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Overview
e Description of mass properties engineering at JPL
e MEL/MP relationship at JPL
e History of JPL mass properties tools
e Deconstruction of mass properties task

e Model-based mass properties implementation

e Ongoing work



JPL Mass Properties Engineer

JPL

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

e Unique position at JPL
e Typically must generate new tool set for specific project

e Since Mass Properties and MEL managed by different people at
JPL, discrepancies must be resolved scrub to scrub



MEL vs. Mass Properties

Organized using Subsystem Reference Organized using physical layout
Designator, physical decomposition, or (assembly hierarchy)
Work Breakdown Structure (WBS)

Tracks major deliverables and lumps Tracks every delivered item on the
together many components (e.g. vehicle, limited grouping (fasteners, as-
“structures”, etc.) 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 Generated by directly interfacing with
from Cog-E to PEM to MEL holder part designers and Cog-E
Represents officially accepted flight Current working configuration (which
system configuration usually becomes official configuration)
“Official” mass during development “Official” mass for ATLO, launch, and
operations
Usually active until majority of hardware Active and changing up to launch (into
is delivered flight if needed)

*The MEL is changing with MBSE implementation. Here we refer to a traditional MEL. 4



MEL Uncertainty vs. Mass Properties Uncertainty

Mass Limit or MissionLimit Not To Exceed Mass (NTE)

Mass Reserve

Allowable Mass Limit set by requirements (can be renegotiated)

Mass Margin

Predicted Mass  MEL Uncertainty or “contingency”

Mass Growth Allowance (MGA)

)( Basic Mass Current Best Estimate (CBE)

From ANSI/ZAIAA S-120A-201X (DRAFT)




MEL Uncertainty vs. Mass Properties Uncertainty

Mass Limit or MissionLimit Not To Exceed Mass (NTE)

Mass Reserve

Allowable Mass

N

Mass Margin

Limit set by requirements (can be renegotiated)

Predicted Mass  MEL Uncertainty or “contingency”

X

Mass Growth Allowance (MGA)

Basic Mass Current Best Estimate (CBE)

A

Mass Properties Uncertainty (positive, mass gain)

Mass Properties Uncertainty (negative, mass loss)
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Worst Case MEL vs. Worst Case Mass Properties

ESD IMCE

Does worst case MEL equal worst case mass prop?

Are you most imbalanced when everything comes in heavy?

‘l

A




Worst Case MEL vs. Worst Case Mass Properties

ESD IMCE

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

Worst case mass properties occurs when some things
come In very light and some come Iin very heavy




MEL Uncertainty vs. Mass Properties Uncertainty

Mass Limit or MissionLimit Not To Exceed Mass (NTE)

Mass Reserve

Allowable Mass

N

Mass Margin

Limit set by requirements (can be renegotiated)

Predicted Mass  MEL Uncertainty or “contingency”

X

Mass Growth Allowance (MGA)

Basic Mass Current Best Estimate (CBE)

A

Mass Properties Uncertainty (positive, mass gain)

Mass Properties Uncertainty (negative, mass loss)

From ANSI/ZAIAA S-120A-201X (DRAFT)
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MEL Uncertainty vs. Mass Properties Uncertainty
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N

Mass Reserve
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N
A
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N

Mass Growth Allowance (MGA) Mass Properties Uncertainty (positive, mass gain)

Basic Mass Current Best Estimate (CBE)

Mass Properties Uncertainty (negative, mass loss)
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MEL Uncertainty vs. Mass Properties Uncertainty

Mass Limit or MissionLimit Not To Exceed Mass (NTE)

Mass Reserve

Allowable Mass

Mass Margin

Limit set by requirements (can be renegotiated)

Predicted Mass  MEL Uncertainty or “contingency”

Mass Growth Allowance (MGA)

Basic Mass Current Best Estimate (CBE)

A

Mass Properties Uncertainty (positive, mass gain)

Mass Properties Uncertainty (negative, mass loss)

From ANSI/ZAIAA S-120A-201X (DRAFT)
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Which Official is Official?

Mass Limit or MissionLimit Not To Exceed Mass (NTE)

,
Mass Reserve Mass Properties Uncertainty
o _ (positive, mass gain)
Allowable Mass Limit set by requirements
N
Mass Properties Current Best Estimate (CBE)
Mass Margin Mass Properties Uncertainty
(negative, mass loss)
A 4
\! Predicted Mass ~ MEL Uncertainty or “contingency”
N

Mass Growth Allowance (MGA)

)( Basic Mass MEL Current Best Estimate (CBE)
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Relating Mass Properties and MEL Line Items

MEL I Mass Properties
© |
5 |
o BAPTA ' BAPTA
+ |
) I
S |
O I
I

é‘ I Panel 1
@ |
= Panel 2
o) Structures ,
)
S I
O , Fastener n
CICJ I

' I
o PCDA Slice 1
o
o . PCDA
> |
- |
© PCDA Slice n :
= , Less common

Note: “None to One” and “One to None” are also possible
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FS MEL Engineer

Mass Flow Through System

Change Control Board

T

System Manager System Manager

PEM

PEM

PEM

Cog-E || Cog-E

T

Designer

Designer

M, Mass Properties
Engineer

Does M1 = M2?
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FS MEL Engineer

Mass Flow Through System

Change Control Board

T

System Manager System Manager

PEM

PEM

PEM

Cog-E || Cog-E

T

Designer

Designer

M, Mass Properties
Engineer

Does M1 = M2?

Not always!
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Takeaways

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

e One part can have multiple masses!

e The MEL and Mass Properties
calculations are used for fundamentally
different purposes

17



History of JPL Mass Properties (1970 - 1980’s)

ESD IMCE

Process:

e Collect component info from
Cog-E (verbal, paper form)

e Generate center of mass and
Inertia tensor approximation
for each input (simple solids)

e Manually put data into input
format (punch cards)

e Computer generates mass
properties (MAPI, 1972)

< Generate report (type) m
e Publish (physical memo)

CARD INPUT

ERROR
AMALYEIS

MASS
PROPERTIES

Advances: i o - f
- Better organization NG i
e Faster turnaround e prous cato | OHGI DigACEENT V-
e Increased reliability from hand e e e . ?
calculations worn| 8t :::fmwm

1= %{ﬂza A

e (Bad) Monte Carlo uncertainty
available on Apple 11 (1979)

VOLUME: wHIE = &)
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History of JPL Mass Properties (1990 - 2000’s)

Process:

e Collect component info from
Cog-E (paper form)

e Generate center of mass and
Inertia tensor approximation
for each input using simple
solids and CAD

e Manually put data into input
format (Excel table)

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

e Generate report (Word,
Excel, Matlab)

e Publish (digital memo)

Advances:
e Better organization
e Faster turnaround

e Project-specific aggregation
code

JPL Initiator: Uate af Heport:
Mars Science Laboratory (MSL) Morgan Hendry 9/10/2008
Mass Properties Reporting Form

Subassembly/Fari Descripiion: ar Number: erialMumber:
MSL RPFA Accommodation See chart See Chart
Subsysiem:

O Avionics O Harness O MEDLI O Propulsion | O SA-SFAH O Thermal

O GMC [ Mechanical | O Payload/Science - 0 RPS O Telecom O Cther:

ass: Basis of Mass Esfimafe:
XXX kg £ XXX ka O Calculated, reason for notmeasuring:

E Measured-Scale Model:
Serial number: Cal.Date:

Coordinate SystemUsed:
{] Spacecraft O Cruise Stage [ DescentStage [ Rover O Other:
Cenferof Mass: Basis of Center of Mass Esfimate:
em: mmzt mm B Calculated (needs approvalif mass = 5ka)
cm: mmzt mm O Measured, listequipment used below:
Zom: mmz mm
Diagramor drawing indicating Center of Mass

ocation MU ST be attached to thisform.

omentofineria (MOT) Tensorinotneededfor parts <Tkg) Walues shallbe as defined by the MOT Tensar.

I kg mmZ= % L= +2)m - L =—|(w)dm
Iyy: kg mm2+ % P - o
o kg mme= % L=|(+7)dn L =—|(z)im
lxy: kg mmZt % IL=|@"+y")m I =-| (gz)dm
Iz kg mm?+ % 2 ( i - e
vz kg mm#= o Basis of Inerfia Estimate:

O Calculated

omentof Ineria taken about: O Measured, listequipment used below:

O ltem Center of Mass O Other:

s anynon-fight HWincludedinthe above estimates? [JYes [ No
f Yes, list mass and location of all non-flight HW:

s anyflighfHWmissinginthe aboveestimates? [JYes [ No
f Yes, list mass and location of all missing flight HW:

General Comments:

Thermal Enclosure currently has no IR - it was assembled by an AIDS (253853). Each piece parthas an IR (see attached
sheet). Enclosure S/N 001 was usedto determine the mass (Flight S/IN 002 in DHMR bakeout). Mass was measured
with closeout epoxy applied, but before paint and final MuSil closeout (marginal weight additions).

ass Froperies Engineer:

Santi Udomkesmalee

Fame Signature Date

nit Cognizant Engineer.

