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QOverview

= MBE considerations of: 1) semantics and
2) Additive Manufacturing (AM) capabilities

= Toward semantic knowledge management for
design/manufacturing

= Method to use information for
design/manufacturing decisions

= How we can integrate knowledge domains

= A way to apply this approach for industry
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Semantic knowledge management for design / manufacturing

 Motivation
« Capturing an using AM information in early design
« Compare AM alternative to other processes early
* Choose the best process combination early

Prior approaches for conventional manufacturing
« Work by Dr. Ameri at Texas State and others

Approach to integrate AM information

Process to execute decision rules

Case study: => Should we AM this part or not?

* Discussion — recent breakthrough




Background

Semantic Web is ...
« a metadata based infrastructure
for reasoning on the Web
= an extension, not a replacement
of the current web

= Why ontologies?

Rules/Query

= Engineering examples:
« E-Design framework at UMass

 Works at:
 Georgia Tech

Courtesy of: http://www.w3c.it/talks/2005/openCulture/slide7-0.html

e Clemson
* Virginia Tech
e Purdue

Wayne State




Prior work at Texas State

= Manufacturing Service Description Language (MSDL)
ontology

&MSDLProfile;
#MfgCapability

StockShape

W length

i

i R g
. " ol
| * - averageRoughness
I =« SurfaceFinish -W.:'
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' Lo materfalName
“p malerlalGrade

Courtesy of: Ameri, F., and Dutta, D., 2006, "An upper ontology for manufacturing service
description,"” ASME 2006 International Design Engineering Technical Conferences and
Computers and Information in Engineering Conference, Anonymous American Society of
Mechanical Engineers, pp. 651-661.




Prior work at Texas State

= Computer Aided
Process Planning
(CAPP) with
MSDL

= Executed for
machined part
based on its STEP
iInformation

Comnart data to

MEDL PART
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Courtesy of:
Sadeghi, S., Ameri,
F., Negrichi, K.,
2013, "An
Intelligent Process
Planning System
Based on Formal
Manufacturing
Capability Models,"
Proceedings of the
ASME 2013
International
Design
Engineering
Technical
Conferences &
Computers and
Information in
Engineering
Conference
IDETC/CIE 2013,
Anonymous pp. 1-
10.




Taxonomy development

(ﬂHIP) Designation: F2792 — 12a
ANTEAWATMINAL

Standard Terminology for
Additive Manufacturing Technologies?
This sandard i issued mnder the fixsd designation FI792; the numher roliowng the desig mdicates e year of

origiml minpson of, in the case of revison, the yeor of ksl revision. A number in paeatheses idictes the year of last sappmval. A
superscript psdion () indicatss o ediionisl change since the st revision of resppovel.

_ﬁuwﬂn:l Ihl."-l-_uld_:_t:l:.r
v MEDL: M gPToCceSS
- MEDL - MonShapngProcess
Courtesy of: Eddy, Douglas, ¥ B MsnLshapingProcaEs
Sundar Krishnamurty, lan Grosse, W MEDL AcdtionFrocess

Maxwell Perham, Jack Wileden, and ¥ MSOL AddRkrebtanutaciuring

1. Scope

1.1 This terminology includes terms, definitions of terms,
descriptions of terms, nomenclature, and acronyms associated
with additive-manufacturing {AM) technologies in an effort o
standardize terminology wsed by AM users, producers, re-
saarchers, educators, pressimedia and others.

Mo |—The subcommiliee responsible for this standard will review
definitions on a three-year basis (o determine if the definition is still
accursts as sed. Revisions will be made when delerminsd i be
DECESEArY.

1. Referenced Documents

2.1 IS0 Standard

IS0 10303 -1:1994 Industrial aiomation systems and ime-
gration -- Product data representation and exchange — Part
1: Owerview and fundamental principles

3. Significance and Use

3.1 The definitions of the terms presented in this standard
were created by this subcommittee. This standard does not
purport to address safety concerns associated with the use of
AM technologies. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
o use of additive manufacturing.

