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Boeing Satellite Product Line 

Payload power (kW) 3 <  3  -  8 6  -  12 8  -  12+ 

2009 2012 

Satellite 2014 
Conference 

2009 

Expanded offerings to excel in competitive marketplace 
•! Scalable payloads to >12kW 
•! Common bus system/unit approach 
•! Hosted payload capability 

702 HP 702 MP 502 Phoenix 
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CP 2.0 

Tools 

•!CAD 
•! Design - Creo Parametric 2.0 
•! LEV (Visualization) - Creo View 2.0 
•! Thermal Analysis Ð Thermal Modeler 6 
•! Structural Mechanics Ð Creo Simulation 2.0  
•! Work Instruction Authoring (MBI) - Creo Illustrate 3.0 

•!PDM 
•! Site PDM/PLM - Teamcenter Enterprise 8.1 
•! CAD Data Manager Ð Windchill /PDMLink  10.1 

•!Common Systems (Operations & Supplier Management) 
•! MESci  Ð (eBOM/MBoM mgmt , Planning/Shop Floor Control, NCM) 
•! CC, NWP, BRAIDSS, ARES, TIPQA, IBI 

CV 2.0 
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•!General type: part, assembly and drawing (. prt , .asm, .drw  
file extensions) 

•!Specialty Types (heavy tool customizations developed 
over the years to speed up the design process) 
•! Communications Repeater Subsystem (piping) 
•! Routed Systems Ð Harness, Propulsion (cabling) 
•! Thermal Blankets (sheet metal, mold design) 
•! Structural Panels 
•! Reflectors (point cloud based surfaces) Reflector 

Structural Panels 
Comm. Repeater 

Subsystem Thermal Blankets Harness  Routing 

CAD Data Types 
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Modeling Techniques 

•!CAD technology level approaches to product definition 
•! Top-Down Relational Design - The Ò Top-Down Ó methodology, uses 

Master Geometry which will define the shape and position of Detail 
Parts and interface information for the overall product. 

•! Relational Design is a methodology for managing product 
configuration by establishing geometric relationships (links) 
between detail parts and assemblies and the high-level Master 
Geometry. 

•! In Creo Parametric, the Master Geometry is known as skeleton 
models . The Skeleton model is typically a part file which can 
contain surfaces, points, coordinate systems, planes or solids. 
Multiple skeleton models are permissible. 
–! In CATIA V5, the Master Geometry is broken down into MDF, MDS, ICM, & 

RLM 
•! Layering used to organize data and support customizations 
•! Top plus one assembly files created for assembly and installation 

drawing creation 
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Modeling Techniques 

•!Areas of Boeing Satellites improvement: 
•! Bottom-up release 
•! Assembly retrieval issues 

–!Missing references 
•! Regeneration errors 

–!Circular references 
–!Assembly cuts outside of model 

•! Limited Planner/ME RAA 
•! Only 10% of suppliers are MBD approved 

•!Possible area of industry improvement 
•! Establish a standard to facilitate creating 2D drawings from 3D 

models to support as-needed drawings 
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Engineering Release 

•! Integrated Two ÐTier PDM Engineering Release 
•! CAD objects approved in CAD Data Manager ( Windchill /PDMLink ) 
•! 2D PDF of drawing is auto-generated & uploaded to site PDM/PLM 

(TcEnt ) 
•! Engineering signoff and release occurs in TcEnt  
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Engineering Authority 

•!Boeing Satellite is primarily Drawing Centric 
•! 2D Drawings released into the site PDM ( TcEnt ) are the master 

authority (also releases some STEP models) 
•! Low-level of Reduced Dimension Drawing (RDD) is released: 

–! 2D drawing + STEP model 
–!Machined parts primarily 
–!Some inseparable assemblies (i.e. machined parts w/ nutplates , pins) 

•! Structural panels are the only commodity that are MBD 
–!Native Creo Parametric files released into PDM for downstream 

fabrication 
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Roadmap Development Process and Tools 

Interview MBD sites 
per the MBE 
Capability List 

External 
Assessment  

As-Is Self 
Assessment 

Identify other 
site’s level per the 
MBE Level 
Ranking Tool 

Assess as-is condition 
on each process/ 
resource area per the 
MBE Capability List 

