for Excessive « No Estimate of increased Weight & Cost for

Ice/Frost formation Ice & Liquid Air Formation
over entire LO2 Barrel

1.0" TPS VEHICLE
e Probability of Ice/Frost & Liquid Air formation on
Core is the same as ET to-day
» No Performance, Operations or Safety uncertainty

jisalbs -~1951bs -4511bs +7611lbs
....... Compared with
S SRR R
1.0" TPS ALL CYLINDRICAL R“—W 713 1bs

SURFACES & .5" TPS ALL DOMES

i}

v, g
T AR XL EXRIADRXARRRERRIXRAZAADAARR IR XRNARZREARRRRXRRORIAEION
QXXM I A MRH AN XA XK I e T el el

+ $§.72 M Non-Rec
“““““““““““““““““ R Ree + $1.1 M Recurring

+2401bs for
3 Flange
TPS Closeouts

e Extra 121 lbs (vs Heatsink option) removes
any uncertainties due to Ice & Liquid Air
» Cost increase relatively low

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results
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National Launch System 1/92 ~ Cycle Zero Structures Data Package ~ Page |

6.2.1.4.2 TPS Reference Definition #CV-STR-14-H)
Objective

Develop the recommended TPS definition for the Reference NLS Core Vehicle (acreage only)
which will maintain propellant quality and protect vehicle structure/subsystems during pre-launch
and ascent phases.

Approach

Part 1 - Evaluate thermal protection options individually for each major structural element of the
core vehicle.

Part 2 - Evaluate thermal protection options for the entire Core Vehicle based on data generated
in Part 1. Identify recommended changes to the Reference NLS Core Vehicle TPS.

Part 2 Options Studied
Reference Configuration; Heatsink Configuration; 1.0" TPS Configuration.
Key Study Results

Propellant conditioning during pre-launch and ascent is acceptabie (with variations in performance)
for all options. The Reference structure survives Aeroheating with the exception of the Forward
Skirt. Modifying the Reference to provide a true Heatsink design adds mass to the Fwd Skirt &
removes some from the Intertank. The LO2 tank is adequate for heatsink as designed, while the
LH?2 tank must have some TPS to prevent excessive boil-off.

The 1.0" TPS option was designed to avoid the ice & liquid air problem. Less than 1.0 of TPS
on each component gives rise to a significant increase in the probability of ice & liquid air
formation compared with ET. Ice & liquid air formation is hard to predict quantitatively. Ice may
adhere after launch with subsequent performance(payload)impacts. There is a significant potential

for launch delays due to ice. Ice debris & liquid air/flammability are safety issues.
Conclusions

The Heatsink option solves the problems with.the.Reference configuration. It shows that 592 1bs
must be added to the Reference to develop a true Heatsink design, and this option still has
additional unknown weight, cost, operability & safety impacts due to ice & liquid air formation. It
is also harder to re-design for increased heating rates than an equivalent TPS design (easier to
spray more TPS than add more metal). No cost increase is antisipated over the Reference option.

There is an additional performance loss of 121 lbs (vs the Heatsink) assuming 1.0" of TPS on the
entire Core. This avoids all the problems associated with ice & liquid air formation. The cost of
applying acreage TPS is not felt to be prohibitive to avoid the above system level uncertainties /
problems. Cost delta's are +$.72M Non-rec & +$1.1M Recurring.

Study Recommendations

Revise Cycle @ baseline to incorporate 1.0" of TPS.
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National Launch System 1/92 Cycle Zero Structures Data Package  Page 2

REFERENCE CONFIGURATION
*» Forward Skirt fails due e Ice/Frost & Liquid Air formation

to Aeroheating within 2ft of LH2 I/F
« Ice/Frost formation within ¢ Ice/Frost & Liquid Air formation possible
over entire LH2 barrel. Will occur with much