Morgan Hendry

Name Signature Date
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History of JPL Mass Properties (2010’s)

Process: Digital mass properties form with formatted back end

P Collect com p onent info from — Cortat Information e —

| Other Gy | 62212010 | JPL | Other Guy's Avionics Box | Spacecraft j
3 3 £ First Mame Last Mame Date (xxfxxfeooa) Location Part Mame Subsystem
Og_ Igl a Orl Il (IPL, ste.) =
| other.quy@ipl.nasa.gov | 8181234567 [ 12345678-1 I | eosmsgms-1
Emnail (xxa@rexe, ) Phone {xax wo xxxx) Part Mumber {xxxxxxxe-x)  Serial Mumber et Assembly Up (xoecoane-x)

e Generate center of mass and

Inertia tensor approximation /= T [ cn ||| r sty © -
Mass (ka) . ,407 quired inpul

for each input using CAD - :

3 " Measured * Calculated ‘ | | ‘ Based off of MSL Stuff, uncertainty based on predicted mass growth and pot

Basis of Mass Estimate

= Manually put data into input e

format (Excel table)
Standard data format for all calculation tools
e Computer generates mass — R e ——

properties (Matlab)

e Generate report (Word,
Excel, Matlab)

e Publish (digital memo)

ribation param tar 3

s smber o percent (ng?
mass uncertainy high e
mass uncertainty low (240100
Invtrument_Depleyed_Spinning
[ Feed Awm

e certainty low g}

[SMAD-MDS OMT-COCOON-ASS|

Bipod Tobe Q1 6)
0}

WAy T
Tk (G 31

Advances: SR ?F
e Better organization Access database holds full record of mass properties inputs

= 31 Noble Jones Noble.G.Jones@nasa.gov 3012862206 GSFC 7/15/2010

P E I H t M t C I ParID -1 Part_Numbe - | Serial_Numi - Part_Name <] Subsystem - | Next_; bly 1| C - Date_Part_Created -
a r y p rOJ e C O n e a r O & 1097 10318021-1 Corelated Noise Source (CNS/CND) Spun Instrume 32 7/16/2010

;] 1098 10318028-1 Coupler [+Y) Spun instrume 2 7/16/2010

b tt t I & 1100 10318028-1 Coupler {-Y} Spun Instrume 32 7/16/2010

e e r CO n ro Ove r i 1096 10318025-1 Diplexer (+X) Spun Instrume 32 7/16/2010

® 1099 10318025-1 Diplexer (-X) Spun Instrume 32 7/16/2010

- - & 1093 10318022-1 Radiometer Back End (RBE) Spun Instrume 26 7/16/2010

CO I I l p O n e n t u n Ce rtal n tl eS = 1094 10318023-1 Radiometer Digital Electronics (RDE)  Spun Instrume 26 7/15/2010

MPID -  Mass - Cx - cy - a - Txx - Iyy - 1z
- 278 12.716814 137.18805 113.65677 102.77685 120298.94 133420.02 169618.02
® CO m O n e n t h I Sto r 286 12.716814 156.24961849885 421.549522504187 298.557388805578 165810.666463015 124106.292703619 133420.020833366 -13
p y #* (New)
; 1095 10318024-1 Radiometer Front End (RFE) Spun Instrume 32 7/15/2010

&
f) * (New) 8/14/2010 7:16:05 2\
W I I Y [ & 44 pPam Hoffman Pamela.).Hoffman@|pl.nasa.gov 8183546756  JPL 7/31/2010

38 Rebecca Mikhaylov rebecca.l.mikhaylov@jpl.nasa.go 818 3549820  JPL 7/21/2010 20



Mass Properties Calculation (Scrub) Timeline

CAD (machined components)

Export component mass prop from Generate mass prop for complex
components (avionics box, propellant) vendor data

Import

Part A

Part B

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

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

Balance system and create secondary data

products (project specific software)

Create Report

Steps to calculate mass properties have remained largely unchanged through years

21



Mass Properties Calculation (Scrub) Timeline

Time ¢

Export component mass prop from Generate mass prop for complex Import
CAD (machined components) components (avionics box, propellant) vendor data

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

Part A

Weeks/Months
1

Setup processed components in mass prop
input sheet and add uncertainties

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

Minutes
1

Part B Balance system and create secondary data
products (project specific software)

Create Report

Days
1
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Mass Properties Calculation (Scrub) Timeline

Time ¢

Export component mass prop from Generate mass prop for complex Import
CAD (machined components) components (avionics box, propellant) vendor data

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

Part A

Weeks/Months
1

Setup processed components in mass prop
input sheet and add uncertainties

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

Minutes
1

Part B Balance system and create secondary data
products (project specific software)

Create Report

|

Part B of timeline has increased in speed from 1970’s until present — fast enough!

= Days

23



Mass Properties Calculation (Scrub)

Timeline

ESD IMCE

Time
Export component mass prop from Generate mass prop for complex Import
CAD (machined components) components (avionics box, propellant) vendor data
g /
S
= Adjust raw mass prop as necessary (change
) coordinate sys, scale inertias to MEL mass
< Part A Y )
()
= .
Setup processed components in mass prop
input sheet and add uncertainties
Calculate CBE mass prop and uncertainties for
0 major subassemblies (general software)
5 d
=
= Part B Balance system and create secondary data
products (project specific software)
0 pu—
= - Create Report
D —-—
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

Time
Export component mass prop from Generate mass prop for complex Import
CAD (machined components) components (avionics box, propellant) vendor data
g /
S
= Adjust raw mass prop as necessary (change
) coordinate sys, scale inertias to MEL mass
g Part A d )
()
= .
Setup processed components in mass prop
input sheet and add uncertainties
Calculate CBE mass prop and uncertainties for
0 major subassemblies (general software)
5 d
=
= Part B Balance system and create secondary data
products (project specific software)
0 pu—
= - Create Report
D —-—
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?

Export component mass prop from Generate mass prop for complex Import
CAD (machined components) components (avionics box, propellant) vendor data

—a

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

Setup processed components in mass prop
input sheet and add uncertainties

!

e 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?

Export component mass prop from Generate mass prop for complex Import
CAD (machined components) components (avionics box, propellant) vendor data

—

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

Setup processed components in mass prop
input sheet and add uncertainties

!

e 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)

e For certain components, could automate transfer of CAD data
— CAD most accurately captures machined metal components
— Fortunately, this is ~75%0 of what’s on a spacecraft!
— If correct density in CAD, mass properties can be used directly

27



Can’t you just do this in CAD?

e |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

e Can you get everything you need from CAD — NO!
— NoO 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

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

e It would be wonderful if our decisions could persist...

28



What Would Be Needed?

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

e 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

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

29



What Would This Look Like?

30



What Would This Look Like?

