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ESD IMCE
Overview

• Description of mass properties engineering at JPL

• MEL/MP relationship at JPL

• History of JPL mass properties tools

• Deconstruction of mass properties task

• Model-based mass properties implementation

• Ongoing work
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JPL Mass Properties Engineer

JPL Industry
Mechanical Engineering Systems Engineering

Responsible for Mass Properties Responsible for Mass Equipment 
List (MEL) and Mass Properties

One-offs Assembly line
One-time job Career
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• Unique position at JPL

• Typically must generate new tool set for specific project

• Since Mass Properties and MEL managed by different people at 
JPL, discrepancies must be resolved scrub to scrub
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MEL vs. Mass Properties
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MEL* Mass Properties
Organized using Subsystem Reference 
Designator, physical decomposition, or 
Work Breakdown Structure (WBS)

Organized using physical layout 
(assembly hierarchy)

Tracks major deliverables and lumps 
together many components (e.g. 
“structures”, etc.)

Tracks every delivered item on the 
vehicle, limited grouping (fasteners, as-
measured subassemblies)

Tracks positive margin on mass only Tracks bidirectional uncertainties on the 
CBE of each of the 10 parameters.  
Sometimes mass uncertainty equals 
margin.

Manages global maximum mass Manages vehicle dynamics

Traditionally generated by filtering info 
from Cog-E to PEM to MEL holder

Generated by directly interfacing with 
part designers and Cog-E

Represents officially accepted flight 
system configuration

Current working configuration (which 
usually becomes official configuration)

“Official” mass during development “Official” mass for ATLO, launch, and 
operations

Usually active until majority of hardware 
is delivered

Active and changing up to launch (into 
flight if needed)

*The MEL is changing with MBSE implementation.  Here we refer to a traditional MEL.
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MEL Uncertainty vs. Mass Properties Uncertainty

From ANSI/AIAA S-120A-201X (DRAFT)
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Current Best Estimate (CBE)

Not To Exceed Mass (NTE)

MEL Uncertainty or “contingency”

Limit set by requirements (can be renegotiated)
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MEL Uncertainty vs. Mass Properties Uncertainty

From ANSI/AIAA S-120A-201X (DRAFT)
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Mass Properties Uncertainty (positive, mass gain)

Mass Properties Uncertainty (negative, mass loss)

Not To Exceed Mass (NTE)

Limit set by requirements (can be renegotiated)

MEL Uncertainty or “contingency”

Current Best Estimate (CBE)
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Worst Case MEL vs. Worst Case Mass Properties
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A B

Does worst case MEL equal worst case mass prop?

Are you most imbalanced when everything comes in heavy?



ESD IMCE
Worst Case MEL vs. Worst Case Mass Properties
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A B

Worst case MEL does not equal worst case mass prop!

A balanced system will stay balanced if equal mass is added to each side 
e.g. the center of mass will not move
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Worst Case MEL vs. Worst Case Mass Properties
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Worst case mass properties occurs when some things 
come in very light and some come in very heavy
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MEL Uncertainty vs. Mass Properties Uncertainty

From ANSI/AIAA S-120A-201X (DRAFT)
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Mass Properties Uncertainty (positive, mass gain)

Mass Properties Uncertainty (negative, mass loss)

Not To Exceed Mass (NTE)

Limit set by requirements (can be renegotiated)

MEL Uncertainty or “contingency”

Current Best Estimate (CBE)
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MEL Uncertainty vs. Mass Properties Uncertainty

From ANSI/AIAA S-120A-201X (DRAFT)
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Mass Properties Uncertainty (positive, mass gain)

Mass Properties Uncertainty (negative, mass loss)

Not To Exceed Mass (NTE)

Limit set by requirements (can be renegotiated)

MEL Uncertainty

Current Best Estimate (CBE)
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MEL Uncertainty vs. Mass Properties Uncertainty

From ANSI/AIAA S-120A-201X (DRAFT)
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Mass Properties Uncertainty (positive, mass gain)

Mass Properties Uncertainty (negative, mass loss)

