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Comparison of Strategies for
Landmine Modeling in LS-DYNA with
Sandy Soil Material Model

- Development

Matt Barsotti: Eric Sammarco, Ph.D.; David Stevens, PhD.
@ LS-DYNA User's Gonference, June 13, 2016
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United Téchnol_ggies

Business units

Pratt & Whitney

UTC Climate,
Controls & Security

% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.



United Technologies UTC invested $4.88B in 2014 on
2014 Sales: $65.1 billion company and customer funded R&D

Business unit sales

Sikorsky UTC Segment

11% Climate, Controls, 4 _ .
& Security 45% Commercial & Industrial

25% 55% Aerospace

Pratt &
Whitney
22%

UTC Europe United States

Ottis Aerospace 27% 38%

20% Systems
' 22%

Geographic sales

Asia
Pacific Other

% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.



UTRC . UTC’s Innovation Englne

Defining What S next D Advanced manufacturing
AlS :

Autonomous

Define new frontiers & intelligent systems

Big data

| Next Gen GTF

Co-develop new technologies |
centrifugal lubrication
Materials Measurement o Failure
Solve tough problems characterization science ﬁ analysis
< Digital imaging Scattering
Surface topology strain analysis to measure
g and wear analysis residual stress

Serve as hub for technical interchange E ,ll

REM

B

scouting workshops

Tech |2

Leverage global network of innovation

. 0. p "
‘ it

_Jgil:;.';'“"' " '
i W‘
Alternative New

markets business models

Monetize UTC intellectual property

United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.



Our People

96% of our technical staff have advanced degrees

Bachelor’s
4%

Doctorate

76% Master’s

20%

global dlverS|ty

eSS S L e e e - =

~ 600 employees representing approximately
40 different countries

More than 400 technical employees;
76% hold Ph.D.s

excellence ”

% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.



UTRC Organization

15

Program Offices

Manufacturing
& Service Technologies

Otis
Pratt & Whitney
UTC Aerospace Systems

UTC Climate, Controls
& Security

Departments

Physical Sciences

Systems

Thermal & Fluid Sciences

United Technologies
Research Center

UTRC Director

Innovation

Business Dev’t

Business Services
Business Development
Communications
Finance

Human Resources
Law

East Hartford, CT
HEADQUARTERS: ESt. 1929

Shanghai, China
Est. 1997
Berkeley, California
Est. 2009
Cork, Ireland
Est. 2010
Rome, Italy
Joined UTC in 2012

Global Presence

Advanced Programs

Research Operations
Senior Fellows

ACE & Quality Systems

Design Engineering
& Prototyping

EH&S

Facilities Engineering
& Operations

Information Technology

Supply Chain Management

This page contains no technical data subject to the EAR or the ITAR.



UTRC Qrgﬂanlzatlon David Parekh

li— Corporate VP, Isaac Cohen
Research, & Exec. Director,
UTRC Director Research
Operations

Program Offices

Departments

ry
John

Mark Catalin Steve Tongue Craig Walker

Milton-Benoit ~ Thompson Fotache UTC Aerospace UTC Climate, Andrzej ¥ e Paul
Mfg. & Service Otis Pratt & Whitney Systems  Controls & Security Banaszuk  Vecchiarelli  Van Slooten
Technologies ALES & Systems  Physical (Acting)
Sciences Thermal & Fluid
Sciences

Business Services
International

Sue Gilbert Greg

Gary
Linsey Duvall Podgorski Human Stephenson =
Business Dev't Communications Finance Resources Law Alberto Murilo Stevo

Ferrari Bonilha Mijanovic
ALES ltaly UTRC China  UTRC Ireland

Innovation Business Development Senior Fellows

Jim Fritz Jin Kim Tyler - , " s J
BD & Mkt.  Divakaruni BD Morrison Sergel Mike Clag s sl
Analysis BD Legal Burlatsky Francis Jacobson angiovanni Sharma

% United Technologies
Research Center This document does not contain any export controlled technical data.



