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Sandia National Laboratories
Sandia develops advanced technologies to ensure global peace.

As a multidisciplinary national laboratory and
federally funded research and development center
Tot _ (FERDC), Sandia accomplishes tasks that are
- S integral to the mission and operation of our
e : sponsoring agencies by

; . * anticipating and resolving emerging national

TorauLae runoinve (N . security challenges

33 1728 - e = « innovating and discovering new technologies to

MILLION rome s e oz strengthen the nation’s technological superiority

« creating value through products and services
that solve important national security challenges

» informing the national debate where technology
policy is critical to preserving security and
freedom throughout our world

Sandia Natfo

Managed and Operated by National
Technology & Engineering Solutions

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell
International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.
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Kansas City National Security Campus

Government sponsored, multi-mission engineering and manufacturing enterprise
delivering trusted national security products and government services

Nuclear Weapon Programs - Core Mission
r|,"' atondl o€ - o A large portion of the Campus is dedicated to NNSA’s

KansasC/z‘y *MisSb,uri e @ mission of keeping our nation’s nuclear stockpile safe,

e secure and reliable by delivering mission-critical
mechanical, electrical, and engineered material

components and services.

Global Security — Other Government Agencies
Our unique expertise extends beyond the nuclear security
e enterprise to benefit national security and promote

nonproliferation with field-ready solutions for other
government agencies.

Supply Chain Management Center — DoE
By catalyzing the DOE & NNSA Contractor community to
behave like a Contractor buying consortium to use our
innovative & collaborative strategic sourcing processes,
we enable the sites to leverage their annual spend to save

Managed and Operated by Honeywell FM&T @ millions each year.

The Department of Energy’s Kansas City National Security Campus is operated and managed by Honeywell Federal Manufacturing & Technologies, LLC under contract number DE-
NA0002839.
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= MBE Maturity Brief
" Project background
= Data collected

= Observations

= Share Some Results
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MBE Business Strategy FISC (@) ..

= MBE is a necessity due to:
= |mperative need for greater speed, responsiveness, & innovation
= Complexity of our product
= Demands from our supply chain and downstream users
= Application of additive manufacturing
= Unsustainability of 70+ years status-quo of drawing-based practice

= Game changer toward sustaining & growing our business
= A journey in which enabling technology can be adopted
along the way

= Pursue Insertion Opportunities in:
= Programs,
= Projects, &
= Pilots
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MBE Expected Benefits MSC () i,

= New Business Advantages in

Faster — through Increasing Velocity of Product Realization & Responsiveness
Smarter — by easily Incorporating Innovative Ideas & Next Generation Automation
Better — through Improving both Model and Product Quality

Cheaper — via Enabling Cost-Effective Downstream Processes

Safer — by virtually Simulating First & analyzing Advanced Safing Concepts

Securer - through Digitally Controlling a Single Source of Truth

= Major Benefits come from Downstream

Simulations & Analysis Model-Based Enterprise Hypothesis
Manufacturing (Additive & Subtractive)
Engineering & Tool Design

Purchased Products / Procurement ><
q_ \ —Model Centric

Quality’s Contribution to the Enterprise

Level of Effort

—Drawing Centric

3D Technical Data Packages ’7
. N . . s ,3:9 S s
Visualization & Animation & & S oS

Automation via Digital Interoperability

. Value Proposition for the Enterprise
Extends the Enterprise
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MBE Maturity Index* fISC () i,