ESD IMCE

-
e Today:
— Tabular i nput sheet for mass prope rties, uncertainties, and Conflgu ration
— Manual line by line sync with CAD, Cog-Es, and MEL quarterly
A B C D E F G H J I L pAR O P [¥] R E OH DI DJ DR DL DM DM DO D o
17 2 a2 9 o m 12 56 17 18 19 T2 1200 128 126
2 Mass Properties Inputs Als
=
-
4
g
2 5 3
g = 5| -
Z|0 = 213
| L ] "/l
3o g @
F1E] 3 gl
& 5 HEFIREREE
= = 2 MBI 2 E| el ¢
5 5 =] 5 T =2 S| E| 3]
= Il = = i =| 3|5 =| 5| &t
E = = N - 3| € o 2| ¢ ¢
g 2 £l 2l = 2l Elz 2| E| 8¢
2 z 2 z a2 s|Z|El=|E|=|a|a
2 = £ =2 £ HEIEEEREEE
2 2 2l 2| 2 HE R
" — _ — — —_ —_ S c c c c glo|3|Z[(PlE|R
. g g g g g g SO 5 3 i) -1 - T = R I e e
@ 5 a = = £ 4 = 22> 1 214
3 _ € € 5 € 5 € % i & 5 ol &8 z|E] B )4
£ z 5 - - - E E E g E E E g ¢ 2 g B[ 2|E16]| | 5| <] 3
J [ = E E E o o o o o o c 3 3 S 3 G| E|S|Z|5| 5|32
z g g E E E & ) 2 < & 20 o 7 el 2l @ s| 28|23 8| 2|23
5 K b} = = N ® > N FY N N ] b} ] ] b} HEEIF I
3 4 o b3 % ) il 2 2 X E 2 H B H H £ Sl &|8|2|&|&|&|dv
61 1031700531 BAPTA [stationary] [deployved] 11.3360 -0.0300 -0.1000] 2075.0548 321347.0000] 321320.0000] 53887.0000 -8.0000 £3.0000 2700000 n -0.136 0136 0 -
62 103170053-1 BAPTA [stationary] [stowed)] 11.3360 -0.0300 -0.1000] 2069.8548 321347.0000] 321320.0000] 53887.0000 -8.0000 £3.0000 2700000 n -0.136 0136 1} 0 _|o
63 10317212-2 Bracket Tie Down MLI-6 0.0400 -134.4000] 270.1000] 1937.2000 188.0000] £39.0000 924.0000 303.0000 1.0000 -1.0000] n -0.00 0.0710 o |[o 0 _|o
64 10317212-1 Bracket Tie Dawn MLI-S 0.0500 -274.3000 -128.3000] 1937.8000 748.0000 224.0000 968.0000 -353.0000 0.0000 3.0000 n -0.00 0.0710 o |[o 0 _|o
65 10317212-1 Bracket Tie Daown MLI-5 [#2) 0.0500 128.3000] -274.3000 1937.8000 224.0000 748.0000 968.0000 359.0000 -3.0000 0.0000 n -0.00 0.0710 o |[o 0 _|o
66 10317212-1 Bracket Tie Daown MLI-5 [#3] 0.0500 274.3000 128.3000] 1937.8000 748.0000 224.0000 968.0000 -353.0000 0.0000 -3.0000 n -0.00 0.0710 o |[o 0 _|o
67 10316006-2 Pir Retainer [stowed) 0.0083 59.6000] -2.3000 1873.9000 3.0000 3.0000 0.0000 0.0000 0.0000 0.0000 n -0.001 0.001 1} 0 _|o
63 10316006-3 Pin Retainer [deploved)] 0.0083 59.6000] -2.3000 1835.1000] 3.0000 3.0000 0.0000 0.0000 0.0000 0.0000 n -0.001 0.001 0
B3 10315KKR-1 Reflector Launch Restraint [Stowed) 7.5814 675.8489 14.8527 1152.8912 11633711.5393] 1046676.8850 537406.8032 6049.7127) BB8620.4436 -31002.8189 n -0.14) 0.2] 1} 0
0 103REME-1 Reflector Launch Restraint [Deploved) 7.5814 6736606 14.1876| T17.8625 1316429.3969] 1041491.2846 679134, 7366 14952.9509 539161013 -27774.2934) n -0.14) 0.2] 0
71 103REKE-1 Instrurnent Cradle Mounting Hardware 0.2897 437.6078 17.0528 937.3105] 91948. 2526 E0002.6067 319821741 1067.8123 -4.8075| 19.0848 B -0.30 0.30 o |[o 0
721031001 PURGE INSTALLATION [including purge linel 0.2500 -30.3440] 357.6913] 1154.1484 93053.2605 106700.0461 18001.6383| 1001.2562] -34631.M80 -6282.4117 B 0.0 0.27 o |[o 0
73 10252288-1 Tie Mount (Gt 12) [Purge Installation] 0.0240 -44.8243] 4615831 1017.8864| 42507870 5554.0213 1318.4237| 26.2575] -2085.3423] -86.5780] B 0.0 0.10 o |[o 0
74 10311700-1 OUTRIGGER STRUCTURAL ASSY 2.2950 4.2996 -782.5888 117.4307 579565501, 23753.3309] 56706.7522 -1504.5835] -458.9322 20738.4586 n -0.04 0.002 o |[o 0
75 10311306-1 Bracket, Torgue Rod (-] 0.0850 350.1657| -14E.2530 1829.2459 93.8903 TIE.3923 55.4022| -7.9939 29,8833 -9.7247 n -0.002 0.002 o |[o 0
7B 10313071 Bracket, Torgue Rod (-] 0.091 18,416 -14E.2386 1830.7515] 94.0634, 115.0043 584185 -7.8132] 28,2582 -6.8898 n -0.002 0.002 o |[o 0
77 1031306-1 Bracket, Torgue Rod (-] 0.0850 -310.2343] -14E.2530 1829.2459 93.8903 TIE.3923 55.4022| -7.9939 29,8833 -9.7247 n -0.002 0.002 o |[o 0
78 10311303-1 Bracket, Torque Rod [-X] 0.0750 -148.4340 -330.2000 1828.1857] E0.EEE, 57.2304] 243356 0.0000 -7.6798 0.0000 B -0.05) 0.08 o |[o 0
73 10311304-1 Bracket, Torque Rod [-X] 0.0g -148.6642 0.0000 1828.8890 55.0680 50.9253] 22,5353 0.0000 -B.B72E 0.0000 n -0.002 0.002 o |[o 0
80 10311303-1 Bracket, Torque Rod [-X] 0.0750 -148.4340 330.2000 1828.1857] E0.EEE, 57.2304] 243356 0.0000 -7.6798 0.0000 n -0.002 0.002 o |[o 0
21 1032104-1 MAGMETOMETER, 3 4XI5 0.5700 -24.7162 -900.2377| 130.6872] 1.0600 5.8200 E.5300 0.0000 0.0000 0.0000 n -0.07 0.01 o |[o o
82 10321071 MAGMETIC TORQUER [-%+7] 47770 -623.2700 424.7900 952.73594 337600.0000 337500.0000 E76.0000 3.003 -277.4134] -0.0443 n -0.07 0.01 o |o o
g3 10321071 MAGMETIC TORQUER [-X+2] 47770 -483.7700 2.2606 1845.2100] 337600.0000 E76.0000 337500.0000 277.4134 3.003 0.0443 n -0.07 0.01 o |o o
84 10321071 MAGMETIC TORQUER [-Y+2] 47770 39.54001 -483.7700 1845.2100] E75.0000 337500.0000 337500.0000 -277.4134] -0.0443 3.003 n -0.07 0.01 o |o o
85 10312103-1 ANTENNA, LOW GAIN, S-BAND 0.2300 -178.0000] -912.2916 317154] 8877.0000 £784.2079 2B3E.7855 0.0000 0.0000 35837765 n -0.001 0.001 o |[o o
86 10312101 K-BAND ANTENNA 0.3370 162.9957| -900.2359) 45,7000 1588.0000 1530.0000 T19.0000 0.0000 0.0000 10.0000 n -0.001 0.001 o |[o o
g7 10313011 Sun Sensor Cluster [Solar Arrav] 0.1210 527.391 571.5900] E4.9989 54.3681 80.5344) 555033 -0.4872 -0.0077] 0.1510] n -0.000013] 00000713 o o o
28 10313011 Sun Sensor Cluster [Outrigger] 0.1210 58.5503] -998.8817| 75.9525 54.3681 80.5344) 555033 -0.4872 0.0017, -0.1510 n -0.000013] 00000713 o o o
823 103EKR-1 Upper Bus Structure [Instrument Deck, Longerons, Mid D T10.7810 14.4258 -0.07E0| 1214.0890]  18675863.4930 188551933128 12545174.6719 -23017.7456) -824272.2092 -12884.2000 n -1.36078) 13108 o o o
90 103111181 BRACKET, FIELD JOINT, PYRO HARNESS CUTTER 0.0620 -304.5623 374018 1824.8572 114.98595 47.9933) §7.5642| -0.0072] 107364 -0.0028 n -0.002 0.002 o o o
91 103111801 PANEL ASSEMELY, +Y 14.0350 -R.0308 47E.0959 1032.9318| 28932314970 3980785.0030 108971201740 -2542.1567| -2689.9421) -794.4055 n -0.03 0.09 o o o
52 10311200-1 PANEL ASSY. +X [GNC/TELECOM] [ID 16) 43.6100 449.0800 2463001 975.6400 1285264700, BED55E0.2800 3494782.7700 107EE.4600 13E823.6100 -50B50.1400 n -101426) 101426 o |o o
93 10311300-1 PANEL ASSY -X [AVIONICSIGNCIPDWER] [ID 13| 78.7400 -416. 4463 58.2048) 10B1.4186|  16887835.9000 12582410.1100 6E20895.2820 531597.2582| -197464. 716K, -730452.4449 n -101426) 101426 o o o
94 10312102-1 STAR REFEREMCE UNIT [SRU) 28218 -B39.6231) 3066456 1693.3424 15E05.9082| 30842.0387) 2E961.1642| 1674.2472) -B16E.5359| -841.5227| n -0.07 0.01 o o o
95 103120481 Bracket Wall Support 0.0573 -413.2543] 28.3712 556.2184| 101.2252 78,9267 174.8653] 84.3575] 0.0000 0.0000 n -0.0004 0.0004 o o o
96 10312048-2 Bracket Wall Support 0.0EEE -383.96M 33.EE23 920.0000 90,4371, 1944121 278.7553 1275251 0.0000 0.0000 n -0.0004 0.0004 o o o
97 10312048-3 Bracket Wall Support 0.0534 -411.3887 35.0458) 717.0000] F7.2988 72.85970) 1461785 70.3815 0.0000 0.0000 n -0.0004 0.0004 o o o '
4 4« » ¥ | Inputs ~Sheet? . Check inputs %2 T« [ BER »
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What Would This Look Like?

e 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?

ESD IMCE

e [Future:

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

Sent: Maonday, July 06, 2015 7:17 PM
To: Hendry, Maorgan L (352M)
Subject: Mass properties updates (7,/7/15)
Good Morning!