Not To Exceed Mass (NTE)

Limit set by requirements (can be renegotiated)

MEL Uncertainty or “contingency”

Current Best Estimate (CBE)
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Which Official is Official?
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Mass Properties Current Best Estimate (CBE)

Mass Properties Uncertainty 
(positive, mass gain)

Mass Properties Uncertainty 
(negative, mass loss)

Not To Exceed Mass (NTE)

Limit set by requirements

MEL Uncertainty or “contingency”

MEL Current Best Estimate (CBE)
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Relating Mass Properties and MEL Line Items
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MEL Mass Properties
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Mass Flow Through System
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FS MEL Engineer

Mass Properties 
Engineer

System Manager

PEM

Cog-E

Change Control Board

System Manager

PEM PEM

Cog-E

Designer Designer

M1

Does M1 = M2?

M2
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Mass Flow Through System
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FS MEL Engineer

Mass Properties 
Engineer

System Manager

PEM

Cog-E

Change Control Board

System Manager

PEM PEM

Cog-E

Designer Designer

M1

Does M1 = M2?
Not always!

M2
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Takeaways

• Mass and mass uncertainty has different 
meanings, representations, and 
consequences through a system

• One part can have multiple masses!

• The MEL and Mass Properties 
calculations are used for fundamentally 
different purposes
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History of JPL Mass Properties (1970 - 1980’s)
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Process:
• Collect component info from 

Cog-E (verbal, paper form)
• Generate center of mass and 

inertia tensor approximation 
for each input (simple solids)

• Manually put data into input 
format (punch cards)

• Computer generates mass 
properties (MAPI, 1972)

• Generate report (type)
• Publish (physical memo)

Advances:
• Better organization 
• Faster turnaround
• Increased reliability from hand 

calculations
• (Bad) Monte Carlo uncertainty 

available on Apple II (1979)
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History of JPL Mass Properties (1990 - 2000’s)
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Process:
• Collect component info from 

Cog-E (paper form)
• Generate center of mass and 

inertia tensor approximation 
for each input using simple 
solids and CAD

• Manually put data into input 
format (Excel table)

• Computer generates mass 
properties (VBA Excel code, 
late-project Matlab)

• Generate report (Word, 
Excel, Matlab)

• Publish (digital memo)

Advances:
• Better organization 
• Faster turnaround
• Project-specific aggregation 

code
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History of JPL Mass Properties (2010’s)
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Process:
• Collect component info from 

Cog-E (digital form)
• Generate center of mass and 

inertia tensor approximation 
for each input using CAD

• Manually put data into input 
format (Excel table)

• Computer generates mass 
properties (Matlab)

• Generate report (Word, 
Excel, Matlab)

• Publish (digital memo)

Advances:
• Better organization 
• Early project Monte Carlo 

(better control over 
component uncertainties)

• Component history
• Faster turnaround [WHY?]

Standard data format for all calculation tools

Access database holds full record of mass properties inputs

Digital mass properties form with formatted back end
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Mass Properties Calculation (Scrub) Timeline
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Balance system and create secondary data 
products (project specific software)

Calculate CBE mass prop and uncertainties for 
major subassemblies (general software)

Create Report

Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties

Steps to calculate mass properties have remained largely unchanged through years

Part A

Part B
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Mass Properties Calculation (Scrub) Timeline
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Balance system and create secondary data 
products (project specific software)

Calculate CBE mass prop and uncertainties for 
major subassemblies (general software)

Create Report

Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties
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Mass Properties Calculation (Scrub) Timeline
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Balance system and create secondary data 
products (project specific software)

Calculate CBE mass prop and uncertainties for 
major subassemblies (general software)

Create Report

Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties
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Part A

Part B

1. Part B of timeline has increased in speed from 1970’s until present – fast enough!
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Mass Properties Calculation (Scrub) Timeline
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Balance system and create secondary data 
products (project specific software)

Calculate CBE mass prop and uncertainties for 
major subassemblies (general software)

Create Report

Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties
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Part A

Part B

1. Part B of timeline has increased in speed from 1970’s until present – fast enough! 
2. Part A has not sped up significantly since CAD was introduced!
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Mass Properties Calculation (Scrub) Timeline
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Balance system and create secondary data 
products (project specific software)

Calculate CBE mass prop and uncertainties for 
major subassemblies (general software)

Create Report

Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties
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Part B

1. Part B of timeline has increased in speed from 1970’s until present – fast enough! 
2. Part A has not sped up significantly since CAD was introduced!