Model-Based Enterprise Maturity Index

Trusted Authorized \ Internal Extended
Model N 37 der ) MBD MBD MBE MBE

Centric / Centric Centric / Centric / Centric

_"l.eve0 Tevel'T | Tevel’2 | Tevel'3" 'Level4 | Level 5 | Level 6

Drawing
Centric Centric

¢ 2D Static * 3D Models *3D Models& create e Mt}de/-BaS(ed e Model-Based  *Model-Based ¢ Model-Based
. 2D Drawings Definition (3D Definiti Definiti Definiti
Orawings | oeotez0  prungd  jwienh, [ Oefiniion | Defntion — |\Defiion/
y * Models Checked, e 3D Interactive I8l _a_ g .. .
] Models L4 STEP AP203 Derivatives Viewable Certlﬂcate CharaCterIStlc o Authent|cated
Adhoc Derivative Compared, & 3D Technical Data [l ¢ LOTAR e Auto MBD/TDP ~ Digital
* CAX STEP & Managed Packages «3DIV. 3D TDp  Deployment Exchange
* Models not 2D Drawings  ° Certificate of * MB Animation WI ' to Internal e Auto MBD/TDP
managed 8 Model Quality - *MBD, 3DIV, .
«Model * MBD, Derivative Operation Deployment
e Disconnected odels may o CAX Derivatives & CAX Managed TDP Deployed
be managed w/ 2D Drawing  Ppart-Centric PLM from PLM *LOTAR+ to External
* Model Images WI SUEIEE e Connected Operation

Part-Centric PLM

Digitally “1” PLM

File-Sharing Doc-Centric PDM Doc-Centric PDM Part-Centric PLM

2D Drawings 2D Drawings 2D Drawings
Authorized Authorized Authorized

Design Activities

Data Management
Manufacturing Activities
Quality Activities
Enterprise Activities

A Way to Map our MBE Journey




Current Situation at NSE fISC (@) s,

Model-Based Enterprise Maturity Index

Drawing Model
Centric Centric
eve
¢ 2D Static * 3D Models
Drawings create 2D
Only Drawings
e Models e STEP AP203
Adhoc Derivative
*Models not * CAX STEP &
managed 2D Drawings
«Disconnected *Models may
be managed
File-Sharing Doc-Centric PDM
2D Drawings 2D Drawings
Authorized Authorized

= Document-Centric; Drawing-Based Enterprise
= Drawing Centric Level 0
= Model-Centric Level 1

3D Models used to create 2D Drawings
2D Drawing is the Authorized Product Definition
STEP AP203 Derivative Model may be Created

Production Agency uses 2D Drawing and if
available/authorized a STEP derivative model

Drawings and Support Documents Managed
Design Models may be Managed; Disconnected
Other Models often File Shared; Disconnected

= NSE’s MBE Adoption Maturity is assessed near Model-Centric: Level 1
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Future Situation at NSE?

Model-Based Enterprise Maturity Index

Drawing
Centric

“Level 0 | TevelT

¢ 2D Static ¢ 3D Models ¢ 3D Models create ¢ Model-Based e Model-Based
: r 2D Drawings & Definition (3D Definiti
3ra:wmgs g;avt;n - Derivatives PMI, Metadata) ,ef_mltlon
nly 9 ® Models Checked,  * 3D Interactive ° D'g't_a_l Mfg.
e Models °5TE’_J AF_'203 Derivatives Viewable Certificate
Adhoc Derivative Compared, & 3D Technical Data [l e LOTAR
eModelsnot  *CAXSTEP & Managed Pridepes *3DIV, 3D TDP
2D Drawings  ° Certificate of  MB Animation WI
managed g Model Quallty e MBD, Derivative O MBDI 3DIVI
eDisconnected ° Models may o CAX Derivatives & CAX Managed TDP Deployed
be managed w/ 2D Drawing Part-Centric PLM
* Model Images WI

File-Sharing Doc-Centric PDM Doc-Centric PDM Part-Centric PLM
2D Drawings 2D Drawings 2D Drawings
Authorized Authorized Authorized

Trusteo

Model Model

Centric

Centric

Leve

Authorized

MBD
Centric

MBD
Centric

Level 4

= How can we realize a product from an authorized part
defining model?
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MBE Collaboration Project AISC (M) B,

= Model Authorized Product Realization (MAP-R)
— MBE Collaborative SNL-NM and KCNSC Project
— Exercised an Authorized Part Defining Model (MBE Level 4)
— 9925020 addressed Identification of a Part Defining Model
— Help Quantify MBE Benefits and Identify Challenges

— Quantify the differences and business practices for design, manufacturing , and
inspection, QAIP
» Traditional drawing-based processes
* Responsive model-based paradigm

[UNCLASSIFIED

L]




MAP-R Methodology

Testing the Digital Thread in
Support of Model-Based
Manufacturing and Inspection

A ber of facturing cony v have reported anecdotal evidence describing the
benefits of model-based enterprise (MBE). Based on this evidence, major players in
industry have embraced a vision to deploy MBE. In our view, the best chance of realizing
this vision is the creation of a single “digital thread.” Under MBE, there exists a model-
based definition (MBD), created by the Engineering function, which downstream func-
fions reuse to complete mode}' bmed manufacrurmg cmd m()de}' bmed impecn(m a{.m
ities. The ensemble of .~

Thomas Hedberg, Jr.!