4. Additive Manufacturing Process Categories

4.1 The following terms provide a structure for grouping
current and future AM machine technologies. These terms are
useful for edocational and standards-development purposes
and are intended to clarify which machine types share process-

! This lerminclogy Is uader the jursdiction of Commies FE2 on Addillve
Monufeciwring Technologles aad & the direcl mesponsibility of Subcommifiee
F4291 on Terminalogy.

Cuwrend edilion spproved March 1, 2012, Published March M2 Originally

i 9. 1as previous sfilion spproved in 22 a5 FIP92-12 100
MLIS20PITIZ-12A.

 Themuigh & mutusl sgreemenl wih ASTM Rismaioml (ASTM), he Socisty of
Menulsciwring Engineers (SME} conlribuied the tehnicl experiise of iis KTAM
Commuaily members (0 ASTM 0 be med 25 i lechnicnl foundaSion for Gis
ASTM sindond. SME ond s mambership continue © play an oclive Gole in

\=chnical puiduace i e ASTM sondonds developmenl process.

" Avallable from . o S on (1500, 1, ch. de
b VideCeeuse, Case 56, CH-1Z10, Geneva 30, Swirerland, hiipod
www s oopfisodiso_calalogueialalogue_iofcalalogue
detall e csmmber=2157%

ing similarities. For many years, the additive mamsfacturing
industry lacked categories for grouping AM technologies,
which made it challenging educationally and when communi-
cating information in both technical and non-technical settings.
These process cabegories enable one to discuss a category of
machines. rather than neading to explain an extensive list of
commercial variations of a process methodology.

binder jetting, »—an additive manufacturing process in which
a liguid bonding agent is selectively deposited to join
powder materials.

directed energy deposition. a#—an additive manufacturing
process in which focused thermal emergy is used to fuse
materials by melting as they are being deposited.

Descueoos—"Fooused thermal energy™ means thal an energy source

(2g.. laszr. electron beom, o plasma arc) is focused w mel the
maierials being deposiied.

material extrasion, n—an additive manufacturing process in
which material is selectively dispensed through a nozzle or
orifice.

material jetting, s—an additive manufacturing process in
which droplets of build material are selectively deposited.
Descuvzeoos—Example maierials include phodopolymer and wax.
powder bed fosion, n—an additive manufacturing process in
which thermal energy selectively fuses regions of a powder
bed.

sheet lamination, r—an additive mamufacturing process in
which sheets of material are bonded to form an object.

vat photopolymerization, s—an additive manufacturing pro-
cess in which liquid photopolymer in a vat is selectively
cured by light-activated polymerization.

5. Terminology
5.1 Definitions:
3D printer, #—a machine used for 30 printing.

3D printing, s—the fabrication of objects through the deposi-
tion of a material using a print head, nozzle, or another
printer technology.
Descvsoos—Tem ofien used synonymously with adiditive manufac-
turing: in panticular asocistsd with mechines that are low end in price
andfar overll capability.

Farhad Ameri. "Knowledge WSDL DepostionBasedProlotyping
Management With an Intelligent \ MEDL LaserBasedProlotyping
Tool for Additive Manufacturing.” MEDL Thres-Dfrinting

In ASME 2015 International Design
Engineering Technical Conferences
and Computers and Information in
Engineering Conference, pp.
VO1AT02A023-VO1AT02A023.
American Society of Mechanical
Engineers, 2015.