Yesterday, the following components were added to the CAD system:

BAPTA (stationary) (deployed)
BAPTA (stationary) (stowed)
Bracket Tie Down MLI-5
Bracket Tie Down MLI-6

The following components were deleted from the CAD model:
RDE Harness

This morning, the mass properties for the baseline system are:

Confiruration  [M (k=) |€xim) Cx {m) Ca(m) Ishem’)  [boibew’) [otew) lodewo) [oeeom’  |hedes)

Spun (uabalanced) | 202 _‘]’ 0.008 ‘2300: 0.003 ‘_:0”;'23 11160 ‘gc'l}l‘;‘f 463 "23 753 ‘: g 1 3 _1] 3 :11 4 ‘_1l
Spunalmced) (202 71 |000s 00 qoos SN yppp M) geg T lass P lawr M| s Ml s T 7
Configurarion [ (kg Cx (m) Cy(m) Cz(m) Ix(kgm®) by Ggm’)  [Toge.n’) Iy (bgm’)  |brikpm’)  |he(ipm®)
ooeraionay |74 77 |06 Toogloem Toocloms Togel e o w0 T Tl Tfw T2 7
]'T::e:['“" 750 T: 0026 *_:]J.';’g; 0.00% Tg;’g; 0834 fggg: 353 t: 365 t]lg 179 '; 2 +11 a1 _}3 1 fj
:"‘r":‘fi‘m 665 *: 0029 1‘03:]:00: 0.001 *gﬂ"g: 0512 'ggg’ sos TH | am *1113 239 '; ? *11 2 '_2 2 *23
e T |se g oo oS oo icf|oss Tgoe| e G |m w2 qfe T 3
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What Would This Look Like?

ESD IMCE

e [Future:

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

Sent: Maonday, July 06, 2015 7:17 PM
To: Hendry, Maorgan L (352M)
Subject: Mass properties updates (7,/7/15)
Good Morning!

Yesterday, the following components were added to the CAD system:

System understands the defined mass
eAFTA (tationary) (stowed) | properties configuration, and notifies you
Bracket Tie Down MLI-5

Bracket Tic Down MLL6 when it needs guidance (never automatic
;gelzfslalfr:zisr;gcomponents were deleted from the CAD model: but never repeated) - TACTICAL

—

This morning, the mass properties for the baseline system are:

Confiruration  [M (k=) |€xim) Cx {m) Caim) Irribem’)  |boibew’)  [Eofhew’)  |odew’)  [leGem’  [Beidew

Spun (unbalanced) | 202 _‘]’ 0.00% ‘33001 0.003 _.:ogzz 1118 ‘g;‘;‘f 463 "23 753 ‘: 236 j]l = j]’ 3 :1‘ 4 ‘_1l
Spunalmced) (202 71 |000s 00 qoos SN yppp M) geg T lass P lawr M| s Ml s T 7
Configuration |M(kp) |Cx(m) Cyim) Ci(m) I (heem®)  |hykgw) [lotew’) |l gem’)  |bekewn) b’
oeepationay | 77 [0026 g | 000 Togg [0838 Toge| M6 g |we Tifwe T2 T T2
E’iﬁ"‘"" 750 TE 0026 '_'g':g_: 0.008 Tg;g; 0.834 fgggg 353 t: 365 t]lg 179 '; 1 +11 1 '}3 a1 _3}
m:::n 69 "5 [0y M oom W osi2 PO sos v faes M e T2 M e 2o 7]
e T |se g oo oS oo icf|oss Tgoe| e G |m w2 qfe T 3
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What Would This Look Like?

ESD IMCE

e [Future:

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

Sent: Maonday, July 06, 2015 7:17 PM
To: Hendry, Maorgan L (352M)
Subject: Mass properties updates (7,/7/15)
Good Morning!

Yesterday, the following components were added to the CAD system:

System understands the defined mass
eAFTA (tationary) (stowed) | properties configuration, and notifies you
Bracket Tie Down MLI-5

Bracket Tic Down MLL6 when it needs guidance (never automatic
;gelzfslalfr:zisr;gcomponents were deleted from the CAD model: but never repeated) - TACTICAL

This morning, the mass properties for the baseline system are:

Confiruration  [M (k=) |€xim) Cx {m) Caim) Irribem’)  |boibew’)  [Eofhew’)  |odew’)  [leGem’  [Beidew -

Spun (uabalanced) | 202 _‘]’ 0.008 ‘33001 0.003 _.:agzz 1110 ‘g;‘;‘& g63 "23 753 ‘: 236 j]l 3 j]’ B :1‘ 3 ‘_1l LlnkS between the MEL and
Spunalmced) (202 71 |000s 00 qoos SN yppp M) geg T lass P lawr M| s Ml s T 7 . .

Configuration M {kg) Cx(m) Cy im) Cz(m) Ix(kgm®) by Ggm’)  [Toge.n’) Iy (bgm’)  |brikpm’)  |he(ipm®) maSS propertles perSISt,
oeepationay | 77 [0026 g | 000 Togg [0838 Toge| M6 g |we Tifwe T2 T T2 -

Decpum (wes, 10 " |2 P97 oo T | pgsa OO0 sy P | gg 2 179 7 R ICTRRC A Y =3 even When Changes Occur -
Launeh) E 0007 -0.006 -0.006 5 -1z -6 ol 3 -3

m:in 669 75 [o09 Bl oom W osi2 M sos P s TN 7T Tle 3= 3 ST R ATEGIC

e | w g 00w T 0009 ice |0 ag| M G | @6 S| il A I

35



What Would This Look Like?

ESD IMCE

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

Mass Equipment List
Instrument System
Component Num of Units Spare [ Masssunit | Total Fit Mass
Fit | Spare EM BB "\ | TO {kg) (kg

i} Fit |Spare| EM BB sf{?:" Tot {ka) (ka)
CSS (Coarse Sun Sensor) 8 1 0 0 0 9 0.02 0.14
SRU (Star Tracker) 1 0 0 0 0 1 I 3.50 3.50
MIMU (Gyro) 2 0 2 0 0 4 I 4.80 9.60
TAM (Three Axis Magnetometer) 1 1] 1] 1 0 2 ' 0.64 0.64
RWA (Reaction Wheels) - HR-18 3 0 4] 0 1 4 ' 17.50 52.50
RWA (Reaction Wheels) - HR-16 1 "] "] 0 1 2 - 9.31 9.31
WODE (Wheel Drive Electronics Box) 4 0 1] 0 1 5 - 2.00 8.00
MTR (Magnetic Torguer) 3 0 0 1 0 4 5.15 15.45
TDE (Torquer Drive Electronics Box) 1 0 0 0 0 1 h 1.59 1.58
Subtotal 24 1 2 2 3 29 100.73
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What Would This Look Like?

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

Mass Equipment List
Instrument System
Component Num of Units Spare [ Masssunit | Total Fit Mass
Fit | Spare EM BB "\ | TO {kg) (kg
i} Fit |Spare| EM BB sf{?:" Tot {ka) (ka)
CSS (Coarse Sun Sensor) 8 1 0 0 0 9 0.02 0.14
SRU (Star Tracker) 1 0 0 0 0 1 I 3.50 3.50
MIMU (Gyro) 2 0 2 0 0 4 I 4.80 9.60
TAM (Three Axis Magnetometer) 1 1] 1] 1 0 2 ' 0.64 0.64
RWA (Reaction Wheels) - HR-18 3 0 4] 0 1 4 ' 17.50 52.50
RWA (Reaction Wheels) - HR-16 1 "] "] 0 1 2 - 9.31 9.31
WODE (Wheel Drive Electronics Box) 4 0 1] 0 1 5 - 2.00 8.00
MTR (Magnetic Torguer) 3 0 o 1 0 4 515 15.45
I .TDE (Tarquer Drive Electronics Box) 1 0 0 0 0 1 ' 1.59 1.58
Subtotal 24 1 2 2 3 29 100.73
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What Would This Look Like?

ESD IMCE

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

Mass Equipment List
Instrument System
Component Num of Units Spare [ Masssunit | Total Fit Mass
Fit | Spare EM BB "\ | TO {kg) (kg
i} Fit |Spare| EM BB sf{?:" Tot {ka) (ka)
CSS (Coarse Sun Sensor) 8 1 0 0 0 9 0.02 0.14
SRU (Star Tracker) 1 0 0 0 0 1 I 3.50 3.50
MIMU (Gyro) 2 0 2 0 0 4 I 4.80 9.60
TAM (Three Axis Magnetometer) 1 1] 1] 1 0 2 ' 0.64 0.64
RWA (Reaction Wheels) - HR-18 3 0 4] 0 1 4 ' 17.50 52.50
RWA (Reaction Wheels) - HR-16 1 "] "] 0 1 2 - 9.31 9.31
WODE (Wheel Drive Electronics Box) 4 0 1] 0 1 5 - 2.00 8.00
MTR (Magnetic Torguer) 3 0 o 1 0 4 515 15.45
I .TDE (Tarquer Drive Electronics Box) 1 0 0 0 0 1 1.59 1.58
Subtotal 24 1 2 2 3 29 100.73

Many to one link selected. Split mass evenly?

e [
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What Would This Look Like?