2fet of LO2 I/F
/ x‘ greater frequency than on ET (ET has 1.0" TPS)
}_‘ -
BARE =i
~/ N
* Lowest Weight & Cost Core Option but:
*» Significant Potential
- Fwd Skirt fails due to Aeroheating
for Excessive
~ No Estimate of Increased Weight &

Ice/Frost formation
over entire L0O2 Barrel

HEATSINK CONFIGURATION
¢ Ice/Frost & Liquid Air formation

Cost due to Ice & Liquid Air

* Ice/Frost formation within

2ft of LO2 I/F within 2ft of LH2 I/F
» Ice/Frost & Liquid Air formation possible
+765 lbs -173 ibs
over entire LH2 barrel. Will occur with much
greater frequency than on ET (ET has 1.0" TPS)
_=w i R - i ' Compared with
= -l-m Q
= Tl ——— XX .5 TPS LH2 TANK Ref Config
— AND ALL DOMES Wt + 592 1bs
Modified - P g S IR | OO JOOON Cost - No Change
Heatsink
Design » Low Cost Core Option (Same as Reference)
* Significant Potentlal + 5921bs weight added for true Heatsink design
for Excessive  No Estimate of increased Weight & Cost for
lce/Frost formation Ice & Liquid Air Formation
over entire LO2 Barrel

1.0" TPS VEHICLE
* Probability of Ice/Frost & Liquid Air formation on

Core is the same as ET to-day
* No Performance, Operations or Safety uncertainty

+358lbs -1951bs -4511lbs +76llbs

B Lompaze
1 0" TPS ALL CYLINDRICAL + 713 1bs
SURFACES & .5" TPS ALL DOMES ‘ + $.72 M Non-Rec
SR SRS S S e + $1.1 M Recurring
+2401bs for + Extra 121 lbs (vs Heatsink option) removes
3 Flange any uncertainties due to Ice & Liquid Air

TPS C1 t
oseouts * Cost increase relatively low

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results
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Coretank Manufacturing Flow - Intertank
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TO TO5A5019
LH2 TANK WELD

TO LH2 TANK

TO3A6165
TRIM

TO4A7086
FRAME INSTALL

Coretank Manufacturing Flow - LH2 Barrels
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5.2.1.4.3 Manufacturing Plan (CV-STR-16A)
Objective

Develop a manufacturing plan for production of three core tanks for the Heavy Lift Launch
Vehicle(HLLV) and ten Stage-and-a-Half Vehicles per year concurrent with an NSTS External
Tank production rate of eight per year.

Approach

(1) Develop manufacturing sequence flow for core tankage design.
(2) Review ET major tooling capacities to determine new tooling requirements
(3) Define Tool and Facilities requirements(5.2.1.4.4 & 5.2.1.4.5)

Groundrules and Assumptions

Since the combined production rate for the NLS and ET assemblies (21) will not exceed the twenty
four per year production rate capability of the tooling and facilities at MAF, it is assumed there will
be no overall schedule impact.

Assume manufacture of the launch vehicle will utilize current ET manufacturing technologies and
established processes.

All cl?nstruction will be at MAF using detail parts and sub-assemblies sub-contracted to outside
suppliers.

Key Study Results

Manufacturing processes for the Core Tankage from receipt of the detail parts and assemblies
through to the vertical assembly of the Liquid Hydrogen(LH2) Tank, Intertank(IT), Liquid
Oxygen(LLO2) Tank and the Forward Skirt, in the MAF Vertical Assembly Building(VAB) have
been assessed. Subsequent assembly and test and checkout operations are addressed in a separate
study. Manufacturing flow diagrams have been prepared to identify the core tankage major
production activities through vertical stacking in the VAB.

All mechanically fastened subassembly operations maximize use of ET fixturing, and the existing
large 'C'- frame riveter for automatic rivet installation.

The LH2 and LO2 tank barrel sequence flows are similar to ET and use ET fixtures, tooling, NDE
facilities etc. The procured barrel skin panels, will be cleaned in the existing MAF facility prior to
welding. Weld assembly, trim, and frame installation is to be accomplished on ET tooling and will
utilize ET roll rings and roll ring installation tooling.