•! Process/Tools 
•! Documentation 
•! Facility 
•! Contacts 

Identify as-is MBE 
level per the 
MBE Level Ranking 
Tool 

To-Be Level 
Decision 

Select to-be levels 
on each MBE 
Level Ranking Tool 
criteria 

Milestone 
Development 

Evaluate gaps 
between as-is 
and to-be levels 
on MBE Level 
Ranking Tool 

Reference other sites’ 
achievement on the 
MBE Capability List to 
reason probable goals 

Associate 
ranking levels to 
business functions 
for functional focals 
to develop 
milestones 
•! Design 
•! Mfg 
•! Ops 
•! Quality 
•! SM&P 
•! Collaboration 

Roadmap 
Development 

Group 
Milestones to 
create road 
map (Example) 
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MBE Level Ranking Tool 

•!Original tool acquired from model-based-enterprise.org  
•! ITI TranscenData  reviewed the tool in a 5/21/2014 webinar  

•!Tool is a spreadsheet that defines four MBE Stages with 
seven levels 
•! Drawing Centric Ð level 0 
•! Model Centric Ð level 1-2 
•! Model Based Definition Ð level 3-4 
•! Model Based Enterprise Ð level 5-6 

•!Boeing Satellites revised the tool for clarity, granularity, 
and business applicability 
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MBE Phases 
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MBE Levels 

 13 
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0 
•! Model centric drawings for 

design and manufacturing 
•! Deliverables: 2D Drawings 

D
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•! Native CAD based manufacturing 
•! Deliverables: 2D drawing and native 

CAD model 

•! Model based manufacturing 
•! Deliverables: 2D drawing and neutral 

CAD model M
od

el
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•! MBD with automated Technical 
Data Package 

•! Deliverables: Digital Product 
Definition package and TDP 

•! MBD with automated TDP and on 
demand enterprise access 

•! Deliverables: Digital Product Definition 
package and TDP via the web 

•! MBD with data management 
•! Deliverables: 3D annotated model and 

light weight viewable via PLM 

•! Model Based Definition 
•! Deliverables: 3D annotated model 

and light weight viewable 

M
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•!Disconnected Manufacturing 
•!Disconnected Enterprise 

•!Neutral Model CAM 
•!Disconnected Enterprise 

•!Native Model CAM 
•!Disconnected Enterprise 

•!Native Annotated Model CAM 
•!Disconnected Enterprise 

•!Integrated Manufacturing 
•!Disconnected Enterprise 

•!Integrated Manufacturing 
•!Integrated Internal Enterprise 

•!Integrated Manufacturing 
•!Integrated Extended Enterprise 

Green text are changes from the prior level 

Master - 
2D Dwg 

3D Model 
w/ Master 
2D Dwg 

Master 3D 
model with 
2D dwgs  by 
exception 

Master 3D 
model fully 
leveraged 
by the 
enterprise 
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MBE Level Ranking Tool (Original Form) 

CAD Design 
Data (6 criteria) 

Technical Data 
Package (2) 

Config /Change 
Mgmt  (3) 

Quality ReqtÕs & 
Inspection (2) 

Enterprise Collab . 
/data exchange (3) 

Mfg. Data 
Exchange (5) 

Phase Dwg Centric Model Centric MBD MBE 
Level 0 1 2 3 4 5 6 

21 Criteria with 
description and 
intent 
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Level Transition* 

*Courtesy of Asa Trainer 5/21/2014 ITI webinar 
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MBE Level Ranking Tool and Process (Original Form) 

CAD Design 
Data (6 criteria) 

Technical Data 
Package (2) 

Config/Change 
Mgmt (3) 

Quality Reqt’s and 
Inspection (2) 

Enterprise Collab. / 
data exchange (3) 

Mfg Data 
Exchange (5) 

Phase Dwg Centric Model Centric MBD MBE 
Level 0 1 2 3 4 5 6 

1. Assess across 
21 Functional 
Areas 

2. Identify 
As-Is 
Levels 

3. Decide To-
Be Levels 

4. Develop 
gap-filling 
plan 
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Boeing Satellites Ranking Tool Changes Ð Format 

•! Not all criteria have 7 distinctive level definitions. Levels 
with the same definition share the same cell color. 