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

Mass Equipment List
Instrument System
Component Num of Units Spare Mass/Unit | Total Fil Mass
Fit | Spare EM BB "\ | TO {kg) (kg
i} Fit |Spare| EM BB sf{?:" Tot {ka) (ka)
CSS (Coarse Sun Sensor) 8 1 0 0 0 9 0.02 0.14
SRU (Star Tracker) 1 0 0 0 0 1 3.50 3.50
MIMU (Gyro) 2 0 2 0 0 4 4.80 9.60
TAM (Three Axis Magnetometer) 1 1] 1] 1 0 2 0.64 0.64
RWA (Reaction Wheels) - HR-18 3 0 4] 0 1 4 17.50 52.50
RWA (Reaction Wheels) - HR-16 1 "] "] 0 1 2 9.31 9.31
WODE (Wheel Drive Electronics Box) 4 0 1] 0 1 5 2.00 8.00
MTR (Magnetic Torguer) 3 0 o 1 0 4 515 15.45
I .TDE (Tarquer Drive Electronics Box) 1 0 0 0 0 1 1.59 1.58
Subtotal 24 1 2 2 3 29 100.73

Confirm link?

e [
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What Would This Look Like?

ESD IMCE

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

Mass Equipment List
Instrument System
Component Num of Units Spare [ Masssunit | Total Fit Mass
Fit | Spare EM BB "\ | TO {kg) (kg

i} Fit |Spare| EM BB sf{?:" Tot {ka) (ka)
CSS (Coarse Sun Sensor) 8 1 0 0 0 9 0.02 0.14
SRU (Star Tracker) 1 0 0 0 0 1 I 3.50 3.50
MIMU (Gyro) 2 0 2 0 0 4 I 4.80 9.60
TAM (Three Axis Magnetometer) 1 1] 1] 1 0 2 ' 0.64 0.64
RWA (Reaction Wheels) - HR-18 3 0 4] 0 1 4 ' 17.50 52.50
RWA (Reaction Wheels) - HR-16 1 "] "] 0 1 2 - 9.31 9.31
WODE (Wheel Drive Electronics Box) 4 0 1] 0 1 5 - 2.00 8.00
TDE (Torquer Drive Electronics Box) 1 0 0 0 0 1 r 1.59 1.58
Subtotal 24 1 2 2 3 29 100.73

Link confirmed!
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Are We There Yet?

e NO
— What was just shown is very simplistic

e However:
— Have demonstrated the building blocks for a system like this

e 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

e 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

e Example CAD test case created Change in assembly mass
properties due to deployment

- Demonstrates several ICD defined” mass
properties and non-

challenges encountered in orthogonal part
flight project mass properties  alignments
management

— Different MEL/MP
organizational structures

— Harness

— Fasteners

— Erroneous components

— Erroneous component hierarchy

Harness

e 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

Repeated parts in
Various avionics different locations

box architectures
42



Initial Setup

Teamcenter Database (Access)

Part “ Sheet”
Part ID | Unique CAD ID | Name Asm

CAD (NX) Assembly

Update Script (Matlab)

Mass Properties (MP) “Sheet”

System uses two programs: MP ID | Part 1D | iass Properties
1. Mass Properties Database

(currently Access)
2. Update Script (currently

Matlab)
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Initial Setup

Teamcenter »| Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm

CAD (NX) Assembly H—{ each part and subassembly in master
assembly (Adv. Weight Management)

Update Script (Matlab)

Mass Properties (MP) “Sheet”

Teamcenter and NX provide MP 1D | Part 1D | Mass Properties

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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Initial Setup

Teamcenter > Unique CAD _ID foreach partand | - | Database (ACCGSS)

subassembly in master assembly I
| | Part“Sheet”

Mass Properties (MP) (new) for I | | Part ID | Unique CAD ID | Name | Asm

CAD (NX) Assembly H—{ each part and subassembly in master | :

assembly (Adv. Weight Management) | | PWRIGWHxAY9eC | Top Lvl
I iXWRtGwWHxAY9gC | Asm A
L o ibfREGWHxXAY9gC | Asm B

Update Script (Matlab)

ifbRtGWHxAY9gC | Comp D

ijdRtGwHxAY9gC | Comp E

iVZRtGWHxAY9gC | Comp F

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

Add outputs of
Teamcenter/NX (and mass
properties engineer's e
defined values) to database e
to Iinitialize a configuration

Mass, Cx, Cy, ...

Mass, Cx, Cy, ...
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Initial Setup

Teamcenter Database (Access)
Part “ Sheet”
Part ID | Unique CAD ID | Name Asm
CAD (NX) Assembly 101 iPWRtGwWHxAY9gC | Top Lvl
105 iIXWRtGwWHxAY9gC [ Asm A
Update Scrlpt (Matlab) 107 ibfRtGwHxAY9gC Asm B
109 ifbRtGwHXAY9gC | Comp D
110 ijdRtGwHxAY9gC Comp E
111 ivZRtGwWHxAY9gC Comp F

Mass Properties (MP) “Sheet”

Part ID and MP D are P 1D | Part1p_| Mass Properties
unique identification e o oy
numbers generated by ~ .
database. = oo o
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Initial Setup

Teamcenter Database (Access)
Part “ Sheet”
Part ID | Unique CAD ID | Name Asm
CAD (NX) Assembly 101 iPWRtGWHXAY9gC | Top Lvl
105 iIXWRtGwWHxAY9gC [ Asm A
Update Scrlpt (Matlab) 107 ibfRtGwHxAY9gC Asm B
109 ifbRtGWHxXAY9gC | Comp D
110 ijdRtGWHXAY9gC | Comp E
111 ivZRtGwWHxAY9gC Comp F

Mass Properties (MP) “Sheet”

Part I D (In M P “Sheet”) IS MP ID | Part ID Mass Properties
. . 322 109 Mass, Cx, Cy, ...
defined by user to link two
sheets together. o T Tre oo
887 111 Mass, Cx, Cy, ...
988 109 Mass, Cx, Cy, ...
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Initial Setup

Teamcenter Database (Access)
Part “ Sheet”
CAD NX) A b| Part ID | Unique CAD ID | Name Asm
(NX) Assembly 101 iPWRtGWHXAY9gC | Top Lvl N/A
105 iXWRtGWHxAY9gC | Asm A 101
Update Scrlpt (Matlab) 107 ibfRtGwHxAY9gC Asm B 101
109 ifoRtGWHXAY9gC | Comp D | 105
110 ijdRtGWHXAY9gC | Comp E | 107
111 iVZRtGWHXAY9gC | Comp F | 107

Mass Properties (MP) “Sheet”

Assembly (Asm) Ilnk Can MP ID | Part ID | Mass Properties

322 109 Mass, Cx, Cy, ...

be added to recreate
drawing tree structure from o T T oo
flat database structure If

988 109 Mass, Cx, Cy, ...
desired.
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Auto Update — Data Extraction

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
CAD (NX) A b Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm
ssembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
105 iXWRtGWHxAY9gC | Asm A 101
Update Scrlpt (Matlab) 107 ibfRtGwHxAY9gC Asm B 101
109 ifoRtGWHxAY9gC | Comp D | 105
110 ijdRtGWHxAY9gC | Comp E | 107
111 ivZRtGWHxXAY9gC | Comp F | 107

Mass Properties (MP) “Sheet”

Unlque CAD ID and bUIk MP ID | Part ID | Mass Properties (old)

. 322 109 Mass, Cx, Cy, ...
output Mass Properties are
622 109 Mass, Cx, Cy, ...

exported from
Teamcente r/NX . 887 111 Mass, Cx, Cy, ...

988 109 Mass, Cx, Cy, ...
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Auto Update — Processing

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name Asm
CAD (NX) Assembly H—{ each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A

; 105 iIXWRtGWHxAY9gC [ Asm A 101

: - 107 ibfRtGWHxAY9gC Asm B 101
Update Script (Matlab) oo ®
b 109 ifoRtGWHxAY9gC Comp D 105
110 ijdRtGWHxAY9gC | Comp E | 107
111 ivZRtGwWHxAY9gC Comp F 107

Mass Properties (MP) “Sheet”

A Matlab Scrlpt draWS In MP ID | Part ID | Mass Properties (old)

these two data sets along 585|110 | ass o Gy
with the previous mass o T T oo
properties and Unique CAD N I DT

ID records from the
database.
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Auto Update — Processing

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name Asm
CAD (NX) Assembly H—{ each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A

; 105 iIXWRtGWHxAY9gC [ Asm A 101

Update Scrlpt (Matlab) < 107 ibfRtGWHxAY9gC Asm B 101

) 109 ifoRtGwWHxAY9gC Comp D 105

110 ijdRtGWHxAY9gC | Comp E | 107

[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107

Mass Properties (MP) “Sheet”

The Scrlpt fIrSt Ilnks the MP ID | Part ID | Mass Properties (old)

Teamcenter Unique CAD ID 585|110 | wass ox v,

to the appropriate NX Mass
Properties line item.

988 109 Mass, Cx, Cy, ...
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Auto Update — Sorting

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm
CAD (NX) Assembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iIXWRtGWHxXAY9gC | Asm A 101
Update Scrlpt (Matlab) < 107 ibfRtGWHxAY9gC Asm B 101
X 109 ifoRtGWHXAY9gC | Comp D | 105
_ _ 110 ijdRtGwHxAY9gC | Comp E | 107
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
MP ID | Part ID Mass Properties (old)
2. New Part in CAD 322 | 109 Mass, Cx, Y. .-
588 110 Mass, Cx, Cy, ...
_ 622 109 Mass, Cx, Cy, ...
3. Deleted Part in CAD o1 111 Mass, Cx, Cy, ..
887 111 Mass, Cx, Cy, ...
4. New Part in Database 088 109 Mass, Cx, Cy, ...