H & J Rings will be procured, machined, stretched formed, aged and trimmed in 90° sections.

These sections will be welded together to form the 360° rings, machined and drilled, etc. in the ET
ring tools.
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Dome fabrication will use the ET dome weld tooling; new adaptive tools will be required for the
new design dome caps and fittings. A new tool is required for LH2 Tank Aft Dome mechanical
installations.

New tooling will be required for the assembly of the Anti vortex and Slosh Baffle assemblies and
will be located in the MAF Bldg 103. Elements of these assemblies will be procured from outside
suppliers as preassembled subassemblies.

LH?2 and LO2 tank assembly sequence will be similar to the ET process using existing tooling and
facilities. The flow differs from ET only in that a new tool is required for LO2 tank major weld
operations. Internal and external clean and prime operations will use the ET LH2 tank processing
cells, except that the LO2 tank will be processed through the ET LH2 tank processing Cell P for
external clean and prime; TPS operations will be performed in re-activated Cells M & N.

Intertank assembly will use ET Intertank tooling.

Forward Skirt major assembly will use a dedicated assembly fixture; subassembly activitics will
use ET Intertank tooling. The Skirt/LO2 tank interface bolt hole patiern will be identical to ET
LO2/TT/LH2 Tank interface pattern and will use drill plates mastered from existing ET tooling.
Core Tankage assembly is similar to the ET except Forward Skir/LLO2 Tank/Intertank stack will be
in Cell L. The assembly will be transferred to Cell A for stacking to the LH2 Tank and TPS

closeout of the Intertank/LH? tank interface. The completed stack will be lowered to the horizontal
position, and processed according to plans specified in IACO studies.

Conclusions

The NLS Core Tankage Manufacturing Plan has been developed for total assembly at the NASA -
Michoud Assembly Facility (MAF). The plan makes effective use of manufacturing areas, existing
tooling and facility capacities, and infrastructure on a non-interference basis with the on-going
External Tank (ET) project.

Study Recommendations

Existing NLS program groundrule for building NLS Core Tankage using ET tooling and MAF
facilities should be maintained.

Additional Information
See Doc# MMC.NLS.SR.001 Book 1 for more detailed results
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6.2.1.4.3 Manufacturing Plan (CV-STR-16A)
Objective

Develop a manufacturing plan for production of three core tanks for the Heavy Lift Launch
Vehicle(HLLV) and ten Stage-and-a-Half Vehicles per year concurrent with an NSTS External
Tank production rate of eight per year.

Approach

(1) Develop manufacturing sequence flow for core tankage design.
(2) Review ET major tooling capacities to determine new tooling requirements
(3) Define Tool and Facilities requirements(6.2.1.4.4 & 6.2.1.4.5)

Groundrules and Assumptions

Since the combined production rate for the NLS and ET assemblies (21) will not exceed the twenty
four per year production rate capability of the tooling and facilities at MAF, it is assumed there will
be no overall schedule impact.

Assume manufacture of the launch vehicle will utilize current ET manufacturing technologies and
established processes.

All construction will be at MAF using detail parts and sub-assemblies sub-contracted to outside
suppliers.

Key Study Results

Manufacturing processes for the Core Tankage from receipt of the detail parts and assemblies
through to the vertical assembly of the Liquid Hydrogen(LH2) Tank, Intertank(IT), Liquid
Oxygen(LO2) Tank and the Forward Skirt, in the MAF Vertical Assembly Building(VAB) have
been assessed. Subsequent assembly and test and checkout operations are addressed in a separate
study. Manufacturing flow diagrams have been prepared to identify the core tankage major
production activities through vertical stacking in the VAB.

All mechanically fastened subassembly operations maximize use of ET fixturing, and the existing
large 'C'- frame riveter for automatic rivet installation.