At heart, this is a data management problem!
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How Do We Increase the Speed of Part A?
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Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties

Part A

• Cannot increase the speed of face to face interactions
– Will always need to have discussions to clarify “the black box”
– Vendors will work the way they want to work
– Some part of this will always look the way it has (manual override)
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How Do We Increase the Speed of Part A?
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Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties

Part A

• Cannot increase the speed of face to face interactions?
– Will always need to have discussions to clarify “the black box”
– Vendors will work the way they want to work
– Some part of this will always look the way it has (manual override)

• For certain components, could automate transfer of CAD data
– CAD most accurately captures machined metal components
– Fortunately, this is ~75% of what’s on a spacecraft!
– If correct density in CAD, mass properties can be used directly
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Can’t you just do this in CAD?

• Is CAD important in mass properties – YES!
– Has greatly improved our estimate of nominal mass properties for 

machined components
– Helps understand how mass is distributed through system

• Can you get everything you need from CAD – NO!
– No uncertainties
– Parts evolve and mature (do not materialized fully modeled)
– Not everything is modeled (harness, blankets, electronics, etc)
– Not everything in CAD is real (envelopes, etc.)
– Densities can be inconsistent or in error
– Forcing a mass on a part means management through sub-menus

• In short: 
– Must decide how to process every part on the vehicle
– Must constantly reverify/refine/correct every part on the vehicle

• It would be wonderful if our decisions could persist…
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What Would Be Needed?

• Goal: auto generation of most of the mass properties inputs

• This new mass properties data management system must:
– (Automatically) import data from CAD system(s) in both a single 

component and bulk format to serve as basis of inputs
– Group or split raw CAD data automatically to create desired input 

hierarchy (project drawing tree, current configuration, etc.)
– Automatically adjust inputs to MEL “official” mass (if desired)
– Automatically perform coordinate transforms
– Override CAD mass properties when needed (electronics boxes, 

propellant, etc.)
– Catalog and represent non-modeled objects (blankets, etc.)
– Clearly represent the state of the object (e.g. stowed or deployed)
– Define configurations of interest
– Export the mass properties for external calculations

• JPL/industry are working to solve similar problems using 
Model Based Systems Engineering

29
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What Would This Look Like?

30



ESD IMCE
What Would This Look Like?

• Today: 
– Tabular input sheet for mass properties, uncertainties, and configuration
– Manual line by line sync with CAD, Cog-Es, and MEL quarterly
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ESD IMCE
What Would This Look Like?

• Future: 
– (Tabular input sheet for mass properties, uncertainties, and configuration)
– Steady, targeted sync with CAD, Cog-Es, and MEL
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ESD IMCE
What Would This Look Like?

• Future: 
– (Tabular input sheet for mass properties, uncertainties, and configuration)
– Steady, targeted sync with CAD, Cog-Es, and MEL
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What Would This Look Like?

• Future: 
– (Tabular input sheet for mass properties, uncertainties, and configuration)
– Steady, targeted sync with CAD, Cog-Es, and MEL

34

System understands the defined mass 
properties configuration, and notifies you 
when it needs guidance (never automatic 
but never repeated) - TACTICAL



ESD IMCE
What Would This Look Like?

• Future: 
– (Tabular input sheet for mass properties, uncertainties, and configuration)
– Steady, targeted sync with CAD, Cog-Es, and MEL

35

System understands the defined mass 
properties configuration, and notifies you 
when it needs guidance (never automatic 
but never repeated) - TACTICAL

Links between the MEL and 
mass properties persist, 
even when changes occur -
STRATEGIC



ESD IMCE
What Would This Look Like?

