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Table I. Bloom’s Taxonomy of Educational Behavior (4)

— > ——

Bloom proposed six classes of behavior, divided into two broad categories: (2) knowledge
and (b) intellectual abilities and skills:

1. Knowledge. This class involves simple recall of the appropriate material, usually unaltered.
The remaining five classes were categorized as intellectual abilities and skills.

2. Comprehension. In mastery of this, the lowest level of understanding, the student knows
what is being communicated and can use the concept singly, without its full implications.
3. Application, This behavior requires the use of general principles, theories, or procedures
in concrete situations.

4. Analysis. To exhibit analytical behavior, a student should be able to separate a complicated
process, machine, or procedure and determine the inner workings of each portion

5. Synthesis. This behavior class requires the student to assemble and arrange parts into a
whole which was not previously apparent.

6. Evaluation. This behavior consists of judgments about the value of a material, method,
or process, involving standards of acceptability.
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MSE Design Curriculum

F W S
1 EDC 1 EDC 2
7 Thermo 1 Thermo 2 Micro Dynamics 1
Intro MSE Mechanics
3 Micro Dynamics 2 SS Physics 1 Materials Design
Mech Behavior SS Physics 2
A Process Design Senior Project Senior Project




Education: Multiyear Design Sequence

Bringing Modern Design to the Research University

DSGN 106-1,2 Freshman Engineering Design & Communication
-- Cross-Cultural Teaching of Modern Product Design

Mat Sci 390 Materials Design
-- Computational Design of Dynamic Multiscale Materials

Mat Sci 391 Process Design
-- Statistical Methods of Experimental Process Optimization

Mat Sci 396-1,2 Senior Project
-- Experimental Research & Design Validation
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Hierarchy of Design Models

SANS, XRD
APFIM, AEM

» Solidification
LM % Design DICTRA
SEM/EDS X TC/Ap,
: TC/MART
CASIS, MAP

LM, TEM
MQD, DSC

ABAQUS/SPO
TC, AV

| PrecipiCalc™

_{ TC(Coh)/DICTRA
 ABAQUS/EFG



Computational Labs: MSc390 Materials Design

Lab 1. CES Ashby Materials Selection Software:
Formulating Design Objectives

Lab 2. TCW:
Basic CALPHAD Calculations

Lab 3. CMD1:
TCC-based Design Modeling

Lab 4. CMD2:
Model Integration in Parametric Design

Lab 5. DICTRA/PrecipiCalc:
Dynamics Simulation
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Example: Design Integration with CMD
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Accelerated Insertion « Materials

v B e i PO

PrecipiCalc

PuesTerx
3 0.990
0.900

y 1;0.750

©@ 0.500

7]
, — 0.250

-

2 0.100

(0]
15 < 0.050

>

n—
1 ‘S 0.010

®©

9 0.005 |- 129
0.5 = n=

o o |N=701

] A Fay m
) OO00T gt bttt
150 155 160 165 170 175

1 2 3 4 5 6 Yield strength, ksi



g S53 Transition Milestones

Dec 00 — ALGLE Bridge March 03 — ESTCP LG Jan 07 — Carpenter Oct 07 — Latrobe

0o
c
g Program starts Program starts license completed license completed
(1S
3 June 01 — SERDP Phase Il June 06 — ESTCP RGA l [
'ﬁ; " Program starts Program starts Dec 08 — DoD Corrosion
g g — [ \ x Resistant LG Cooperative
G ..3 Dec 99 — SERDP SEED June 05 — Hill AFB Jan 06 — DARPA S53 Program starts
% 9 Program starts ALGLE and MSD Projects start AIM Project starts
o=
c W
op YV
a s Nov 00 —Series 1 & 2 designs June 02 - Series 6 designs Jan — 04 S53 manufacturing
2 5 demonstrate tensile properties in demonstrate all mechanical specification released for
=O § 300 Ib heats. property goals \ production
< 11 1 AT N N~ T T
Jan 01 - Series 3 designs June 03 - S53A demonstrates
determine melt practice scale-up of tensile properties.
specifications 4‘
Dec 99 ! : L : . - .- - | -\ -Z-] Emnm
c 9 L— :
Q _ qst g _ Ath A
2 5 Jan 05 = 1% production S53D Sept 06 4™ production Jan 07 — 7th & 8th Feb07 — 9t & 10" heat [| Dec07—AMS
c o meets specification and quality heat is out of spec and is 1
L2 » heat completed. completed complete.
E9 tests. scrapped. 5 —— ~ T < |
(5] E /
=) 2L
(o] th @ gth ;
N — March 07 — JTP — D
> Feb 05 — 2" production heat is Feb 06 — 3 heat completed. ov06 ~>7&6 arch 07 - ITP testing Apr 08 = MMPDS
= completed and ships heat completed. complete. complete
< : _ > z 7 — .
Oct O? _.AWI driven process Nov 07 — 11t heat completed. Sep 09 — AF matls. ERB
reoptimization completed. // / /

c 3 £ = L

o )]

E= § Dec 05 — 1%t A10 drag brace April 08 — A10 MLG May 09 — T38 MLG fatigue rig Aug 09 — T38 MLG limit and

:E ﬁ completed. testing complete. testing complete. ultimate tests complete.