The LH2 and LO2 tank barrel sequence flows are similar to ET and use ET fixtures, tooling, NDE
facilities etc. The procured barrel skin panels, will be cleaned in the existing MAF facility prior to
welding. Weld assembly, trim, and frame installation is to be accomplished on ET tooling and will
utilize ET roll rings and roll ring installation tooling.

H & J Rings will be procured, machined, stretched formed, aged and trimmed in 90° sections.
These sections will be welded together to form the 360° rings, machined and drilled, etc. in the ET
ring tools.
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Dome fabrication will use the ET dome weld tooling; new adaptive tools will be required for the
new design dome caps and fittings. A new tool is required for LH2 Tank Aft Dome mechanical
installations.

New tooling will be required for the assembly of the Anti vortex and Slosh Baffle assemblies and
will be located in the MAF Bldg 103. Elements of these assemblies will be procured from outside
suppliers as preassembled subassemblies.

LH2 and LO2 tank assembly sequence will be similar to the ET process using existing tooling and
facilities. The flow differs from ET only in that a new tool is required for LO2 tank major weld
operations. Internal and external clean and prime operations will use the ET LH2 tank processing
cells, except that the LO2 tank will be processed through the ET LH2 tank processing Cell P for
external clean and prime; TPS operations will be performed in re-activated Cells M & N.

Intertank assembly will use ET Intertank tooling.

Forward Skirt major assembly will use a dedicated assembly fixture; subassembly activities will
use ET Intertank tooling. The Skirt/LO2 tank interface bolt hole pattern will be identical to ET
LO2/IT/LH2 Tank interface pattern and will use drill plates mastered from existing ET tooling.

Core Tankage assembly is similar to the ET except Forward Skirt/LO2 Tank/Intertank stack will be
in Cell L. The assembly will be transferred to Cell A for stacking to the LH2 Tank and TPS

closeout of the Intertank/LH2 tank interface. The completed stack will be lowered to the horizontal
position, and processed according to plans specified in IACO studies.

Conclusions
The NLS Core Tankage Manufacturing Plan has been developed for total assembly at the NASA -
Michoud Assembly Facility (MAF). The plan makes effective use of manufacturing areas, existing

tooling and facility capacities, and infrastructure on a non-interference basis with the on-going
External Tank (ET) project.

Study Recommendations

Existing NLS program groundrule for building NLS Core Tankage using ET tooling and MAF
facilities should be maintained.

Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results
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5.2.1.4.4 Facilities Plan (CV-STR-16B)
Objective

Prepare a facilities plan for manufacture of the NLS reference configuration HLLV and 1.5 Stage
vehicles at the NASA Michoud Assembly Facility, integrated with the existing External Tank
- production.

Approach

(a) Analyze manufacturing plan

(b) Determine requirements for foundations

(c) Determine requirements for new and/or modified structures, cranage, support equipment and
services

(d) Prepare preliminary design layouts

Key Study Results

Structural assembly areas within the MAF Bldg 103 will be required for the new fixtures for LO2
Tank Major Weld, Forward Skirt Assembly, Slosh Baffle Assembly and Frame Assembly. These
positions will be located under existing crane coverage, except for the forward skirt assembly tools
which will be covered by an extension to the crane system, and will be supplied with all necessary
utilities.

An additional position with a reinforced foundation, located in the North East corner of building
103, will be required for the new Aft Dome Mechanical Installation Fixture.

Cells A, E, F and L will require modifications to add access platforms and stairs for installation
and removal of handling equipment. Cell E may also require modification to raise the cell roof and
lift door, to accommodate an aft dome sump, and a new probe and cover plate for the LO2 Tank
internal cleaning.

Final Assembly and Test and Checkout operations are not included in this study but have been
addresed in IACO studies

Conclusions

Manufacture of the cycle @ reference configuration vehicles can be accommodated within the
existing ET manufacturing facilities with relatively minor impact.

Study Recommendations

Existing NLS program groundrule for building NLS Core Tankage at the MAF has been confirmed
and should be maintained.

Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.1.4.4 Facilities Plan (CV-STR-16B)
Objective

Prepare a facilities plan for manufacture of the NLS reference configuration HLLV and 1.5 Stage
vehicles at the NASA Michoud Assembly Facility, integrated with the existing External Tank
production.

Approach

(a) Analyze manufacturing plan

(b) Determine requirements for foundations

(c) Determine requirements for new and/or modified structures, cranage, support equipment and
services

(@) Prepare preliminary design layouts

Key Study Results

Structural assembly areas within the MAF Bldg 103 will be required for the new fixtures for LO2
Tank Major Weld, Forward Skirt Assembly, Slosh Baffle Assembly and Frame Assembly. These
positions will be located under existing crane coverage, except for the forward skirt assembly tools
w;xli_ch will be covered by an extension to the crane system, and will be supplied with all necessary
utilities.

An additional position with a reinforced foundation, located in the North East corner of building
103, will be required for the new Aft Dome Mechanical Installation Fixture.

Cells A, E, F and L will require modifications to add access platforms and stairs for installation
and removal of handling equipment. Cell E may also require modification to raisc the cell roof and
lift door, to accommodate an aft dome sump, and a new probe and cover plate for the LO2 Tank
internal cleaning.

Final Assembly and Test and Checkout operations are not included in this study but have been
addresed in IACO studies

Conclusions

Manufacture of the cycle @ reference configuration vehicles can be accommodated within the
existing ET manufacturing facilities with relatively minor impact.

Study Recommendationsi

Existing NLS program groundrule for building NLS Core Tankage at the MAF has been confirmed
and should be maintained.

Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results.
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5.2.1.4.5 Tooling Impacts (CV-STR-16C)
Objective

Determine tooling impacts resulting from the integration of NLS vehicle production into the NASA
External Tank manufacturing environment.

Approach

Analyze existing ET tooling to determine the maximum capacity of each tool and/or facility in terms
of its major function, and to evaluate the capability to produce ET, HLLYV and 1.5 Stage Vehicle
core tankage. -

Key Study Results

Maodify existing Dome weld tooling to accommodate feedline fittings and outlet locations.

New LH2 Aft Dome Mechanical Installation Tool required.

Use existing ET tools for LH2 Tank assembly.

New LO2 Tank major weld assembly tool required due to capacity limitation. This tool will also
weld the LH2 5 ft barrel to the STA 4058 "Tee" ring, and the aft dome assembly.

Internal and external cleaning and LH2 Tank external finishing operations will be performed in the
existing ET processing cells. TPS operations for both the LO2 and LH2 tanks will be performed
in reactivated Cells M & N repectively. New adaptor tooling will be provided in those tools and
cells which use the Orbiter or SRB interfaces during ET processing. In addition, new support
tooling will be required in Cell L for the Forward Skirt/LO2 Tank/Intertank stack operation.

A new dedicated fixture will be required for the Forward Skirt Assembly and for any non-ET
compatible Frame Assemblies

Conclusions

The cycle @ reference configuration NLS vehicles can be fabricated on the ET tooling with minor
impact.

Study Recommendations
Maintain NLS program groundrule to utilize ET tooling.

Review tooling requirements for vehicle structural assembly and systems installations as design
matures and make appropriate changes to ensurc production capability and improved
manufacturing efficiency.

Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.1.4.5 Tooling Impacts (CV-STR-16C)
Objective

Determine tooling impacts resulting from the integration of NLS vehicle production into the NASA
External Tank manufacturing environment.

Approach

Analyze existing ET tooling to determine the maximum capacity of each tool and/or facility in terms
of its major function, and to evaluate the capability to produce ET, HLLV and 1.5 Stage Vehicle
core tankage.

Key Study Results

Modify existing Dome weld tooling to accommodate feedline fittings and outlet locations.

New LH2 Aft Dome Mechanical Installation Tool required.

Use existing ET tools for LH2 Tank assembly.

