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Advanced Electric
Power Systems Thrust

“System ofi Systems” Design

Challenges
lleday TONIGKIOW
Rule Based Design Relational Based! Design
Standard Parts Standardl Precesses
Increasing Cemplexity. Increasing Detail
Specifications, DocUments Moeaellis the Specification
Small-Samples; Statistics Physics, Based Analysis

Statistics firom All" of
Industny.
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Advanced Electrlc CO m p I eX i ty

Power Systems Thrust
(From “Modeling andl Simulation in| System Engineenng;: Whither Simulation

Based! Acquisition?” By Andrew P. Sage and Stephen; R. Olson, George Mason
University)

ne more identical that' a model must e to) the: actual
systemi tor yieldf predictable results; the more complex the
system! Is.

Complex: systems “...nave emergence ... the behavior of a
system Is different from the ageregate hehavier of the
palts and knewledge: ofi the: benavier offthe parts Will not
allow’ Us te predict the behavier off the wihele: systen.*

“ln systems that are ‘complex,” structiure and control
emanate: or grow: from the boettom up.”

A system may have am; enerious NUMBEr: of parts, UL I
these parts “interact only in a Knowin., desianed. and
structured fashlon the 'system is not complex, although it

may: e bIg.”

Altheugh a physicall system mayle net be complex, If
AUMans are a part of the system, It hecomes complex




t02® Example: The Electrical System and
Advanced Electric

roversystems Thust 1 € Power Electronics Thesis

Present electrical pewer: systems are complex.

s At equilioriun, 60Hz. Supplies power to 60Hz loads the
system Is stabje and predictanle.

a |1 perturbed, the system can hecome unstakle and
Unpredictaknle — Biftrcation can GEeUr:.

5 [Humans ane needed ter operate the system
Euiture PEBB' based power electrenic systems will

Aot be complex.
s Autematien Is possikle -- reduced operating| costs
m Pregressive Integratien -- reduced system| costs

x Higher avallability: due to physics-hased health
prediction — reduced! maintenance: costs

n Increased reliability: and lifie by contrelling overstresses
n Increased applications and technelegies
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Power Systems Thrust

Source Voltage, Estimated Device Notes
) rms Line-Line Blocking Voltage
{r Power Density (volt) (vol -
13.800 40.000 Many circuits are
! ! needed --parallel,
1 series, and steps
ﬁ Energy DenSIty 4,160 12’000 Emerging _solid-
state solutions
i) System Efficiency 440 1,300 el
solutions available
4+ Control 115 350

g Conversion Steps

» Pulse forming networks require
charging circuits ranging from 10kV
o Reconfiguration to 40kV.

» Pulse forming discharge circuits

g Number of Phase Legs

f Voltage can require up to 100kV switching.

4 Current » Modulator circuits require 10kV to
50kV for input voltages and output

o Frequency voltages ranging from 50kV to 1MV.

Ericsen, T., “Future Navy Application of Wide Bandgap Power Semiconductor
Devices,” Proceedings of the IEEE, Vol. 90, NO. 6, June 2002, pp. 1077-1082.
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Power Systems Thrust

| evel of Invention

py Michael S. Slecum
“Technical Maturity: Using S-Curnve: Descriptors,” TRIZ Joeurnal Archives,
Attp://MmaL tiiz-jeurnallceny/archives/1998/12/a/

Level Nature of Number ofi Trials Where Didl The Percentage of
Solution or Variants Solution Come Patenits i This
Required to Find From Level
a Solutien
It was ehvieus! A few The designer’s —30%
| narrew, specialty
field
Seme modifications | Dozens A single branch of | —55%
il Were made technology
A radical change Hundreds Other branches of <10%
Il Wasi made technelogy.
Solutien Is broadly: | Thousands to tens | Frem science — 3-4%
applicable off theusands little knewn! effects
N/ and phenemena; of
physics, chemistry.
and geometry.
A true discovery — | Hundreds of Beyond! limits of < 1%
\Y/ previously. thousands, to contemporary.
unknown milliens science
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Commercial Aerospace

Assumptions:

1) Conservative

2) Minimum
Entropy
Production

&

Performance

(Power Density, Specific Power, Reliability, and etc.)
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Advanced Electc Technoelogy Maturity Based on the

Power Systems Thrust ) . _ 4
Micre-Evolution off Bielogical Systems

Michael S. Slocum, “Technology Maturity Using S-curve Descriptors,”
Proceedings of the Altshuller Institute TRIZCON99

New
Technologies
S -- Curve J

Performance

Existing

Technologies
S -- Curve J




icos  Development Process

Advanced Electric

Power Systems Thrust x
: Continuum
t Commercial
>
Performance

(Power Density, Specific Power, Reliability, and etc.)




saizene - Vanagement Influences

Power Systems Thrust

A

Concept

Influence

Demonstration

Product

Development




anancedseeic T raditional Power Electronics Industry

Power Systems Thrust

STATCOM
~ Locomotives

Welders

Motor Electric
Controllers Automobiles

Connectors

Power

- ,A 58 Dees Switches Power
S & = Supplies
Sensors Packages ‘

and Racks

Capacitors Heatsinks Inductors Current
Transformers Sensors
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aincedeeae. PEBB! Based Power Electronics Industry.

