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. Background

1:  4

* Currently, 2-D Drawings are used to illustrate
Spacecrait (S/C) Mechanical Design
» How is the 2-D Drawing Created?
In the Past, the 2-D Drawing derived from a Full-Scale
Physical Mock-Up
- Today, Drawings derive from a 3-D Computer Aided Design
(CAD) Digital Mock-Up. :
e Aircraft Systems | N
> Before Employed 2-D Drawings |
- Now Employ the 3-D Model System 1 <E N
> Boeing and Airbus use the 3-D Model System S




2. Background

Q

 Integrative Project Approach
© Establish Requirements
~ « Mission Requirements
- Top Level Requirements
- Perform Trade St -‘dy Anai_}f"{jf e

- Review Lean Principles and Quahty Methods

> Record Ethical Issues

> Risk Assessment , -
o Software Technole Assessment
o CostAnalysis = o
© Requirements Venﬁcatmn’@ 'atrlx

> Lessons Learned
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3. Requirements

‘B“i&

3.2.1.1

- Mission Requirements

The method used to illustrate the Spacecraft Mechanical System Design shall represent the |
Mechanical System Design as it is depicted in the 3-D Computer Aided Design (CAD)
Mock-Up Model.

2.2.1.2 The method used to illustrate the Spacecraft Mechanical System Design shall be capable of
being configuration controlled.

3.2.1.3 The method used to illustrate the Spacecraft Mechanical System Design shall be capable of
producing a manufactured product.

3.2.1.4 The method used to illustrate the Spacecraft Mechanical System Design shall be capable of
illustrating design changes.

2.9 1.5 The User(s) shall be capable of accessing the product(s) produced by the method chosen = :
without incident. :

3.2.1.6 The method used to illustrate the Spacecraft Mechanical System Design shall be capable of

integrating within the Spacecraft System Engineering Process.




3. Requirements
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3.22.1

O

" Top Level System Requirements

The 3-D Model System shall be capable of exactly conveying the information currently
represented in 2-D Drawings.

3899 The 3-D Model System shall not hinder the User(s) from manufacturing the Mechanical
System.

8 gia Training on how to use the 3-D Model System software products shall be equal to or less
than 40 hours per User.

28.9.4 The 3-D Model System shall generate a cost savings to the Company which owns the
Spacecraft Mechanical System Design.

2o n The 3-D Model System shall be a Lean alternative to 2-D Drawings.

3.2.2.6 The Computer-Aided Design (CAD) software tools used in the 3-D Model System shall

have a Technology Readiness Level of 9.




* Performed a Comparison Analy51s on the 3-D Model System and 2-
D Drawing System
» Compared and Analyzed how each System satisfies the 6 Mission Requirements

> Assigned a Grade, A = Exceeds Requlrement B = Meets Reqmrement C= Does
Not Meet Requlrement

* Reviewed INCOSE SE Handbook Versmn 27

> Verified Requirement 3.2.1.6

Eleven Systems Engineering Processes applied Throughout System Life Cycle

| Evaluated how 2-D Dramng System and 3-D Model System Integrate within each
Process

i Trade Study Results

3-D Model System Scores H1gher in 3 out of 6 Mlssmn Reqmrements

© 3-D Model System provides Infinite wewpomts, Eliminates errors associated
drawings, Assists in Concurrent Engineering, Impreoves Quality and Schedule

g)emgn Recommendation: Satellite System shall 1mplement the 3-D Model
ystem




Mission Requirement

' Results — Trade Study Analysis

3-D

Grade Explanation

3.2.1.1 The method used to illustrate the Spacecraft
! Mechanical System Design shall represent the
. Mechanical System Design as it is depicted in the 3-
- D Computer Aided Design (CAD) Mock-Up Model.

Grade

A+

The Drawing System meets the Requirement;
however, the system has an error factor. An
error in translating from 3-D to 2-D can result.
The 3-D Model System exceeds the
requirement. It uses the actual model to
illustrate the design. Thus, zero discrepancies
are associated with this method.

3.0.1.8 The method used to illustrate the Spacecraft
- Mechanical System Design shall be capable of being
- configuration controlled.

xereen,

Both systems meet the Requirement. 2-D
Drawings and the 3-D Models are controlled 5
thru the PDM system. The CDMO owns the 2-D
drawings and the 3-D Models.

3.2.1.3 The method used to illustrate the Spacecraft
- Mechanical System Design shall be capable of
- producing a manufactured product.