Courtesy of: Standard, A.,
"F2792. 2012. Standard

— Terminology for Additive

Manufacturing Technologies,"
ASTM F2792-10el.
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Process capability definition

= Using Protége v. 3.4.8

= Defined by property restrictions
« Some inherited from conventional process definitions:

Y . SAMPro:PovederBedFusion ' SAMPro: Sintering
v O samProMeting
. SaMPro:ElectronBeambleting M=DL acceptsMaterial some (MEDLMetal and MEDL Palymer)
0 saMProSelectLasereting L ||| MaDLacceptsMaterial some MaDL Powder

Y . SAMPro Sitsting M=DL:ChangesGeometry has true
) ... M30L:ChangesPraperty has true

. SAMPm:SelecltlngHeatSwlﬁennlg M=DL hasProcessinput some (MSOLProcessinput and (MSOL hashistterstate some (MEDL Pavwder or MSDL Salid)h

;. SAMPro Selectivel asersintering MSDL:hasProcessOutput some (MSDLProcessOutout and (MEDLhashatterState some MSDL: Soli))

« Others unique to a specific AM process:

b O SaMProBinderJetting
| 2 . SANPra:DirectedEnergyDeposttion

b (0 samProMaterisExrusion (0 SAMProMaterial etting
Y . SAMPro:Materialdetting || ﬂ MSOL acceptaMaterial onby SAMPro:Phatapolymer
' SANProPalt () M3DLhasProcessinput onfy (MSDL: Processinput and (MSDLisMadeOf some SAMPro:Photopalymer)
. SAMPraWexPrinter MEDL: ChangesGeometry has true
v () saMProPowderBedFusion MSOL: ChangesProperty has trug
v (0 saMPraMeting W=Dl hasProcessCutput some (M30L FrocessCutut and (MEOL hashatter State some MEDL: Salid))




Knowledge management framework

= AM information
fits into prior
structural
framework

Process Output
GeometricClass hasAccuracyLower
hasProcessOutput .
@ hasAccuracyUpper hasSurfaceFinishUpper
ape b

hasSh.

roducesGeometry hasSurfaceFinishLower

= This way, AM

processes can be o oo o
compared to the Q/
others. d Q/

= Enables Semantic
Additive
Manufacturing © e
PROcess Planning

(SAM P I’O) \@ O = Slot for numeric value




Decision rule process of SAMPro

= Aligned with traditional DFM principles
= Executes on information — prior to any CAD
= Early high level comparison => best path to proceed

Add a
Features secondary
ﬂ process

- : . Adjust
Identify Identify Identify y Select the
non sinele rocess process costs Formulate rocess
. & P .. - based on high total costs of P ..
feasible processes combinations Meets surface finish combination
. or low each process .
processes capable based on requirement? . with the
. tolerance combination
and of given feature . lowest total
. i range alternative
penalize features capabilities " cost
position

Same process
combination




Case study — steel spur gear

= How should we make it? ==
= Part information

| Information given about part design

Information to be determined
by SWRL rules

MSDL:hasShape € @ & 5o hasreature € € & cwpronescostpertnit & P 33
4 SamProHollowDisk_6 & SAMProcHub Walle | Type
@ SaMPro:Teeth
MSDLisMadeOt ¥ Q, &, | SaMProThroughHole_EBore_for_Spur_Gear
& MEDL:AlloySteel 15 ‘SAMF‘rD:Thru:nughHDIe_threadeded_for_sei_screw
-AlloySteed :
L & SAMPro:ThroughStep_for_Heyway SAMPro:hasBestProcessCombination L 4 ﬁ
MSDL:hasTolerance a2
| S0E5| SAMProhesDimensionalinits  ® @ €
P ol aUNIT:meter SAMPro:hasHonFeasibleProcess ‘? ﬁ- %
SAMPro:hasPartWolume
2.7E-5
| | SAMPro:hasWolumelnits ‘k ﬁ- *a
MSDL:hasSurfaceFinish & 28 |@UNIT:meierTuPower3 |
| 16| ¢ .e
SAMPro:hasSurfaceFinishUnits Q: s B S o D 2
MSDL:hasDianeter LB 4 SanPro:BaseUnit_inch | e IO e e |
| 005 | LIMIT: micra
SAMProhasToolingAndSuppliesCostPerHr &
MSDL:hasLength £ ¥ samProhasOrderuantity &0 aF 2% |
| 0.038| Value | Type
5000 flost
MSDL:hasWidth &
002| SAMPro:HumberOfOrdersanticipated & 2%