New LO2 Tank major weld assembly tool required due to capacity limitation. This tool will also
weld the LH2 5 ft barrel to the STA 4058 "Tee" ring, and the aft dome assembly.

Internal and external cleaning and LH2 Tank external finishing operations will be performed in the
existing ET processing cells. TPS operations for both the LO2 and LH2 tanks will be performed
in reactivated Cells M & N repectively. New adaptor tooling will be provided in those tools and
cells which use the Orbiter or SRB interfaces during ET processing. In addition, new support
tooling will be required in Cell L for the Forward Skirt/LO2 Tank/Intertank stack operation.

A new dedicated fixture will be required for the Forward Skirt Assembly and for any non-ET
compatible Frame Assemblies

Conclusions

The cycle @ reference configuration NLS vehicles can be fabricated on the ET tooling with minor
impact.

Study Recommendations
Maintain NLS program groundrule to utilize ET tooling.

Review tooling requirements for vehicle structural assembly and systems installations as design
matures and make appropriate changes to ensure production capability and improved
manufacturing efficiency.

Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results.
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§.2.1.4.6 Transportation & Handling Requirements (CV-STR-16D)
Objective

Determine handling and transportation points required on Core Tankage subassemblies for
manufacturing of the core tankage and IACO/Transportation of the Core Stage.

Approach

Analyze the core tankage subassemblies, assembly and IACO activities to determine the tooling and
transportation interface point requirements for handling and processing operations enabling
maximization of the existing ET tools, equipment and facilities.

Key Study Resuits

(1) Frames required at Sta 4018 and 4098.

(2) Bolt attach points required at (3) equally spaced positions around Sta 4018, 4098 and 4058
(Mid Point at the "-Z").

(3) Use flanges on LO2, LH2 Tanks and Fwd. Skirt for vertical and horizontal lifts and
stabilization locations.

(4) Frames at Sta. 2852.8 and flange at Sta. 2569.8 on LO2 Tank and Sta. 3123.15 on the LH2
Tank to support tankage during straddle carrier transportation.

(5) Fwd. Skirt flange to support Core Tankage static weight in vertical and horizontal attitudes.
(6) Roll Ring attach points on Fwd. Skirt flange Sta. 2473.8 & Propulsion Module Sta. 4261.4.

(7) Roll Ring at Sta. 2473.8 and locating tooling at Sta. 4058 support Core Tankage during P.M.
integration.

(8) Sea state shipping loads taken at Fwd skirt & propulsion module roll ring positions.
Conclusions

The defined lifting point locations and methods of lifting, roll ring locations, and positions for
processing cells and transportation adaptor tooling can be accommodated in the core tankage design

without impact. A new transporter is required to accommodate the Core Stage which is
considerably heavier than ET.

Study Recommendations

Revise cycle @ baseline to incorporate the proposed configuration and new transporter
requirement. In cycle 1, determine frame and flange sizes, and incorporate attachment holes for

tooling adaptors.
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Additional Information

See Doc# MMC.NLS.SR.001 Book 1 for more detailed results.
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6.2.1.4.6 Transportation & Handling Requirements (CV-STR-16D)
Objective

Determine handling and transportation points required on Core Tankage subassemblies for
manufacturing of the core tankage and IACO/Transportation of the Core Stage.

Approach

Analyze the core tankage subassemblies, assembly and IACO activities to determine the tooling and
transportation interface point requirements for handling and processing operations enabling
maximization of the existing ET tools, equipment and facilities.

Key Study Results

(1) Frames required at Sta 4018 and 4098.

(2) Bolt attach points required at (3) equally spaced positions around Sta 4018, 4098 and 4058
(Mid Point at the "-Z").

(3) Use flanges on LO2, LH2 Tanks and Fwd. Skirt for vertical and horizontal lifts and
stabilization locations. .

(4) Frames at Sta. 2852.8 and flange at Sta. 2569.8 on LO2 Tank and Sta.*3123.15 on the LH2
Tank to support tankage during straddle carrier transportation.