• Future: 
– Still have to pay initial setup cost for each part
– Ways to make initial (and touchup) MP/MEL linking easier
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What Would This Look Like?

• Future: 
– Still have to pay initial setup cost for each part
– Ways to make initial (and touchup) MP/MEL linking easier
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What Would This Look Like?

• Future: 
– Still have to pay initial setup cost for each part
– Ways to make initial (and touchup) MP/MEL linking easier

38

Many to one link selected.  Split mass evenly?

Yes No
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What Would This Look Like?

• Future: 
– Still have to pay initial setup cost for each part
– Ways to make initial (and touchup) MP/MEL linking easier

39

Confirm link?

Yes No
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What Would This Look Like?

• Future: 
– Still have to pay initial setup cost for each part
– Ways to make initial (and touchup) MP/MEL linking easier

40

Link confirmed!
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Are We There Yet?
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• No
– What was just shown is very simplistic

• However:
– Have demonstrated the building blocks for a system like this

• Work this year shows that a mass properties system like 
this is technically possible
– Starts a discussion of whether this is something worth pursuing in 

full or in part 
– Input of practitioners and subject matter experts will be 

paramount

• Work this year speaks to mechanical systems in general
– Better ways to manage our information?
– Make our lives easier?
– Give us a deeper appreciation of where our vehicle stands through 

the course of development?
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Mass Properties Generation

• Example CAD test case created

• Demonstrates several 
challenges encountered in 
flight project mass properties 
management
– Different MEL/MP 

organizational structures
– Harness
– Fasteners
– Erroneous components
– Erroneous component hierarchy

• Want a way to take this system 
and auto update the mass 
properties of each component 
as the system changes
– Challenge of repeated 

components
– Resolved using unique CAD ID 42

Change in assembly mass 
properties due to deployment

Various avionics 
box architectures

“ICD defined” mass 
properties and non-
orthogonal part 
alignments

Harness

Repeated parts in 
different locations
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Database (Access)
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Initial Setup

Teamcenter

CAD (NX) Assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties

Update Script (Matlab)

System uses two programs:
1. Mass Properties Database 

(currently Access)
2. Update Script (currently 

Matlab)
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Database (Access)

44

Initial Setup

Teamcenter

CAD (NX) Assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties

Update Script (Matlab)

Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Teamcenter and NX provide 
two outputs: 
1. Unique CAD ID for each 

part in an assembly 
2. Bulk output of the mass 

properties for each part 
in an assembly
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Database (Access)

45

Initial Setup

Teamcenter

CAD (NX) Assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

iPWRtGwHxAY9gC Top Lvl

iXWRtGwHxAY9gC Asm A

ibfRtGwHxAY9gC Asm B

ifbRtGwHxAY9gC Comp D

ijdRtGwHxAY9gC Comp E

ivZRtGwHxAY9gC Comp F

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties

Mass, Cx, Cy, …

Mass, Cx, Cy, …

Mass, Cx, Cy, …

Mass, Cx, Cy, …

Mass, Cx, Cy, …

Mass, Cx, Cy, …

Update Script (Matlab)

Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Add outputs of 
Teamcenter/NX (and mass 
properties engineer’s 
defined values) to database 
to initialize a configuration
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Database (Access)
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Initial Setup

Teamcenter

CAD (NX) Assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl

105 iXWRtGwHxAY9gC Asm A

107 ibfRtGwHxAY9gC Asm B

109 ifbRtGwHxAY9gC Comp D

110 ijdRtGwHxAY9gC Comp E

111 ivZRtGwHxAY9gC Comp F

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties

322 Mass, Cx, Cy, …

588 Mass, Cx, Cy, …

622 Mass, Cx, Cy, …

701 Mass, Cx, Cy, …

887 Mass, Cx, Cy, …

988 Mass, Cx, Cy, …

Update Script (Matlab)

Part ID and MP ID are 
unique identification 
numbers generated by 
database.
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Database (Access)
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Initial Setup