M3DL:isStandard

EEI

|false

'|

120]
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Modeling the information about processes

MSDL producesGeometry *

« Compared to information SR DIE DR

4 SAMPro:Hub
) . & SAMPro:Testh
abo Ut th e part S req u I re m e ntS ‘. SAaMPro: ThroughHole_Bore_for _Spur_Gear
f SAMPro: ThroughHole_threadeded _for_set_screw
* SAMPro: ThroughStep_for_Heyway

o Utilizes the same framework | L 4 K
for AM and conventional s Te—
manUfaCturlng MEDL:hasAccuracyl ower & 4}' &g

* Note that slots are labeled T T
as MSDL here.
MSDL hasProcessinput ‘? 1
® Common Slots for a” *S.-'-‘-.MF‘rD:HaWr-.daterial_.-'l.lIn:n':.-'_steeljn:nwder_n:lr_Liquid
processes MSDL:hasProcess0Output ‘? Qb “

‘rS.H-.MPrD:Pru:u:esaOl,rtput_SDJ:nrirded_spur_mear

’SAMF'rn:F'nwderEedFusinn_fnr_Spur_Gear = >

MSDOL:acceptsMaterial & t'r-. %
4 MSDL: AlloySteel_15
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Candidate process combinations

= Examples
« Several alternatives to compare

For Clas=s: " SAMProCombinationOfProcessesFarSpurGear

r.&sserted rlnferred |

Aszzerted Ingtances -~ # ¢ X
4 SAMPro: CombinstionCfProcesses_AM_for_spur_gesr ee————=) ‘ SahPro: PowderBedFusion_for_Spur_Gear
A SAMPro: CombinationOfProcesses_CNC_machining_for_spur_gear ||- SAMProhazSeparatePrimaryProceses

"» SAMPr o CombinationOfProcesses EDM_for_spur_gear
'. SAMPr o CombinationOfProcesses _Manual_machining_for_spur_gesar
Q SAMPro: CombinationOfProcesses_die_casting_for_spur_gear

‘ SAMPro: GearHobhing_Spur_gear_teeth

Property | Walue | Type
=] rodftvpe . SA&MPro: Combination O fProcessesForSpurGear owl: Class
[l =AMPro:hasEnviranmertalimpact ’ M=0L: Medium_5 MSDL: Medium
B SAMProhasEquipmentOperatorPayrate 165.0 @ float
[ =AMPr o hasEquipmentOperatorPayratelnits ’ S&MPro:BaseUnit_USD MIT:Baselnit

[ =AMPr o hasEquipmentOperatorPayratelnits ’ IMIT: prerHour

[l =AMPro:hasProductionTimeeUnits ’ IMIT: Fiowr

B =AMProhasProductionTimePernit 0.25

[ SAMProhasSeparatePrimaryProceses " SaMPro:GearHobhing_Spur_gear_teeth
B SAMProhasSetupTime 0E

[ SAMPr o hasSetupTimelnits " IRIT: Fiowr

B SAMProhasToolingAndSuppliesCostUSDPerHr 100

[ SAMProhasYalumelnits " UMIT:meter ToPoweer 3

B SAMProhasWasteGuartitative 4 0E-5

UMIT:UnitDerivedByRaisingToPower
UMIT:UnitDerivedByScaling

4 float

MEDL: GearHokbing

4 float

URIT:UnitDerivedByScaling

4 float

LRIT:UnitDerivedByRaisingToPower

4 float




Case specific rules

= Example: What combination of processes are
needed to EDM the part?