National Ingtituie of Standards and Technology,
Gaithersburg, MD 20899

e-mail: idhl&nist.gov

Joshua Lubell
National Ingtituie of Standards and Technology,
Gaithersburg, MD 20899

Lyle Fischer
Capvidia NA,
New Ulm, MN 56073

H inspection defines this d
Larﬂrlgw?qﬁggﬁgl? and analysis, collabora
Auro, 1L 60505 Jfull-process traceabiliry

participants. This paper
strategies for implemen.
of data between variow:
results from a studv of 1

Allison Barnard Feeney
National Ingtituie of Standards and Technology,

5t MLAR-H Live Cone

Create Product
Definition

S/

Authorize Product

Create LOTAR
equivalent files

\ Cartify Product
N Definition

Disposition Product
Change

KANSAS CITY

Sandia

AV National
National Security Campus

ﬂ,;..\
manufacturing

reate derivative I|Il
for mamudacturing

Package Product
Definition for
manufacturing

(

Pm pare for inspection

Perform
Engineering
Analysis

Quality Assurance
Inspection Procedure
(Simulated)

Fig. 7 Comparison of a delivered test case 1 pal

part

addition of an unintended through-hole in the drmuing—hased

Fig.3 Three-dimensional model of test case 1

MAP-R builds upon the findings of NIST
studies with NSE unique use cases

Laboratories




MAP-R Deliverables

= Validate the Model-Based Hypothesis
and answer critical questions such as:
= |sthere a quantifiable business benefit?
= What Product Manufacturing
Information (PMI) should be included?
=  Whatis a Trusted Model?

= Does a 3D annotated model save time
and improve quality?

= What are our capabilities (people,
processes, tools) and maturity to use
models?
= |dentify gaps in current processes,
tools, training, and policies to
effectively implement MBE (inputs for
MBE Roadmap)

= Capture best practices and create new
process documents/modify existing
documentation

KANSAS CITY

Sandia
National
Laboratories

i\ =)

National Security Campus

Model-Based Enterprise Hypothesis

—Model Centric
—Drawing Centric

Level of Effort
T8

o

A

Understanding the value proposition for
the Enterprise
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MBE Level 2 - Trusted Model Centric f5€ (@) Ex.

= Validate 3D Models

If you rely on a model, it must be a reliable model... then prove it.
= Create Derivative Models

= Compare Derivatives to Source

= Create Model Certificates

Create Certified Derivatives w.r.t. Source Model

= Example:

= Properties:

= |tem Name - 1 :0.0108021
Hot/\Warm/Error/Total Thicknesses : 2/0/0/5
Surface Type : Cylinder

Drawing-Based Practice Model-Based Approach Target Faces 4084-1
Model Validation identifies issues not easily identified in drawing reviews




MBE Level 2 - Trusted Model Centric H5C (b=,

Early Detection of Defects
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CT Scan of Interesting Area ASC ) .

= DB MAPR 4A1473 S/N 5001

‘olume 1 agrid coordinate system Right 1
64, 5454 mm




MBE Level 3 — Model-Based Definition -~ "

= 3D Interactive Viewable (3DIV)
= Created from Model-Based Definitions (MBD)
= Generate 3D Interactive Viewable (3DIV) for Human Consumption

Setert Associated Dats from List 1o View: x
[Select a Data L i |
{SEE BDM FOR OFFICIAL PARTS
5T):
AL IS prives
T80 DA e
O WO W R T
T oo
Model Stushens Propertes:
Tl Gty
Fan Classfization
e Ssom Pt Shem A
N T AT
preet =
‘e ruasice,
— comacron
Wi R003 TYRE
)