Teamcenter

CAD (NX) Assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl

105 iXWRtGwHxAY9gC Asm A

107 ibfRtGwHxAY9gC Asm B

109 ifbRtGwHxAY9gC Comp D

110 ijdRtGwHxAY9gC Comp E

111 ivZRtGwHxAY9gC Comp F

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

Part ID (in MP “Sheet”) is 
defined by user to link two 
sheets together.
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Database (Access)
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Initial Setup

Teamcenter

CAD (NX) Assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

Assembly (Asm) link can 
be added to recreate 
drawing tree structure from 
flat database structure if 
desired.
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Database (Access)
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Auto Update – Data Extraction

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

Unique CAD ID and bulk 
output Mass Properties are 
exported from 
Teamcenter/NX.
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Database (Access)
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Auto Update – Processing

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

A Matlab script draws in 
these two data sets along 
with the previous mass 
properties and Unique CAD 
ID records from the 
database.
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Database (Access)
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Auto Update – Processing

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

The script first links the 
Teamcenter Unique CAD ID 
to the appropriate NX Mass 
Properties line item.
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Database (Access)

Auto Update – Sorting

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update

2. New Part in CAD

3. Deleted Part in CAD

4. New Part in Database

Script compares MP (new) to MP (old). Sends results to appropriate “bin”. 
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Database (Access)
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Auto Update – Sorting

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update

2. New Part in CAD

3. Deleted Part in CAD

4. New Part in Database

Bulk Update
Change Log
1.
2.
3.
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Database (Access)
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Auto Update – Updated Parts

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update
Unique CAD ID matches existing Unique CAD ID
New mass prop sent to Change Log (Update), Bulk Update

2. New Part in CAD

3. Deleted Part in CAD

4. New Part in Database

Bulk Update
Change Log
1. Update
2.
3.
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Database (Access)
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Auto Update – Newly Added Parts

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update
Unique CAD ID matches existing Unique CAD ID
New mass prop sent to Change Log (Update), Bulk Update

2. New Part in CAD
Unique CAD ID doesn’t match existing Unique CAD ID
New mass prop sent to Change Log (New)

3. Deleted Part in CAD

4. New Part in Database

Bulk Update
Change Log
1. Update
2. New
3.
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Database (Access)
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Auto Update – Deleted Parts

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update
Unique CAD ID matches existing Unique CAD ID
New mass prop sent to Change Log (Update), Bulk Update

2. New Part in CAD
Unique CAD ID doesn’t match existing Unique CAD ID
New mass prop sent to Change Log (New)

3. Deleted Part in CAD
Unique CAD ID has no match from CAD
New mass prop sent to Change Log (Deleted)

4. New Part in Database

Bulk Update
Change Log
1. Update
2. New
3. Deleted



ESD IMCE

Database (Access)
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Auto Update – New Parts in MP Database

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update
Unique CAD ID matches existing Unique CAD ID
New mass prop sent to Change Log (Update), Bulk Update

2. New Part in CAD
Unique CAD ID doesn’t match existing Unique CAD ID
New mass prop sent to Change Log (New)

3. Deleted Part in CAD
Unique CAD ID has no match from CAD
New mass prop sent to Change Log (Deleted)

4. New Part in Database
Added via database, Unique CAD ID not assigned, no update

Bulk Update
Change Log
1. Update
2. New
3. Deleted
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Database (Access)

58

Auto Update – Bulk Update of MP Database Values

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update
Unique CAD ID matches existing Unique CAD ID
New mass prop sent to Change Log (Update), Bulk Update

2. New Part in CAD
Unique CAD ID doesn’t match existing Unique CAD ID
New mass prop sent to Change Log (New)

3. Deleted Part in CAD
Unique CAD ID has no match from CAD
New mass prop sent to Change Log (Deleted)

4. New Part in Database
Added via database, Unique CAD ID not assigned, no update

Bulk Update
Change Log
1. Update
2. New 
3. Deleted Bulk update values added to mass prop “sheet”.
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Database (Access)
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Auto Update – Manual Processing, New and Deleted