A+

Both systems exceed the requirement. A
manufacturer is more than capableof =~
producing a part using a drawing or the 3-D
Model System. The 3-D Model System promdes 1
infinite number of viewpoints which help
illustrate design intent, mterfaces, and
accessibility points.

- i




- 3.2.1.4 The method used to illustrate the Spacecraft
- Mechanical System Design shall be capable of
~ illustrating design changes.

Mission Requirement

2P aiD
Grade Grade

Both Systems meet the Requirement. Design !
changes are illustrated by Revisions in the 2-D
drawing System and the 3-D Model System.
The revisions are controlled by CDMO.

: 32i})T_};é User(s) shall be capable of accessing the

product(s) produced by the method chosen, without

- incident.

Both Systems meet the Requirement. A user is
capable of accessing a 2-D drawing by
downloading it from the PDM system or
printing a hard copy from the PDM system. A
user is capable of accessing the 3-D model by
downloading and viewing it from the PDM *
system or viewing it from software suchas. a
Product View or 3D Live. ===

3.2.1.6 The method used to illustrate the Spacecraft

Mechanical System Design shall be capable of

integrating within the Spacecraft Systems

Engineering Process.

B B
B B
B A+

Both systems integrate well within the Sifstéin‘
Engineering Process. The 3-D Model System
surpasses 2-Drawing System during the

Requirements Definition, Architecture Design ,
Implementation, and Integration Processes.




4. Project Results Lean Principles
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Project Results — Lean Prmmples Current State Value Mapping

2-D Drawing System




4. Project Results — Lean Principles Future State Value Mapping

3-D Model System
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4. Project Results — Technology Readiness Assessment

jom
I

N\
()
» Parametric Technology Corporation (PTC)

- Pro-Engineer
3-D CAD Software
> Windchill
Product Data Management (PDM) Software
Product View
Visual Collaboration Software

» Dassault Systemes

» Catia ‘
< 3-D CAD Software 7 *
Enovia ‘ DS
PDM Software  SYSTEMES
3D Live e

Visual Collaboration Software




4. Project Results — Ethics

° Honesty

Mlgratmg to 3-D Model System will be a Huge Paradlgm Shlft
- Engineers Might Perform Dlshonest Practices
- Untruthful about 2-D Drawing Lir -ﬁf'?,'tatlons

- Purposely Dismissing 3-D Model Sy

ystem Benefits
« Self-Deception — Allowmg one’s Judgment to be llased
-« Sabotage

To Prevent Dishonest Practlces from Gccurrmg, System shall receive
Senior Leadership support prmr t() workferce 1ntroduct10n

° Camputer Ethics .
» Hardware/Software ;a‘:}_jaal ;_ianctmns oy
> Utilize a Trial Run Program to M ‘lmmlze effects
- Health and Safety: Ergonomlcs
Occupatlonal Safety and Health Assessment




1. If the Manufacturer is unable to
download the 3-D model, due to a
computer network malfunetion,
then the mechanical system
delivery may be delayed.

2, If the 3-D model is incorrect,
due to an error in the mechanical
design, then the mechanical
system may be built incorrectly.

3. If the 3-D Model System
implementation process is poor,
due to inefficient training, then
the mechanical system delivery
may be delayed.

4. If the Manufacturer is unable to

view the 3-D Model due to alack
of computer resources, then the

mechanical system delivery may
be delayed.

High

High |

Build a Robust Computer Support Team

Hold Meticulous Peer Reviews, and
Configuration Review Meetings. Practice
Concurrent Engineering and Install Training

Programs for Mechanical Designers

Invest in a strong training program.
Utilize Software Vendor Trainers

SE Team shall verify Manufacturers contain
the necessary resources to complete the job.
Create a resource management plan.

L i e i e




Software Products
CAD Software License

Costs (8)
15,000

PDM Software License

3—D Visualization Software

)
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Its — Cost Analysis
@8 |

Time Comparison

) Model System

® Assembly with 20
Components

Drawing System




esults — Cost Analysis

@
- Cost Savings of $21,150 is achieved

Medium Satellite System has approximately 375 Drawings
Multlply 375 x Cost savings/1 Drawing = $7, 931, 250

Cost Comparison

i
3 |

‘ odel'Syvs"tem | : ) §$38,100f.00

Assembly with 20
Components ($150/hr)

wmgSystem ispins s oG 1$59,250-00




| Verification
| W . |. Method
3.2.1.1 The method used to Analysis
illustrate the Spacecraft
Mechanical System Design shall
represent the Mechanical
System Design as it is depicted in
the 3-D Computer Aided Design
{(C %D) Mock-Up Model.