3D Interactive Viewable (3DIV) new preferred human consumption format




From Design Agency (DA)
To Production Agency (PA)

Certify
Part Defining Model

Authorize
Part Defining Model

KANGAS CiTY & d
1 ndia
fISC () s,

National Security Camps

PA is authorized t
the certified part
defining model anc
associated baselin
all production acti
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Authorization to Baseline NSC () &=,

Submit a Service Re o
3m asmiura e SR CAD Document v] |Se-arc.h . !P|._v4 | Quick Links » |
@ Products > 4A1472 FLANGE-CONNEGTOR-R003 TYPE 1 > PDMLink Business Objects | Recently Accessed - |
L
|Actions ~| 3 Folder - Baselines (/Default)
(] ,
8 - Folders ( 14 objects ) = Folder Contents Al - (3 objects )
=
E Search in selected folder |ﬂ I;] ;'::-Cf :‘jl .:_'i g | h »
o Name 1 New Document New Part New Change Request Mew Folder Copy Add to Workspace
I
§ -:_iu““é 4A1472 FLANGE-CONNECTOR-"_ = @__ E ] Number Name 1
(-3 Documents = ] It 0000003810 4A1472-00 ISSUE A
Submit a Service R t -
) Materlal Lists E‘i‘j‘i asmiura THRRSSren TS CAD Document 1] |Search e Ipi.v. | Quick Links ¥
3 Models and Draw
9 PDMLink Busined iB {i  Products > 4A1472 FLANGE-CONNECTOR-R003 TYPE 1 > PDMLink Business Objects > Baselines | Recently Accessed - |
(- Baselines o 3 u ;
\Actions~ | a8 Managed Baseline - 0000003870 (4A1472-00 ISSUE C) & Released @
[ BOM Nates I%
3 Chenge Mans % m Related Objects [GIECLTN (5
~

Baseline Objects | Contexts
- Baseline Objects au - ( 7 objects )

& @ - D &

Add Objects Collect Objects Remove Copy Paste

i
asmoig

= | Procurement In

=5 Product Structure Actions = Search in table L ﬂ i e

=
g. = Froguztion Bennd -ﬂ_ MName I Number Version Siate Last Modified
g- |=]  7420300-7420398 U 0 1 D [ & 7420300-7420398 A0 REL 2017-02-23 09:30 M
® [ ALUMINUM ALLOY, 6061-T6 EXTRUDED BARAN... (i) [= &) 7420373-02-BULK-U... A1 REL 2017-02-24 09:23 M
[} FLANGE, CONNECTOR, RO03 TYPE 1 D [ & 4A1472:00-UNC B.1 REL 2017-04-25 07:40 M
® T] FLANGE, CONNECTOR, R003 TYPE 1 i) [ & 4A1472-00.UNCASM C2 REL 2017-04-28 10:39 M
#0# ALUMINUM ALLOY, 6061-T6 EXTRUDEDBARAN... (D) [= O 7420373-02 A3 (As-Designed) REL 2017-02-24 09:23 M
i# FLANGE, CONNECTOR, R003 TYPE 1 0 [ & 4A147200-PRT B.3 (As-Designed) REL 2017-05-01 14:38 M
#08  FLANGE, CONNECTOR, R003 TYPE 1 D B 2 aarzo0 C.1 (As-Designed) REL 2017-05-01 14:45 M
< >
= ( O objects selected )
1]
é.
% - Contexts ( 0 objeats )
°

L

= %‘. =1 —~




Authorizing models as product definition #/5¢

National Security campus

is required for MBE

= Part Defining Model
specification 9925020 defines a
method to certify and authorize
native CAD and derived STEP
files for use as product
definition