Research Operations Organization

Isaac Cohen
Exec. Director,
Research
Operations

Hollie Barnas Patti Cushman

Angie Bull

ACE & Quality EH&S Information
Byetame Joe Wysocki Kevin Grechika Techuokigy Joan Pixton
Design Engineering Facilities Engineering Supply Chain
& Prototyping & Operations Management

* United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.



Delivering Impact Through Innovation

Creating what’s next

Customer
/) requirements
., Market
= forces Qur people
= = feed the

pipeline’. ..
= Creativity
« Expertise
« R&D rigor

Technical
opportunities

% United Technologies
Research Center

Pre..

Project Planning & Execution

Stage 3 Stage 4 Siage 5

Opportunity Opportunity |  Concept Critical Risk  Feasibility = Technology
Identification  Analysis | Synthesis Reduction Demo Readiness

:Techniology |

UTRC _ transfer
Innovation |
Process
BU Passport
Process
IR
Y "'\_REJL',

Product
differentiation *|

This page contains no technical data subject to the EAR or the ITAR.




UTRC Innovg_ti_o_n Process

How we achieve excellence in innovation
through project planning and execution

Our technical excellence is targeted through business acumen,
with a focus on intellectual property, and harnessed through process discipline

Stage4 | Stage5s UTRC

Opportunity | Opportunity Concept Critical Risk: Feasibility = Technology |nnOvat|On
Identification Analysis Synthesis Reduction Demo | Readiness PrOCGSS

Stage 0 Stage 1 Stage 2 Stage 3

|
|
|
|
|
|
|
|
|
|
|
|

PrOdUCt Phase 0 Phase 1 Phase 2 Phase 3 Phase 4

iInnovation

DeVelOpment Opportunity Concept Design & Validation In-Service
Analysis Development  Development
Process

% United Technologie (ACE Passport)

Research Center This page contains no technical data subject to the EAR or the ITAR. 10
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' Foétering Early Stage Innovation

Pathways for developing new ideas

BU transition

Concept
initiation

BU Joint

Continued
CSR investment

Customer-sponsored R&D

& United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR. 11



Source of Funding

Business unit

. . techni t
Business unit ec mcgaé:uppor

joint program

25%
Corporate
sponsored
research
Business unit 41%
subcontracts
8%

Direct
external contracts
17%

% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.
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Investing In Technical Excellence

Integrated o Enterprise
high-performance building systems security & safety

Increase occupant comfort,
safety, and security,

while reducing energy usage
and operating costs

Intelligent security
and fire detection g
systems =&

E ' — Advanced
nergy storage propulsion & power

_’. Flow batte
' "y PurePower® Y%

breakthrough
performance PW1000G

Optimized
elevator performance
& passenger experience

Decision support tool
for Otis mechanics

% United Technologies N
Research Center This page contains no technical data subject to the EAR or the ITAR. 13



UTRC China Capabilities and Research Areas

Fluid Dynamics

= Turbo-machinery design and analysis

Thermal and Building Systems

* Thermo-fluid systems
dynamic modeling

» HVAC component optimization

* Building air/reactive flow modeling

= Environmentally friendly -
refrigerants and cycles

* UTCFD applications

* Integrated building/HVAC modeling

* Building diagnostics

Decision and Control Systems

* Video analytics

= Data mining

= Controls

Mechanical Systems

* Solid mechanics

* Embedded systems

= Software engineering

* Finite element modeling

* Machining modeling

* Supply chain optimization

% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.



UTRCIreIand Capabilities and Research Areas

=

Controls & Decision Support

* Thermal system modeling

* Model-based control design

* Model-predictive control

* Optimization-based control

* Fault detection and impact analysis

* Data analytics for alarm management
* Data- and physics-based diagnostics
* Video analytics

Power Electronics

1| apvanceo TooLs
| oemmarn ke
R YT

Carrier

A United Technotogies Company

= Hierarchical system modeling and controls

T

* Model-based power converter design

A AT
13,:: 1\.::%_‘.,";."’]
g hf“i)'

U.-_‘_”L -

|
i

v o

= Electric motor optimization
* Digital control of converters and drives
= Power quality analysis
= Grid estimation and emulation
* HiL / rapid prototyping