= SWRL rule to check for tolerance by EDM:

SWEL Rule

M=DL: Part SAMPro: SpurGear) o MSDLIFeEDMISAMProWireEDM_Spur_gear) o MSDL: hasTolerance(SAMPro: SpurGear, 7y A

M=DL: hazAccuracyLovwer( S AMProWwireEDM_Spur_gear, Y1~ swrllkigresterThan( Yz, 7y =
SAMProhasSeparatesecondayProcess(SAMPro. CombinationOfProcesses_EDM_for_spur_gear, SAMPro:GearHobhing_Spur_gear_teeth)
Ao SAMPro hasSeparateThirdProcess(SaMPro; CombinationOfProcesses _EDM_for_spur_gear, ZAMPro:Reaming_bare_for_spur_gear) A
M=DL:hazProceszOutput S AMPro: CombinationCfProcesses EDM_for_spur_gear, SAMPro ProcessCutput _completely _finizhed_spur_gear)

* Inferred information from rule that determined
additional processes are necessary:

Property | “alue
=] M=DL:hasProcessOutput *‘ SamMPro:ProcessOutput_completely_finizhed _spur_gear
(] rodftype @ S&MPro: CombinationOfProcessesForSpurGear

N ZAMProhasSeparatePrimaryProceses ‘* SAMProvireEDM_Spur_gear
[ =AMProhazSeparate>econdayFrocess " SAMPro:GearHobbing_Spur_gear_teeth
N SAMProhasSeparateThirdProcess ’ SAMPro:Reaming_bore_for_spur_gear

14



Addressing OWL limitations for calculations

Property | “alue |
- il+_1 W hasSlope 20 4 flost
Import of swrim built-in s, 2 B
. . . B s irtercept 3.0 4 float
« Eval function for multiple operations |mrevaue 10 @ foc
=] rolf:type '@ LineEguation owl: Class
| - p—
Exam p I e - y mX + b hasYvalue & 5
- | > 1aq
= Execution of the rule below
/ hasYintercept ﬁl;l 3@
returns the value of | 30
hazSlope &S
| 20|
hasXvalue & '=|I]=' P
Walue | Type
S0 float
SWEHL Rules
Enabled | Mame | Expresszion
] Fule-1 -ﬁx rectanglel 7] A hasWidth(?x, Pa) s hasHeight(?x, 7R A swrlitcesal(?a, "t i, Pwe, 7R = hasbdreal®x, 7a)
Rule-2 -ﬁh LineEquation( ¥y ~ has¥interceptyy, 7h) ~ hasSlope?y, 7m) A hasivalue( Ty, 10 A swrlmeval(?a, "bem®c", Yh, m, 1) = hasyvalue(?y, 7a)l

r”i SWELJessEridos r':% Fules r;'_‘:!'_%:CIasses- r':%lndiyiduals r** Axioms r'-"? Inferred Axioms |

Inferred Axioms

bitt g iy ovl-ontologies comi2ntologyd 437419304 owlhasYvaluehitp: ifaenewe owel-ontologies comfOntology 43741 3304 owliyvalue, 13.00
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Discussion
Pros Cons
= Consistent with emerging Semantic Web = Time to create
technologies rules
= Advantage of using prior work to add
new concepts = Learning syntax
= Shows that AM can fit within
conventional manufacturing framework = Functionality of
- Suitable for consistent logical rules

comparisons == process selection
= Conceptual proof of this concept

« Potential for early design decisions
with transparency

= Extendable to accept constantly
expanding knowledge base

= User
friendliness of
the tools needs
Improvement

16



Higher level challenges

= Basic Formal Ontology (BFO) alignment

 Theory developed by Barry Smith from U at Buffalo and
others

« Can domain concepts be represented consistently and
related with other domains?

= Later, how we address these challenges
= Next, methodical prescription for use...




Method to inform design decisions

Motivation
* Right decision made early — AM or not
AM?

Decision Support System for Additive
Manufacturing (DS-SAM)

+ Usable template Which camera
* Rationale spool should we
Design process design?

Design courtesy of:

Gibson, lan, David Rosen, and Brent
Case StUdy Stucker. "Design for Additive
Manufacturing.” - Springer. N.p., 2010.
Web. 29 Nov. 2015.