Power Systems Thrust

Actuators . STATCOM

Locomotives

S : Power
R Gate Drives e

Voltage 9

Sensors Packages

and Racks
Capacitors Heatsinks Inductors Current

Transformers Sensors




LD Asynchronous Pracesses for Multiplicative Product
-iEeEy FistEe Develepment -- Concurrent Engineering

Power Systems Thrust

Power

Suppies STATCOM

Locomotives

-

Gate Drves
Votage B

Senso’s  packages

and Racks
Heatsinks

Transformers




GO PEBB -- A Simple Set ofi Blocks
Advanced Electric for Power System Development
Power Systems Thrust (FunCthnaI)
Thermal
Power Switchin
hing {'»

filter &

Senses what » » Senses what is
they are ‘ I I ‘ plugged into
plugged into... them...

/O /O
\- \ Functions In Software

_ ﬁ : Inverter
Makes the electrical filter B a4 ar
conversion needed via Controls Frequency Converter
software programming Motor Controller

Power Supply
Actuator Controller




Jniversal Control Arcnitecture 1or
Control Interfaces (temporal) , IEEE

Advanced Electric

Power Systems Thrust afl= Nitiatano

PEBB Concept for Power Electronics

Systerm control

Application Control
- overriding control & measurements

Converter Control

PLL, ef = do Transformations - PLL synchronization
i / i cureent control [ - oft <> dy Transformations 10 ps..1ms

- i~ and i current control

_Moduaer_]_ PEBE Control -
5|8 | - Modulator
Comerter SE | - Converter switching logic 1.10
sudfehing lngic SIE | -2 level protection = I
I Er“d level : _ vg o I -
protecion _L O |os
_-“- ——————— o e i q I . N SR R N B S S R S - - - - - — — — -
L~ & -
AGD & DA ,] AI‘D & DS L] PEBB(S) 0.1..1 us E
. i - Stack or module assembly
tale drives & - Snubbers far safe commutation
device pru:ltectlun - Gate drives & feedbacks
| V. - 1#t level device protection
Voo | T J_U 6 e Yamc - A/D & D#A conversion
(optional - Gate drive power supply
- Current and voltage sensors
ﬁ ﬁ @ - AC/DC power terminals
- Thermal management

-0 T

[ddd]

EM@-’
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Power Systems Thrust S I m u I a.tl O n

lleday. simulation s, used for
evaluation -- Analysis:

» Simulatien pregiams requiie detailed
design Infiermation

Circuit parameters; are entered hefore
simulation: begins.

Variations i design can e analyzed

JTomoerrow, simulation will become

part of the design Process --
Synthesis.
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The Design Cycle

Power Systems Thrust

Custemer Designer

Mission:
Performance, Life, & 7| Reguirements
Cost

Products

Supplier Designer




Advanced Electric
Power Systems Thrust

Physics-Based Viodels are
Required

Product moedels  must lbe specific

Reguirement moadels can be general

s In fiact, reguirement: models Withi Very specific
details;, In the design phase, ¢can lead te an
everly: constraied prokiem.




““9s  \/alidation, Emulation, and
Incremental Prototyping

Power Systems Thrust

Validatien ofi models

n Controller In the LLeep

m Precessor In the Loep

x Hardware lin the Loep

Real-time simulation Is needed for real
lardware

Highi speed real=time simulation! Is: need for:
1Ig-Speead contrellers

Multi-rate simulatien for distrbuted: simulation
Envirenments




Advanced Electric
Power Systems Thrust

Needs

Medelingl Stanaards
Benchmark Medels
Punlic Librany’ eff Models

A bedy ol intermatonal VoluRteer experts
el allrof the: anove

And ...
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avancedeecic  VEHICIE System Power Problem

Power Systems Thrust

W = energy which is equal to the ceiling
amount of the installed generation

capacity (may increase over time with
technology - fractionally)

P, power requirements are increasing
multiplicatively by 10x to 100x

g = efficiency

Conditions:

1) Size, weight, cost stay the same or decrease
2) Open architecture, plug and play
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Power Systems Thrust

Electrical Zone Mo. 3

25 MW, 13BRY
60 HZ, 3 PH
08 PF

FROPULSION
TRAMNSFORMER
NO.1

BUS TIE SWBD 5A 19.8 KVi4180 W

Electrical Zone Mo, 2

PS5 SWBD 43

IPS 3WBD 25

4 MW

13.8 kY

B0 HZ
3PH,0BPF

FERMAMENT MAGMET
PROPULSION MOTOR
MNO. 1
0.5 MW, 120 RPM
4180V, TBD FF

SHIP SERVICE
LOAD CENTER
NO. 22

PERMAMNENT MAGMNET
PROPULSION MOTOR

MO 2

26.5 MW, 120 RPM

4180 V, TEB PF

SHIP SERVICE
TRAMSFORMER
MNO. 21
13.8 KWHEDV

IPH
r=—-

3¢]

SHIF SERVICE
TRAMSFORMER 22
13.E KW/ 450 W
APH oWl

P

Bis

I

1.0 PFF
LA

PROPLILSION
TRANSFORMER

NO. 2

13.8 KVi180 WV

2PH

SHIF SERVICE
LOAD CENTER

IPS SWBD 35

BEUS TIE SWBD 5B

IPS SWBD 15

CAPS DDIPS
One-Line Diagram

Scale: None | | Shest4 of 16




~—— __ Architectural Transfermation

Power Systems Thrust

Electrical Zone No. 2
Electric Motor Drive

Electric Motor

-
PEBB Based Converter
AC to DC Propulsor

| =

U

DC to DC Converters Transformer AC to DC

Fuel 5
Cell L

—O0———O—

0 —CH —0 o— ]
| Aux &
Actuators

R T S

— = "1 " m—

PEBB Based with
High Frequency Transfor Transformer

= ] DR ﬂ|[ o High Powe

Battery — - - o o—
== Sensors

S — T—

ACto DC

‘ " High Pulse Power
Weapons
O0———0—— -

RIP Converter

Fly Wheel
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