United Technologies
Research Center

Networks &
Embedded Systems
= Sensor networks

= Communications protocols APM

OnGuard
* Model-based design o

= Formal methods L -
* Embedded systems
= Software engineering

= Constraint programming

= - sy QLENEL

Akl

This page does not contain any export controlled technical data.
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Department Capabilities

Physical Sciences
Applied physics

Advanced materials Thermal
Measurement science & Fluid Sciences
Chemistry Acoustics
Mechanics ﬂ Aerodynamics
Combustion
Systems Applied fluid dynamics
Cyber physical systems Thermal management

Dynamical systems and control

Ferrite
magnets

Embedded intelligence

Decision support

Power electronics

~

—~—

% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR. 16



Physical Sciences Department

Applied Physics
Optical and chemical sensors,
thermoelectrics, and NEMS

Black
silicon

pump-out ports

Micro-needles

NEMS-based device

Lameliar Scettered phonons

. Coherent
" interfacs

harge camier {

Thermoelectrics

Advanced Materials
Structures and coatings

A/

Composites

Otis coated
steel belt

SigN, turbine
components
TN

United Technologies
Research Center

Environmental Science
Materials Chemistry

Material synthesis, catalysts

Me_asu rement
Science
State-of-the-art analysis

41l Mechanical
il behavior

and computational chemistry
'. e i

I Hydrolyss Ligid Mo P Meabrane

[
Refurming

Chemical process
development

‘| chemistry

Air quality analysis
and control

Computational

Surface
spectroscopy

FIB microscopy

Focused lon Beam

Solid and Surface Mechanics
Structural analysis and material

damage modeling
g
Blade after

impact

Physics-based
manufacturing

This page contains no technical data subject to the EAR or the ITAR.
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Systems Department

o

System Dynamics

& Optimization

= Uncertainty quantification
and propagation

* Multi-scale system modeling

* Mathematics on graphs,
computational mathematics

Path planning

Topology
optimization

Control Systems

* Adaptive, multi-variable and
predictive controls

= Control in presence of uncertainty

= Data driven adaptive controls

Model predictive
control
for HVAC

United Technologies

Embedded Systems
& Networks

» Scalable hardware
and software architectures

= Communications, wireless
and energy harvesting

= S o - Building
s=—== = | W8 Services

=, =" platform
L

Wireless - 23
communication ael’ :
and controls

Cyber Physical Systems

= Formal methods, verification
and validation, code synthesis

* Embedded intelligence

Power Electronics
* High density converters

* High temperature-high
frequency devices

Universal

= Converter topologies power module:
Power Brick

* Low REM machine design
Ferrite

Otis GreenPower
Machine

ire earth materials

5-D magnetic bearings

Decision Support
& Machine Intelligence

= Data-based models, data mining,
machine learning

= Diagnostics, prognostics, PHM
* Human machine interaction

= Sensor fusion

PHM
Building diagnostics for gearbox

M — prognostics and health managemen

Research Center This page does not contain any export controlled technical data. 18



Thermal & Fluid Sciences Department

Combustion

Acoustics Dynamics and chemistry of

Noise and vibration diagnostics, reactive, muiti-phase fiows

modeling, and control : : Performance and
’ . Thermal Fluid Dynamics IR cMissions
Low noise d -
designs an

Thermal Management

| N&V
diagnostics : -
[Intet Liner | egmet=] [simen] - 4P A Sprays
High fidelity = High speed
computational Heat and mass H propulsion
modeling Ertgrgy ioeaiey transfer

Aero-thermal Testing

Experimental model validation and
component performance
Aerodynamics  Spray characterization

Aerodynamics
Fluid mechanics of gaseous flows

Applied
aerodynamics

. S

High and low Mn combustion

System analysis and optimization

Computational
fluid dynamics

\ ‘n‘“ .. -
1

% United Technologies

Research Center This page contains no technical data subject to the EAR or the ITAR. 9