Recent improvements to the
method




Background

= Some current AM research gaps
* Design and manufacturing integration
« Early design stage process planning
 AM process capabilities vs. conventional manufacturing
« When and how to best use DFAM
 When should we not use AM?

= Objectives:
1. Decision making method
* With early stage information
2. Usable template to assess and compare alternatives

19



Decision Support System for Additive Manufacturing
(DS-SAM)

Conceptual Design for Functional Speclﬁcahﬂns Conceptual Design for

1. Conceptual design Additive Manufacturing Criialfo Funcion (CF) Manufacturing
(DFAM) Reqmremems (DFM)
. [ f T
2. Parameterization [ Geomelric Requirements ] [ Material Property } Part Volume [ Quantity ] [ Other (i.e. customer ]
[ Requilrements | I preferences, llime, etc.)

Idea Generation

Formulate Aggregated
Scoring of Mernain.es

3. Evaluation of alternatives \

Check Eshmaied Costs

)
]
)
Define Design Afributes |
)
]
)

Concept Selection ]

2 —— — — el = — e

Conventional

4. Decision making

5. Detailed design and
manufacturing planning

6. Costverification

7. Design optimization

[ Appropriate Design ]

How can we:
1 . d e C i d e CO rre Ctly? (eﬁe Ctive n eSS) Courtesy of: Eddy, Douglas, Justin Calderara, Mark Pricg, Sundar

Krishnamurty, and lan Grosse. "Approach Towards a Decision Support
. . . System for Additive Manufacturing." In ASME 2016 International Design
2 d e C I d e e ar Iy’? (effl CI e n Cy) Engineering Technical Conferences and Computers and Information in
" " Engineering Conference, pp. VO1AT02A047-VO1AT02A047. American
Society of Mechanical Engineers, 2016.
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Where does it fit?

Develop engineering specifications.

Develop concepts.

Develop product.

Identify Plan for the
needs.  design process.
Murket \

* Form design
New - feams
technology }
= Develop [

tasks

Schedule
project.

Decompose into
subproblems

Identity who
the customers are

Generate customers’

requuements
Whit do they want?

J

Evaluate competition
How s it done now!

Generate engineering
sprecilication

How will the requirements

be measured?!

'

Set largets

How much is good?

Design

review

Terminate.

concepls

Evaluate

| Generate [-—

concepls,

Decompose

l—t nto subsystems.

Subproblem

i

Communicale

Upelate

concept information,

plans,

Design
review

Terminate

Generate }— Evaluate

|
I

product. L4 performance
|

;

Estimate

cost

Linear
or
holistic?

N\

Engineering
specitications

|

|

: Design for
| manufacture.
|

|

|

.

Design for

| assembly

Communicate |
product -4—1—]
information |
|
|
' i
Decompose il
mto companents, e : Bkt
| product. Release

Design
review

product

Subproblem

Terminate.

Courtesy of: Ullman, David G. The Mechanical Design Process. New York: McGraw-Hill, 1992.
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Rationale for approach

= Manufacturing influence on design
« Conventional manufacturing == reduce complexity
« DFAM == increase complexity to improve design

= |Increases array of design concepts

= Holistic comparison of alternatives
 Parameterized
* Multiple attributes




DS-SAM approach

Conceptual Design for elenalspesIielons Conceptual Design for

1. Conceptual design Additive Manufacturing Critical to Function (CIF) Manufacturing
(DFAM) Reqmremenls (DFM)
- " [ 1 I
2. Parameterization ("G etic Requirements ) [ Material Property ] Part Volume ( Quantity ] [ Other (i.e. customer ]
| Requi.rements I I preferences, t.ime, eic.)