= Current EA system only
recognizes drawings

Sandia
National
Laboratories

C (b

CAGE CODE 14213

N

u
;| n

L B

| mm o

(

CHANGE HI¢

CONTROL NUI

—_—

9925020-00

Callout: PART DEFINI|
(1) Insert “NON

SPEC IS AUTHOR]
REFER TO AER F(

DRAWING LIST

21623054

w A
¢

UNCLASSIFIED

Bul Iss Lot Dravwing THle

SA FLANGE. CONNECTOR, R0O02 TYPE 1

JL use the part defis
iin L]='=d=1. to cre

[
BISTRIBUTION
N O
|
O

REASON FOR RELEASE

Rev 0/ (2017-02-27)
1.0

Authorize use of 1§

ng model and its
ate files needed for

sted produst definitien te build product using a

part defining model per DRAFT $925020,

The dnwilq ic mec
STE

or of thie EAR sbec fieg the Nr defining STEP

£ the m\:\v..naurco file from

9925020
Pace 1 oF 11

Page 2ol

Drawing
Information
PART DEFINING
MODEL

associated

native CRED file
rdln header of the

Thas document has been detemuingd to be UNCLASSIFIED,  Reviewed by:

Title:

Date;

Derived From:
Seurce Date:

UNCLASSIFIED

NA
NA
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BE Level 3 — Model-Based Definitior =& @) .

. 14520 Botts Road
echnical Data Package v Gy O G117
| tame : Bascription
| Taanarson_ipat o0 PRE PO 30 TECHNICAL DATA PACKAGE COVERSHEET [v0.4b)
. . L1435 e Aot T a—— . .
|tz e An e Mode TOP ID: TOP REV: CAGE CODE: F LEVELS {hover aver checkbax far dafinition)
u M anu fa ct urin g Au t h or Ity £ 4TI 0 e AP03 Pty STEP APINA Desvati Modl [ToPaatez2 ]| [ ] | [raost Oconceptual Oo @
e - aency, - n -
T Dusieative Moddal Equivalancy P Camhicate of Wodsl Equivalancy, RELLL L SERLE LIS {ALE PHEPARED:
% O [4at472 [FLANGE, CONNECTOR, R003 TYPE 1 11l fananr
. | 3
[ P D F C t | s to S0t et TG U G TDP PURPOSE: CLASSIFICATION: EXPORT CONTROL:
ontainer i e e — _ [ = !
acceptance of product 1of e Mot ALhored Product Realzabon (MAP-R) project. | | L
1._DELIVERABLE DATA PRODUCTS |+ all that apply and complete as applicable)
TYPE FORM TYPE CERTIFIED
FIC Creo
O Native SolidWarks
Siemens NX
Other (Specify)
§ |30 Design Models [Aster (s BZE—— o 7]
E [l Parasalid (x_t) [
£ O stereithography (st
& [£] perivative [Jcuality infarmation Framework [.qif)
G ] Additive Manufacturing File [Lamf)
§ [Facs (.sat) @B
g [ other [Specity)
[£] 30 interactive Viewable [£] 30 Annotated PRC POF (150 14739) [ other [Specify)
PTC Creo Siemens N TIFF
[ 20 Static Drawing SolidWarks Other [Specify)
DOCUMENT POF (150 32000 BASIC)
] CADIC FBTol
[ anatysis FEA (Specify) Other [Specify)
-
’g [ Assediated Lists Bill of Materlals [BoM) Other [Specify)
ol Bill of Characteristics (BoC)
F -
= Internal References Applicable References
% | References 9900000 9919100 TED
El Other (Specify) Other [Specity)
z -
= UNIVERSAL 3D PDF (ECMA-363)  MBDVidia lhstration
[ viewables CreoView phata Animations
a This 30 Technical Bata Package (TOP) is: eDrawings Other [Specily)
2, OTHER TAILORING [attach additional sheets as necessa . 1 i
- NCLASSFED [ ry) | 3. 30 VIEWABLE (Click on area to manipulate)
The infoemation comveyed inthis TDP is to be used for its intended purposes
anly. Contents of this 30 TOP shall not be used in any weapon or weapan
related product, ssscciated wi fi pon pregram, nor
with any traines items or ancillary equipent ssotsted with such & program.
This 30 TOP is intended to be wsed to pragress the maturaticn of Madel Based
Enterprise (MBE), specifically model-based definition, manufacturing, quakity,
snd inspection capabilities.
The Department of Energy's Karmas City National Securily Caspus 15 operated
and managed by Honeywell Federal ing & jies, LLE under
contract number DE-NADDI2E39.
3D Viewabie Navigation
| E’"“d / dovemloaded coples of this document aro uncontrolled for | Upoie b oick 4 pan- CiteleftCick + Zoom - Mouse Wheel
[ = ] v g . resnn, JrS—

KCNSC'’s 3D Manufacturing Technical Data Package Example!
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KCNSC QE’s Inspection Planning f5C .