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

1. Part Update
Unique CAD ID matches existing Unique CAD ID
New mass prop sent to Change Log (Update), Bulk Update

2. New Part in CAD
Unique CAD ID doesn’t match existing Unique CAD ID
New mass prop sent to Change Log (New)

3. Deleted Part in CAD
Unique CAD ID has no match from CAD
New mass prop sent to Change Log (Deleted)

4. New Part in Database
Added via database, Unique CAD ID not assigned, no update

Change Log
1. Update
2. New – process manually
3. Deleted – process manually

New and Deleted values processed manually.
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Database (Access)
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Auto Update – Export of New Properties for MP Calc

Teamcenter

CAD (NX) Assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

Export of latest values to mass 
properties calculation software 

via SQL query.
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Database (Access)
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Auto Update – Processing

Teamcenter

CAD (NX) Assembly
Mass Properties (MP) (new) for 
each part and subassembly in master 
assembly (Adv. Weight Management)

Unique CAD ID for each part and 
subassembly in master assembly

Part “Sheet”
Part ID Unique CAD ID Name Asm

101 iPWRtGwHxAY9gC Top Lvl N/A

105 iXWRtGwHxAY9gC Asm A 101

107 ibfRtGwHxAY9gC Asm B 101

109 ifbRtGwHxAY9gC Comp D 105

110 ijdRtGwHxAY9gC Comp E 107

111 ivZRtGwHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”
MP ID Part ID Mass Properties (old)

322 109 Mass, Cx, Cy, …

588 110 Mass, Cx, Cy, …

622 109 Mass, Cx, Cy, …

701 111 Mass, Cx, Cy, …

887 111 Mass, Cx, Cy, …

988 109 Mass, Cx, Cy, …

Update Script (Matlab)

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)]

Repeat process for future 
updates.  All previous 
decisions regarding part 
properties persist.  Only need 
to update changes to model.
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Mass Properties Representation in SysML
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Example
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ESD IMCE
Demonstration of MBSE Implementation
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ESD IMCE
Requirements 

Check against the requirements: 

• This new mass properties data management system must:
– (Automatically) import data from CAD system(s) in both a single 

component and bulk format to serve as basis of inputs
– Group or split raw CAD data automatically to create desired input 

hierarchy (project drawing tree, current configuration, etc.)
– Automatically adjust inputs to MEL “official” mass (if desired)
– Automatically perform coordinate transforms
– Override CAD mass properties when needed (electronics boxes, 

propellant, etc.)
– Catalog and represent non-modeled objects (blankets, etc.)
– Clearly represent the state of the object (e.g. stowed or deployed)
– Define configurations of interest
– Export the mass properties for external calculations
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Work to Go

• User interface needs improvement
– Managing mass properties through SysML diagram 

and/or sub menus is not a transparent workflow

• Continue to work with and coordinate mass 
properties modeling efforts with I-MEL 
modeling development task

• Import mass properties from CAD directly

• Incorporate unique CAD ID for each part

• Incorporate CAD auto updates 
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ESD IMCE
Conclusion

• Clarified roles for MEL and mass properties

• Formalized concepts for mass properties

• Model that can be queried and validated

• Created backbone for mass properties toolset

• Demonstrated the flow of data through system

• Moving to discussions with subject matter 
experts and mass properties user community
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Backup
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ESD IMCE
What are Mass Properties?

• The mass properties refer to 10 numerical parameters that 
define the dynamic behavior of an object:
– Mass
– Center of mass (x, y, z)
– Inertia tensor:

• Moment of Inertia: (Ixx, Iyy, Izz)
• Product of Inertia: (Ixy, Ixz, Iyz)

• In reality this number is actually over 30, as each parameter 
has a positive and negative uncertainty applied to it

• An object can be anything: a bolt, a box, or a spacecraft

• Parts aggregate to the whole through 10 equations

• Mass properties are during all project phases to design, handle 
(lifts, turnovers), test (modal), launch, and fly a spacecraft
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Linking Mass Properties and MEL in SysML