Script compares MP (new) to MP (old). Sends results to appropriate “bin”.



Auto Update — Sorting

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm
CAD (NX) Assembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iIXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) < 107 ibfRtGWHxAY9gC Asm B 101
N 109 ifoRtGWHXAY9gC | Comp D | 105
_ _ 110 ijdRtGWHxAY9gC | Comp E | 107
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
MP ID | Part ID Mass Properties (old)
2. New Part in CAD 322 | 109 Mass, Cx, Y. .-
588 110 Mass, Cx, Cy, ...
622 109 Mass, Cx, Cy, ...
3. Deleted Part in CAD o1 111 Mass, Cx, Cy
887 111 Mass, Cx, Cy, ...
4. New Part in Database 088 109 Mass, Cx, Cy, ...
Change Log
;- Bulk Update
3.
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Auto Update — Updated Parts

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm
CAD (NX) Assembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) < 107 ibfRtGWHxAY9gC Asm B 101
X 109 ifoRtGWHXAY9gC | Comp D | 105
_ _ 110 ijdRtGwWHxAY9gC | Comp E | 107
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
Unigue CAD ID matches existing Unique CAD ID MP ID | Part ID | Mass Properties (old)
New mass prop sent to Change Log (Update), Bulk Update 322 109 " o C
2. New Part in CAD s e Y
588 110 Mass, Cx, Cy, ...
_ 622 109 Mass, Cx, Cy, ..
3. Deleted Part in CAD o1 111 Mass, Cx, Cy, ..
887 111 Mass, Cx, Cy, ...
4. New Part in Database 088 109 Mass, Cx, Cy, ...
Change Log
;- Update Bulk Update
3.
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Auto Update — Newly Added Parts

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm
CAD (NX) Assembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) o 107 ibfRtGWHxAY9gC Asm B 101
)y 109 ifoRtGWHXAY9gC | Comp D | 105
110 ijdRtGwWHxAY9gC | Comp E | 107
. " .
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
Unigue CAD ID matches existing Unique CAD ID MP ID | Part ID | Mass Properties (old)
New mass prop sent to Change Log (Update), Bulk Update 322 109 " o C
2. New Part in CAD s e Y
Unique CAD ID doesn’t match existing Unique CAD ID 588 110 Mass, Cx, Cy, ...
New mass prop sent to Change Log (New) 622 109 Mass, Cx, Cy, ...
3. Deleted Part in CAD o1 111 Mass, Cx, Cy, ..
887 111 Mass, Cx, Cy, ...
4. New Part in Database 088 109 Mass, Cx, Cy, ...
Change Log
1. Update Bulk Update
2. New
3.
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Auto Update — Deleted Parts

Teamcenter »| Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm
CAD (NX) Assembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) < 107 ibfRtGWHxAY9gC Asm B 101
) 109 ifbRtGwHxAY9gC | Comp D | 105
_ _ 110 ijdRtGWHXAY9gC | Comp E | 107
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
Unigue CAD ID matches existing Unique CAD ID MP ID | Part ID | Mass Properties (old)
New mass prop sent to Change Log (Update), Bulk Update
2. New Part in CAD 322 | 109 Mass, X, C¥. -
Unique CAD ID doesn’t match existing Unique CAD ID 588 110 Mass, Cx, Cy, ...
New mass prop sent to Change Log (New) 622 109 Mass, Cx, Cy, ...
3. Deleted Part in CAD o1 111 Mass, Cx, Cy
Unique CAD ID has no match from CAD —
New mass prop sent to Change Log (Deleted) 887 111 Mass, Cx, Cy, ..
4. New Part in Database 988 109 Mass, Cx, Cy, ...
Change Log
1. Update Bulk Update
2. New
3. Deleted 56




Auto Update — New Parts in MP Database

Teamcenter Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm
CAD (NX) Assembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) o 107 ibfRtGWHxAY9gC Asm B 101
)y 109 ifoRtGWHXAY9gC | Comp D | 105
110 ijdRtGwWHxAY9gC | Comp E | 107
. " .
[Unigue CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
Unigue CAD ID matches existing Unique CAD ID MP ID | Part ID | Mass Properties (old)
New mass prop sent to Change Log (Update), Bulk Update
> New Part in CAD 322 109 Mass, Cx, Cy, ...
Unique CAD ID doesn’t match existing Unique CAD ID 588 110 Mass, Cx, Cy, ...
New mass prop sent to Change Log (New) 622 109 Mass, Cx, Cy, ...
3. Deleted Part in CAD o1 111 Mass, Cx, Cy
Unique CAD ID has no match from CAD —
New mass prop sent to Change Log (Deleted) 887 111 Mass, Cx, Cy, ..
4. New Part in Database 088 109 Mass, Cx, Cy, ...
Added via database, Unique CAD ID not assigned, no update

Change Log

1. Update Bulk Update

2. New

3. Deleted 57




Auto Update — Bulk Update of MP Database Values

Teamcenter »| Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
CAD (NX) A o Mashs Pr?pe;tlesb(MP) (T)T‘V\{) for t Part ID | Unique CAD ID | Name Asm
ssembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) < 107 ibfRtGwHxAY9gC Asm B 101
¢ 109 ifbRtGWHXAY9gC | Comp D | 105
_ _ 110 ijdRtGWHxAY9gC | Comp E | 107
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 NZRIGWHXAY9EC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
Unigue CAD ID matches existing Unique CAD ID MP ID | Part ID | Mass Properties (old)
New mass prop sent to Change Log (Update), Bulk Update
2 New Part in CAD 322 109 Mass, Cx, Cy, ...
Unique CAD ID doesn’t match existing Unique CAD ID 588 110 Mass, Cx, Cy, ...
New mass prop sent to Change Log (New) 622 109 Mass, Cx, Cy, ..
3. Deleted Part in CAD o1 111 Mass, Cx, Cy
Unique CAD ID has no match from CAD —
New mass prop sent to Change Log (Deleted) 887 111 Mass, Cx, Cy, ..
4. New Part in Database 988 109 Mass, CXx, Cy, ...
Added via database, Unique CAD ID not assigned, no update 4

Change Log

1. Update Bulk Update

2. New

3. Deleted Bulk update values added to mass prop “sheet”. 58



Auto Update — Manual Processing, New and Deleted

Teamcenter »| Unique CAD ID for each part and Database (Access)
subassembly in master assembly
Part “Sheet”
CAD (NX) A o Mashs Pr?pe;tlesb(MP) (T)T‘V\{) for t Part ID | Unique CAD ID | Name Asm
ssembly » each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
! 105 iXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) < 107 ibfRtGWHxAY9gC Asm B 101
)y 109 ifoRtGWHXAY9gC | Comp D | 105
_ _ 110 ijdRtGWHxAY9gC | Comp E | 107
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 NZRIGWHXAY9EC | Comp F | 107
1. Part Update Mass Properties (MP) “ Sheet”
Unigue CAD ID matches existing Unique CAD ID MP ID | Part ID | Mass Properties (old)
New mass prop sent to Change Log (Update), Bulk Update
2 New Part in CAD 322 109 Mass, Cx, Cy, ...
Unique CAD ID doesn’t match existing Unique CAD ID 588 110 Mass, Cx, Cy, ...
New mass prop sent to Change Log (New) 622 109 Mass, Cx, Cy, ..
3. Deleted Part in CAD o1 111 Mass, Cx, Cy
Unique CAD ID has no match from CAD —
New mass prop sent to Change Log (Deleted) 887 111 Mass, Cx, Cy, ..
4. New Part in Database 988 109 Mass, CXx, Cy, ...
Added via database, Unique CAD ID not assigned, no update

Change Log

1. Updat

2. New - process manually New and Deleted values processed manually.

3. Deleted — process manually 6




Auto Update — Export of New Properties for MP Calc

Teamcenter Database (Access)
Part “ Sheet”
CAD NX) A b| Part ID | Unique CAD ID | Name Asm
( ) SSem y 101 iPWRtGwWHxAY9gC | Top Lvl N/A
105 iXWRtGWHxAY9gC | Asm A 101
Update Scrlpt (Matlab) 107 ibfRtGwHxAY9gC Asm B 101
109 ifoRtGWHxAY9gC | Comp D | 105
110 ijdRtGWHxXAY9gC | Comp E | 107
111 ivZRtGwWHxXAY9gC 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, ...
v

Export of latest values to mass
properties calculation software
via SQL query.
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Auto Update — Processing

Teamcenter »| Unique CAD ID for each part and Database (Access)
subassembly in master assembly

Part “Sheet”
Mass Properties (MP) (new) for Part ID | Unique CAD ID | Name | Asm

CAD (NX) Assembly H—{ each part and subassembly in master :
assembly (Adv. Weight Management) 101 IPWRtGWHxAY9gC | Top Lv | N/A
7 105 IXWRtGWHXAY9gC | Asm A 101
Update Scrlpt (Matlab) < 107 ibfRtGWHxAY9gC Asm B 101
) 109 ifoRtGwHXAY9gC | Comp D | 105
: : 110 ijdRtGWHXAY9gC | Comp E | 107
[Unique CAD ID, MP (new)] |?| [Unique CAD ID, MP (old)] 111 VZR(GWHXAYOZC | Comp F | 107

Mass Properties (MP) “Sheet”

Repeat prOCeSS for future MP ID | Part ID | Mass Properties (old)

322 109 Mass, Cx, Cy, ...

updates. All previous
decisions regarding part TR YT e
properties persist. Only need

to update changes to model.