3.2.1.2 The method used to A.ﬁalysig e

illustrate the Spacecraft
Mechanical System Design shall
be capable of being
configuration controlled.

3.2.1.3 The method used to ' Analysis
illustrate the Spacecraft

Mechanical System Design shall

be capabie of producing a

manufactured product.

Design Capability

The actual 3-D CAD Mock-up model is

used to convey the design. The System

- accurately represents the Mechanical

Design as it is depicted in the CAD
Model.

" The 3-D Models are controlled by the

Configuration Data Management Office
(CDMO). The model is uploaded to the
Parts Data Management System (PDM)
in an electronic format. Once approved
and signed by the reviewers, CDMO
marks the model with the release date
and revision level. The model is then
controlled and released.

3-D Model System conveys the form, fit,
‘and function of the manufactured item. |

Verified

Yes

Yes

Yes

Supporting
Documents

Technology Readiness
Assessment Report, Trade

Study Report

Technolegy Readiness

Assessment Report, Trade
Study Report

Technology Readiness
Assessment Report, Trade
Study Report '




= < — g
1 : ]

sult:

. A ‘wvdﬂa_y.u&v

nts Verificat

[ Verification Design Capability Verified Supporting 3
- Method Documents
3.2.1.4 The method used to- Analysis The 3-D Model System is capable of Yes  Technology Readiness :
illustrate the Spacecraft ; ‘being revised and extensively revised if Assessment Report, Trade
Mechanical System Design shall necessary. A new revision of the model Study Report
be capable of illustrating design - iscreated. The model revision is ' |
changes. i _approved. Once approved the model is
- stored andicontrolled’by CBMO, e N B S S e el
3.2.1.5 The User( ) shall be Analysis The 3-D models are stored electronically Yes Technology Readiness
capable of accessing the in the PDM database system. The model Assessment Report, Trade
product(s) produced by the can be downloaded and viewed directly Study Report
method chosen, without from the PDM database. It can also be
incident. viewed from other products such as.
3.2.1.6 The method used to i Analysis ‘The 3-D Model System lntegrates wnthm Yes Trade Study Report
illustrate the Spacecraft - the Spacecraft System Engineering
Mechanical System Design shall Process

be capable of integrating within
the Spacecraft System
Engineering Process.




| Verification
5 : | Method
3.2.2.1 The3-D Model System
shall be capable of exactly
conveying the information

currently represented in 2-D
Drawings.

Analysis

3.2.2.2 The 3-D Model System
shall not hinder the User(s) from
‘manufacturing the Mechanical
Jys‘aem

Analysis

Analysis
1hc 3-D model System software
products shall be equal to or less
than 40 hours per User.
The 3-D Model System
hall generate a cost savings to
the Company which owns the
Spacecraft Mechanical System
Design.

YA A

m

Design Capability

The 3-D CAD Model contains all

“information conveyed in a 2-D drawing.

Geometric Dimensioning and
Tolerancing, notes and Special

JInstructions are conveyed in the Model.

A complete digital mockup of the
manufactured item is represented in
the Model.

» AThe 3-D Model System does not hmder

the manufacturer. Safety issues such as
Ergonomics will be taken into account
~ when the system is implemented.

o Trammg on how to use the 3-D Model
‘System software is completed within 5

working days.

] Thé 3-D Modéi System does”géneréte a
Cost Savings to the Organization which
employs the System.

Verified

Yes

Yes

Yes

Assessment_Report

Supporting
Documents
Technology Readiness

Assessment Report, Trade _
Study Report

: Ethics Review' 2k

Technology Readiness

Cost Assumbﬁbns and
Estimates Review
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..... 2.5 The 3-D Model System
na!i be a Lean alternative to 2- D
Drawings.

3.2.2.6 The Computer-Aided
Design (CAD) software tools
used in the 3-D Model System
shall have a Technology
Readiness Level of 9.

Veriﬁcation
Method

Analysis

Analysis

\

Design Capability

The 3-D Model System is a lean

~ alternative to the 2-D Drawing System

The CAD software tools used are at a
Technology Readiness Level 9. They are
currently used in aerospace and other

industries

Verified

Yes o

Yes

Supporting

Documents

Lean Principles Review

V'Ir'echnollo'gyv Rea‘din‘ess

Assessment Report
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Project Results — Lessons Learned
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Back-Up Slides




4. Project Results — Trade Study Analysis

' Mission 2-D Drawing 3-D Model Grade Explanation
Requirement System System
Compliance Compliance