ERS 7 Z [ ~ Z / 7/

=]

o ) , o

g Feb 0? t— Forging demonstration Aug 0|8 t— A10 MLG qualification 4t Quarter 09 — T38 MLG ERB

S comprete. comprete. Planned - First Flight

£

S < Design < AlM >




MSc390 Materials Design

Civil Shield (EDC)
Client: ONR, DHS, Trinity Rail
Advisor: Zack Feinberg

Earthquake Steel (EDC)
Client: ArcelorMittal
Advisor: George Fraley

TRIP800 Automotive Steel
Client: ArcelorMittal, GM
Advisor: Jiadong Gong

IV.

VI.

FSW Joinable Aluminum
Client: Ford, Boeing
Advisor: Ryan Glamm

HP Magnesium

Client: ARL, GM, DOE

Advisors: Dr. Dennis Zhang
Stephanie Chan

HP Shape Memory Alloy
Client: GM, Medtronic
Advisor: Tengfei Jiang
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Applied Amorphensite: SuperGum
(2008 Undergraduate Design Competition)

\6.4 inches vs. 10.6 inches
) (90t percentile)

INTERNATIONAL
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Computational Materials Science Tools

318 Mat Selection 390 Theoretical Design 391 Exptl Design
e AL
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) . CES iSIGHT CMD Design-Expert
Design Integration: (ESI) (OuesTek) (Stat-Ease)
Matls. Selection Multiplatform Opt. Model Integration Design of Experiments
. /\
Macroscopic DEFORM-HT
Processing: (SFTC)
> Note: DEFORM-HT and FLAPW are not

Heat Transfer & Diffusion,
Deformation Processing

Micromechanics: ) | | Multiphase Deformation

yet implemented within the curriculum.
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Our Vislon: What an Englineer

Should Be




IDEA 106

CONCEPTUAL
DESIGN

Needs discovery
Business planning

Concept generation
QFD
Prelim breadboard
Prelim vendor assess
Prelim specifications

EMBODIMENT
DESIGN

User Feedback

~

Refine Specification

\_

Alpha prototype
Design review
Vendor selection

J

Design phases

IDEA 306

IDEA 308

PRE-PRODUCTION

Tooling design
Tool revision
Pilot runs
Testing
Revision

G J
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Bomb Mitigation
Container System S5y

Shield Technologies

Affordable Civilian
Anti-Terrorist
Blast Mitigation

Team BlastTruss:

eMatthieu Chardon eConstance Lee
eMichael McCarren eTimothy Forbes
eKelvin Chuu eErick Haro
eStephanie Fruth eDennis Kouo

IDEA 298/398  WQ2004

Professors Olson and Herbst




Mat. Sci. 390: Materials Design Spring 2005

Department of . . . Northwestern Universit -
Materials Science & Engineering y ]_dea

Robert R. McCormick School of Engineering and Applied Science

Terminator 4: Biomimetic Self-Healing Mg Composite

Team Members Team Advisor
Ben Mangrich Michele Manuel
Charles Moore
Chiew Yen Thai

Kevin Lee
Mark Rocco

Objectives:

e Design and test a magnesium-based alloy composite embedded with shape memory
alloys that demonstrates crack closure and self-healing.

* Increase toughness of brittle materials through composite toughening: crack bridging
and interfacial debonding.

Inspiration: To mimic both the structure-property relationship and spirit of biological
materials to optimize composite design



Predictive Science & Engineering Design (PS&ED)
Graduate Interdisciplinary Clusters

in the Sciences and Engineering
Directors: Wei Chen, Greg Olson & Wing Kam Liu

— Discover, develop, and teach the common
principles and techniques underlying PSED

— Engage faculty in collaborative, interdisciplinary
research to pursue new funding opportunities

— Lay a foundation for future large-scale
interdisciplinary research and education programs

— Provide an alternative intellectual community with
“dual citizenship”

— Enhance the technical depth of design initiatives
— Attract gifted and talented students
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The New Materiallurgy

Descriptive Science
Exploration for Discovery
Empirical Measurement
Deterministic Science
Reductionist Analysis
Knowledge Generation

Materials

UL

- Shifting the Core

Predictive Science
Pioneering by Design
Validated Simulation
Probabilistic Science
Systems Synthesis

Value Creation

Concurrent Materials & Structures