988 109 Mass, Cx, Cy, ...
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Mass Properties Representation in SysML

«blocks
Versionedltem

valios
Values

«bloc ko
Massltem

id : Integer

I I «bloc ko «block»
. . Inertialtem GlobalCMItem
] values values
. . kx - mass moment of inertia cx - m{unit = metre}
vy - mass moment of inertia cy - m{unit = metre}

vahios
Vaiies

MASSs [ MAass

[zz . mass moment of inertia cz . m{unit = metre}
ky . mass moment of inertia Fay
........ kz:mass momentof inertia |~ 00 T
bz - mass moment of inertia
e scaledValuesMPC mpcomporient block» cadMassPropConponent - MatchMELtoMassProperties mEL Corrponent -k
ScaledValuesMPC —————————————— MPTreeBement 1~~~ e T T MELCom ponent
values . . E - - — - — — ]
scalingFactor - Real ) : : . ) |ﬁ
|
............................................................................ L
} } . . . } . «block»
- 0.7 - component - childCompanent MatchMELtoMassProperties
............................ T = AR  —
e ont ) I B ponent . mELComponent : MELComponent{end = mELCorrponent}
: cA DMassCaonmpaonent : MPTreeElement{end = cadMassPropComponent]
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Example

ESD IMCE

B0 MLH_MMP_CHK_Full_Asm_021115

B Relations

BT MLH_MMP_CHK_AVIONICS_ASM 021115
B3 MLH_MMP_CHK_INSTRUMENT_ASM_021115
< Relations

-3 MLH_MMP_CHK_PANEL_2_021115

B KNCM4X0.7_0211151 : IMCE_MassProperties:"MPElement
2 component = MLH_MMP_CHK_PANEL 2 021115

—& cx = -2.6240009999999096

—2 cy = 119.99999999999999

—E cz=360.0

i3 id = "YMAQRAUWXAYOgC"

i b = 0.004991310105529615

—i3 Iy = -3.273308780237184E-19

—E |z = -2.4132258842238493E-36

—2 lyy = 0.004508428186320358

2 Iyz = 2.843961495817627E-36

2 1zz = 0.0045084281863203585

—2 mass = 8.763093718881308E-4

H-E KNCM4X0.7_0211152 - IMCE_MassPropertie

B s MPElement

B-E KNCM4X0.7_0211153 © IMCE_MassProperties:MPElement

B-E KNCM4X0.7_0211154 © IMCE_MassProperties:MPElement

B-E KNM3X0.5_0211131 - IMCE_MassProperties:MPElement

B-E KNMEX0.5_0211152 : IMCE_MassProperties: MPElement

B-E KNMSX0.5_0211153 © IMCE_MassProperties::MPElement

B-E KNMSX0.5_0211154 © IMCE_MassProperties:MPElement

BE-E MLH_MMP_CHK_PANEL_2-101_021115 : IMCE_MassProperties::MPElement
E-E MLH_MMP_CHK_PANEL_2 021115 : IMCE_MassProperties::MPComponent
—& assembly = MLH_MMP_CHK_INSTRUMENT_ASM_021115

—i2 childElement = MLH_MMP_CHK_PANEL_2-101_021115, KNM5X0.5_0211154, KNMS!
—i2 cx = -6.514835875455663

—2 cy = 99.99900519446552

—® cz = 248 848833613658009

—& bx = 1278437 30998466

—& Ixy = 10856 647577320256

—i2) Ixz = -26005 11416637382

—2 lyy = 1101573.93752980934

—i2 lyz = 414687.2341125224

—® lzz = 178391 81778179278

—& mass = 3.2606867828737607

—& mELComponent = Panel 2

— MAtfs MLH_MMP_CHEK_Full_Asm_021115 (Order: Chronoclogical)

+-24 Constraints
M o MLH_MMP_CHK Inter_Panel_Harness_021115
M o MLH_MMP_CHEK Instrument_Harness_021115
— M MLH_MMP_CHEK_Q-36_Asm_021115
+ i Constraints
M NADDGS-040014 021115 x 4
M (@ st12259-040_021115% 8
M NADOGS-040024 021115 x4
+ Mt MLH_MMP_CHK_Q-36_Inst_Asm_021115
+- Mt MLH_MMP_CHK_Q-36_CCA_Stow_021115
+- Mt MLH_MMP_CHK _Panel_3_021115
—- M MLH_MMP_CHEK_Instrument_Asm_021115
+ i Constraints
M Cf NADOG9-040016_021115 x4
M C# st12259-040_021115x 4
M o MLH_MMP_CHEK_Basic_Box 021115
—- Mt MLH_MMP_CHK_Panel_2_021115
+4 Constraints
M KNCM4X0.7_021115x 4
M C# KNM5x0.5_021115 x 4
M ¢ MLH_MMP_CHK_Panel_2-101_021115
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Demonstration of MBSE Implementation
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Requirements

Check against the requirements:

e 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

e User interface needs improvement

— Managing mass properties through SysML diagram
and/or sub menus is not a transparent workflow

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

e Import mass properties from CAD directly

e Incorporate unigue CAD ID for each part

e Incorporate CAD auto updates

66



Conclusion

e Clarified roles for MEL and mass properties

e Formalized concepts for mass properties

e Model that can be queried and validated

e Created backbone for mass properties toolset
« Demonstrated the flow of data through system

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

e The mass properties refer to 10 numerical parameters that
define the dynamic behavior of an object:
— Mass
— Center of mass (X, VY, 2)

— Inertia tensor:
« Moment of Inertia: (Ixx, lyy, 1zz)
e Product of Inertia: (Ixy, Ixz, lyz)

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

e An object can be anything: a bolt, a box, or a spacecraft
e Parts aggregate to the whole through 10 equations

e 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

ESD IMCE

' . . . ' . . . . . . : : . . : : : : E,C-\E'.L?.Erm:ngIfm'r:entLinkE HEEE
......................................................................................................................... MLH MMP CHK PAMNEL BRACKET 031115 : MPElement

: ,;!\ssemt':-yEI&méntLink; «blocks

ey — S0 e | [T T T T | MLH MMP CHK PANEL BRACKET 021115: MPElement
Panel Bracket : Panel Bracket, MEL Component : MatchMELteMassProperties sblocks i «blocks
cadMassPropComponent = PanelBracketGroup . . . . PanelBracketGroup : MPComponent : : -~ | MLH MMP CHK PANEL BRACKET 021115: MPElement
T T T T S SRS RERIEEIEEIE L CRFREERPEE SRR FRTERFETPICRIRTNEI SRR —

MLH MMP CHK PANEL BRACKET 021115 :MPElement

e Currently, parts are linked manually using SysML diagrams

e 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

e 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 ¥4 of the mass represented in MEL (or
whatever percentage is desired)
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Linking Mass Properties and MEL in SysML

ESD IMCE

ez Sammarars
‘cachi assProplomoone T = BaxSicel
B
- s — - = a
‘CanM SsSPrODCOMpOnant = INSTument-Hameass. e —
SR N =
e S A
o iotmre I e o
S — s s
: 1 SachiE A T L o =
oAl asmPropCompenent = Bk Sl T Bt Wome seent B
e —— =] fa— =]
1 oty I Gaams Soy M | —
‘2o a5z PropComERnat = MLH_MMP_CHK_STAR_TRACKER_MOUNT_ASM_021115 — AT Saracic
= =] I— = =]
tmamen CoTgonents : ) —AETE TR0k
o =] ) =
‘cach assProoComooneT aar Track: | - e e
F—— =
N £
] -
M S PTOpCOMponent = MLH_MMP_CHK_Gr35_COM_STOW_02" sy e— o
-
R
sma)
-
smamanComgments T hi.
FumsilPueeil M Comasey et
— -
o amaPronCampanant = M LH_IMME_CH_PANEL 1021115 pri e el Slamositarohoh o o v come g v =
e e e et
s Cargman = | asiezi ;ﬂmﬂ aHozks =]
5 o I —" TR ;
SR TIERCIRAnET = MLA NP G PANE. 2021115 | bicks = e— =|
— R HexTicwl M, mm- MR S Eo m 1w .
TN Campenents irame  —OEET RS MIRTTIONCAT 4 ——
‘cach assProplomponen = Bax Sikcet
-
P
e e
B0 2SS PIIDCOTDINEN! = PowsTANI TRiCoMFasIaneTS
eraan Camme e
‘cadh aszPropComponent = MUS_MM P_CHK_C-38_INST_ASM_02-
= I—I_!--m.—nn ok e [=]
tmascn Corgonents D
‘caoM essPropComponent = MLH_MMP_CHK_FANEL 3 03
e
_imarsiaman a
caaMasPropComponat = SaskBas
—AnmTE ReTenLnk
e ma S A =
T SR N o pammtSament, o
a0 o Tomponent = FaneiSrackeinoun e