•! Replace redundant levels with right arrows to unclutter 
view. 

Add scoring and weight 
to calculate sub-section 
levels and total level 
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Boeing Satellites Ranking Tool Changes Ð Fundamentals 

•!Equating Ònative modelÓ with Òauto-synchronized neutral 
model,Ó assuming auto- synchÕed neutral model contains 
the same and timely updated product definition as the 
native model. 

•!PLM can be one all-encompassing system, or a single 
PLM system integrated with specialty PDM systems like 
CAD PDM and MES 
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Boeing Satellites Ranking Tool Changes Ð Level Definitions 

Row Criteria (12 with levels changed, 3 new criteria) 
# of 

Level 
Before 

# of 
Level 
Now 

44 New Definitions 
5 

Refined 
Levels 

8 Model/Dwg Associativity 5 6 L5 
11 BOM 2 3 L1,L2/3/4 L5/6 
13 Collection of Elements into TDP 3 4 L4 
14 Management of TDP 2 5 L0,L1/2,L5 
17 Release Element Mgmt 4 5 L1 
21 Mfg Process Generation 3 6 L1,L5,L6 L3 
22 Mfg Code Generation 3 5 L3/4,L5,L6 
23 Mfg Data Mgmt 3 6 L0-L3 

24 
(New/Redefined Criteria) Mfg Process Associativity (simulations, mfg. 
tolerance analysis, nonconformance & work/re-work Instructions, tooling) 
Combined with Data Management 

3 6 L0,L1,L2,L3,L4,L5/6 

25 
(New Criteria) Tooling, testing, electronic tooling and support equipment 
utilize similar processes as aircraft hardware (tools use as a medium of 
inspection will require their own processes) 

N/A 5 L0,L1,L2,L3/4,L5/6 

27 Quality/Inspection Code Generation 5 5 L6 
28 Quality Requirement Data Management 2 5 L0,L1,L2/3,L4 
29 (New Criteria) Quality/Tooling Qualification N/A 4 L0,L1/2,L3/4,L5/6 
32 Design Data Use by the Internal Enterprise 3 7 L0,L1,L2,L3,L4,L5 
33 Design Data Provided to External Design Authority 5 6 L2 L3,L4 
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Boeing Satellites Ranking Tool Changes Ð Old and New 
Forms 
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MBE Capability List 

•!Purpose of the list 
•! Facilitate interviewing other sites to 

identify their MBD capability and MBE 
deployment scope 

•! Capture notes on processes, tools, 
command media, training, and facility, 
etc. 

•! Information from interview helps Boeing 
Satellites to identify other siteÕs level on 
the MBE Ranking Tool 

•!Colored cells show where a site has 
capability.  
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MBE Capability List 

•!Contains a list of MBD capability topics 

•!Also contains MBD facility types 
•! Virtual design review room, immersive lab, NC, CMM, and additive 

manufacturing etc. 

Mechanical Design 
(relational, top down, 
drawing, etc.) 

Electrical Design 
(harness, board) 

Specialty Design 
(Composite, tubing, piping, 
etc.) 

Mechanical Analysis 
(FEM, thermal, 
mechanism, etc.) 

Design Visualization 
and Review 

Virtual Mfg 
Simulation Dimensional Mgmt Release and Change 

Tech Data Package Model Based Mfg/
Instruction Rapid Prototyping Rapid Mfg 

Production/ Shop 
Floor 

Integration, Tooling 
and Testing Source Inspection Model Based Inspection 

(Quality, Receiving) 
MBD Approved 
Suppliers 

SM&P, Buy/Build To 
Package Tech Publishing Maintenance and Support 
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MBE Capability Interview Examples 