• Currently, parts are linked manually using SysML diagrams

• This illustration is a One to Many relationship
– Note that the current iteration supports only One to One links
– A mass properties “sub assembly” is required here

• Must ensure that output of linking maintains format desired by 
mass properties engineer 
– Sub assembly block must be a transparent link
– Each Panel Bracket gets ¼ of the mass represented in MEL (or 

whatever percentage is desired)
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Linking Mass Properties and MEL in SysML

Not the clearest (or safest) way to manage large, shifting assemblies.
User interface work will be critical for flight project adoption and use.
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CAD Mass Properties and Unique ID Output

• NX provides a method to output the estimated mass properties 
for each individual part file in an assembly

• However, notice that there are four different parts of the same 
exact name with four different mass properties.

• Teamcenter holds unique identification numbers that 
differentiate each component within an assembly.

• Unique ID maintained until a part is deleted from an assembly, 
meaning that once linked to mass properties, it persists
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Component Mass Xchar Ychar Zchar Ixx Iyy Izz Pyz Pxz Pxy
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 186.4836 486.4836 13.25278 13.25278 13.252778 -1.93229 1.932286 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 13.51636 13.25278 13.25278 13.252778 -1.93229 -1.93229 -1.93229
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 286.4836 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 -1.93229 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 1.932286 -1.93229

Center of Mass Moments of Inertia (Centroidal) Products of Inertia (Centroidal)

BOM Line bl_occ_fnd0objectId Relative Transformation Matrix
        MLH_MMP_CHK_Panel_Bracket/A1      SleRtAUWxAY9gC       -1 0 0 0 0 1 0 0 0 0 -1 0 0.3 0 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpURtAUWxAY9gC       1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpaRtAUWxAY9gC       0 1 0 0 1 0 0 0 0 0 -1 0 1.70530256582424e-016 7.105427357601e-018 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      StWRtAUWxAY9gC       1 0 0 0 0 -1 0 0 0 0 -1 0 0 0.2 0.5 1
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CAD Mass Properties and Unique ID Linking

• There is likely a way to export these data products together 
within Teamcenter/NX

• For this study, we put together a simple linking script
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Component Mass Xchar Ychar Zchar Ixx Iyy Izz Pyz Pxz Pxy
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 186.4836 486.4836 13.25278 13.25278 13.252778 -1.93229 1.932286 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 13.51636 13.25278 13.25278 13.252778 -1.93229 -1.93229 -1.93229
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 286.4836 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 -1.93229 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 1.932286 -1.93229

Center of Mass Moments of Inertia (Centroidal) Products of Inertia (Centroidal)

BOM Line bl_occ_fnd0objectId Relative Transformation Matrix
        MLH_MMP_CHK_Panel_Bracket/A1      SleRtAUWxAY9gC       -1 0 0 0 0 1 0 0 0 0 -1 0 0.3 0 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpURtAUWxAY9gC       1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpaRtAUWxAY9gC       0 1 0 0 1 0 0 0 0 0 -1 0 1.70530256582424e-016 7.105427357601e-018 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      StWRtAUWxAY9gC       1 0 0 0 0 -1 0 0 0 0 -1 0 0 0.2 0.5 1

Step 1: Locates one to one name matches
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CAD Mass Properties and Unique ID Linking

• There is likely a way to export these data products together 
within Teamcenter/NX

• For this study, we put together a simple linking script
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Component Mass Xchar Ychar Zchar Ixx Iyy Izz Pyz Pxz Pxy
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 186.4836 486.4836 13.25278 13.25278 13.252778 -1.93229 1.932286 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 13.51636 13.25278 13.25278 13.252778 -1.93229 -1.93229 -1.93229
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 286.4836 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 -1.93229 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 1.932286 -1.93229

Center of Mass Moments of Inertia (Centroidal) Products of Inertia (Centroidal)