(5) Fwd. Skirt flange to support Core Tankage static weight in vertical and horizontal attitudes.
(6) Roll Ring attach points on Fwd. Skirt flange Sta. 2473.8 & Propulsion Module Sta. 4261.4.

(7) Roll Ring at Sta. 2473.8 and locating tooling at Sta. 4058 support Core Tankage during P.M.
integration.

(8) Sea state shipping loads taken at Fwd skirt & propulsion module roll ring positions.
Conclusions

The defined lifting point locations and methods of lifting, roll ring locations, and positions for
processing cells and transportation adaptor tooling can be accommodated in the core tankage design

without impact. A new transporter is required to accommodate the Core Stage which is
considerably heavier than ET.

Study Recommendations

Revise cycle @ baseline to incorporate the proposed configuration and new transporter
requirement. In cycle 1, determine frame and flange sizes, and incorporate attachment holes for
tooling adaptors.
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See Doc# MMC.NLS.SR.001 Book 1 for more detailed results.
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5.2.7.4.1 Alternate Aft Skirt Configuration #CV-STR-17-A)

Objective
To determine if an alternate Aft Skirt configuration is required or is beneficial for the Core Vehicle.
Approach

Define alternate Aft Skirt configurations. Identify design & manufacturing impacts for each
option, and any recommended changes 10 the Reference Aft Skirt configuration.

Options Studied

Reference configuration Aft Skirt (part of Aft Structure)
Option 1 - Aft Skirt welded to Core Vehicle

Option 2 - Short (12") Bolt-On Skirt (part of Core Vehicle)
Option 3 - Long (48") Bolt-On Skirt (part of Core Vehicle)

Key Study Results
Chord & weld geometry / tooling requirements were found to make Option 1 impractical.

Options 2 & 3 add a new bolted joint which adds 600 1bs of weight & additional cost, but they also
reduce the risk associated with Core / Aft Structure mate.

Formation of LN2 & Nitrogen ice in the crotch area was identified as a potential problem. Nitrogen
ice may break free causing ice debris during flight. LN2 accumulation would impact component
design & qualification, and LN2 boil-off would also impact Aft Compartment venting. Useof a
drip tray within the Aft Structure to catch LN2 and drain it overboard is possible, but does not fully
address the ice debris concern. A Helium purge in all or part of the Aft Structure is the only known
alternate means of addressing this problem on the Reference configuration, as the crotch area
cannot be foamed after core to Aft Structure mate due to lack of access (Helium is currently
approximately 5 times the cost of Nitrogen gas). Options 2 & 3 offer increased design flexibility as
they do allow foaming of the crotch prior to Core / Aft Structure mate thus eliminating the ice &
liquid air problem.

Conclusions

With the exception of Option 1 all Options studied are feasible. Options 2 & 3 offer some increased

design flexibility but have associated weight and cost impacts.
Additional analysis is required to make a quantitative assessment of LN2 & Nitrogen ice formation.
Study Recommendations

Maintain the Reference Aft Skirt configuration. Study the LN2 & ice debris problem further during
Cycle 1.

682



National Launch §ystem 1/92 6ycle Zero  Structures Data T’ackage Page 2

REFERENCE CONFIGURATION
XN 4122.65 XN 4210.32 (Fabricated Joint

- _, Structure

Bolted Integral to Aft
Q
QJ’O\;L/

Sustainer Lline ::

\ A}

LN2 & Ice No Access to Foam

Formation Crotch Area After Mate

OPTION 1 - AFT SKIRT WELDED TO CORE VEHICLE

XN 4122.65XN 4134.65 Weld Geometry XN 4210.32

Cvew Aft Skirt Impractical \
Weld } \\ \\ ‘k\~
Bolted Joint Sustainer Line

Relocated \ \
From XN 4122.65 12.00 Aft Skirt

OPTION 2 - SHORT BOLT-ON SKIRT
XN 4122.65 XN 4134.65 XN 4210.32

. QNew Bolted Joint )—O\
\

\ X <

Sustainer Line
12" Aft Skirt \ \ I

Crotch Foaming
Possible Prior
to Mate

OPTION 3 - LONG BOLT-ON SKIRT
XN 4122.65 XN 4170.65 XN 4210.32

| (Wew Bolted Joint g <_O\
TN [—]
\ \ N

Sustainer Line
48" Aft Skirt —®= \ \

Crotch Foaming
Possible Prior
to Mate

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results
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6.2.7.4.1 Alternate Aft Skirt Configuration (#CV-STR-17-A)