4 UNCLASSIFIED| 3 ¥ 2 |UNCLASSIFIED 1

REVISION DATE: 6/21/17 | 27504010 commanen [ Tomer] pr—— =
AUTHOR: AYAANTE000 | B | [Feozot7zres SA | Z7-APR-201T
FOR REFERENCE N T 1700010 — SXR_N0276KC2017SA
10004010 i NOTES: VISUAL
-] - o | VISUAL
= e r—_ | %% &= mummmmvummmmm{ n
%y ) gmm
Rl
5 a - @\r_ . @ B c ! ‘ ‘"’- = gm
wlad s - SERIAL NUMBER

KCNSC Quality Engineer Observations
 Important that we found significant product definition issues
previously unknown to the enterprise
» Received good responses from all those that seen and used a 3DIV.
e Huge Opportunity:
Looking forward to BoC and Planning Function being automated
30%-60% time savings from significant manual QE functions

Faster and More Responsive
Avoidances of Human Errors

C

y GAGE
[}
P 625, 87 = [ R
A [E]E0100 [~ o2 [o] 7 ax[R250] - “CLURRENT BSUE AMROVALS S e weneas [ L L LLLLTLT € FLANGE, A
& DD 005 oD e N r T T T T T T TTd CmNEGTDR.
THREAD GAGES DS
AR pr— ENGLISH UNCLASSIFIED - RO03 TYPE 4 o
[&]8.005 A ]88 [c | - : UNCLASSIFIED D |  AY4A1473 B
T v cate 14213 [scur 34 Jeeer 1 0F 1
E oo :I::ﬂmu»: B TYPE: PART b Ercn @‘ 'G. CRED PARAMETRIC stams SA - REL - ZT-APR20MT
2 UNCLASSIFIED 1

4 UNCLASSIFIED| 3




Perform Engineering Analysis /5 @&

= Drawing-Based MAPR = Model-Based MAPR
= Analyze thin wall issue = Analyze thicker channel
= 2D Drawing and STEP AP203 = 3DTDP w/3D Derivatives Models & 3DIV

Time Spent: 50 hrs. e W F
Time Spent on Model Prep: 31.5 hrs. Usea ALIS viouel Trom su 1 ur
Time Spent Analyzing: 18.5 hrs. Time Spent: 12.2 hrs.
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MAP-R Project Status AISC (M) =,

uc MAP-R Use Case /

Prepare for
manufacturing

Create Product

Definition

Create derivative files
for manufacturing

L.

= [ Authorize Product
Definition Package Product
Definition for

manufacturing

Drawing-Based
All Use Cases
Completed

Create LOTAR
equivalent files

Model-Based
\ All Use Cases

/ ke Completed

Manufacture Part
SA

Certify Product

Definition Prepare for inspection

Disposition Product Inspect Part

Change

J

Request Product
Change

Perform
Engineering
Analysis

Quality Assurance
Inspection Procedure
(Simulated)
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MAP-R Data Analysis SC @) .
= Methods

= Workload: The workload scores were generated based on the Multiple Resource Theory of
workload (Wickens and Yeh, 1986). Each score represents an aggregate of the modeled
Cognitive (C), Fine Motor (FM) and Visual (V) channels, summed and multiplied by subtask
time to denote magnitude, and then divided by overall task time (summed time of all tasks).

= Success Rate: Success rates were determined through applying known error rates from pre-
existing research (Melchers & Harrington, 1982; Grudin, 1983; Swain & Guttman, 1983;
Dhillon, 1986) and then providing a product of all error rates for the entire task.

= QOverall Underlying Theory:

Workload can affect performance and be a predictor of possible error rates (Yerkes, Dodson,
1908; Swain, 1964; Paas, 1992). We hypothesize that the model-based process will show less
time in the high-workload condition than the drawing-based process. This can be used as a
predictor for possible error rate of the task(s) in question and could result in less errors over
time through implementing the process.