Capability Areas Site A Site B Site C Site D Site E 
Mechanical/Systems Design Yes Yes Yes Yes Yes 
Electrical Design (cable harness, PWB board, etc.) No No Yes Yes Yes 
Specialty Design Yes Yes No Yes Yes 
Mechanical Analysis Yes Yes Yes Yes Yes 
Design Visualization and Review Yes Yes Yes Yes Yes 
Virtual Mfg Simulation Yes Yes Yes Yes Yes 
Dimensional Mgmt Yes Yes Yes Yes Yes 
Release and Change No Yes Yes Yes Yes 
Model Based Instruction (MBI) Yes No Yes Yes Yes 
Rapid Prototyping Yes Yes Yes Yes Yes 
Rapid Manufacturing (using parts in actual products) No No No No No 
Production / Shop Floor Yes Yes Yes Yes Yes 
Integration, Tooling and Testing No No No Yes Yes 
Technical Data Package No Yes Yes Yes Yes 
Source Inspection Yes Yes Yes Yes Yes 
Model Based Inspection (Quality, Receiving) No No No Yes Yes 
MBD Approved Suppliers Yes Yes Yes Yes Yes 
SM&P, Buy/Build-To-Package Yes Yes Yes Yes Yes 
Tech Publishing No No Yes Yes Yes 
Maintenance and Support No No No No Yes 

Number of Capable Areas with some implementation 12 14 16 19 20 

* Small percentage of MBD suppliers 
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MBE Level Assessment Examples 

Level 0 

Design Data 

Technical Data 
Package 

Config . and 
Change Mgmt  

Internal/External 
Manufacturing 
Data Exchange 

Quality ReqÕts, 
Planning, 
Inspection 

Enterprise & 
Data Exchange 

•! Some quality data based on 3D neutral data. 
•! Quality data not managed in PLM. 

•! Quality data based on 3D native data. 
•! 50% Quality data managed in PLM. 

•! Native drawing + Native/Neutral solid model(s) 
•! Drawing is master. Some model quality check.  

•! Fully contained native/neutral MBD model +      
optional full or minimally dimensioned dwg 

•! Model is master. Semi-automated model quality check 

•! PDF drawing, Separate Parts List 
•! Semi-automated TDP collection and delivery  

•! Creo Parametric/3D PDF/STEP/JT models, optional 
PDF drawing, SPL 

•! Automated collection, manual delivery 

•! Drawing/Neutral Model based release and change 
•! 2D PDF and 2D/3D native data separately managed 

•! Model based release and change 
•! 2D PDF and 2D/3D native data separately managed 

•! Mfg data based on / associated with 3D models. 
•! Mfg data not managed in PLM. 
•! Tooling design not in MBD. 

•! Mfg data based on 3D model. 
•! 50% associated with 3D models. 
•! 50% mfg data managed in PLM. 
•! Tooling design in MBD. 

•! PDF and 3D neutral data provided (pull) to internal/
external users (some exceptions) 

•! 50% or less internal users use 3D data in their 
processes. 

•! Automatically notify internal/external users of 3D data 
availability for them to pull 

•! 50% internal users use 3D native or synchronized 
neutral data in their processes. 

Level 1 Level 2 Level 3 Level 4 Level 6 Level 5 

X Overall  Y Improving Capability 
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Example MBE Level Assessment 
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0 
•! Model centric drawings for 

design and manufacturing 
•! Deliverables: 2D Drawings 
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•! Native CAD based manufacturing 
•! Deliverables: 2D drawing and native 

CAD model 

•! Model based manufacturing 
•! Deliverables: 2D drawing and neutral 

CAD model M
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•! MBD with automated Technical 
Data Package 

•! Deliverables: Digital Product 
Definition package and TDP 

•! MBD with automated TDP and on 
demand enterprise access 

•! Deliverables: Digital Product Definition 
package and TDP via the web 

•! MBD with data management 
•! Deliverables: 3D annotated model and 

light weight viewable via PLM 

•! Model Based Definition 
•! Deliverables: 3D annotated model 

and light weight viewable 
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Site B 

Site C 

Site E 

Site D 5 

1 

Site A 
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Milestone Roadmap Groups 

Ranking Results>Functions->Milestones 

Design  

Mfg Eng. / 
Planning  

Operations  

Ops Quality 

Supplier 
Quality 

Supplier Mgmt  
& 
Procurement 

Deployment milestones 
•! Model Based Definition 
•! Model Based Manufacturing/Instruction 
•! Model Based Quality/Inspection 
•! Supplier Readiness 
•! Legacy, pilot, phased, full 

3D TDP 
•! 2D drawing transition (fully 

dimensioned, minimally dimensioned, 
cover page only, no 2D, etc.) 