Objective
To determine if an alternate Aft Skirt configuration is required or is beneficial for the Core Vehicle.
Approach

Define alternate Aft Skirt configurations. Identify design & manufacturing impacts for each
option, and any recommended changes to the Reference Aft Skirt configuration.

Options Studied

Reference configuration Aft Skirt (part of Aft Structure)
Option 1 - Aft Skirt welded to Core Vehicle

Option 2 - Short (12") Bolt-On Skirt (part of Core Vehicle)
Option 3 - Long (48") Bolt-On Skirt (part of Core Vehicle)

Key Study Results
Chord & weld geometry / tooling requirements were found to make Option 1 impractical.

Options 2 & 3 add a new bolted joint which adds 600 lbs of weight & additional cost, but they also
reduce the risk associated with Core / Aft Structure mate.

Formation of LN2 & Nitrogen ice in the crotch area was identified as a potential problem. Nitrogen
ice may break free causing ice debris during flight. LN2 accumulation would impact component
design & qualification, and LN2 boil-off would also impact Aft Compartment venting. Use of a
drip tray within the Aft Structure to catch LN2 and drain it overboard is possible, but does not fully
address the ice debris concern. A Helium purge in all or part of the Aft Structure is the only known
alternate means of addressing this problem on the Reference configuration, as the crotch area
cannot be foamed after core to Aft Structure mate due to lack of access (Helium is currently
approximately S times the cost of Nitrogen gas). Options 2 & 3 offer increased design flexibility as
they do allow foaming of the crotch prior to Core / Aft Structure mate thus eliminating the ice &
liquid air problem.

Conclusions

With the exception of Option 1 all Options studied are feasible. Options 2 & 3 offer some increased
design flexibility but have associated weight and cost impacts.

Additional analysis is required to make a quantitative assessment of LN2 & Nitrogen ice formation.
Study Recommendations

Maintain the Reference Aft Skirt configuration. Study the LN?2 & ice debris problem further during
Cycle 1.
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REFERENCE CONFIGURATION
XN 4122.65

Bolted
Joint

XN 4210.32 (Fabricated Joint

Integral to Aft
- _ Structure

A —F

Sustainer Line

ainer N

B7.67 Aft Skirt

LN2 & Ice 1 No Access to Foam A
Formation Crotch Area After Mate
OPTION 1 - AFT SKIRT WELDED TO CORE VEHICLE

XN 4122.65XN 4134.65 /fold Geometr 10.32

(New Aft Skirt ﬁ 7
I

Impractical

B

Weld
Bolted Joint

€2—4::\\ XN 42
\ N

Sustainer Line

Relocated \ \ -
From XN 4122.65 12.00 Aft Skirt
OPTION 2 - SHORT BOLT-ON SKIRT
XN 4122.65 XN 4134.65 XN 4210.32
-J} . ( New Bolted Joint \)—O\
\ X =~
Crotch Foaming Sustainer Line
. \
Possible Prior 12" Aft Skirt \ 1
to Mate
OPTION 3 - LONG BOLT-ON SKIRT
XN 4122.65 XN 4170.65 XN 4210.32
I (New Bolted Joint )\ (‘O\
FEN \ \/——\
Crotch Foaming Sustainer Line
Possible Prior 48" Aft Skirt —®= \ \
q- 1

to Mate

Additional Information

See Doc # MMC.NLS.SR.001.Book 1 for more detailed results
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