= Workload Levels:

The low, medium and high workload levels were assigned based on the aggregate workload
score for each task for both processes. Low = 0-14.9, medium 15 to 18.9, high 19-21. These
determinations were based on Multiple Resource Theory scores for task types, where 21 is the
maximum of possible workload to be experienced for the three channels modeled, and the
concept of stress-based workload levels and predicted performance.




Selected Use Cases FISC () s

mmmmmmmmmmmmmmmm

Total Execution Time
Drawing Model
89:15:14 83:42:11

Time in Low Workload
Drawing Model
19:48:31 18:14:28

Time in Med Workload
Drawing Model
5:24:38 12:08:38

Time in High Workload
Drawing Model
64:02:05 53:19:05




Create Product Definition

KANSAS EiTY )
Sandia

/ \ m National _

National Securiy Campus Laboratories

Workload

Product Definition - Drawing

25.00
20.00
15.00 M—M—
10.00
5.00
0.00
N
&P @b@b@ & @‘?@ & 0“6:0 6’@ $ @%@%@%@Q&‘Q@
o.@u.y.yﬂ;% '»'» RO i N
& FF ST F S '” ‘5" 0;" v 'b” GV NV AR AR A
PFFFSE Q“ 'o° 0'° e'\' SIS S QTG
Time

Workload

25.00
20.00
ls.w/\/\/\/_/\/\/\;*\/_
10.00
5.00
0.00

N »
PSS SO SSSEESS S S
& a%%mmwwmmmwmmm%y
LSS § & S o 3 o o o GV T 0
PP F S S S I L S R S Sl
ST T T TFFFE S E @ "2

Product Definition - Model

Time

Med Med
15-18 15-18
8:52:17 0:02:13 3:30:00 5:27:29 6:42:13 7:30:00

Time at Load

Time at Load

Total Time 12:24:05

Total Time 19:39:42




Create Product Definition KIEE (s
(Novice vs. Expert)

National secur.ity Campus Laboratories

Product Definition - Model (Expert) Product Definition - Model (Novice)

20.00 25.00
18.00
16.00 20.00
o 14.00 =
° 12.00 3 15.00
¥ 10.00 =
S 800 3 10.00
2 600 2
4,00 5.00
2.00
0.00 0.00
o S & o
o> S & o & & &S o h@ PR LIS PELPLSLEL P E
< IS o~ N ~ S o 5 & %%%wwwmwmmwmmm%u
S S S o W W ™ o ST S g g A oA g g A, Mg
< o § o 4 o 3 FEFFFF PG PP S F S G E
& S & g $° © © & FFFFFFT SIS FG S Cit

Time

Time at Load Time at Load

Med Med
15-18 15-18
1:17:37 0:12:00 6:32:00 5:27:29 6:42:13 7:30:00

Total Time 8:01:37 Total Time 19:39:42




Authorize Product Definition  f/5¢ @,

Authorize Product Definition - Drawing Authorize Product Definition - Model
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Total Time 4:47:20 Total Time 2:12:20




Manufacture Part (Engineering) ¢

Sandia
National
Laboratories

Manufacturing Engineering - Drawing-Based
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Manufacturing Engineering - Model-Based
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Time at Load

Time at Load

Med Med
15-18 15-18
1:15:00 0:00:00 4:50:00 2:25:00 0:00:00 0:30:00

Total Time 6:05:00

Total Time 2:55:00




Review FISC (W) .,
= NSE is committed to MBE Transition

= A MBE Maturing Index has been updated and proposed

= SNL/KCNSC conducted a first Authorized Part Defining Model

= MAPR Project confirms:
= Realization of Product from a MBD

= Acceptance of Product from a MBD

= |dentification of Quality Improvements

" Increase Responsiveness

= Shifting of Human Cognitive Load == Reduction of Mistake Opportunities
= |ncreased Readiness for MBE Implementation

= |dentification of Opportunities for MBE

= Results are most positive to pursue significant MBE Insertion
Opportunities




National Security Camps

Thank You

Questions
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