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MBE Status at MSFC

Current Status of MBE at MSFC
 Level 0 to Level 1 up until the mid 

2000s2000s
 Primary deliverable was 2D drawing
 Models existed but no guarantee they 

were accurate; could not be used to cut 
chipschips

 Manufacturing had to recreate models 
from drawings

 Reached Level 2 in the 2007-08 
timeframetimeframe
 CAD model and drawing provided and 

under configuration control
 CAD model guaranteed accurate; can 

be sed to c t chipsbe used to cut chips
 Notes and annotations on drawing, not 

model
 No integration across the enterprise Graph taken from http://model-based-enterprise.org
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Recent Activities

Model-based Manufacturing Efforts

 Expanded our simulation capabilities Expanded our simulation capabilities

 Implemented a Manufacturing Execution System

 Working to establish model-based instruction capability

 Established reverse engineering capability using scanning/photogrammetry

 Started integration between our PDM system and manufacturing systems; 
activity terminated due to funding being pulled.

Design → Verify through Simulation → Process Plan and Build → Verify As-Built to As-Designed
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Process Verification Through Simulation

Producibility AnalysesManufacturing Resources

Off-line Programming
Manufacturing Hub
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Product CAD Data
Model-Based Work Instructions



Producibility Analyses

 General Process Outline
 Assign the appropriate geometry and define the steps which are to be simulated
 Conduct 3D producibility analyses in which manufacturing processes, large scale assemblies, 

and gro nd s pport eq ipment are checked for interferences fit p reachabilit andand ground support equipment are checked for interferences, fit up, reachability, and 
accessibility
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Interference Analysis
Simulation Setup



Producibility Analyses

Kinematic Analysis
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Human Factors Analysis



Off-line Programming

D l t f R b ti P P tDevelopment of Robotic Process Parameters

Weld / Trim Schedule Generation
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Process Planning and 
Shop Floor Execution

 Current Look of Work Instructions
 References drawings 
 Static view of data
 Limited information can be discerned about the entire part/assemblyp y
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Process Planning and 
Shop Floor Execution

 MBE Impacts on Work Instructions
 Realizing MBE will help deliver less ambiguous work instructions
 Rich, model-based, work instructions can be written which take advantage of model-based notes and annotations
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Comparison of As-Designed to As-Built

Use white light scanning and photogrammetry to create as-built 
CAD models
 Comparison of as built models to as designed models reveals deviations Comparison of as-built models to as-designed models reveals deviations, 

trending.
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Cost Avoidance

 Conservative estimate of $3.62M in cost avoidance for the first two items 
alone.

 These two items represent tooling and processes used to build just 0.25% of the Ares I p g p j %
Upper Stage.

 Cost avoidance total is greater than the amount invested in this technology/capability. 
 Image the value provided when used across the entire vehicle!

Problem Found Result / Impact
Robotic Weld Tool (RWT) Spindle / CB Y-Ring Interference
M5 Pull Plug (Ares Manufacturing Development) / Common 
Bulkhead Fwd Dome Interference

Common Bulkhead Y-Ring Resized; Major impact to Critical Path 
if not found.

Verval Tool (Tooling for Upper Stage Friction Stir Welding) -
Kinematic Limitations

Tool Redesigned; Caught early, otherwise a 3 month critical path 
impact.

RWT Hydraulic Hose / Fixture Interference Hoses Rerouted on Weld Head

Pull Plug Internal Spider Assembly (Upper Stage Manufacturing Design Changesg p y ( pp g g
Development) - Kinematic and Interference Problems

g g

Common Bulkhead Tooling / Despatch Oven Floor Interference Change in Allowable Dimensions in the Boeing Tooling RFP

J2X / Thrust Cone Mate to LOX Tank Interference between Thrust Cone and LOX Feedline. Problem 
still being worked.
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Common Bulkhead Manufacturing Development Article (CBMDA) 
Forward Dome / Clamp Support Beam Interference

Fixture Modified



Backup Charts

Backup
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Digital Manufacturing
Architecture

Digital ManufacturingProduct Data Management Digital ManufacturingProduct Data Management

Process Verification
Through Simulation

Design Tools/Systems

Process Planning and 
Shop Floor Execution
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Digital Manufacturing
Summary of Capabilities

 Process Planning and Shop Floor Execution (Solumina Software)

 Process Planningg
 Full configuration control of process plans
 Routing and approval of plans before they can be released to the shop floor
 eBOM to mBOM planning and reconciliation (Did we account for all parts during planning?)
 Allows planners to include rich instruction content such as CAD models, drawings, movies, 

documents etcdocuments, etc.
 Effectivity assigned to plans (serial, lot, and date effectivity types)
 Inclusion of model-based instructions (MBIs)

 Process Execution
 Enforces that work is performed in the order / sequence defined by planning
 Captures as-built data generated on the shop floor
 Captures the serial number or lot number of all parts consumed into an assembly
 Allows for redlining of plans on the floor

Provides method of superceding a work order with a later revision of a process plan Provides method of superceding a work order with a later revision of a process plan
 Electronic buyoffs from technicians from engineers

 Process Quality
 Discrepancy initiation, MRB reviews, corrective actions, etc.
 Allows for liens to be placed on parts
 Electronic quality buyoffs
 Captures quality information from parts vendors
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Digital Manufacturing
Summary of Capabilities

 Process Verification Through Simulation (DELMIA Software)
 Verification of Facilities

 Identification of process flow and assembly problems due to facilities 
limitationslimitations

 Interference Analysis
 Gain understanding of all the interactions between tooling, fixtures, GSE, etc.
 Simulate assembly processes and identify problems 

(interferences, violation of keep out zones, pinch points, etc.)
 Kinematic Verification Kinematic Verification

 Definition of complex kinematic mechanisms, up to 9 degrees of freedom
 Determine through process simulations whether planned operations are 

kinematically feasible  
 Off-line Robotic Programming

 Optimization of robotic systems in an offline, 3D environmentOpt at o o obot c syste s a o e, 3 e o e t
 Deliver programs to the manufacturing floor for execution 
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