Otis Program

Propulsion Systems

Optimized structures, advanced stand-strand

Wire-wire,

interface

materials, quiet operation

Control Systems

Model-based design, multi-physics
optimization, advanced topologies

Sheave-jacket
interface

CSB

coated steel belt

200V Silicon 200V GaN

device device
30 mQ 25 mQ

3.6x1.6 mm

Technology Advancement

Advanced ;
power Robust components, consistent
g ’ electronics performance, exceptional ride quality
iszaki devices
10z mm Structural
optimization

Component Lifing

& &

Single FET model Thermal field

<>

Plastic work
distribution at solder

A
P

Energy
efficiency
% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.
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Pratt & Whitney Program

L*

Combustion

Technologies of impact
* Aerodynamics and aeromechanics model development

= Aeroacoustics modeling and component technology

= Combustion modeling and experimental validation

= Hypersonic combustion, inlet and fuel concepts

= Physics-based materials modeling and advanced
materials development

United Technologies
Research Center

Advanced

This page contains no technical data subject to the EAR or the ITAR.
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UTC Aerospace Systems Program

e e e e e

L

Power Electronics

Active EMI filter
technology shrinks
motor drives

Model-based Design

Use of model-based development enables
reduced physical validation and verification

System modeling
Platform level performance analysis

United Technologies
Research Center

Model-based requirements —> Precision

Customer qwco"'\v _ m“‘ﬂﬁe“
_ ) _ g
% Sys Level ./ - ﬁynem
_ Req

) . &
t-% 7 iy Bubsys g
%%, SohwareReq .. é?
%"3- v )
" UnitReq b AP

Model-based verification =» Speed, qualty

Integrated propulsion systems

Mld—Stage Liner l .
! Inlet Liner ] Aff/‘—'nef s

=

This page contains no technical data subject to the EAR or the ITAR.
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UTC Climate, Controls & Security Program

Cycles and Refrigerants Compressors and Fans

Waim & Humid Regeneration N.atu ral
quar Ai refrigerants

N_nnu-

Y Engneered
Comptermn
i Hgnuu: o~ o Advanced
Air Exhaust concepts

Low-noise fans
and compressors

High efficiency

dehumidification
Multi-physics
Controls and Diagnostics
Sensing  opies |
[ ey
m' . Wide-area

detection

COP (W)
. & o v
® e oo N

Model-based design | ® ® &

and optimization | s |
= Controls New ionization [
: and light sources
Diagnostics

% United Technologies AW LY ‘
Research Center This page contains no technical data subject to the EAR or the ITAR. 23




UTC Climate, Controls & Security Program

Intrusion Detection
and Access Control

QN

Harvester
7 m."
A

[
' Power Mgt

!‘.‘_-.'..j

Storage

Ultra-low power

S
j 1] S

High performance
sensing and tracking

Heat Transfer and Materials

Single and
two-phase
modeling

Alternative
materials

% United Technologies
Research Center

of corrosion

Fundamentals

Fire Suppression

"
|
50s 100s 300s 600s 1000s

3 Pr@dlctlve V_Vate rmISt Simutation from prescribed unit mass loss rate
fire suppression models |

—Experiment
—Model

Gas and fire
detection

Cloud-based solutions

This page contains no technical data subject to the EAR or the ITAR. 24



Qyi_ding Principles

= UTC and its business units are our primary customers.

* We deliver on our promises yet are willing to take risks on ideas.

* Research is our core business, from discovery to demonstration.

= Qur role is to deliver technology options, not new products.
= Technical excellence AND business impact is our objective.
= Agility is our hallmark; the world will continue to change.

= Qur people are our primary asset; it is all about talent.

% United Technologies
Research Center This page contains no technical data subject to the EAR or the ITAR.
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For more information contact:

Shihemn Chen - MS # 129-17

United Technologies Research Center
411 Silver Lane
East Hartford, CT 06108

= (860) 610-7492
@ chensh @ utrc.utc.com

United Technologies
Research Center This page contains no technical data subject to the EAR or the [TAR.



	出國報告.pdf
	壹、 目的
	貳、 過程
	參、 心得報告
	肆、 建議事項
	伍、 附錄

	UTRC簡報