3.2.1.1 The method used to 2-D Drawings are B The 3-D Model A+ The Drawing System meets
 illustrate the Spacecraft created from the 3- System uses the the Requirement; however, 3
Mechanical System Design D CAD Model. The actual 3-D CAD the system has an error i
. shall represent the Mechanical =~ Drawingisa 2-D model to convey the factor. An error in
. System Design as it is depicted  representation of design. Thus, the translating from 3-D to 2-D
. inthe 3-D Computer Aided the 3-D CAD System accurately can result. The 3-D Model {
Design (CAD) Mock-Up Model.  Model. represents the System exceeds the '
Mechanical Design requirement. It uses the
as it is depicted in actual model to illustrate the |
the CAD Model. design. Thus, zero

discrepancies are associated f
with this method. {




Mission
Requirement

'3.2.1.2 The method

used to illustrate the
Spacecraft
Mechanical System
Design shall be
capable of being
configuration
controlled.

2-D Drawing
System
Compliance

Drawings are controlled

- through the Configuration

Data Management Office
(CDMO). The drawing is
delivered to the Parts Data
Management (PDM)
System in an electronic or
hard copy format. Once
approved and signed by
the reviewers, CDMO
places a meta data stamp
on the drawing which
states the release date and
revision level. The
drawing is then controlled
and released

B

3-D Model
System
Compliance

The 3-D Model System
Models are controlled by
the Configuration Data
Management Office
(CDMO). The model is
uploaded to the Parts
Data Management
System (PDM) in an
electronic format. Once
approved and signed by
the reviewers, CDMO
marks the model with
the release date and
revision level. The model
is then controlled and

released.

Grade Explanation

Both systems meet the

Requirement. 2-D Drawings |

and the 3-D Models are
controlled thru the PDM
system. The CDMO owns
the -2D drawings and the 3-
D Modéels.

|




Mission

2-D Drawing

3-D Model

Grade Explanation

i
i

|

I
¥

Requirement System System
Comphance Compliance

3.2.1.3 The method Drawings are blue 3-D Model System conveys A+ Both systems exceed the

used to illustrate the prints for mechanical the form, fit, and function requirement. A
- Spacecraft Mechanical assembly design. of the manufactured item. manufacturer is more than

System Design shall Drawings convey the In addition, it provides capable of producing a part
be capable of form, fit, and function infienntberot using a drawing or the 3-D |
. : of the manufactured 2 ; : Model Based System. The 3- l
- producinga St e viewpoints which help D Model Based System

manufactured e illustrate design intent, provides additional

product. interfaces, and accessibility information to the

points. manufacturer.

- 3.2.1.4 The method Drawings are capable of The 3-D Model System is B Both Systems meet the .. |
. used to illustrate the being revised and capable of being revised Requirement. Design . . {

Spacecraft Mechanical extensively revised if and extensively revised if changes are illustrated by |
- System Design shall necessary. A new necessary. A new revision Revisionsin the2-D -~

be capable of vevision is exsdied in of the model is created. drawing System and thes—D

- illustrating design
. changes.

revise a drawing. Once
the revision is approved
it is controlled and
stored by CDMO.

The model revision is
approved. Once approved
the model is stored and
controlled by CDMO.

Model System. The

revisions are controlled by

CDMO.

I
’ i
i
l




2-D Drawing
System
Compliance

Mission

Requirement

3.2.1.5 The User(s)

ults — Trade Study Analysis

Py,

3-D Model
System
Compliance

3-D '

Grade

Grade Explanation

Drawingé are stored in The 3-D Model System B Both Systes meet the
- shall be capable of the PDMO database models are stored Requirement. A user is
- accessing the system. Drawings are electronically in the PDMO capable of accessing a 2-D
product(s) produced  stored electronically or database system. The drawing by downloading it
- by the method via hard copy. Drawings model can be downloaded from the PDM system or
chosen, without can be retrieved by and viewed directly from printing a hard copy from
incident. downloading and the PDMO database. It can the PDM system. A user is
electronic copy or by also be viewed from other capable of accessing the 3-D
printing a hard copy products such as Product model by downloading and
from the PDMO View and DELMIA. viewing it from the PDM i
~database. system or viewing it from
software such as Product
BTN R R ; View or DELMIA. e
3.2.1.6 The method See Appendix A See Appendix A A Both systems integrate well -
used to illustrate the of Final Report of Final Report within the Systems " . -~ .0
- Spacecraft Mechanical Engineering Process. The 3- |
- System Design shall D Model System exceeds the
' be capable of standard 2-Drawing System
 integrating within the during the Requirements
- Spacecraft Systems Definition and Architecture

Engineering Process.

Design Processes.
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