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

ESD IMCE

e« NX provides a method to output the estimated mass properties
for each individual part file in an assembly
e However, notice that there are four different parts of the same
exact name with four different mass properties.
Center of Mass Moments of Inertia (Centroidal) [Products of Inertia (Centroidal)
Component Mass Xchar Ychar Zchar Ixx lyy lzz 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

e Teamcenter holds unique identification numbers that

differentiate each component within an assembly.
BOM Line bl_occ_fndOobjectld |Relative Transformation Matrix

MLH_MMP_CHK_Panel_Bracket/Al SleRtAUWxAY9gC -1000010000-100.300.51
MLH_MMP_CHK_Panel_Bracket/Al SpURtAUWXAY9gC 1000010000100001
MLH_MMP_CHK_Panel_Bracket/A1l SpaRtAUWXxAY9gC 0100100000-101.70530256582424e-016 7.105427357601e-018 0.5 1
MLH_MMP_CHK_Panel_Bracket/Al StWRtAUWXAY9gC 10000-10000-1000.20.51

[

meaning that once linked to mass properties, it persists

Unique 1D maintained until a part is deleted from an assembly,




CAD Mass Properties and Unique ID Linking

ESD IMCE

e There is likely a way to export these data products together
within Teamcenter/NX
e For this study, we put together a simple linking script
Center of Mass Moments of Inertia (Centroidal) [Products of Inertia (Centroidal)
Component Mass Xchar Ychar Zchar Ixx lyy lzz 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

f

Step 1: Locates one to one name matches

BOM Line bl_occ_fndOobjectld |Relative Transformation Matrix
MLH_MMP_CHK_Panel_Bracket/Al SleRtAUWxAY9gC -1000010000-100.300.51
MLH_MMP_CHK_Panel_Bracket/Al SpURtAUWxAY9gC 1000010000100001
MLH_MMP_CHK_Panel_Bracket/Al SpaRtAUWxAY9gC 0100100000-101.70530256582424e-016 7.105427357601e-018 0.5 1
MLH_MMP_CHK_Panel_Bracket/Al StWRtAUWxAY9gC 10000-10000-1000.20.51
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CAD Mass Properties and Unique ID Linking

e There is likely a way to export these data products together
within Teamcenter/NX
e For this study, we put together a simple linking script
Center of Mass Moments of Inertia (Centroidal) [Products of Inertia (Centroidal)
Component Mass Xchar Ychar Zchar Ixx lyy lzz 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] 13.516360 13.25278( 13.25278| 13.252778| -1.93229| -1.93229| -1.93229
MLH_MMP_CHK_PANEL_BRACKET 0.049164| 286.4836( 13.5 A486.4836| 13.25278| 13.25278| 13.252778| 1.932286| -1.93229| 1.932286
MLH_MMP_CHK_PANEL_BRACKET 0.049164| 13.51636( 13.51636 4M 13.25278| 13.25278| 13.252778| 1.932286| 1.932286( -1.93229
Step 2: Sorts multiples by X, Y, and Z.
Pairs with closest relative transform matrix.
BOM Line bl_occ_fndOobjectld |Relative Transformation Matrix
MLH_MMP_CHK_Panel_Bracket/Al SleRtAUWxAY9gC -1000010000-10¥300.51
MLH_MMP_CHK_Panel_Bracket/A1 SpURtAUWXAY9gC 10000100001d000k
MLH_MMP_CHK_Panel_Bracket/Al SpaRtAUWXxAY9gC 0100100000-10 1.70530256582424e-016 7.105427357601e-018 0.5 1
MLH_MMP_CHK_Panel_Bracket/Al StWRtAUWXAY9gC 10000-10000-1000.20.51
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CAD Mass Properties and Unique ID Linking

ESD IMCE

e There is likely a way to export these data products together
within Teamcenter/NX
e For this study, we put together a simple linking script
Center of Mass Moments of Inertia (Centroidal) [Products of Inertia (Centroidal)
Component Mass Xchar Ychar Zchar Ixx lyy lzz 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@836 13.51636| 486.4836| 13.25278| 13.25278| 13.252778| 1.932286( -1.93229| 1.932286
MLH_MMP_CHK_PANEL_BRACKET 0.049164 13.5|1636 13.51636| 486.4836| 13.25278| 13.25278| 13.252778| 1.932286( 1.932286| -1.93229

Step 3: Pairs unique ID with appropriate

line of mass properties data

BOM Line

bI_occ_fndbobjectId

Relative Transformation Matrix

MLH_MMP_CHK_Panel_Bracket/Al

MLH_MMP_CHK_Panel_Bracket/Al

leRtAUNXAY9gC

S

SpURtAUWxAY9eC

-1000010000-100.300.51

1000010000100001

MLH_MMP_CHK_Panel_Bracket/Al

SpaRtAUWxAY9gC

0100100000-101.70530256582424e-016 7.105427357601e-018 0.5 1

MLH_MMP_CHK_Panel_Bracket/Al

StWRtAUWxAY9gC

10000-10000-1000.20.51
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Which Official is Official?

Mass Limit or Mission Limit

Mass Reserve

Allowable Mass

Mass Margin

Predicted Mass

Mass Properties Uncertainty
(positive, mass gain)

Mass Properties Current Best Estimate (CBE)

MEL Uncertainty

Mass Growth Allowance (MGA)

Basic Mass

MEL Current Best Estimate (CBE)

Mass Properties Uncertainty
(negative, mass loss)
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Linking Mass Properties and MEL

MEL I Mass Properties

® i
O |
o BAPTA : BAPTA
s’}
) I
S I
O |
O I
8 PCDA Slice 1 I
S : PCDA
= . i
o) PCDA Slice n I
= |

|
- I
- I Panel 1
© I
= ] Panel 2
=) Structures I
o I
c
O : Fastener n

Note: “None to One” and “One to None” are also possible
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How Do We Increase the Speed of Part A?

ESD IMCE

Export component mass prop from Generate mass prop for complex
CAD (machined components) components (avionics box, propellant)

Import
vendor data

—

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

Setup processed components in mass prop
input sheet and add uncertainties

!

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%0 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

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

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

e 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

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

e 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?

ESD IMCE

e [Future:

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

z B (& (] E F B H T I (3 I H
1t z ¥ & 5 3 T 3 El W It [y
HMasa Progerins Inguts

Sent: Maonday, July 06, 2015 7:17 PM . ¢ g g g el el F
To: Hendry, Morgan L (352M) E 3 3 = - = £ £ £ 5 5 £
. : 4 & & & B B &
Subject: Mass properties updates (7,/7/15) H § [l E & £ = = = = = 2
3 < ] 3 4 3 3 ] H ] K & L]
&1 | 03IT0E-1 [EAPTA [stationan [Sepboped] 113360 03| 000 20750540 321470000 J2ren0000] S0 0,0000] 3,0000] 270.0000
B2 W1 BAFTA [staionay] |showed) ' £
. £3 0372122 Bracket Tie Diowan bLI-E
Good Mornlngl B4 | WATZR kel Tre Dy ML
Yesterday, the following components were added to the CAD system:
BAPTA (stationary) (deployed)
BAPTA (stationary) (stowed)
Bracket Tie Down MLI-5
Bracket Tie Down MLI-6
The following components were deleted from the CAD model:
RDE Harness
This morning, the mass properties for the baseline system are:
Confiruration  [M (k=) |€xim) Cx {m) Ca(m) Ishem’)  [boibew’) [otew) lodewo) [oeeom’  |hedes)
PP ~0.002 +0.002 +0 006 3 | aey 3 , =1 : -1 5 -1 y -1
Spun fuabalancedy [ 200 T |00 T oo THO 110 TR eer 207 [ B T s 30 3 A
-1 ~0.002 . 0002 +0.006 -3 | - ) -l | . -1 | T | . -1
Spunibalanced) (202 7/ |ooos T U looes TSl TOOC ees T I - 37 3 0 1 "
Configurarion [ (kg Cx (m) Cy(m) Cz(m) Ix(kgm®) by Ggm’)  [Toge.n’) Iy (bgm’)  |brikpm’)  |he(ipm®)
Despun (wer, 4 - 00 +0.007 =0.006 =0.006 -3 +13 - -7 -~ =1 . -3 A =3
aperational) W 00 oo | MM goos | °%F goos| 6 3 — ot 2 -6 - ot Y -3 - -3
Detpin (wet, ey S oe 0007 0007 [ peg ~0006] .. -9 -12 > =7 T -3 =3
Launeh) 0 6 | 9007 %™ goos | goos| P 5 | g [T 6| 2 ol Y5 d o
Despun idry, B g 0005 ~0.004 L, =0005 -5 +13 |, =7 TI -2 , =2
operational) | % 5 | 09% 005 | O% gp0s |9%12 gpes| 3P o | gy [P 5 | 2 A I
Despun (dry, “5 g 0005 ~0.003 ~0.008 W | s +12 | oo =7 . 4l s -2
lanochy bt 6 a2y 0,005 A -0.005 Lot -0.006 I 5 228 =11 e & 4l 9 3 1 22
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