>
-

Idea Generation

Formulate Aggregated
Scoring of Aﬂernatwes

3. Evaluation of alternatives \3

Check Estlmated Costs

)
]
)
Define Design Aftributes ]
)
]
)

Concept Selection ]

‘; ——y—— —— ey /Y

4. Decision making Conventional

5. Detailed design and
manufacturing planning

6. Costverification

7. Design optimization

] Courtesy of: Eddy, Douglas, Alexander
Finestone,, Sundar Krishnamurty, lan
Grosse, Mark Steudel, and Justin
Calderara, 2017,. "A Holistic Method
toward a Decision Support System for
Additive Manufacturing” ASME Journal
of Mechanical Design Special Issue:
Designing for Additive Manufacturing,

in review.

[ Appropriate Design

Graph

Performance
as Functic

Quantity Temmas




Case Study: Animal Subject Test Mechanism

= Parts used in mouse-leg mounting rig for cancer research lab
* Originally CNC machined of aluminum

= Goal: Use DS-SAM to determine whether correct process was
used, analyze for various quantities

= Collaboration with Prof. Maureen Lynch at UMass Life
Sciences Lab

Ankle Fixture Knee Fixture

Original Configuration Proposed AM Parts




Function specifications and requirements

Functional Specification |
Must be attachable and e = =
detachable from rig | Critical to Function Requirement (CtF)

Must allow mouse to be Dimensions of knee and ankle slot must

mounted easily be exact
Knee and ankle fixtures must be
detachable
Dimension of bore on mounting disk must
Must be able to be cleaned be snug and parallel to the shaft
without damaging parts

Must not cause injury or Material must be sufficientfy strong to
pain to mouse withstand cyclic loading

IS

Conceptual Design for { [ Functional Specifications Conceptual Design for

Must be capable of
gripping the mouse
securely

Additive Manufacturing N _ 7 Manufacturing
{DFAM) Critical to Function (CtF) ] (DFM)

Requirements
I




Alternatives identified

ol
[ waterisl | wetnod o abrication
1 Plastic Injection mold as 8, separate parts
2 Metal Machine as 8, separate parts
3 Plastic Injection mold as 2 parts
4 Metal Machine as 2 parts
5 Plastic Rapid Injection Mold as 2 parts
6 Plastic AM as 8, separate parts
7 Metal AM as 8, separate parts
8 Plastic AM as 2 parts
9 Metal AM as 2 parts

26



Formulate aggregated scoring

= Scoring from expert with AHP
e Preference
 Performance

= DFA for “Ease of Assembly”
e 8 part efficiency = 32%
o 2 part efficiency = 100%

1st
2nd
3rd
Ath
5th
6th
7th
8th
9th

Metal Machine 8 Parts (0.1649)
Metal Machine 2 Parts (0.1519)
Metal AM 2 Parts (0.1353)
Metal AM 8 Parts (0.1274)
Plastic AM 2 Parts (0.1036)
Plastic IM 8 Parts (0.0984)
Plastic AM 8 Parts (0.0958)
Plastic IM 2 Parts (0.0711)
Plastic Rapid IM 2 Parts (0.0515)

—Cleaning Withstand Fatigue Load |Geometry Mouse Safety/Comfort |Ease of Assembly
Plastic IM & Parts 7 8 9 9
Critical Criteria Preference Score |Metal Machine 8 Parts 10 10 g g
Cleaning 3 Plastic IM 2 Parts 7 8 3 6
Withstand Fatigue Load 10 Metal Machine 2 Parts 10 10 3 6
Geometry 8 Plastic Rapid IM 2 Parts 7 7 3 ]
Mouse Safety/Comfort 7 Plastic AM & Parts 7 6 10 10
Ease of Assembly 5 Metal AM 8 Parts 3 g 10 10
Plastic AM 2 Parts 7 ] 10 10
Metal AM 2 Parts g 3 10 10




Comparative results

Final formulation:

PerfCost(N) = [(Perf:?core

Animal Test Part Performance-Cost Score vs. Part
Quantity With Weigthed Preference