BOM Line bl_occ_fnd0objectId Relative Transformation Matrix
        MLH_MMP_CHK_Panel_Bracket/A1      SleRtAUWxAY9gC       -1 0 0 0 0 1 0 0 0 0 -1 0 0.3 0 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpURtAUWxAY9gC       1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpaRtAUWxAY9gC       0 1 0 0 1 0 0 0 0 0 -1 0 1.70530256582424e-016 7.105427357601e-018 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      StWRtAUWxAY9gC       1 0 0 0 0 -1 0 0 0 0 -1 0 0 0.2 0.5 1

Step 2: Sorts multiples by X, Y, and Z.  
Pairs with closest relative transform matrix.
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CAD Mass Properties and Unique ID Linking

• There is likely a way to export these data products together 
within Teamcenter/NX

• For this study, we put together a simple linking script
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Component Mass Xchar Ychar Zchar Ixx Iyy Izz Pyz Pxz Pxy
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 186.4836 486.4836 13.25278 13.25278 13.252778 -1.93229 1.932286 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 13.51636 13.25278 13.25278 13.252778 -1.93229 -1.93229 -1.93229
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 286.4836 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 -1.93229 1.932286
    MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.51636 13.51636 486.4836 13.25278 13.25278 13.252778 1.932286 1.932286 -1.93229

Center of Mass Moments of Inertia (Centroidal) Products of Inertia (Centroidal)

BOM Line bl_occ_fnd0objectId Relative Transformation Matrix
        MLH_MMP_CHK_Panel_Bracket/A1      SleRtAUWxAY9gC       -1 0 0 0 0 1 0 0 0 0 -1 0 0.3 0 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpURtAUWxAY9gC       1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
        MLH_MMP_CHK_Panel_Bracket/A1      SpaRtAUWxAY9gC       0 1 0 0 1 0 0 0 0 0 -1 0 1.70530256582424e-016 7.105427357601e-018 0.5 1
        MLH_MMP_CHK_Panel_Bracket/A1      StWRtAUWxAY9gC       1 0 0 0 0 -1 0 0 0 0 -1 0 0 0.2 0.5 1

Step 3: Pairs unique ID with appropriate 
line of mass properties data
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Which Official is Official?
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Mass Properties Current Best Estimate (CBE)

MEL Uncertainty

Mass Properties Uncertainty 
(positive, mass gain)

Mass Properties Uncertainty 
(negative, mass loss)

MEL Current Best Estimate (CBE)
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Linking Mass Properties and MEL
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MEL Mass Properties
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…
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Note: “None to One” and “One to None” are also possible
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How Do We Increase the Speed of Part A?
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Export component mass prop from 
CAD (machined components)

Generate mass prop for complex 
components (avionics box, propellant)

Import 
vendor data

Adjust raw mass prop as necessary (change 
coordinate sys, scale inertias to MEL mass)

Setup processed components in mass prop 
input sheet and add uncertainties

Part A

• Cannot increase the speed of face to face interactions?
– Will always need to have discussions to clarify “the black box”
– Vendors will work the way they want to work
– Some part of this will always look the way it has (manual override)

• For certain components, could automate transfer of CAD data
– CAD most accurately captures machined metal components
– Fortunately, this is ~75% of what’s on a spacecraft!
– If correct density in CAD, mass properties can be used directly
– Currently manual transfer, must be checked quarterly for changes
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Potential of Model Based Systems Engineering

• Model Based Systems Engineering is not about:
– A unified mother of all models
– Forcing new modeling tools on a project
– Powerful calculation tools or graphical vehicle representations

• Model Based Systems Engineering is about:
– Breaking down information silos
– Centralizing information storage
– Pipeline for information distribution

• MBSE has the potential to improve the Mass Properties task in several 
ways:
– Provide single source of truth for component mass
– Streamline/remove last bottleneck in automating data processing
– Automate the generation of regular reports and HRCR paperwork

• MBSE is already being used for MEL management on Mars 2020 and 
Europa Clipper

• Since future mass properties engineers will likely have to interface 
with a MBSE MEL, how can we use MBSE to our advantage?
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What Would This Look Like?

• Future: 
– (Tabular input sheet for mass properties, uncertainties, and configuration)
– Steady, targeted sync with CAD, Cog-Es, and MEL
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