•! 3D model related (native/derived 
format, master authority, etc.) 

•! Associated information: parts list, notes 
list, spec’s, etc. 

•! Collection, notification, and delivery 

Modeling standard & quality 

BOM, release, and change 

Internal/external visualization 

Concurrent engineering / downstream 
design influence 

SM&P engagement and support 

Quality/Inspection 

Business 
Functions 
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Example MBE Roadmap - Design 

27 

X Y Design Data 
•! Drawing + Native/Neutral Solid Model(s) 
•! Drawing is master. Some model quality check.  

•! Fully Contained 3D MBD Model + 3D PDF, STEP/JT 
•! Model is master. Semi-automated model quality check. 

Modeling 
Standard 

Model Content 

Establish site-wide 
modeling standard 

Implement standards 
compliance 

Quality Check 

BOM / Parts List / 
Notes List 

Tool to reconcile CAD 
BOM and eBOM 

Deploy model quality  
check and cleanup 
methods 

Incorporate industry/
enterprise standards in 
command media; provide 
focal training 

Deploy methods to represent 
eBOM items in CAD BOM 

Determine eBOM and CAD 
BOM synchronization level 

Establish a single product 
structure process 

Establish 
engineering intent 
standard 

Automate model quality  
check and cleanup methods 

Assess model 
quality; Pilot 
model cleanup 

Define and implement 
PLM based notes 
management 

Legacy CAD 
Data handling 

Develop strategy to convert legacy 
CAD drawings to model centric 
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Example MBE Roadmap Ð Supplier Quality 

28 

X Y Quality ReqÕts, 
Planning, 
Inspection 

•! Some quality data based on 3D neutral data. 
•! Quality data not managed in PLM. 

•! Quality data based on 3D native data. 
•! 50% Quality data managed in PLM. 

Enterprise & 
Data Exchange •! PDF and 3D neutral data provided (pull) to internal/

external users(some exceptions) 
•! 50% or less internal users use 3D data in their processes. 

•! Automatically notify internal/external users of 
3D native data availability 

•! 50% internal users use 3D native or 
synchronized neutral data in their processes. 

X Y 

Increase MBD 
supply base 

Review current MBD 
approved supply base 

Review site A/B 
supply base 

3D FAI Define what needs to be on the FAI 

Define requirement for the MBD 
audit (prove to certifier) 

Support engineering to define critical features 

Define what is needed for  source inspection 

SQE/SQR MBD 
Training 

Supplier MBD viewer access 
Supplier MBD 
software training  

Review current non-MBD 
approved supply base 
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Q&A 

•!Thank You. 
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Backup 
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Boeing SatellitesÕ Challenges on using the MBE Level 
Ranking Tool 

•! Some level definitions are not clear, so a team can take some 
time to clarify and reach consensus on the meaning. 

•! Some adjacent levels advance capabilities too quickly. In other 
words, not enough granularity on levels. 

•! Levels sharing the same definition have repeated wording, 
which clutters the spreadsheet. 

•! Hard to use the tool to assess other sites 
•! Other sites would need to understand the definitions first. 
•! The 21 ranking criteria are more data centric, instead of process 

centric. Process centric topics are easier to follow, discuss, and 
acquire information. 
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Boeing Satellites MBE Level Ranking Tool (1/3) 
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Boeing Satellites MBE Level Ranking Tool (2/3) 
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Boeing Satellites MBE Level Ranking Tool (3/3) 
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MBE Level 6 Definition 

•!Highest level of capability 
•!Considered a stretch goal and no organization has known 

to reach this level, nor is the technology available to 
achieve it. 

•!Summary  
•! 3D Models are the master 
•! No Drawings are allowed (not even by exception) 
•! TDP generation, collection and delivery are fully automated 
•! There is full connectivity with the extended enterprise 
•! The model and its meta data are available across the extended 

enterprise (internal and external) 
•! Internal and external use of Product Lifecycle Management tools  