7.00

6.00

5.00

4.00

3.00

Performance-Cost Score

2.00

1.00

0.00

Best

/ choice |~

\

e Plastic IM 8 Parts

Metal Machine 8 Parts

Plastic IM 2 Parts

Metal Machine 2 Parts

—_——
T T T 1
1 10 100 1000 10000
Quantity

Plastic Rapid IM 2 Parts
Plastic AM 8 Parts

Metal AM 8 Parts

= Pl astic AM 2 Parts

Metal AM 2 Parts

| | Performance Rankings of Alternatives

1st
ond
3rd
4th
5th
6th
7th
gth
gth

* (Perfweight)] + [(COStNorm(N)) * (COStweight)]

Metal Machine 8 Parts (0.1649)
Metal Machine 2 Parts (0.1519)
Metal AM 2 Parts (0.1353)

Metal AM 8 Parts (0.1274)
Plastic AM 2 Parts (0.1036)
Plastic IM 8 Parts (0.0984)
Plastic AM 8 Parts (0.0958)
Plastic IM 2 Parts (0.0711)
Plastic Rapid IM 2 Parts (0.0515)
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Discussion

Contributions:

* Practical guidance

= Useful methodology
= Recent improvements

= Important guidelines:
1. Is it grounded in established principles?
2. Can we make the best decision as early as possible?
3. lIs it as efficient as possible?
4. Can we combine for fit with other approaches?
a) How does it compare with others?
b) And within high level domain concepts?...
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How can we solve the high level information modeling problem?

A proposed integration of BFO
knowledge domains:
[ Core Product Business Model &
Moiel (CPM) Entrepreneurship (BME)

Functional MSDL
Basis (FB)

\.

s

SAMPRO Innovative Capabilities in
AM (ICAM)
1

Design and Manufacturing}

I Performance

Case Studies in
AM (CSAM)

Capability Driven
Innovation (CaDl) [ New }
Ontology

Published 1

dependency [ e
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Industry relevance

The disconnect between CAD and metal AM operations
gets expensive!

o Problem: Nothing
tells a CAD operator
whether their model . . e

re you go.-

will produce a good K Good Tkl ' '

or bad part until it’s S

too late! rg a
AM

. Solution: An
effective tool would
alert the CAD CAD

operator by a green operator operator
light or red flag




Problem statement

There’s a lack of open qualification and certification data
tools for metallic AM parts!

Potential data includes: tool parameters, result targets, scan
paths, process data, and measured results.

Existing CAD tools can not acquire and manage such data

Framework required to manage, store, and manipulate data

CAD
modeling

Data Part
j feedback Closed loop information :
Tear down this

system
wall ! ==

Build AM
information process
32
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How It works — B

/, \\
Part -file / Extract part Inference with
> — Interface [,  feature . AM Best
. \ Information practices
N
Part \Ih‘
—_ T
/Reasoning on Visual //Analysis of vo%\
Predictive voxel/sloxel 7 voxelization = location and
model \Jnformation /| using G-Code status /
\/
<’ Reasoning :\ Results
On process / | visualization
~nformation -

‘ O Our Role \
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Visualization tool flow

CAD
Software +
part files

e- -
L -
.-

Computational Solidworks Plugin
:'_ Geometry tool Interface from
CAD agnostic

suite of plugins

L .stl files for features

~. 4
~. -
-~ -
- -
- -

CAD based feature
ontological
framework tied with
AM Capabilities

\ 4

Unity Visualizer tool

\ 4
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CAD feature ontology in BFO

e

Core Product
Model (CPM)

{I Dependency J

Feature Ontology

[ SAMPro H MSDL }
|

[ DED- LENS

[ CAD Based

[ Ontology J
module

Ontology
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Summary

= Represent knowledge for AM with that of other
manufacturing semantically (based on context)

= Information can be used in methodical decision
making.

= Method addressed early decision making about
AM or not AM assessments.

= Future work could link information domains at
the highest level of concepts.

= Application can relate part features to AM
capabilities to influence design/process decisions.
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Questions?
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